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LOI CAM DOAN

T6i xin cam doan ludn 4n: “Nghién ciru dic diém bd gene ty thé ciia mot sd
loai Linh truéng & Tay Nguyén” la cong trinh nghién ctru cua chinh minh duéi su
huéng dan khoa hoc cia tap thé hudng dan. Ludn an st dung thong tin trich dan tir nhiéu
ngudn tham khao khac nhau va cac thong tin trich din dugc ghi rd ngudn goc. Cac két
qua nghién ctru cta toi duge cong bd chung véi cac tac gia khac di dugc sy nhét tri cia
dong tac gia khi dua vao luan an. Cac sd liéu, két qua dugc trinh bay trong luan an 1a
hoan toan trung thuc va chua timg dugc cong bd trong bat ky mot cong trinh nao khac
ngodi cac cong trinh céng bd cua tac gia. Luan an duoc hoan thanh trong thoi gian toi
lam nghién ctru sinh tai Hoc vién Khoa hoc va Cong nghé, Vién Han 1am Khoa hoc va
Cong ngh¢ Viét Nam.

Ha Noi, ngay 12 thang 03 nam 2026
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LOI CAM ON
Pé hoan thanh luan an nay, toi da nhan dugc rat nhiéu sy quan tam, hd tro va tao

diéu kién tir cac thay ¢, co quan, ddng nghiép va gia dinh.

Trudce hét, t6i xin bay to 10ng biét on sau sic dén PGS.TS. Lé Thanh Long —
ngudi thdy di tn tinh hudng dan, dinh hudng khoa hoc, dong hanh va khich 18 t6i trong
sudt qua trinh hoc tap va nghién ctru. Toi cling xin trn trong cam on PGS.TS. Thai Ké
Quan d3 luon quan tdm, hd trg va gitip toi thao g& nhitng khé khin chuyén mén trong

qua trinh thyuc hién dé tai.

T6i xin chan thanh cam on Ban Linh dao Vién Khoa hoc Sy song; Phong
Cong nghé sinh hoc dong vat; Ban Lanh dao Hoc vién Khoa hgc va Cong nghé,
Vién Han 1am Khoa hgc va Cong nghé Viét Nam, Phong Dao tao va cac phong chire
niing ciia Hoc vién da tao diéu kién thuan loi dé toi tién hanh nghién ctru va trién khai
cac thi nghiém. T6i cling xin guri 101 cam on dén cac thay co, dong nghiép va hoc vién
tai Vién Khoa hoc Su séng, dac biét 1a c6 Thao, chi Thay, cac ban Dung, Huy, Cuong
d3 ho tro va dong hanh trong qua trinh toi thuc hién dé tai.

Bén canh do, toi xin gui 10i tri 4n sdu sic dén gia dinh — ngudn dong vién tinh
than to 16n dé toi c6 thé hoan thanh coéng viéc nghién ctru. Toi biét on ba me, chong va

cac con d3 ludn thau hiéu, chia sé va 1a chd dya virng chac trong sudt qua trinh hoc tap.

Cubi cung, t6i xin tran trong cam on tit ca nhitng c4 nhan va tap thé ma toi khong
thé néu hét tén trong 151 cam on nay nhung da c6 nhitng dong gop quy bau, gop phan
gitp t61 hoan thanh luén an.

Xin chdn thanh cam on!

Ha Noi, ngay 12 thang 3 nam 2026
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DANH MUC TU VIET TAT

Allopatric speciation: sy phan hoa dia ly

AT-skew: mirc d6 mat can bang giira adenine (A) va thymine (T) trong mdt trinh tu
DNA

Cytochrome b: Cytb
D-loop: Displacement loop, ving kiém soat (Control Region, CR),

GT-skew: murc 46 mét can bang giita guanine (G) va thymine (T) trong mot trinh ty
DNA

PCG: Protein Coding Gene, ving gene ma hoa protein
P. cinerea : Pygathrix cinerea
Phylogenetics: phat sinh loai
Phylogenetic Tree: cay phat sinh loai

P. nemaeus : Pygathrix nemaeus

P. nigripes : Pygathrix nigripes

M. arctoides : Macaca arctoides
Mitogenome: hé gene ty thé

Marker: chi thi

tRNA: transfer RNA — RNA véan chuyén
12§ rRNA: RNA ribosome 128

16S ¥rRNA: RNA ribosome 16S
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MO DAU

Linh trudng (Primates) 12 nhom dong vét c¢6 va c6 mdi quan hé tién hoa gan giii
v6i con ngudi va dong vai tro dic biét quan trong trong cac nghién ciru vé sinh hoc
tién hoa, sinh thai hoc, y sinh hoc va bao tdn da dang sinh hoc. Bén canh gia tri khoa
hoc, linh truéng con gitlr vai tro then chot trong h¢ sinh thai rirng nhiét déi, dac biét
v6i chirc nang phat tan hat gidng va duy tri cdu trac quan x4 thuc vét. Do do, sy suy
giam quén thé linh truéng khong chi anh hudng dén ban than cc loai ma con giy ra
nhirng hé lyy nghiém trong d6i vé6i tinh 6n dinh va kha ning phuc hoi cta hé sinh
thai.

Hién nay, trén thé gidi da co hang traim hé gene ty thé hoan chinh cia cac loai
linh truéng dugc cong bd va luu trit trén cac co s dir lidu qubc té nhu GenBank, dai
dién cho phan 16n cac ho va chi linh truéng. Cac du an hé gene quy mé 16n da cong
b6 dit liéu hé gene ctia hon 200 loai linh truéng nham nghién ctru tién hoa va da dang

di truyén & cap do toan cau (1).

Tuy nhién, d6i vi linh truong Viét Nam, dit liéu hé gene ty thé hoan chinh van
con rat han ché. Viét Nam duoc ghi nhan 1a mdt trong nhirng quéc gia c6 muc do da
dang loai linh truéng cao trong khu vire Bong Nam A, véi khoang 24-27 loai va phan
loai thudc ba ho chinh, trong d6 nhiéu loai 14 dic hitu va dang & tinh trang nguy cap
hoic cuc ky nguy cip theo phan loai cia IUCN (1-3). Khu vuc Ty Nguyén 1a mot
trong nhitng ving phan bd quan trong cta nhiéu loai linh trudng quy hiém nhu Cha
vd chan xam (Pygathrix cinerea), Cha va chan nau (Pygathrix nemaeus), Cha va
chan den (Pygathrix nigripes), Khi mat do (Macaca arctoides) va Khi vang (Macaca
mulatta). Mic du vy, sb lugng hé gene ty thé hoan chinh dugc cong bd cho céac loai
linh truéng co ngu@)n géc tr Viét Nam van con rat it; nhiéu loai linh trudng tai Viét
Nam chi duoc nghién ciru théng qua mot sé marker ty thé riéng 1é nhu cytochrome b,
16S ¥rRNA hodc D-loop. Do su thiéu hut dit liéu nay, vi¢c so sanh di truyén gitra cac
quan thé linh tredng Viét Nam véi cac quan thé cung loai & cac khu vuc khéc trong
khu vuc Pong Nam A va trén thé gidi con gip nhiéu han ché. Didu nay ciing lam
gidm do tin cay cua cac phan tich phat sinh loai, dic biét trong viéc xac dinh mbi
quan hé tién hoa giita cac loai hodc danh gia sy phan hoa di truyén gitra cac quan thé

dia y.

Trong nhiéu thap ky qua, cac quan thé linh truong tai TAy Nguyén dang chiu sirc
ép ngdy cang gia ting do mat sinh canh, phan manh mai trudng sdng, sin bat va budn

ban trai phép, cling nhu tac dong ctia bien do6i khi hau. Trong bdi canh d6, viéc nghién
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ctru dic diém di truyén va mdi quan hé phat sinh loai ctia cac loai linh truéng co y
nghia dic biét quan trong, khong chi gitip lam rd ngudn gdc tién hoa va vi tri phan
loai cia cac loai ma con cung cip co so khoa hoc cho cong tac bao ton. Trén thé gidi,
ADN ty thé d3 duoc sir dung rong rii nhu mot cong cu hiéu qua trong nghién ciu
phat sinh loai nho cac dic diém nhu di truyén theo dong me, khong tai to hop, toc do
tién hoa twong ddi cao va kich thude hé gene nhod. Cac marker ty thé nhu cytochrome
b, 16S rRNA va ving kiém soét (D-loop), cling nhu dit liéu toan bd hé gene ty thé
(mitogenome), da chirng minh kha ning phéan giai tot cac mbi quan hé tién hoa giira

cac loai linh trudng.

Mac du vay, tai Viét Nam, cac nghién ctru di truyén linh truéng van con han ché
va phan 16n tap trung vao cac doan gene don 18, v6i s6 lugng dit liéu ADN ty thé
hoan chinh con rat it. Dic biét, di v6i khu vuc Tay Nguyén, cho dén nay van thiéu
cac dir liéu hé théng vé hé gene ty thé hoan chinh cta cac loai linh trudng c6 ngudn
gbc dia 1y xac dinh. Khoang trong dit liéu nay gy khé khin cho viée so sanh tién
hoa, danh gia quan hé phat sinh loai cling nhu d6i chiéu cac quan thé linh truong Viét

Nam v6i1 cac quan thé cung loai da dugc cong bo trén thé gidi.

Xuat phat tir thue tién d6, nghién ctru ndy duoc thuc hién nham giai trinh tu va
phan tich hé gene ty thé hoan chinh ctia mét s loai linh trudng phan bb tai khu vuc
Tay Nguyén Viét Nam. Nghién ciru tap trung vao viéc mé ta dic diém cau trac, thanh
phan va t6 chuc cta hé gene ty thé, so sanh sai khac trinh tu véi cac dir liéu dd cong
bd, ddng thoi tai dung mdi quan hé phat sinh loai cuia cac loai nghién ctru trong bdi
canh so sanh lién loai. Cach tiép can nay khong nham danh gia da dang di truyén &
muc quén thé ma tap trung vao phan tich di truyén & muc ca thé dai dién, phuc vu

cho muc tiéu phat sinh loai va so sanh tién hoa.

Viéc bd sung dir liéu hé gene ty thé hoan chinh cua cac loai linh trudng phan bd
tai khu vue Tay Nguyén cé ¥ nghia quan trong. Dit liéu nay gop phan nang cao do
phan giai ctia cac phan tich phét sinh loai va bo sung ngudn thong tin di truyén con

han ché cta linh trudng Viét Nam.

Két qua cuia luan an cung cip thém dir liéu ADN ty thé cho céc loai linh truong
Tay Nguyén, qua d6 gop phan hoan thién co so dit lidu di truyén cta linh truong Viét
Nam. Dong thoi, cac két qua ndy tao co sé khoa hoc cho cac nghién ctru vé tién hoa

va hd tro cong tac bao ton cac loai linh truong dang bi de doa.



Muc tiéu nghién ctru

Muc tiéu tong quat

Nghién ctru nay nham giai trinh tir va phan tich dic diém hé gene ty thé hoan
chinh ctia mot s6 loai linh trudng phan bd tai khu vue Tay Nguyén Viét Nam, qua dé
so sanh sai khac trinh ty di truyén va xac dinh mdi quan hé phat sinh loai cta cac loai
nghién ctru trong bdi canh so sanh véi cac dit lidu di cong bd trén thé gisi.

Muc tiéu cu thé

Phén tich dic diém ciu trac, thanh phan nucleotide va to chitc gene ctia hé gene
ty thé hoan chinh & mot sb loai linh truong Tay Nguyén Viét Nam.

So sanh sai khac trinh ty di truyén ty thé gitta cac ca thé nghién ctru va céac trinh
tu tuong déng da dugc cong bo, phuc vu cho viéc danh gia quan h¢ phat sinh loai.

Tai dung cdy phat sinh loai duwa trén cac marker ty thé va toan bo hé gene ty thé
nham lam r vi tri phan loai va quan h¢ tién hoa cua cac loai linh trudng nghién ciru.

Cau hoi nghién ciru

Nghién ciru nay duogc thuc hién nham tra 101 cac cau hoi khoa hoc sau:

Hé gene ty thé hoan chinh cua cac loai linh truong phan bé tai TAy Nguyén Viét
Nam c6 dic diém cu tric va t6 chirc gene nhu thé nao?

Céc trinh tu gene ty thé ctia cac ca thé linh trudng Tay Nguyén khac biét & mirc
dd nao so voi céc trinh ty da dugc cong bd trén co sé dit lidu quéc t&2

Céc marker ty thé (16S rRNA, cytochrome b, D-loop) va dit liéu toan bo hé gene
ty thé c6 cho két qua nhat quan trong viéc xac dinh méi quan hé phat sinh loai hay
khong?

Céc cé thé linh truéng Tay Nguyén co biéu hién cac dic diém di truyén riéng biét
so vOi cac quan thé cung loai & cac khu vuc khac hay khong?

Noi dung nghién ciru

Thu thap mau va tién hanh tach chiét ADN, xdy dung thu vién va giai trinh tu thé
hé mé&i nham thu nhan dir liéu hé gene ty thé hoan chinh ctia mét s6 loai linh trudng
Tay Nguyén Vi¢t Nam.

Lap rap, chi giai va phéan tich dic diém cau triic hé gene ty thé, bao gdm thanh
phan nucleotide, cdc gene ma héa protein, gene tRNA, rRNA, ving giau A+T va cac
vung lap — lién gene.

Phan tich va so sanh sai khac trinh ty di truyén ty thé giita cac c4 thé nghién ciru

véi cac trinh ty da cong bo trén co s dir 1iéu quoc te.

Xay dung va phan tich cay phat sinh loai dya trén cac ving gene ty thé (16S rRNA,
cytochrome b, D-loop) va toan bo hé gene ty thé nham 1am rd mdi quan hé tién hoa

cua céc loai linh truéng nghién ctru.



Nhirng dong géop méi cia luan an

Lu4n an d4 cung cip dit liéu hé gene ty thé hoan chinh ctia mét s6 loai linh truéng
phan bb tai khu vuc Tay Nguyén Viét Nam, gop phan bd sung co sé dit liéu hé gene
ty thé cta linh trudng Viét Nam.

Lam 13 dic diém ciu tric va to chirc hé gene ty thé ciia cac loai linh tredng nghién
clru, dong thoi chi ra cac sai khac trinh ty di truyén c6 ¥ nghia trong so sanh phat sinh

loai.

Xéc dinh va cing c6 moi quan hé phat sinh loai ctia cac loai linh truong Tay
Nguyén trong boi canh so sanh véi céac loai cung chi va cung ho da dugc cong bo trén

thé gidi, cung cap luan ctr khoa hoc phuc vu nghién ctru tién hoa va bao ton.



Chuong 1. TONG QUAN VAN PE NGHIEN CUU

1.1. Bdi canh va sw can thiét ciia nghién ctru bio ton Linh truwéng
1.1.1. TAm quan cua Linh truéng va tinh trang de doa toan cau

B6 Linh truéng (Primates) 1a mot nhom sinh vat dong vai tro khong thé thay thé
trong hé sinh thai toan ciu, dong vai trd trong viéc duy tri da dang sinh hoc rimg nhiét
d6i. Trén thé gidi c6 khoang 504 loai tir 79 chi va 16 ho (3) véi trong lugng tir 30g
dén 200kg. Phan 16n cac loai linh trudng song trong cac khu rimg dat 4m nhiét doi,
nhung ching ciing xuat hién trong cac khu vuc rimg kho nhiét d6i, tham thuc vat
ngap man trén myc nudc triéu cao, rung am trén nui, d6 cao tr 1000m-4000m, rung
on dai la rong va 1a rong rung 14, savan, déng co, dat ngap nudc ndi dia, vung da, va
tham chi ca sa mac. Sy phan bd cta linh trudng trén thé gi6i tap trung & 4 khu vuc
(Hinh 1. 1) bao gém: Chau A (119 loai), Chau Phi (111 loai), Neotropics (Nam M¥)
(171 loai), Madagascar (103 loai) va xuat hién ti nhién & khoang 90 qudc gia. 2/3 sb

loai linh trudng tap trung & 4 nudce: Brazil, Madagascar, Indonesia va Cong GO.

1

Hinh 1. 1. Su phan bé cta cac loai linh trudng trén thé gidi. Ngudn tham khao tir
IUCN red list va Estrada (3).

Nhiing bién dong cta Linh truong cling s& truc tiép hodc gian tiép anh huong dén
ciu tric, chirc ning va kha niang phuc hoi cua hé sinh thai. Sy tién hoa, sy phan b
dia 1y cta ching ciing lién quan chic ch& dén sy da dang héa cua thuc vat hat kin.
Nhiéu loai Linh truéng da duoc xac dinh hoic nghi ngd 1a loai thu phan quan trong
do ching an cac bg phéan cua thyc vat nhu hoa, méat hoa va mot s6 loai an trai cay va
hat, cho phép chiing phan tan cac hat 16n va nhé trong khoang cach xa, tang cuong
kha ning tai sinh rimg. Vuon cdo 1a 1 loai Linh truéng sinh sdng & Madagascar co
mdi quan hé phirc tap v6i nhitng cdy sinh hat 16n & khu vuc chung sinh song va su
tuyét chiing ctia loai virgn céo ndy 1a nguyén nhan truc tiép hodc gian tiép da lam cho

mot sb lodi cdy Malagasy suy giam kha ning ton tai (4). O Thai Lan, hat cta loai cay



Lapsi (Choerospondias axillaris) dugc phan tdn nho loai vuon ¢ trong khu vuc nay,
tuy nhién viéc sin ban vuon d anh hudng tiéu cuc dén sy ting sinh cua loai ciy nay.
Su bién mét cua qu?m thé vuon Atelidae va Cebidae & rung ram Amazon do bi san
bén ciing di 1am suy giam nghiém trong nhiéu loai cdy gd cing, loai cdy c6 y nghia
d6i voi tiém nang luu trit carbon cia rimng. Trudng hop khong cé sy phat tan cia hat
gidng hop tir boi cac cdy nguyén sinh, cac quan thé thuc vét c6 thé bi giam tinh di
hop ttr di truyén va gia ting su phan hoa di truyén dudi quan thé, ting sy phu thudc
vao mat do am va giam kha ning chon loc tu nhién. Vi vay, gian tiép viéc mat di linh
truong, dong vat phat tan hat giong, sé tac dong nghiém trong dén con ngudi. Vi vai
tro 1 nhitng loai phat tan hat giéng quan trong va 13 mét xich trung tim trong chudi
thire an, sy suy giam cta quan thé linh trudng c6 thé dan dén hiéu tmg domino, 1am

suy thoai cau trac va chirc nang cua h¢ sinh thai ma chiung cu tra (3).

Vé mit tién hoa, Linh truéng 1a nhom c6 mbi quan hé tién hoa gan giii voi con
nguoi, cung cap nhimng hiéu biét vo gia vé lich st phat trién, hanh vi x4 hoi, va cac
qua trinh sinh hoc phirc tap cta loai nguoi (5). Cac quan thé linh truéng hoang da
cling ¢6 thé nam gitt nhitng manh mai c6 gia tri vé ngudn gdc va su tién hoa cua cac
mam bénh quan trong va cac qua trinh lay truyén bénh tat tu nhién, do dé6 mang lai
rat nhiéu loi ich cho con ngudi (6) . Cac md hinh dong vat linh truéng da nang cao
hiéu biét ciia chung ta rat nhiéu vé nhitng cin bénh trén con nguoi. Cac chimg bénh
nhu xo vita dong mach, bénh ho hap, HIV/AIDS, hay nhing ri loan vé strc khoé tim
than nhu bénh 1y tdm than, phan (mg diéu tri v&i thudce kich thich than kinh, chirc
nang nao, hay nhirng can bénh co6 lién quan dén mién dich hoc, di truyén va gene,
diéu hoa noi tiét sinh san, dong lyc cua ky sinh trung trén con ngudi da dugc nghién
ctru rt nhiéu tir mo hinh thi nghiém linh trudng (7). Khi cac loai linh trudng tré nén
quy hiém hoic tuyét ching tai dia phuong, ching ta c6 nguy co mét di cac mbi quan
hé sinh thai, x3 hoi va van hoa phirc tap dd phat trién giita con nguoi va cac loai linh
treong trong nhiéu thién nién ky. Vi vdy, viéc nghién ctru va bao tén Linh trudng
khong chi 1a trach nhiém sinh thai ma con 1a mgt nhi€ém vu nhan van, nham bao vé

nguodn gene va di sdn tién hda chung cua Trai Dat.

Trong hon mét thap ki qua, quan thé linh truong dang giam dan trén thé gisi
bai nhing tic dong clia con ngudi nhu sy thu hep mdi truong sdng cia linh trudng
do tdc do dd thi hoa, khai thac riung cho nong nghiép, su khai thac gd, nan sin bén,
budn ban trai phép, dich bénh. Trong 20 nam tir 1990-2010, dién tich dat nong nghiép
mo rong & cac nude Chau Phi va Madagascar trong nhitng khu vue c6 nhiéu loai linh

truong dé phuc vu cho ndng nghiép ude ching khoang 1,5 triéu km? va gan 2 triéu
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km? rirng mét do che phu. Hon nita, theo sé liéu ciia Source of raw data FAOStat

(https.//www.fao.org/faostat/en/#home) , vi¢c khai thac dau co qua muc cling da lam

& Nam M¥ va Chau Phi duoc dy bao s& ddn dén nhirg hiu qua tiéu cuc nghiém trong
d6i v6i cac quan thé linh truéng & nhitng khu vie d6. O chau A, viéec mé rong cic
d6n dién cao su & khu vuc Ty Nam Trung Qudc d3 khién loai vuon den mé tring
phuong bic (Nomascus leucogenys) va vuon Hai Nam (Nomascus hainanus) gan nhu

tuyét chung (8).

Trai dat dang trai qua cac giai doan bién doi khi hau, linh truéng 1a loai dong
vét c6 nhiéu dic diém rat dé bi ton thuong boi cac diéu kién sinh thai thay d6i nhu co
su phan b6 dia 1y han ché, tudi sinh san 1an dau mudn va thoi ky sinh dé kéo dai. Bién
d6i khi hau cling gy ra su mat moi truong song cho dong vat, budc chiung phai di
chuyén ra khoi khu vuce duoc bao vé khién chiing dé bi ton thuong hon trude do mam
bénh méi, d6i thu canh tranh méi, ngudn cung cip thuc pham thay d6i, hodc chiung
c6 thé trd thanh thic dn cho cac dong vat khac, tham chi la cac hoat dong san bén cua
con ngudi. Ngoai ra, bién doi khi hau thudng xuyén va nghiém trong hon c6 thé gay
ra 1 lut, han han, hoa hoan, bdo va céc su kién El Nifio — Southern Oscillation c6 thé
anh huong dén ngudn cung cap thyc pham san c6 cho cac quan thé linh truong, véi

cac tac dong ti€u cuc dén stc khoe, kha nang sinh san va ty 1¢ tir vong.

Thé ky 21 chtng kién sy gia ting chua ting c6 trong cac mdi de doa ddi véi
su séng con cua Linh truong. Theo Lién minh Bao ton Thién nhién Qudc t& (ITUCN),
Linh truong hién 1a mot trong nhirg bo dong vat co xuong séng bi de doa nghiém
trong nhat. Nam 2017, theo s liéu ctia sach do thé gidi (the International Union for
the Conservation of Nature Red List — I[UCN red list) trén 60% loai linh truong, dugc
dua vao danh sach dang bi de doa tuyét chiing (3) trong d6 87% sd loai & Madagascar
dang bi de doa, 73% & chau A, 37% & luc dia chau Phi va 36% & Neotropics (Hinh 1.
2).

Céc nguyén nhan chinh din dén cudc khing hoang nay bao gém: mét va suy
thodi mdi trudng séng do phat trién nong nghiép, khai thac g, xdy dung co so ha
tﬁng; sin bat va budn ban trai phép nhdm muc dich léy thit, vat nuoi canh, hoac
nguyén liéu cho y hoc ¢ truyén; cac mdi de doa méi ndi nhu bién doi khi hau va

nguy co lay truyén mam bénh (zoonotic diseases) giita nguoi va dong vat hoang da.


https://www.fao.org/faostat/en/#home

Percent of NIE;\L
threatened species ?/
Elo-10 k«‘
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21-30
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Hinh 1. 2. Sy phan bd cia cac loai linh trudng trén thé gidi vai ti 18 % cac loai

dang giam va bi de doa.

Thanh mau biéu thi % s6 luong linh truéong dang bi de doa. Biéu d6 mau do: quan thé
linh truong dang bi de doa trén 4 khu vuc trén thé gidi. Nguff)n tham khao tir [UCN

red list va Estrada va cs (3).

1.1.2. Vi thé ciia Viét Nam trong khung hoang bao ton Linh truéng

Viét Nam dugc cong nhan 1a mot trong nhimg qudc gia co tinh da dang sinh
hoc cao trén thé gidi va 1a trung tdm dic hiru clia nhiéu loai Linh truéng 1a v6i nhicu
loai cuc ky nguy cép (Critically Endangered - CR) cu tra nhu Vooc cdt ba, Vooc miii
héch, va mot s loai Vuon. Néu khong ké dén 4 nuée co ti 16 sinh séng cua linh truéng
nhiéu 1 cach khac biét nay thi Viét Nam dugc dédnh gia 1a mot trong nhiing quéc gia
c6 muc do da dang sinh hoc vé céc loai linh trudng tuong ddi cao. Véi dac diém vé
khi hau va dia hinh cua Viét Nam, noi day da thu hat duoc 24-27 loai va phan loai
linh truong thudc 03 ho do 1a: ho Cu li (Loridae), ho Khi (Cercopithecidae) va ho
Vuon (Hylobatidae) chon 1am noi cu tri trong tong s6 hon 500 loai va phan loai duoc
T6 chirc Bao ton thién nhién quoc té (IUCN) céng nhan (9). Pic biét, trong d6 ¢o 6
loai ghi nhan 1a dac hiru cua Viét Nam: Khi dudi dai con dao (Macaca fascicularis
condorensis), vooc Mong trang (Trachypithecus delacouri), vooc Cat Ba
(Trachypithecus poliocephalus), vooc Mili héch (Vooc miii héch Bac Bg), Cha vd
chdn xam (Pygathrix cinerea), Vuon den Pong Bic (Nomascus nasutus). Tha linh
truong duge xem la nhirng loai chi thi cho strc khde hé sinh thai, thudc do ctia murc
d6 da dang sinh hoc, ddng thoi dong vai trd quan trong d6i véi doi sdng vin hoa, tinh

than va khoa hoc phuc vu con nguoi.
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Tuy nhién, do ap lyc din sd, khai thac tai nguyén thiéu bén virng, va su kiém
soat 16ng 1éo tai nhiéu khu vuc, hau hét cac loai Linh trudng Viét Nam déu dang 6
ngudng nguy cip cao nhat véi 90% linh truong dang dbi mit voi nguy co de doa
tuyét chung (10). Su suy giam nghiém trong vé s6 luong va sy phan manh cta quan
thé da din dén nguy co giao phdi cin huyét va mat da dang di truyén, de doa nghiém

trong dén kha ning ton tai lau dai cta ching.

Trude tinh hinh d6, cong tac bao ton Linh trudng tai Viét Nam khong chi doi
héi cac bién phap bao vé tai chd (in-situ conservation) ma con can sy hd tro dic luc
tir khoa hoc. Vi¢c nghién ctru toan di¢n vé mit sinh hoc, sinh thai, va dic biét 1a di
truyén hoc phan tir, trd thanh yéu cau tién quyét dé xac dinh cac don vi bao ton uu
tién (Conservation Units) va xay dung chién lugc quan 1y quan thé hiéu qua, chinh

xéc, va bén viing (3).

1.2. Vai trd ciia ADN ty thé trong nghién ciru phat sinh loai

1.2.1. Pic diém ciu trac va di truyén cua hé gene ty thé

Ty thé 1a mot bao quan c6 hé gene riéng biét va duoc cho 1a c6 ngudn goc tir
vi khuén hiéu khi c6 dai, két hop véi to tién cia té bao nhan thyc thong qua qua trinh
n6i cong sinh. ADN ty thé (mtDNA) 1a mot phan tir di truyén nam trong ty thé — bao
quan c6 chitc nang ho hap té bao — va chi duoc truyén theo dong me gitp theo ddi
pha hé dong me va lich sir tién hoa ctia quan thé ma khong bi anh hudng boi su tai to
hop tir bb. D3 tir 1au, ngudi ta cho rang, hé gene ty thé 1a ngudn dit liéu phong phu va
dé dang phan tich cho viéc phan tich di truyén quan thé. Ti 1& d6t bién cao trung binh
wdc chimg nhanh hon gap 5 dén 10 1an so voi hé gene trong nhan (11) gitip phan giai
t6t cac mbi quan hé phat sinh loai gan (vi du: giita cac phan loai hodc quan thé). Hién
nay, ADN ty thé duoc tmg dung rong rii trong nghién ctru phét sinh loai va bao ton
cac loai linh truong, dic biét 1a cac loai nguy cip tai khu vuc Pong Nam A — trong
dé c6 Viet Nam. ADN ty thé khong tai to hop, tdc do dot bién cao, kich thudc nhéd
(~16.500 cip base & dong vat co xuong séng) va co sb luong ban sao 16n trong mdi
té bao dam bao su 6n dinh cia trinh tu, don gian hoa viéc xay dung cdy phat sinh loai
(phylogenetic tree) do khong co6 su pha tron gitra cac dong. Trir mot vai truong hop
ngoai ¢, tat ca cac hé gene ty thé cua dong vat déu chira 37 gene: hai gene rRNA, 13
gene cho protein va 22 gene tRNA. Hé gene cua ty thé, cung v6i RNA va protein tir
té bao chat, s& gitip ty thé c6 thé tu sao chép, phién mi, xir Iy mRNA va dich ma

protein. Vi vay, cung vdi su di truyén tir dong me, vai kich thude nho va day da chuce
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ning cta hé gene ty thé, rat dé giup ADN ty thé trg thanh cong cu Iy tuong dé nghién

clru phét sinh loai (phylogenetics) va lich str tién héa cua sinh vat.
1.2.2. Ung dung ctiia ADN ty thé trong nghién ctru Linh trudng

Phat sinh Chung logi (Phylogeny): Do khong chiu &nh hudng ctia qua trinh tai
t6 hop (recombination) nhw ADN nhén, hé gene ty thé cho phép cac nha nghién ciru
truy nguyén truc tiép dong ddi to tién theo hé mau (matrilineal lineages). Cac ving
gen nhu Cytochrome b (Cytb) hay COI thuong duogc st dung dé phan giai méi quan
hé giira cc loai (interspecies), trong khi ving kiém soat (D-loop) hd tro phan tich
quan hé trong ciing mét loai (intraspecies). Mot trong nhitng tng dung ndi bat nhat
la phat hi¢n "Eva ty thé" — 6 tién chung theo dong me cua toan bd nhan loai — dugc
udc tinh séng cach diy khoang 150.000-200.000 nim & chau Phi, dua trén phan tich
ADN ty thé cta hang tram ca thé tir cac chau luc khac nhau (12). Ngoai ra, ADN ty
thé thudng duogc stir dung dé xac dinh mdi quan hé gitta cac loai, phan loai, quan thé,
va trong giam dinh phap y ciing nhu bao ton dong vat hoang di. Vi su phat trién cia
cong nghé giai trinh tu gene thé hé maoi (NGS), ngdy cang nhiéu nghién ciru sir dung
toan bd hé gene ty thé thay vi chi mot vai doan gene nhu cytochrome b hodc COI,

gitp nang cao do chinh xéc trong viéc tim ra moi quan hé tién hda gitra céc loai (13).

Ubc tinh thoi gian phdn tach (Molecular Clock): Tc do tich lity dot bién cua
mtADN dién ra nhanh va twong dbi on dinh theo thoi gian. Piéu nay cho phép cac
nha khoa hoc str dung né nhu mét "déng ho phan tir" dé wdc tinh thoi diém phén tach
ctia cac nhom linh trudng, chang han nhu thoi diém tach biét giita ngudi va tinh tinh,

hay gifra cac phén loai Vooc.

Padnh gid khdc biét di truyén: Nhitng d6t bién xay ra trén ADN ty thé khong
lam anh huong dén kha nang tdn tai cua sinh vat, do d6, dot bién xay ra trén ty thé
khong lam mét di nhirng kiéu gene cua sinh vat da dugc chon lgc trong qua trinh tién
héa. Khi mot loai nao dé c6 mdi quan hé tién hoa cang xa thi $b luong su khac biét
tré nén 16n hon. Viéc danh gia mirc do khac biét di truyén 1a cot 161 dé hiéu vé "stc
khoe" di truyén cua cac quan thé linh trudng, dic biét 1a cic loai dang bi de doa.
Trong nhitng nim trude ddy, sau cac nghién ctru da dang ADN ty thé & ngudi, trinh
tu ADN ty thé da duoc sir dung dé kiém tra sy khac biét di truyén cua loai vuon (14—
16). Céc chi s6 nhu do da dang haplotype va do da dang nucleotide phan 4nh muc do
bién di di truyén hién tai. Quan thé c6 do da dang thap thuong d6i mat véi nguy co
suy thoai can huyét cao. Dir liéu ADN ty thé giup tai hién cac su kién trong qua khu

nhu "hiéu tng nat thit ¢d chai" (bottleneck effect) — khi sé lwong ca thé giam sut
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nghiém trong, hodc sy bung nd dan sb (population expansion). Phan tich ADN ty thé
gitip x4c dinh sy di cu va su phin b ciia cac dong gen theo dia 1y, tir d6 hiéu duoc
cach cac rao can tu nhién (séng, nai) anh hudng dén su cach ly cua cac quan thé linh

trudng.

1.3. Téng quan nghién citu ADN ty thé trén linh trwéng trong va ngoai nwéc

1.3.1. Tong quan nghién ciru ADN ty thé linh truéng & Viét Nam

Nghién ctru sy phat sinh loai & Viét Nam c6 lich st 1au doi, bit dau tir thé ky
19 khi cac nha khoa hoc Phép tién hanh khao sat hé dong thuc vt phong phu tai day.
Giai doan nay chu yéu dwa vao phén loai hinh thai hoc, véi nhitng déng gdp cua cac
nha khoa hoc nhu Henri Mouhot va Alexandre Yersin, dit nén mong cho viéc mo ta
nhiéu loai dong thuc vat méi. Trong nhimg nim 60 cua thé ky XX, thé giéi da bat
dau quan tAm t6i cong tac nghién ctru va bao ton da dang sinh vat. Su phat sinh loai
va phan loai cua cac loai dong vét co vi ban dau dya trén cac dic diém hinh thai
chung hodc c6 ngudn gdc. Nam 1962; vuon qubc gia dau tién (Cac Phuong) dugc
thanh 1ap nham béo ton da dang sinh vét va loai linh truéng qui hiém va dic hitu 1a
loai Vooc quan dui trdng (Trachypithecus delacouri). Bt du tir thoi gian nay, nhitng
nghién ctru vé sinh hoc dugc trién khai sau rong hon. Trung tim Ctru ho Linh trudng
Nguy cdp (EPRC) tai VQG Cuc Phuong 1a mét trong nhitng co s& hang dau Dong
Nam A, hién dang chim soc va phuc hdi 170 ca thé thudc 15 loai linh truéng nguy
cap. Céac du an hop tac véi cac td chirc qudc té nhu To chic Bao ton Linh trudng
Quéc té (IUCN Primate Specialist Group) va cac vién nghién ctru tir Ptrc, Nhat Ban,
My da thuc ddy nghién ciru di truyén, sinh thai va hanh vi cta cac loai linh truong.
Nguoi Viét Nam dau tién c6 nhitng cong trinh nghién ciru vé linh trudng 13 Pao Vian
Tién. Nam 1957, 6ng cong bd bai nghién ctru "Mot sb ghi chép vé dong vat co va &
mién Béc Viét Nam", trong d6 ghi nhan va phan loai céc loai linh trudng tai khu vuc
nay, danh dau budc di dau tién trong nghién ciru linh truéng tai Viét Nam (17-19).
Céc cong trinh ctia Pao Vin Tién khong chi gitup nang cao hiéu biét vé su da dang va
ddc diém sinh thai cua cac loai linh trudng ma con tao nén tang khoa hoc cho céc
chuong trinh bao t6n sau nay, khién ong duoc ghi nhan 1a ngudi tién phong trong

nghién ctru linh trudng tai Viét Nam.

Giai doan ndm 1975 dén nay céc nghién ctru va bao ton da dang sinh vat, dugc
quan tam va trién khai manh mé trén cac vung cia cd nudc va dat dugc rat nhiéu két
qua co gia tri. Po1 ngli can by Viét Nam nghién ctru vé linh trudng cling phat trién va

16n manh khong ngirng. Nhitng két qua nghién ctiru duoc thé hién trong cac cong trinh
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ctia Dao Vin Tién; V& Quy nhan duoc Giai thudng Moéi trudng Goldman (2003) va
dugc cong nhan 13 mot nha bao tén hang dau cua Viét Nam; Nguyén Cur dd dong gop
vao viéc phat hién va bao ton nhiéu loai chim nguy cip nhu ga 16i lam dudi tring
(Lophura hatinhensis); Tran Triét dugc biét dén voi cac chuong trinh bao ton rua va
cac du an nang cao nhan thirc vé bao vé dong vat hoang da; Lé Xuan Canh lanh dao
nhiéu dy 4n qudc gia va qudc té nhim bao vé cac hé sinh thai tu nhién; Vii Ngoc Long
13 ngudi di ddu trong cac hoat dong bao vé rimg va nang cao nhan thirc cong dong vé
bao ton tai nguyén thién nhién; Ha Thang Long da van dong thanh cong viéc mé rong
céc khu bdo t6n va nang cao nhan thirc vé bao ton Vooc trong cong dong; Nguyén
Thi Thu Hién la nguoi di dau trong viéc bdo v¢ cac ran san hé dang chiu anh hudng
ctia bién d6i khi hau; Nguyén Quang Trudng dong gop 16n trong viée bao ton cac loai
bo sat quy hiém nhu tic ké va rin ho mang chiia. Cac nha bao ton trén da va dang
dong gbp to 16n trong viéc bao v¢ da dang sinh hoc, tir rung, nui, dén bién cua Viét
Nam. Ho khong chi nghién ctru va phat hién cac loai méi, ma con tich cuc bao ton

cac loai nguy cap va nang cao nhan thic cong dong vé bao vé thién nhién.

Céc nghién ctru khéng chi bé hep do cac can bd khoa hoc Viét Nam tién hanh,
ma con ¢ su hop tac qudc té sau rong vai cac chuyén gia linh trudng va céc to chic
bao ton qubc té. Két qua cua cac diéu tra, nghién ctru vé khu hé linh trudng cta céc
dia phuong, cac ving mién va cic cong trinh nghién ctru vé sinh hoc, sinh thai cua
cac loai linh trudng ¢ Viét Nam di dugc cong bd trén cac tap chi khoa hoc trong nuée
va qudc té. Noi bat trong thoi gian gan diy di c6 rat nhiéu coéng trinh nghién ctu
chuyén sau vé linh trudng Viét Nam ciia cc tac gia trong va ngoai nudc nhu: Nguyén
Cu (20), Nadler T (21). Nam 2020, mgt nghién ctru tai day nti Kon Ka Kinh (Gia
Lai) d3 1am 3 tap tinh kiém an va sinh thai ctia Cha vd chdn xdm (Pygathrix cinerea),
mot trong nhimg loai linh truéng nguy cip nhat thé giéi (22) va danh gia tac dong
ctia bién d6i khi hau dén sy phan bd cua ca thé Chd vd chdn xdm Pygathrix cinerea
bang mé hinh héc sinh thai (23). Trong khi 6, nghién ctru tai Son Tra (Pa Néng) vao
nam 2022 da tap trung vao tap tinh sinh san va cau tric xa hoi cia Cha vd chdn ndu
(Pygathrix nemaeus), cho thiy loai nay s hitu cdu triic bdy dan phirc tap voi hé thong
da thé (24). Cac nghién ctru vé sinh thai va tip tinh cta linh trudng ciing dat duoc

nhiéu tién bo 1on.

Tuy nhién, cac phan tich di truyén gan day ngay cang dong mdt vai troé quan
trong trong viéc xac nhan hién c6 hodc thiét 1ap cdc nhom thyc vat va dong vat c6 v
thuong hoan toan khac nhau. Vi¢c nhan dién céc loai va xac dinh moi quan hé gitra

cac loai cling rat quan trong trong sinh hoc, sinh thai hoc, tién héa, hé thdng hoc, quan
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1y dong vat hoang di, bao ton va khoa hoc phap y. Trén thé gidi hién da c6 nhiéu
cong trinh nghién ctru vé su da dang sinh hoc ciing nhu nhitng nghién ctru vé quan
hé di truyén giita cac loai linh truéng. Ap dung cac phuong phap sinh hoc phan tir
vao danh gia d6 bao ton loai, xay dung cdy phat sinh loai va du doan duoc thoi gian
phan loai dya trén trinh ty bao tén trong trinh tu nucleotide cua ty thé. Nam 1982,
Goodman M. di tim ra cac bang chimg amino acid vé su phat sinh & bo Linh trudng
va Eutheria. Nam 1984, Charles G.Sibley va cong sy da nghién ctru sy phat sinh loai
ctia Lién ho Nguoi (Hominoid) bang phuong phap lai ADN-ADN. Nghién ctru vé
dong luc tién hoa phén tir gene cytochrome b ¢ linh truong miii cong (stresirrhine
primates) cua A.D.Yoder va cong su nam 1996. Nam 2001, R.Noda va cdng su da
phan tich sy da dang trinh tu 765 rRNA ty thé & Lién ho Nguoi (Hominoid). Ana
K.Z.Guillen va cOng sy nam 2004 ciing da nghién ctru sy da dang gene & Vuon 16n
chau Phi dua trén trinh ty ADN ty thé. Juan C.Opazo va cong su (2006) da phan tich
mdi quan hé di truyén va thoi gian phéan loai ¢ khi Tan thé gidi (platyrrhini) trén
nhiéu trinh ty bao ton khac nhau. Nam 2014, Luca Pozzi va cong sy cling da thyc
hién danh gia quan hé di truyén céc loai linh truéng va thoi gian phén loai linh trudng
dura trén toan bo trinh tir gene ty thé (25).

Viét Nam 1a mot trong nhitng quéc gia ¢6 mirc 46 da dang loai linh trudng cao
nhat thé gidi, v6i 24 dén 27 loai dugc ghi nhan, trong d6 nhiéu loai dic hitu va nguy
cAp nhu Vooc cdt ba (Trachypithecus poliocephalus), Vooc quan dui trdng
(Trachypithecus delacouri), Cha va chan xam (Pygathrix cinerea), va vuon den ma
trang phwong Bic (Nomascus concolor). Su hién dién cua céc loai linh trudng nay
khong chi gop phan tao nén sy dic sic vé sinh thai ma con thu hiit sy quan tim cua
cong dong khoa hoc qudc té trong viéc nghién ciru va bao ton.

Trong nhiing ndm gan day, nhidu nghién ciru di tap trung vao viéc diéu tra va
bao ton linh truong tai Viét Nam. Mot trong nhitng thanh tyu dang chi y 1a nghién
ctru vé da dang di truyén cta céc loai linh trudng tai Khu Bao ton Thién nhién Xuan
Lién vao nam 2020, do nhom L& DBuc Minh thyc hién (26). Nghién ctru nay st dung
phuong phap sinh hoc phén tir dua trén trinh tu gene cytochrome b va 16S ty thé, giup
xéc dinh su da dang di truyén va cau tric quan thé ciia cac loai linh truong. Két qua
nghién ctru cung cap dir liéu quan trong dé bao ton cac loai nguy cap, dic biét 1a
nhing loai cé nguy co tuyét chung cao. Nhiing két qua nay khong chi lam sang to
dic diém sinh thai cua cac loai ma con hd trg viée thiét 1ap cac khu vuc bao vé phu

hop.

Viét Nam 1a mot trong nhitng qubc gia c6 mirc d6 da dang sinh hoc cao nhat

khu vuc Bong Nam A, dic biét 1a vé thanh ph'?m cac loai linh truéng. Hién nay, Viét
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Nam c6 khoang 24-27 loai linh trudng, trong d6 nhiéu loai 13 dic hiru va dang ¢ tinh
trang nguy cap theo phén loai cia IUCN (1,27). Céc phat hién gan day dd nhan manh
rang tiém ning sinh hoc & Viét Nam chua duoc kham pha hét. Trong d6, n6i bat 1a
viéc mo ta hai loai linh truéng méi cho khoa hoc: ca thé Cha vd chdn xam (Pygathrix
cinerea) vao nam 2007 va loai vuon Trung bd (Nomascus annamensis) vao nam 2010
(21). Nhitng phat hién nay khong chi c6 ¥ nghia vé& mit khoa hoc ma con gép phan
thuc déy nd luc bao tén va khéng dinh vai tro then chét cia Viét Nam trong viéc bao

vé da dang sinh hoc toan cau.

Trudc ap luc tir qua trinh phat trién kinh té, d6 thi héa va khai thac tai nguyén,
Viét Nam da tang cuong dau tu va trién khai cac chinh sich nham bao vé hé sinh thai
tu nhién. Theo théng k&, ca nudc hién c6 khoang 2,2 tri€u ha ring dac dung, véi 30
vuon quoc gia va 114 khu bao ton loai va sinh canh dugc thanh lap (28). Cac khu vuc
nay 13 noi cu trGi cua phan 16n quan thé linh truéng con sot lai tai Viét Nam. Tuy
nhién, nhitng nd lyc nay van chua du dé ngan chin xu huéng suy giam nghiém trong
) luong ca thé trong tu nhién. Cac mbi de doa chinh bao gff)m mat sinh canh do chit
pha rimg, sin bat va budn ban trai phép dong vat hoang di, trong d6 cac loai linh

truong thuong 1a dbi tuong bi nham dén.

Pé bao ton va phuc hoi cac quan thé linh trudng, can thiét phai xay dyng mot
ké hoach hanh dong qudc gia tong thé. Ké hoach nay can bao gom: (1) Tang cudng
khung phap 1y va thyc thi cac bién phap xtr 1y nghiém minh ddi véi cac hanh vi vi
pham (Piéu 244 B¢ ludt hinh sw nam 2015); (2) Thanh 1ap va van hanh hiéu qua céc
trung tdm ctru hd dong vat hoang da, dac biét tap trung vao nhom linh trudng; (3)
Quy hoach va phat trién cac khu bao ton vu tién cho sinh canh ctia cac loai linh trudng
quy hiém (Ludt Lam nghiép (2017) & Ludt Pa dang sinh hoc (2008)); va (4) Tang
cudng dau tu cho nghién ciru khoa hoc — dic biét 1a cac nghién ciru vé phan b, sinh

thai, hanh vi va di truyén hoc ctia cac loai linh truéng trong nude (29).

Trong bdi canh d6, nghién ciru vé da dang di truyén c6 vai tro dic biét quan
trong. Thong qua céc chi thi di truyén nhu gene ti thé (vi du: cytochrome b, /6S
rRNA, D-loop), cac nha khoa hoc co thé tai dung quan h¢ phat sinh loai, x4c dinh ciu
tric quan thé, mirc d6 giao phdi can huyét va phat hién cc quan thé biét 1ap co nguy
co tuyét chung cao. Piéu nay gitp xac dinh don vi bao ton uu tién va thiét ké chién
lugc bao t6n phu hop véi thyc tién timg ving (30). Tai Viét Nam, cac nghién ciru vé

gene ty thé ¢ cac loai nhu Vooc miii hech (Vooc miii héch Bdc Bo), vuon (Nomascus
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spp.) va khi mdc (Macaca spp.) da chi ra mac d6 da dang thap & nhiéu quan thé, cho

thdy su cap thiét trong cong tac bao ton.

Bén canh y nghia khoa hoc, nghién ctru linh truéng con gop phan nang cao
nhén thirc cong ddng va thu hut sy hd tro tir cac t6 chie qudc té. Cac loai linh trudng
nhu Cha vd chdn ndu hay vieon den md trang khong chi 1a biéu tuong sinh thai ma
con co tiém ning 16n trong phat trién du lich sinh thai, dong gop cho kinh té dia

phuong néu duoc quan 1y bén virng (31).

Nghién ctru vé linh trudng ¢ Viét Nam c6 vai tro khong thé thay thé trong bao
ton da dang sinh hoc. Pau tu cho linh vuc nay khong chi la trach nhiém bao v¢ di san
thién nhién cua quéc gia, ma con la mat chién lugc 1au dai dé dam béo su phat trién
bén viing trong tuong lai.

Vai tro cua nghién ctru phat sinh loai & Viét Nam vo cung to 16m, khong chi
trong linh vuc khoa hoc ma con & cac khia canh bao ton va phat trién bén virng. Céc
nghién ctru ndy gitp 1am sang t6 qué trinh tién hoa, xac dinh cac loai nguy cap va
thiét 1ap cac chién luoc bao vé hé sinh thai hiéu qua, gop phan bao ton di san thién
nhién quy gia ciia dat nudc. Pong thoi, nghién ctru phat sinh loai con mang lai gia tri
kinh té va xi hoi, thic day du lich sinh thai va khai thac bén viing tai nguyén thién
nhién. Tuy d6i mit véi cac thach thic vé suy thoai méi trudng va han ché ngudn luc,
[inh virc ndy van c6 trién vong 16n nhd tng dung cong nghé hién dai va hop tic qudc
té, hira hen tiép tuc dong gdp cho khoa hoc toan cau va bao ton da dang sinh hoc trong

tuong lai.
1.3.2. Tong quan nghién ctru ADN ty thé linh truéng & trén thé gidi

Trén thé gidi, ADN ty thé duoc phat hién vao nhitng nim 1960 bdi Margit
Nass va Sylvan Nass, va dugc nghién ctru rong rai tur thap nién 1980 khi cac nha khoa
hoc nhan ra tiém nang to 16n ctia né trong truy vét to tién di truyén. Sau khi "Eva ty
thé" dugc cong bd (12); ADN ty thé nhanh chéng trd thanh cong cu trung tim trong
di truyén hoc tién hoa va nhan hoc. Cac nghién ctru di sir dung ADN ty thé dé xay

dung cdy phat sinh loai cho cac nhém dong vét co xuong song (32).

Vi¢c so sanh cac trinh ty ADN ty thé doéng vai tro try cot trong nghién ctru
phat sinh chung loai hoc (phylogenetics), trong d6 n6 cho phép cac nha sinh hoc lam
sang t6 moi quan hé tién hoa giita cac loai. N6 ciing cho phép viéc kiém tra mdi lién

hé ctia cac quan theé, va nhu vay no6 rat quan trong trong linh vuc nhan ching hoc va
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sinh hoc, thong qua viéc dung lai cdy pha hé theo dong me. Vi vay, nhiing trinh tu
cta ty thé duoc str dung nham danh gia phat sinh ching loai trén nhiéu dbi tuong
khac nhau. Trén thé gi6i, nghién ctru v& mdi quan hé phat sinh loai dwa trén trinh ty
cac vung gene ty thé cling da duogc thuc hién trén mot s6 loai nhu Vuon 16n chau Phi
(African great apes) va mot sb loai vuon khac (33,34). Dt biét cac trinh tu
cytochrome b, D-loop, 16S trén ADN ty thé 1a cac trinh tu duoc st dung nhiéu dé
danh gia sy da dang va mdi quan hé phat sinh loai ctia Linh truéng nhu tinh tinh,
bonobo, khi dot, dudi woi. Finstermeier d xdy dung cy phat sinh loai clia gan nhu
toan bd cac loai linh truéng bang cach sir dung trinh tuy ADN ty thé hoan chinh, cung

cap khung tham chiéu cho cac nghién ciru vé tién hoa, da dang va thich nghi (35).

ADN ty thé 1a cong cu di truyén quan trong trong nghién ctru tién hoa do c6
dic diém di truyén theo dong me, khong tai t6 hop va c6 toc do tién hoa nhanh. Cac
ving khac nhau trong ADN ty thé tién hoa véi toe do khong dong déu, tao dicu kién
thuan loi cho viéc lya chon cac chi thi (marker) di truyén phu hop véi tirng muc tiéu
nghién ctru nhu phén tich da dang di truyén trong loai, xac dinh loai, hodc khao sat
quan hé phat sinh giita cac loai. Véi dic diém di truyén theo dong me phd bién ¢ hau
hét cac loai dong vat, ADN ty thé dic biét hitu ich trong vié€c truy vét pha hé¢ theo
dong me. Ngoai ra, do khong chiu anh hudng cua tai té hop va nhidu dot bién xay ra
trén ADN ty thé 14 trung tinh — khong tac dong dén kha nang séng sot cua sinh vat —
nén cac kiéu gene dugc bao ton qua thoi gian tién hoa. Nho d6, ADN ty thé trd thanh
cong cu Iy tuong dé phan tich mdi quan hé di truyén giita cic ca thé trong cung loai
hodc giira cac loai khac nhau, tir d6 uéc tinh dugc khoang cach tién hoa. Cang co
quan h¢ tién hoa xa, mirc do khac biét di truyén gifra c4c loai cang 16n. Nam 1998,
Johns va cs da thu thap khoang 2000 trinh tw gene cytochrome b cua ty thé tir ngin
hang gene dé tinh toan va so sanh cac mirc d6 khoang cach di truyén giita cac loai
cung thé hé, cac chi ho va cac 16p dé phén loai dong vét co xwong sdng (36). Két qua
cho théy su khac biét vé gene trong cac nhém dong vat cd xuong séng, dac biét la
ludng cu va bo sat. Sau do, cytochrome b cua ty thé ciing duoc ing dung ¢ hiéu qua
dé khuéch dai va so sanh sy khac biét gilta con nguoi va céac loai dong vat gén vol

con nguoi (37).
Gene Cytochrome b

ADN ty thé 1 trinh tu gene duoc cho 1a it biéu hién su bién d6i nhung cho
thay du su bién doi gitra cac diém cu thé dé cho phép udc tinh mirc do phat sinh loai.

Céc nghién ciru di sir dung nhiéu locus khac nhau trén hé gene ty thé nhu 725 rRNA,
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16S rRNA, COII va khac. Tuy nhién, locus chinh dugc str dung dé phén biét loai cho
dén gan day 13 cytochrome b xuit hién giita cac base 14,747 va 15,887 trong ADN ty
thé ctia ngudi. Cytochrome b 1a mot thanh vién trong ho cytochrome (a, b va ¢). Mdi
phan tir mang 2 nhan heme c6 khéi lugng khoang 40 kDa va hap thu anh sang ¢ budc
song 556-560 nm. Cytochrome b c6 vai trd van chuyén dién tir trong qua trinh hé hap
& ty thé. Gene cytochrome b duge st dung rong rii trong nghién ctru tién hoa vi qua
trinh dot bién xay ra chdm chap. Nhiéu phan cta gene cytochrome b duge bao ton do
chtrc ndng ctia n6 con han ché. Mic du gene cytochrome b dot bién cham nhung ty 1¢
nhing dot bién im lang lai xay ra rat cao. Vi vay, cyfochrome b ¢6 tinh 6n dinh va
bién d6i phu hop dé nghién ctru sau hon vé nhitng mdi quan hé tién héa. Phan 16n
nhiing vi tri hay xdy ra bién dong nam trong viing ma hoéa cho mang véan chuyén, cac
gbc amin va gdc cacboxyl ¢ vung dau tan cung. Cyfochrome b xuat hién trong cac
sinh vét séng & cac cap do phan loai khac nhau; trong d6 phan chinh cia cytochromes
b cé trong 95,9% & dong vat, trong d6 99,2% ¢ sinh vat nhan chuan va 79,7% & dong
vat ¢6 va (38). Protein cytochrome b duoc mi hoa tir 1048 phan tir trong sb 1689
phan tir, s6 lugng gdc axit amin trong cytochrome b ¢ thé thay do6i tir 300 dén 563
axit amin va duoc dic trung boi nhiéu chudi aa khac nhau (dwa vdo co sé dir liéu
Swiss-Prot, Zamyatnin va cs). DU chiing ta biét rang, cac phan tir protein c6 cing do
dai nhung khac vé trinh tu aa, ¢6 thé co cung chtrc ndng, do d6, du khac nhau Ve céc
thir tu aa, thi chuc nang cua cytochrome b s€ khong khac nhau. Cytochrome b dong
vai trd tham gia vao qua trinh truyén dién tir trong ty thé, co chic ning trong qua
trinh bién d6i thirc an thanh ATP, va chinh dic diém cAu trac dic biét cta cytochrome

b cho phép né tr¢ thanh 1 protein xuyén mang (39).

Trinh tu gene cytochrome b 13 mot chi thi di truyén quan trong, khong chi gitp
1am 13 cac mbi quan hé phat sinh loai ma con dong gop dang ké trong cac nghién ctru
vé cAu trac quﬁn thé, sy tién hoa va bao ton linh trudng. Nho tinh linh hoat, tdc do
tién hoa trung binh, cytb van tiép tuc 12 mot cong cu thiét yéu trong di truyén hoc
phan tir hién dai. Trinh tu gene cytochrome b (cytb) trong ADN ty thé da duoc sir
dung rong rai trong nghién ctiru phat sinh loai ¢ cac loai linh trudng, nho kha nang
cung cap tin hiéu di truyén manh mé cho viéc tai dung quan hé tién hoa. Mot nghién
ctru kinh dién cua Yoder et al. (1996) di sir dung trinh tw cytb dé phan tich mbi quan
hé phat sinh loai giita cac loai linh truéng thudc nhom Strepsirrhini (g0m vuon céo
va cu li) (40) . Két qua cho thay dit liéu cytb hd tro gia thuyét ring cac loai vuon cdo
Madagascar (Malagasy lemurs) va cac loai lorisiforms A—Phi (Asian—African lorises)
13 nhitng nhom c6 méi quan hé chi em chit ch&, cung cap bang ching di truyén cho

su hinh thanh don nganh trong cac nhom nay. Nam 1998; su khac nhau trén trinh tu
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cytochrome b giira cac loai linh trudng & cac khu vue Chau A (c6 ca Viét Nam) (Hinh
1. 3) dé phan tich mdi quan hé phat sinh loai, cho thay khi Cuu Thé Giéi chia thanh
hai phan ho, v6i Colobus (chau Phi) tach nhanh sém nhét, trong khi Rhinopithecus
va Nasalis tao thanh nhom chi em véi Pygathrix. Ngoai ra, ba loai Vooc miii héch
Bdc Bé, R. roxellanae va R. bieti c6 quan hé gan giii va nén dugc xép vao cing mot
phan chi, hd tro gia thuyét rang to tién cua khi colobine chau A di cu tir chau Phi vao

cudi Pliocene hodc dau Pleistocene (41).
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Hinh 1. 3. Sy khac nhau trén trinh tu cytochrome b gitra cac loai linh truéng &
cac khu vuc Chau A (c6 ca Viét Nam) va cay phat sinh loai dua vao su khéac biét trinh
tu nay. (41)

Tiép theo, Nascimento et al. (2005) da tién hanh phan tich phat sinh loai va
céu tric di truyén quan thé & hai loai khi ra Nam My 13 Alouatta caraya va Alouatta

belzebul thong qua dit liéu trinh tu gene cyth. Nghién ciru cho thay co su chia sé céc
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haplotype twong dong giira cac quan thé cach xa nhau vé mit dia ly. Piéu nay duoc
1y giai 1a do sy ton tai cuia cac dang da hinh t6 tién van dugc duy tri trong quan thé
hién tai, phan anh nhitng lich sir tién hoa lau dai va phirc tap trong dong giéng cia

loai.

Trong vong mdt thap ky gan day, cyrb tiép tuc 1a chi thi di truyén quan trong
trong nghién ctru phat sinh loai linh trudng. Pozzi va cs da st dung cytb cung vdi cac
chi thi khac dé 1am rd hon cay phat sinh loai cta cac loai linh truéng Strepsirrhini, tir
d6 cung cb cac gia thuyét vé da dang sinh hoc va tién hoa doc 1ap trén dao Madagascar
(25). Bén canh d6, Nater va cs da két hop dit liéu cytb véi toan bo hé gene dé xac
nhan sy phan tach loai gitta hai phan loai dudi woi Pongo tapanuliensis va Pongo
abelii, danh dau su phat hién loai dudi woi thir ba va méi nhat (42). Gan day hon,
Reis da sir dung cyrb cuing nhiéu gene ti thé dé hiéu chinh thoi gian phan ky giira cac
loai linh truong, gitip cai thién d§ chinh x4c trong phan tich nién dai phat sinh loai
(43).

Bén canh vai trd trong viéc xac dinh mdi quan hé phat sinh loai, gene cytb con
dugc st dung trong cac nghién ctru quan thé nham danh gia mic 46 da dang di truyén,
clu trac quﬁn thé va cac mod hinh lich st di cu. Vi dy, céc nghién ctru ¢ khi mi
(Sapajus) va khi nhén (Ateles) da st dung cytb dé xac dinh cac dong di truyén khac
biét gita cdc quan thé phan bd tai cac khu vuc sinh thai khac nhau ciia rirng Amazon
va Trung M. Piéu nay giup tai dung lich sir phan bd cua lodi va dinh hudng céc
chién luogc bao ton (44).

Gene cytb cling rat hitu ich trong viéc phat hién loai mdi hodc loai c6 quan h¢
gan. Nhiéu truong hop trude ddy duoc xem 13 cing mot loai, sau khi phan tich cytb
da dugc phan tach thanh cac loai riéng bi¢t do c6 sy khac bi¢t rd rang vé di truyén.
Diéu nay dic biét quan trong trong cac vung c6 mirc d6 da dang cao nhu Madagascar,
Amazon, hay Pong Nam A — noi c6 nhiéu loai linh truong chua dugc nhéan di¢n dr:iy
du. Cytbh da dong vai tro trung tam trong viéc lam sang to cac phic hé loai (species

complexes) trong ho Lemuridae, Callitrichidae, va Cercopithecidae.
Gene D-loop

D-loop, hay con goi 1a ving kiém soét (control region), 12 phan khong ma héa
dai nhat ctia hé gene ty thé. DU khong truc tiép mi héa protein, ving ndy cé vai trd
diéu hoa trong sao chép va phién ma ADN ty thé. D-loop c6 tbc do dot bién cao, dic
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biét trong céc loai c6 ty 18 sinh san nhanh, diéu nay lam cho no tr& thanh cong cu 1y

tudng trong nghién ctru quan thé va mirc do ca thé.

Dua trén gia thuyét duoc Clayton dé xuat tir nim 1982 va van duoc cong nhin
dén nay, ving D-loop trong ADN ty thé dong vai trd trung gian trong qua trinh sao
chép soi ning, theo mo hinh sao chép dich chuyén soi (strand-displacement model)
(45). Trong mé hinh nay, sy tong hop cta sogi ADN méi bét dau tir cac doan RNA
moi c6 ngudn gde tir promoter cua soi nhe (Light Strand Promoter — LSP), khai phat
tai vi tri OH trén soi nang (H) va thuong két thuc & vung gene Pro-tRNA. Tén goi “D-
loop” bat ngudn tir cau tric dic trung ctia nd gdm ba sgi: mot soi con méi tong hop
thay thé tam thoi soi me, tao nén mot vong lip chuyén vi (displacement loop). D-loop
1a ving khong ma hoa dai khoang 1 kilobase trong tong s6 khoang 16 kilobase ciia
hé gene ty thé nguoi, dong vai tro 14 ving diéu hoa chinh cho sy sao chép va phién
ma. Cac nghién ctru cho thay trinh tu D-loop ¢6 kha ning hinh thanh ciu tric tha cip
dang thin—vong gidng nhu tRNA, va thudng c6 su chén hodc mat doan 1am thay d6i
kich thudc cua vung nay gitra cac loai (46,47). Dac biét, D-loop chtra nhiéu trinh ty
1ap lai c6 do dai va s lwong bién doi, gop phan tao ra su khac biét vé kich thudc hé
gene ty thé giira cac loai ma khong lién quan dén sb luong gene ma hoa. Do d6, D-
loop, con duge goi 1a vung kiém soat (control region), 1a mot dic diém tién hoa linh
hoat ctia hé gene ty thé va thuong dugc sir dung trong cac nghién ctru vé di truyén
quan thé va tién hoa loai (46-48).

Sy bién thién di truyén cao trong D-loop phan anh cac qua trinh lich sir nhu
phan tan, nat thit c6 chai di truyén (bottleneck), hodc tai to hop di cu. Vi du, nghién
ctru ctia Vila trén cho soi va ché nha cho thy rang D-loop gitp lam rd ngudn goc
don thuan cta ché tir s6i xam (49). Ngoai ra, ving ndy ciing duoc ing dung rong rai
trong nghién ctru dong vat hoang da, gitip truy vét ngudn gdc ca thé nhu trong nghién
ctru ctia (50) vé loai than lan & Uc. Tuy nhién, toc do tién hoa cao ciing giy ra sy tich
tu dot bién trung tinh hodc c6 thé gdy nham 1an trong phan tich cac mdi quan hé sau
xa do hién tugng bao hoa dot bién. Do do, D-loop thuong duoc sur dung két hop voi

céc gene ma hoa khac dé tang d6 chinh xac cua phén tich phat sinh loai (51).

Trong vong 10 nim tré lai ddy, nhiéu nghién ctru da khai thac ving D-loop
ciia ADN ty thé nhu mét chi thi phan tir hiéu qua trong viéc phén tich da dang di
truyén va tién hoa & dong vat. O dé Galla tai Kenya, phén tich 600 bp ctia D-loop di
ghi nhan 90 vi tri bién di va 68 haplotype, cho thiy murc 46 da dang di truyén rt cao,
ddng thdi AMOVA ciing chi ra rang phan 16n bién di t6n tai trong quan thé (52).
Nghién ctru & bo ban dia Tho Nhi Ky ciing xac dinh dwgc 31 haplotype tir 62 mau ca
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thé, phan anh su ton tai ctia nhiéu haplogroup va kha ning lai giita cic gibng bo
taurine va indicine (53) . Dbi v6i bo Yak Béc A, phan tich toan bd ADN ty thé véi
hon 500 mau di xac dinh ba nhanh di truyén 16n véi thoi diém tach nhanh khoang
0,5 triéu nam trude, cing cb vai trd ciia D-loop trong phén tich phat sinh loai (54) .
V& voi chau A, tong quan tir nhiéu qudc gia cho thiy su ton tai cua hai clade 16n (a
va B), c6 kha ning phan hoa khoang 1,5 triéu ndm trude va khong phan bd theo dia
1y cu thé, diéu nay cho thdy mirc d6 di cu va pha trdn gene manh (55). O Viét Nam,
nghién ctru trén ndm gidng vit ndi ghi nhan 17 haplotype voi da dang nucleotide kha
cao, pht hop cho nghién ctru phét sinh loai phan tir va bao t6n ngudn gene (56).
Nhirng phat hién nay cho thdy ving D-loop khong chi gitip giai thich rd hon vé cu
tric di truyén va sy da dang trong quan thé ma con gép phan 1am sang t6 cac mdi

quan hé phat sinh loai va lich str tién hoé cta nhiéu loai dong vat.
Gene 165 rRNA

Mot trong nhitng trinh tu gene trén ADN ty thé cling thuong dugc sir dung
trong nghién ciru phat sinh loai 14 trinh ty gene /6S rRNA. Trinh ty nay thudc tiéu
don vi nho cua ribosome ty thé va co mat ¢ hau hét cac sinh vat séng, do d6 1a chi thi
phan tr hitu ich trong cc phan tich tién hoa. Trong mot nghién ciru tiéu biéu, Noda
va cs (2001) da giai trinh ty gene 76S rRNA ciua ADN ty thé tir 35 ca thé tinh tinh,
13 bonobo, 10 khi dot, 16 dudi woi va 23 ca thé vuon. Két hop dit liéu thu duoc voi
cac trinh tu da cong bd, ho phat hién rﬁng muc do da dang di truyén O cac loai vuon
ngudi cao hon & ngudi. Phan tich cay phat sinh loai tir dit lidu nay ciing cho thiy hai
phan loai dudi woi 1a Sumatra va Bornean dugc phan tach ro rét, trong d6 duoi uvoi
Sumatra c6 da dang nucleotide cao hon dang ké. Mot s loai vuwon khong hinh thanh
cac cum don nganh, cho thay sy bién thién di truyén trong lodi c6 thé twong dwong

v6i mirc bién thién gitta cac loai trong chi Hylobates (34).

Phan tir /6S rRNA c6 cu tric thir cap phirc tap gdm bon domain, hinh thanh
bai cac doan cip base khong hoan toan va tao ra nhitng doan phdng (loops) dic trung.
Céu trac ndy cho phép phén tir 6n dinh va c6 thé ton tai qua thoi gian tién hoa dai.
Trinh tu gene /6S chita cac ving bao ton cao (conserved) duoc duy tri ¢ nhiéu loai
va cac vung bién ddi (variable) phan anh sy khéc biét vé mat tién hoa gitra cac loai
hoic dong vi sinh vat. Co it nhat tdm ving bién d6i chinh (V1-V8), mdi ving dai

khoang 18-20 bp, xen k& véi cac viing ban bao ton (semi-conserved) (57).

Gan day, cong nghé giai trinh tu thé hé méi (NGS) di cho phép khuéch dai va
phan tich trinh ty 765 rRNA trén quy mé 1én. Cac nghién ctru sir dung phuong phap
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phan cum theo don vi phan loai van hanh (OTU) hoac cac phuong phép giai trinh tu
amplicon theo don phan tir (ASV) d3 1am rd hon su da dang di truyén va phan loai vi
sinh vt trong nhiéu hé sinh thai (58,59).

Tai Viét Nam, nghién ctru vé ADN ty thé bit dau phat trién manh tir dau nhiing
nam 2000 v6i nhiéu cong trinh giai trinh ty cic doan ADN ty thé & nguoi, dong vat
ban dja va cac loai c6 nguy co tuyét chung. Vi du, nhiéu nghién ctru di tmg dung
gene COI va cytb dé nhan dién loai ga rimg, rin, c4, va cac dong vat co vl nhé trong
chuong trinh bao tdn va phan loai hoc. Gan day, cac nha khoa hoc cling thyc hién céac
nghién ctru ADN ty thé toan bd ¢ nguoi Viét dé hiéu rd ciu trac di truyén dan cu va
moi quan hé véi cac quan thé Pong A khac (60). Trong linh vuc bao ton, ADN ty thé
dong vai tro quan trong giup xac dinh loai, tranh lai tap va l1ap ké hoach tai tha hiéu
qua. ADN ty thé duoc (mg dung rong rai trong nghién ctru phat sinh loai va bao ton
cac loai linh truong, dic biét 1a cac loai nguy cip tai khu vuc Pong Nam A — trong
d6 c6 Viét Nam. Trong hon hai thap ky qua, nghién ctru vé ADN ty thé ¢ linh truong
Viét Nam dé dat dugc nhiéu tién trién dang ké. Nam 2007, Roos va cong su da phan
tich hé thong phan loai cta linh truéng ¢ Viét Nam va Pong Nam A dua trén gene ty
thé, mo duong cho cic phan tich sau nay (61). Hé thong phan loai linh trudong Viét
Nam ciing dugc cap nhat nhiéu lan giita 20072014 dua trén phan tich ADN ty thé
cua cac chi nhu Pygathrix, Trachypithecus va Nomascus (62). Nam 2010, Thinh cuing
nhom tai Vién Nghién ctru va Ciu ho Linh truéng (EPRC) Clc Phuong chinh thuc
mo ta lodi méi Nomascus annamensis bang cach sit dung dit liéu ADN ty thé
cytochrome b két hop phén tich hinh thai (63). Nam 2019, dya trén dit liéu ADN ty
thé ctru ho tir Viét Nam, cac nghién ctru da chimg minh rang loai Trachypithecus
crepusculus ¢6 ngudn gdc lai (30). Nghién cru dang cha ¥ khac 13 naim 2022, Roos
va cOng sy da giai trinh ty toan by ADN ty thé cua loai Nomascus siki, tiét 10 sy khong
chinh xac trong ghi nhan dia Iy mau vat va nhan manh vai tro ciia dit liéu ADN ty thé
trong phan loai chinh xac hon (64). Ngoai ra, nghién ctru vé Cha vd chdn ndu & Quang
Binh — mic du chua cong bd trén tap chi qudc té — di thu thap mau cyrb dé danh gia

hién trang quan thé cho ké hoach thiét 1ap khu béo ton.
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Pygathrix nigripes
13 genes; 2 rANAs; 22 tANAs

16,535 bp

prpased (051 GC:39 %
(HA-LYE

B complex | (NADH dehydrogenase)
O complex IV {eylachrama ¢ oxidase)
@ ATP synthase

m lranster ANA

@ fibosomal ANA

m other

L
wg-whEY

Hinh 1. 4. ADN ty thé caa Cha vd (65)

1.4. Muc tiéu nghién ciru

Hién nay, dir li€u vé toan b hé gene ty thé cua nhiéu loai linh trudng tai Viét
Nam van con han ché, tham chi thiéu hut dbi v&i mot s6 nhom. Diéu nay gay kho
khan trong viéc xac dinh chinh xac mdi quan hé giita cic phan loai hodc quan thé dia
phuong, ciing nhu 1am giam d6 tin cdy cia cac ude tinh vé thoi gian phan tach trong
lich sir tién héa ctia chung. Nghién ctru ctia Yoder (40) di chimg minh rang trinh ty
cytochrome b c6 thé cung cap tin higu phat sinh loai & rang cho cac nhém linh truéng
Strepsirrhini, trong khi nghién ctru cia Noda (34) chi ra rang gene 165 rRNA c6 tinh
bao t6n cao nhung van du bién doi dé phan biét cac loai trong chi Hylobates. D-loop,
168 rRNA va cytochrome b 1a nhitng chi thi phan tir quan trong giap danh gia mac do
tuong dong — khéac biét di truyén giita cac loai, qua d6 hd trg tai dung cdy phat sinh
loai mot cach tin cdy. Tuy nhién, can luu ¥ rang viéc phan tich don 1 timg chi thi van
c6 nhitng giéi han nhat dinh. Trong nhitng ndm gan day, cic nghién ciru dya trén toan
bo Hé gene Ty thé dugc xem 1a c6 dd phan giai cao hon va phan anh chinh x4c hon
moi quan hé tién héa. Du vay, sé luong nghién ctru cong bd theo hudng nay van con

han ché, nén viéc mé rong dit li€u He¢ gene Ty thé s€ dac biét quan trong cho cac phan
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tich phat sinh loai trong tuong lai. Ngoai ra, nhitng nghién ctru trén toan by Hé gene

Ty thé s& 1a minh ching quan trong trong
Muc tiéu tong quat:

Giai trinh ty va phan tich dac diém hé gene ty thé hoan chinh ciia mot sd loai linh
treong phan bé tai khu vue Tay Nguyén Viét Nam, tir 6 so sanh sai khac trinh tir va
xac dinh mdi quan hé phat sinh loai cua cac loai nghién ctru trong bdi canh so sanh

voi cac dir 1iéu da cong bo trén thé gidi.
Muc tiéu cu the:

Phén tich dic diém ciu trac, thanh phan nucleotide va to chitc gene ctia hé gene
ty thé hoan chinh & mot s6 loai linh truéng TAy Nguyén Viét Nam.

So sanh sai khac trinh ty di truyén ty thé gitta cac ca thé nghién ctru va céac trinh

tu tuong déng da dugc cong bo, phuc vu cho viéc danh gia quan h¢ phat sinh loai.

Tai dung cdy phat sinh loai duwa trén cac marker ty thé va toan bo hé gene ty thé

nham lam 10 vi tri phan loai va quan h¢ tién hoa cua céc loai linh trudng nghién clru.
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Chuwong 2. POI TUQNG VA PHUONG PHAP NGHIEN CUU

2.1. P6i twong nghién ciru

Déi twong nghién ctru 1a cac mAu tuoi ca cac loai thu Linh trudng hién dang luu
gifr tai Bao tang Sinh hoc — Vién Nghién ctru Khoa hoc Tay Nguyén. Céc loai nay da
dugc dinh danh vé mat hinh thai (Hinh 2) bdi GS. Pang Huy Huynh tir nhitng nim
1990 Iuu trit ¢ dang tiéu ban tai bao tang va 1 phan miu mé tuoi duoc cit va luu trix

trong nito 16ng -80°C bao gém cac tiéu ban nhu (Bang 2. 1).

Bang 2. 1. Céc loai thu linh truédng dugc sir dung trong nghién curu.

STT | Tén thuong goi Tén khoa hoc S6 lwong
1 | Cha va chdn den Pygathrix nigripes 1
2 | Khi mat do Macaca arctoides 1
3 | Cha va chdn ndu Pygathrix nemaeus 1
4 | Khi vang Macaca mulatta 1
5 | Cha va chan xam Pygathrix cinerea 1
Tong cong 5

Hinh 2. Loai thu linh truéng dugc luu trir trong bao tang.
2.2. Phuong phap nghién ctru
2.2.1. Tach chiét ADN va giai trinh tir

MAu mé céc ca thé Linh truong khu vire Tay Nguyén Viét Nam Iuu trir trong bao
tang lwu trit mau tuoi tai Bao tang Sinh hoc — Vién Nghién ciru Khoa hoc Tay Nguyén,
sau khi dugc su cho phép cia co quan ¢6 thim quyén di duoc thu nhan dugce rira sach
béng dung dich mudi sinh 1y 0,9%. Sau d6, mau md dugc trir & -8°C trong eppendorf
1,5ml va chuyén nhanh vé phong thi nghiém dé thyc hién thi nghiém.
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Dau tién, ADN tong sé duoc chiét xuat tir mo cua céc ca thé Linh trudng bang bo
kit QIAamp ADN Mini (Qiagene) theo huéng dan ctia nha san xuat. Bo kit hoat dong
dua trén nguyén ly cong nghé mang silica da duoc thuong mai hoa rong rai. Quy trinh
chuén cua bo kit khong yéu cau cac bude dic biét dé tach riéng ADN ty thé, do do,
tong lwong ADN (ca hai loai ADN nhén va ADN ty thé) duoc thu nhan.

Thu nhdn ADN téng bao gom cdc budc:

Ly gidi té bao: Cac dém ly giai manh (nhu Buffer AL) va enzyme Proteinase K
duogc st dung dé pha vo mang té bao va mang nhan, giai phong tat ca cac thanh phan
bén trong, bao gdm ca ADN hé gene va ADN ty thé.

Gdn két ADN: Trong diéu kién dém c6 ndng d6 mudi va pH thich hop, tat ca cac
phan tir ADN (kich thudc 16n hay nho) s& gan két mot cach chon loc va hiéu qua voi
mang silica trong cOt ly tam.

Rura: Cac budce rua voi Buffer AW1 va AW?2 loai bo tap chit, protein va cac chat
trc ché PCR khac (vi dy nhu cation héa tri hai) ma khong lam anh huong dén sy gin
két cia ADN trén mang.

Rira gidi: ADN tinh sach duogc rira giai khoi mang silica bang dém elution c6
noéng d6 mudi thap (Buffer AE) hodc nudc cat.

Thu nhdn ADN ty thé (sit dung REPLI-g Mitochondrial ADN Kit) bao gom cdc
buoc

Chudn bi va bién tinh ADN: Cho 1-10 ul ADN tong d tinh sach (thu duoc tir kit
QIAamp ADN Mini) vao éng. Diéu chinh thé tich 1én 20 pl bang Nudc khong co
RNase.

Chudn bi hon hop khuéch dai (Master Mix): cho 27 ul REPLI-g mt Reaction

Buffer vao 2 pl bd mt Primer Mix (cho linh trudng); sau d6 tron déu hdn hop nay.

Trén madu va 1 nhiét: Thém 29 ul hdn hop khuéch dai vao dng chira 20 pl ADN

mau.
Bién tinh: U mau trong 5 phut & 75°C.
Lam nguoi: Nhanh chong lam ngudi vé nhiét do phong (15-25°C).
Phdn vmg khuéch dai (Amplification)
Thém Enzyme: Thém 1 pul REPLI-g Midi ADN Polymerase (giir lanh trén da) vao

ong phan ung. Tron déu.
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Khuéch dai: U mau trong 8 gid & 33°C. Phan tng dang nhiét ndy da 1am giau
ADN ty thé.

Bt hoat Enzyme: Bit hoat enzyme bang cach i mau trong 3 phut & 65°C.

Kit nay sir dung cong nghé khuéch dai gen téng thé bang dich chuyén chudi da
diém (MDA) c6 chon loc, sir dung cac cip moi chuyén biét chi bam vao ADN ty thé,

khuéch dai n6 1én téi 40 triéu lan.

Chat lvgng mau ADN duoc danh gia bang mot s6 phuong phap: do nong do bang
phuong phap huynh quang (Qubit), do ty 16 OD260/0D280 bang phuong phap do do
hap thy, va dién di trén gel agarose dé xac dinh kich thuéc ADN. Chi nhitng mau dap
g céc tiéu chi vé chat luong (ndng d6 >2 ng/uL, lugng >90 ng, va OD260/0D280
> 1.70) méi duge xem la phu hop cho cac budce thi nghiém giai trinh ty toan hé gene
bang bo kit NEBNext Ultra II DNA Library Prep Kit for Illumina. Cac mau c6 kich
thudec DNA <1000 bp bi loai bo.

Sau do, thu vién giai trinh ty toan h¢ gene dugc chuan bi béng bd kit NEBNext
Ultra II DNA Library Prep Kit for Illumina (New England Biolabs) theo huéng dan
ctia nha san xuat. Nong do thu vién dugc xac dinh bang phuong phap huynh quang
va kich thudc trung binh ciia thu vién duoc x4c dinh bang may Bioanalyzer (Agilent)
theo huéng din danh gia thu vién cta Illumina. Cac mau dugc xem 1a phu hop dé
giai trinh ty khi ndng d6 >0.50 ng/uL (ddi véi kich thude gene <1 Gb) hodc >2 ng/uL
(d6i v6i kich thudc gene >1 Gb). Cac thu vién sau d6 duoc giai trinh ty bang phuong
phap giai trinh ty thé hé méi 150 PE trén may NovaSeq (Illumina) (66).

2.2.2. Phuong phap 1ap rap hé gene ty thé

Hé gene ty thé duogc lap rap lai de novo sir dung cong cu GetOrganelle v6i cac
thong sb t6i wu dé lip rap de novo trinh tr hé gene mau va chat luong duoc danh gia
bang Quast. (Lip rap de novo 1 phuong phap xay dung trinh tw hé gene tir cac doan
doc ngan hoic dai ma khong can dya trén trinh ty hé gene tham chiéu). Két qua lap
rap cho thiy chiéu dai contig phii hop véi kich thude cia hé gene ty thé, khoang 16
kb. Dir liéu trinh ty thd ban dau dugc 1am sach bang cong cu fastp v0.23.1 trude khi
lap rap. Chat luong lap rap dugc danh gia bang cong cu Quast v5.2.0 va sip xép cac
doan doc khdp vao cac contig da lap rap. Viéc nay cho phép phat hién cac ving co
d6 phu thap bat thudng so vdi cac ving 1an can. Hé gene ty thé duoc chi thich st
dung hé théng cha thich MITOS (phién ban 6b3395) vdi co so dit liéu ty thé chuyén
dung, cling nhu Mitos WebServer va MitoFish. Mito Annotator dugc sir dung dé tao
ban dd di truyén ctia toan b hé gene ty thé Linh Trudng.
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2.2.3. Phan tich tin sinh hoc

Phan tich sinh tin hoc bat dau b'fmg viéc lam sach dir liéu trinh tu tho béng cong
cu fastp v0.23.1 (67), loai bo cac nucleotide co chat luong kém, khong dang tin cay
hoac khong xéac dinh (loai N) dua trén diém Phred (68). Sau khi lam sach, cac doan
doc dugc lip rap de novo bang cong cu GetOrganelle (v1.7.7.0) (69). Dit liéu trinh ty
tho, sau khi dugc toi vu hoa, 1ap rap de novo va chu thich hé gene, duoc luu trit &
dinh dang tép FASTQ, chira thong tin doc va trinh ty ciing v6i diém chét luong twong
mg. Chat luong lap rép de novo duoc danh gia bang cong cu Quast v5.2.0 va sip xép
cuc b cac doan doc vao cac contig da lép rap (68) va can chinh cuc b ctia cac doan
doc 1én céac contig da duoc lap rap. Piéu nay cho phép phat hién cac ving co gia tri
d6 pht sdu bat thuong thip so voi cac ving 1an cén, didu ndy di dugc ghi nhan trong
két qua 1ap rap. Lip rap dugc cha thich bang hé théng chu thich MITOS (phién ban
6b3395) (70) voi mot co so dit lidu ty thé chuyén biét.

Gene ty thé duoc chu thich bang Mitos WebServer phién ban 2.1.9 (70) va Mito
Fish phién ban 4.03 (71). Mito Annotator phién ban 4.03 (71) d3 duoc ap dung dé tao
ra mot ban d6 gene cua toan hé gene ty thé Linh Truong. Thanh phan axit amin va
nucleotide di dugc danh gia va so sanh cho tit ca 55 hé gene ty thé ciia loai linh
truong bang cach sir dung MEGA 11: AT-skew = (A — T)/(A + T) va GC-skew = (G
— O)/(G + C). Céc chudi +-RNA da dugc can chinh voi cac gene clia cac loai tuong tu.
Bang cach so sanh véi cac gene ty thé khac cua Pygathrix, cic gene ma hoa protein
(PCGs) giau A + T va r-RNA di duoc xac dinh. Gia tri Str dung Codon Pong nghia
Tuong dbi (RSCU) cua toan hé gene ty thé Linh Truong di duoc tinh toan bang
MEGA 11. RSCU cho biét tan suit tuong ddi caa mot codon nhét dinh so v&i cac
codon khac c6 thé mi héa cho cting mot axit amin. Chi s6 nay gitp nghién ciru cac
yéu td anh huong dén qué trinh dich ma, su chon lgc tu nhién, va céac dac diém tién
hoa cia gene. Cau tric thir cap ciia cac du doan #-RNA da dugc xac dinh bang phan
mém tRNAscan-SE phién ban 2.0 (72) va Mitos WebServer(70).

Phan tich cac gene ma hoa protein va chirc ndng cua ching

Céc gene ma hoa protein trong hé gene ty thé rat can thiét cho nhiéu chirc ning
té bao, chu yéu la san xuat nang luong thong qua con dudng phosphoryl héa oxy héa.
O linh trudng, nhitng gene nay bao gém cac gene ma hoa cho cac tiéu don vi cia
NADH dehydrogenease (ND), cytochrome ¢ oxidase (COX) va ATP synthase, tat ca
déu quan trong cho qua trinh téng hop ATP. Nhiing bién thé trong cic gene nay co

thé anh hudng dén hi¢u qua chuyén hoa va strc khoe tong the, lam cho chiing tré nén
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quan trong trong viéc hiéu céac thich nghi cua loai, dic biét 1a dbi véi cac ap luc moi
truong (73).

Phén tich ty 16 A-T trong hé gene ty thé

Su phong phii trong ddi ctia adenine va thymine (A-T) so v6i guanine va cytosine
(G-C) trong céac chudi gene dong vai trd quan trong trong cac qua trinh tién hoa, anh
huong dén cac yéu td nhu ty 16 dot bién va thién 1éch st dung codon. Nhitng bién dbi
trong n6i dung A-T va G-C c6 thé anh huéng dén hiéu suit dich ma protein va kha
nang thich (mg, dinh hinh cac quy dao tién hoa cua loai theo cac ap luc mdi truong.
Ty 18 A-T, do ludng su phong phu tuong ddi cua adenine (A) va thymine (T) trong
hé gene ty thé, 1a mot chi sd quan trong vé cac ap luc tién hoa. Cac bién thé trong ty
16 A-T c6 thé phan anh dong luc quén thé lich st va su thich ung voi cac sinh canh
sinh thai. Nghién ctru cho thiy cac loai c6 ndi dung A-T cao c6 thé trai qua cac ap
luc chon loc khic nhau, anh huong dén quy dao tién hoa cua chung (Blazej ef al.,
2017).

Phén tich Codon Usage Bias va ¥ nghia tién hoa

Codon usage bias, dé cap dén viéc wu tién st dung mot s6 codon hon nhirng
codon khac trong cic gene ma hoa protein, bi anh hudng baoi cac yéu té nhu ap luc
ddt bién va chon loc tu nhién. Cac nghién ctru cho théy su thay thé nucleotide wu tién
c6 thé co nhitng tac dong dang ké dén hiéu suit dich ma protein va sirc khoe tong thé
(Anderson et al., 1981). Trong Cha vd chdn den, viéc hiéu wu tién st dung codon 13
diéu can thiét dé lam rd cach ma thanh phan gene anh hudéng dén su thich Gng va
thanh cong tién hoa.

Nghién ctru so sanh gitra cac loai linh truéng

Céc nghién ctru hé gene so sanh giita cac loai Cha vd khac nhau s& gitp tiét 10
cac mau hinh khéc biét trong céu trac gene ty thé. Vi du, nghién ctru cua Liedigk (74)
cho thiy sy bién d6i trong AT-skew giita cac loai Cha vd tuong quan véi cac sinh
canh sinh thai va sy thich ing tién hoa. Nhiing phan tich so sanh nhu vay c6 thé cung
cap nhiing cai nhin quy gia vé mdi quan hé tién hoa gitta cac loai trong chi nay va
phan tng cia ching ddi véi cac thach thirc moi truong.

Hiéu biét vé su da dang gene duoc thé hién qua cac gene ma hoa protein ty thé 1a
diéu thiét yéu dé phat trién cac chién lugc bao ton c6 muc tiéu. Tran nhan manh rang
cac quan thé c6 sy da dang gene 16n hon c6 kha ning thich tng t6t hon véi cac moi

truong dang thay d6i, do d6 giam nguy co tuyét ching (75). Viéc giam sat di truyén,
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két hop vé6i dit liéu hé gene ty thé, nén trd thanh mot phan tich cuc trong ké hoach

bao tdn cho cac loai dang bi de doa nghiém trong.
2.2.4. Cay phat sinh loai

Dé xé4c dinh vi tri phan tir trong cdy tién hoa cua cac loai linh trudng khac, 13
gene mi hoa protein (PCGs) tir 55 loai dd dugc cdn chinh va phén tich biang phuong
phap Tbi da hoa kha ning (Maximum Likelihood) str dung IQ-tree phién ban 2.2.2.6
(76). M6 hinh thay thé phu hop cho tap dit liéu di duoc chon bang ModelFinder phién
ban 2.2.0 (77) tich hgp trong IQ-TREE, dua trén ti€u chi Bayesian Information
Criterion (BIC). HS tro nhanh di duogc thu dugc bang cach sir dung phuong phap
bootstrap siéu nhanh (78). S gia nhap GeneBank cua tt ca cac chudi duoc st dung

duogc hién thi trong Tai liéu bo sung.
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Chuong 3. KET QUA VA THAO LUAN
3.1. Két qua giai trinh tw gene

3.1.1. Két qua chuan bi thu vién trinh ty toan bd hé gene Linh truong

N@)ng do ADN cua cac mau linh trudng sau tach chiét dao dong tu 2,67-9,94
ng/uL (>2 ng/uL), véi tong lugng ADN thu duoc tir 133,5-497 ng (Bang 3. 1). Ty 1é
hap thu quang hoc OD260/0D280 niam trong khoang 1,70-1,96 (> 1.70), phu hop
v6i ngudng danh gia ADN c6 do tinh sach tot (=1,7-2,0) cho thay tat ca cac miu déu
dat tiéu chudn vé chit lugng va sb lugng dé sur dung cho cho xay dung thu vién giai
trinh ty thé hé méi (NGS). Trong s6 cic mau phan tich, mau Cha vd chdn den co
noéng do va tong luong ADN cao nhat (9,94 ng/uL; 497 ng), trong khi mau Khi vang
c6 gia tri thap nhét (2,67 ng/uL; 133,5 ng); tuy nhién, tat ca cac mau déu vuot ngudng

tbi thiéu can thiét cho xay dung thu vién giai trinh tu thé hé méi.

Bang 3. 1. Nong do cac mau ADN cua Linh truong sau tach chiét.

STT Tén mau Nong dd6 | OD260/280 | Luong (ng)
ng/ul
1 Cha va chén den 9.94 1.81 497.00
2 Khi mdt do 5.82 1.72 291.00
3 Cha vad chdn néu 5.2 1.7 260.00
4 Khi vang 2.67 1.96 133.50
5 Cha vd chdn xdm 6.42 1.72 321.00

Két qua chuén bi thu vién giai trinh tu toan bd hé gene cho théy n@)ng do thu vién
clia cac mau dao dong trong khoang tir 2,17 dén 57,00 ng/uL (Bang 3. 2). Trong do,
cac mau Cha vd chdn ndau, Khi mdt doé va Cha va chdn xam c6 néng do thu vién cao,
lan luot dat 57,00 ng/uL, 55,00 ng/uL va 51,00 ng/pL. Nguogc lai, mau Khi vang cd
ndéng d6 thu vién thap nhat (2,17 ng/uL). Kich thudc trung binh cta cac doan ADN
trong thu vién nam trong khoang 412-554 bp. Mau Khi mdt do c6 kich thuée trung
binh 16n nhat (554 bp), trong khi mau Chd vd chdn ndu c6 kich thude trung binh nho
nhat (412 bp). Céc gia tri nay phii hgp véi yéu cau k¥ thuat clia cic nén tang giai trinh
tu thé hé méi, dam bao cho qua trinh giai trinh ty va phén tich dit liéu & cac budc tiép
theo.
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Bang 3. 2. Két qua chuén bi thu vién trinh ty toan b hé gene Linh trudong (Whole

geneome sequencing).

STT | Tén mau Nong do thu Kich thuéce trung
vién (ng/ul) binh (bp)

1 Cha va chadn den 30.2 460

2 Khi mat do 55.00 554

3 Cha va chan ndu 57.00 412

4 Khi vang 2.17 522

5 Cha va chdan xam 51.00 513

Két qua dién di san pham PCR (Hinh 3. 1) cho thdy cac mau Cha vd chdn xdm,
Khi mdt dé, Cha va chdn ndu va Cha vd chdn den déu xuat hién cac bang ADN rd

rang dam bao cho cac bude xir 1y tiép theo trong quy trinh xay dung thu vién

Hinh 3. 1. Két qua chay PCR cac miu Linh truéng; S001: Chd vd chdn xdm;
S002: Khi mat do; S004: Cha va chan nau; S006: Cha va chan den.
3.1.2. Két qua giai trinh tu toan bd hé gene Linh truong

Giai ma dugc 5 trinh ty toan bo hé ty thé cia 5 ca thé linh trudong & Tay Nguyén
(Bang. S1, S2, S3, S4, S5). Gene ty thé dang vong duge mé ta voi cac gene duoc biéu
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dién bang cac khdi mau. Viung diéu khién duoc hién thi bing mau xam, cac gene 16S
(rRNA 16n) va 12S (rRNA nho) duoc hién thi bang mau do, 22 gene transfer RNA
(tRNA) duoc ghi nhin bang mau xanh ddm, va 13 gene ma hoa protein (PCGs) duoc
hién thi bang mau xanh 14 cdy va mau vang. Cac gene nam trén soi H duoc hién thi

trén vong ngoai, trong khi cac gene nam trén s¢i L dugc hién thi trén vong trong.

6“*'#

W complex | (NADH dehydrogenase)
O complex IV (cytochrome ¢ oxidase)

Hinh 3. 2. Céu trac gene ty thé hoan chinh ctia Cha vd chdn xdm Tiy Nguyén
Viét Nam.

Hinh 3. 3. Céu trac gene ty thé hoan chinh ctiia Cha vd chdn den Ty Nguyén Viét

Nam.



34

W complen | (NADH terrytrogenass)
O complen IV {cytoctvome ¢ asidase)
B ATP synthase

W ansior RRA

W ribosomal FRNA

B other

Pygathrix nemaeus
13 genes; 2 rRNAS; 22 IRNAs
16,539 bp

GC:39%

B complex | (NADH dehydrogenase]
O compiex IV icytochrome ¢ axidase)
O ATP synthase

B ianster RNA

B ribosomal RNA

B ather

Hinh 3. 5. Cu trc gene ty thé hoan chinh cta Cha vd chdn ndu Tay Nguyén
Viét Nam.
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Khimatdo Fish
13 genes; 2 rRNAs; 22 IRNAs
16,560 bp

GC:d3%

Hinh 3. 6. Cau triic gene ty thé hoan chinh ctia Khi mdt dé Tay Nguyén Viét Nam.
3.2. Pic diém hé gene ty thé hoan chinh ciia mot so ca thé Linh truéng
3.2.1 Pic diém hé gene ty thé hoan chinh cta ca thé Cha vd chdn xam (Pygathrix
cinerea) Tay Nguyén Viét Nam

Gene ty thé hoan chinh cta Cha vd chdn xdm bao gdm 16,541 cip base (bp) va
chtra 37 gene dién hinh c6 trong ty thé cta loai linh truéng (Hinh 3. 2; Bang 3. 3).
Nhitng gene ndy bao gom mét vung diéu khién (D-loop); hai gene ribosomal RNA
(rRNA: 12S rRNA va /65 rRNA); 22 gene transfer RNA (1RNA); va 13 gene ma hoa
protein (PCGs). Phan 16n cic gene nam trén sgi H, ngoai trir gene ND6 va tim gene
tRNA (tRNA-Gln, tRNA-Ala, tRNA-Asn, tRNA-Cys, tRNA-Tyr, tRNA-Ser, tRNA-Glu)
nam trén soi L. Gene ty thé cua Cha vd chdn xdm thé hién cac trinh tu to chirc gene
tuong tu nhu cac loai Cha vd khac. Tuy nhién, dang chu y rang chudi ADN ty thé cua
Cha vad chan xam Tay Nguyén Viét Nam dugc phan tich trong nghién ctru nay co kich
thude 16n hon mot chut (16,541 bp) so véi cac chudi di duge cong bo trude do, bao
gém Cha vd chin xam (JQ_821842, 16,535 bp) va Cha vd chdan den (MH_064177,
16,536 bp) (79).
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Bang 3. 3. Vi tri va do dai cta 37 gene trong hé gene ty thé hoan chinh cua ca thé

Cha va chan xam Tay Nguyén Viét Nam .

Tén g;‘ltl Két thic Mach Chidu dai D§ che phii
pnF(te) 137 207 " 71 0
rrnS 208 1156+ 949 0
gnV(gta) 1157 1222 + 66 =)
rrnl 1221 2785  + 1565 0
rnl2(tta) 2786 2860  + 75 2
nadl 2863 3813+ 951 4
rnl(atc) 3818 3887  + 70 -3
nQ(caa) 3885 3956 i 72 0
tnM(atg) 3957 4024+ 63 0
nad? 4025 5062+ 1038 4
tnWitga) 5067 5133+ 67 7
RNA(gca) 5141 5209 i 69 I
trnN(aac) 5211 5283 i 73 32
tnCltge) 5316 5381 i 66 0
tnY(tac) 5382 5446 i 65 1
cox] 5448 6989  + 1542 0
nS2(tca) 6990 7058 i 69 3
tnD(gac) 7062 7130+ 69 I
cox2 7132 7791+ 660 68
tnK(aaa) 7860 7927+ 68 1
atp8 7929 8111  + 183 22
atp6 8090 8764  + 675 5
cox3 8770 9552 + 783 1

trnG(gga) 9554 9620 + 67 0
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nad3 9621 9965 + 345 1
trmR(cga) 9967 10,031  + 65 0
nad4l 10,032 10325  + 294 —4
nad4 10,322 11,689  + 1368 10
trnH(cac) 11,700 11,768  + 69 0
#nSl(age) 11,769 11,827  + 59 0
trnLl(cta) 11,828 11,898 =+ 71 3
nads 11,902 13,701 -+ 1800 15
nadé 13,717 14,235 - 519 0
trnE(gaa) 14,236 14,304 - 69 4
Cyth 14309 15442  + 1134 7
trnT(aca) 15450 15,514  + 65 2
trmP(cca) 15,517 15,583 - 67

3.2.1.1. Thanh phan nucleotide

Gene ty thé ctia Cha vd chdn xam Tay Nguyén Viét Nam thé hién ham luong A
+ T cao, chiém 61,1%, tuong tu nhw Cha vd chdn xdm khdc (61,1%) nhung khac mot
chiit so voi cac mau Cha vad chdn ndu (61,3%) va Cha va chan den (61,4%) (Bang 3.
4). Tuong tu nhu cac loai linh trudng khac, hé gene ty thé ctia Cha vd chdn xdm thé
hién su uu tién manh m& vé A/T trong vi¢c st dung codon (Hinh 3. 7). Phan tich so
sanh tan sudt axit amin giita ba c4 thé Cha vd cho thdy phan bd rat trong déng, nhu
duogc thé hién qua ham luong A + T, AT-skew va GC-skew tuong duwong (Hinh 3. 8).
Céc chi s6 nay, thuong duoc sit dung dé danh gid mo hinh thanh phan nucleotide
trong cac gene ty thé, nhan manh tinh bao t6n cuia tin suat axit amin trong chi chd vd.
Céc axit amin pho bién nhat & Chd vd chdn xam Tiy Nguyén Viét Nam va cac mau
Cha vd chdn xdm khac bao gdm Ala (3.9-4%), Asp (1.8%), Cys (1.7%), Asn (6.1—
7.1%), GIn (3.5-4.1%), Ille (7.9-9.1%), Phe (4.4-5.4%), va Thr (7.3-9.1%).



RSCU
[¥5]

Trp .

6ccfecc | ecc | ccc e lacc ]

Hinh 3. 7. Mtc stt dung codon dong nghia twong d6i (Relative Synonymous
Codon Usage - RSCU) ctia cac gene ma hoa protein trong ty thé Cha vd chédn xdm.
Véi gia tri RSCU 16n hon 1 cho thdy codon dé duoc str dung nhiéu hon so véi ky
vong, trong khi gia tri nho hon 1 cho thdy mirc sir dung thap hon.

B Pygathrix cinerea PP623106 W Pygathrix cinereaJQ821842

B Pygathrix nigripes MH064177

Hinh 3. 8. Tan suét phan trim thanh phan axit amin trong toan bd hé gene ty thé
clia cac ca thé cha va: Cha vd chdn xdm PP_623106, Cha vd chdn xdm JQ 821842,
va Cha va chdn den MH_064177.
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Bang 3. 4. Céac chi s6 thanh phan nucleotide trong cic vung khac nhau cta 22

gene ty thé dai dién cho loai linh truéng.

Gene ma S
hoa protein 12S (rrnS)
' (PCGs) (rrnL)
So gia nhap
A ns PH A
Do dai AT D¢ dai AT di‘l.i AT Do dai AT
' (%) (bp) (%) (%) (bp) (%)
(bp)
Cha va chanxdmTay — pp 673106 16,541 61.1 11292 61 1565 60 949 59.4
Nguyén
Cha vad chdn xam JQ 821842 16,535 61.1 11,292 61 1562 59.9 948 59.4
Cha vd chan néu JF 293096 16559 61.3 11,292 61 1564 59.7 948 59.4
Cha vd chéin den MH 064177 16,534 61.4 11,304 62 1563 59.7 949 58.8
Khi dudi lon KP 330231 17,050 57.2 11,310 57 1562 57.8 947 54.6
Vooc soc dau den KU 899140 16,548 61.9 11,277 62 1563 61 935 58.3
Khi voi DQ 355298 16,570 60.9 11,298 61 1568 59.9 949 57.5
Vooc miii héch vang ~ KM_504390 16,552 61.5 11,292 62 722 59.6 949 58.2
Vooc miii héch xam — JQ 821836 16,553 61.6 11,295 62 1571 60 949 58.3
Vooc miii héch den JQ 821839 16,550 61.5 11,298 62 1570 59.7 949 58
Vooc miii héch Bic B6 JF 293093 16,552 61.6 11,289 62 1572 60.2 949 58.5
Khi céc KM 360179 16,559 56.7 11,313 56 1566 57.3 951 55.8
Khi vang JQ 821843 16,564 56.8 11,310 56 1560 57.4 947 55.6
Khi ddu ché NC_ 001992 16,521 56.3 11,292 56 1572 57.7 947 55.1
Khi tai mao tring KM 588314 16,499 59.7 11,280 59 1555 60.5 953 56.6
Homo sapiens NC 011137 16,565 55.6 11,283 55 1560 57.2 954 54.4
neanderthalensis
Homo sapiens OM 062614 16,565 55.7 11,283 55 1560 57.3 954 54.4
neanderthalens
Khi mii tran trdng NC_002763 16,554 60.9 11,268 61 1556 60.2 958 57.6
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3.2.1.2. Céac gene ma hoa Protein

Gene ty thé ctia Cha vd chdn xdm chtra 13 gene ma hoa protein dién hinh (PCGs),
téng chiéu dai 1én t6i 11,292 bp va chiém 68,27% tong thé ciia gene ty thé. Muoi hai
trong sd cac gene nay nam trén soi H (manh ning), trong khi gene nad6 nam trén soi
L (mach nhe). Tong ham luong A + T cta cac PCGs 1a 61,4%, dao dong tir 58,7%
(cox3) dén 68,9% (atp8). Ti 1é A + T nay phu hop vai thanh phan nucleotide tong thé
cta gene ty thé Cha vd chdn xdm.

Céc chi s6 AT-skew va GC-skew dung dé danh gia do bién thién thanh phan
nucleotide trén cédc PCGs; phan 16n cac PCGs cla Cha vd chédn xdm cho thay AT-
skew duong (Bang 3. 5), nghia 13 tin suat xuét hién cta axit amin adenine cao hon
thymine. M6 hinh nay ciing dugc quan sat & cac loai linh truong khéc, trong d6 phan
16n cac PCGs c6 GC-skew am, dao dong tir —0.35 dén —0.42, cho thay thanh phan
nucleotide thién vé C. Tuy nhién, nadé6 lai khac biét v6i xu hudng nay, thé hién GC-
skew duong (0.644) va AT-skew am (—0.378). M6 hinh nay tuong tu nhu nhiing gi
duoc quan sat & cac mau Cha vd chdn xam khdc (—0.387 va 0.648) va Cha vd chan
den (—0.341 va 0.596) (Hinh 3. 9).

0.8
0.6
0.4

0.2

0.2 nadl nad2 coOx1 cox2 atp8 atp6 cox3 nad3 nad4l nad4 nad] ob

-0.4
-0.6

-0.8

=@ A-T/A+T el G-C/G+C

Hinh 3. 9. AT-skew va GC-skew trong 13 gene ma hoa protein gene ty thé Cha vd
chan xam PP_623106.
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Bang 3. 5. Gia tri GC-skew va AT-skew trong cac gene ma hoéa protein (PCGs).

AT- GC-

SO gia nhapT(U) C A G Tong Skew  Skew

Cha va chan xam
Tay Nguyén Viét
Nam

Cha va chan xam
Cha va chan nau
Cha va chan den
Khi duoi lon
Vooc soc dau den

Khi voi

PP 623106 30.926.130.512.5868.6—0.00605-0.35278

JQ 821842 30.926.130.512.5868.6 —0.0062 —0.35277
JF 293096 30.926.130.512.5868.6—0.00678—0.35155
MH 06417731.225.930.6 12.3807.4—0.01002—-0.35463
KP_ 330231 26.530.930.212.3 870 0.065732—0.42945
KU 899140 31.525.430.912.2867.5-0.00896—0.34998
DQ 355298 30.526.730.6 12.2869.10.001593—0.37082

Vooc miii héch vang KM_50439031.425.630.8 12.2868.6—0.01054—0.35253

Vooc miii héch xam
Vooc miii héech den

Vooc miii héch Bac
B¢

Khi coc

Khi vang

Khi dau ché

Khi tai mao trdng

Homo sapiens
neanderthalensis

Khi mii tran trdng

JQ 821836 31.625.530.612.4868.8—0.01638-0.34612
JQ 821839 31.525.630.712.2869.1-0.01181-0.35612

JF 293093 31.525.530.8 12.3868.4—0.01138-0.34898

KM 36017926.4 31 30 12.5870.20.063577 —0.4244
JQ 821843 26.6 31 29.812.6 870 0.056444—0.42052
NC 001992 26.231.229.712.9868.60.061768—0.41663
KM 58831428.327.831.1 12.9867.70.046296—0.36736

OM 06261426.231.928.813.1867.80.046422—-0.41631

NC 002763 29.926.731.312.1866.8 0.02306 —0.37663

3.2.1.3. Vung giau A+ T

Vung diéu khién (D-loop), nam giita gene trnP va gene trnF, c6 chiéu dai 1094
cdp base (vi tri 15,584-16,541 va tiép tuc tir 1-136). Kich thudc nay 1a dién hinh cho

cac gene ty thé ctia dong vat ¢ xuong séng (47).
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Kich thudc ciua vung nay & Cha va chan xam Tay Nguyén Viét Nam 16n hon so
véi cac mau Cha va chdn xam khac JQ 821842 (1092 bp; 15,444-16,535 nt) va Cha
va chdan den (1092 bp; 15,443-16,534 nt), Khi vang (1085 bp; 15,480-16,564), Khi
ddu ché (1076 bp; 15,446-16,521 nt), va Khi tai mao trang (1079 bp; 15,421-16,499
nt), nhung ngin hon so v6i Homo sapiens (1121 bp; 16,022-16,567 nt, 1-575 nt). Su
bién d6i kich thudc nay chu yéu duoc cho 1a do su khac biét vé sb lugng ban sao va
cac 1ap lai ndi tiép trong ving (80). Vung diéu khién thé hién mirc d6 bién ddi cao so
voi1 cac khu vuc khéc cua gene ty thé, phan anh su hién di¢n ctia nhiéu 1ap lai ndi tiép
(TRs) va su bién doi trong sé luong ban sao cia ching (80). Tong GC-skew trong
ving diéu khién 12 —0.349, AT-skew 1a 58%, va ham luong A + T 14 —0.013. Khong
c6 su thiéu hut ldp lai 16 rang nao duoc quan sat trong ving diéu khién cia Cha vd

chan xam Tay Nguyén Viét Nam.
3.2.1.4. tRNA va rRNA

Tam gene tRNA nam trén soi L, trong khi cac gene con lai nam trén soi H (Hinh
3. 10) (Bang 3. 3). Tat ca 22 gene tRNA dugc xac dinh trong hé gene ty thé ciia Cha
va chan xdm déu c6 anticodon tuong thich véi nhitng gi tim thay & cac loai linh trudng
khac. Céac gene tRNA c6 kich thudc dao dong tir 59 bp (cho #nSI) dén 75 bp (cho
trnL2). Thanh phan nucleotide trung binh cta cac gene tRNA 13 A: 32,7%, T: 30,4%,
G: 19,3%, va C: 17,5%. Gene trnT c6 ham lugng GC cao nhat (50,8%), trong khi
trnD va trnH c6 ham lugng thip nhit (23,2%). 7 gene tRNA trong Cha vd chdn xdm
chtra tong cong 11 cip base khong khép nhau. Nhitng sy khong khop nay duoc tim
thiy trong than chdp nhan axit amin (AA) (amino acid acceptor stem), thin
pseudouridine (TWC), va than anticodon (AC) (Bang 3. 6).

Gene ty thé ctia Cha vd chdn xdm ciling chira hai gene ribosomal RNA (rRNA):
don vi ribosome 16n (/65 rRNA) va don vi ribosome nhd (12S rRNA). Gene 16S
rRNA nim giita cac gene trnV va trnL2, trong khi gene /25 rRNA nam giita cac gene
trnF va trnV, Sap xép nay 1a dién hinh cho hau hét dong vat c6 xuwong song, trong d6
gene trnV tach biét cac don vi ribosome 16n va nhé (81). Gene 725 rRNA dai 949 bp,
va gene 165 rRNA dai 1565 bp. Nhiing kich thudc nay tuong tu nhu nhiing gi tim
thiy & cac mau Chd vd chdn xdm khac (948 bp va 1562 bp, twong tng). Ham luong
A+ T cua gene /165 rRNA 1a 60%, va ham lugng A + T cua gene /2S5 rRNA 1a 59,4%.
Céc gia tri nay phu hop véi nhiing gi quan sat dugc & cac loai linh trudng khac, bao
gdm cac mau Cha vd chédn xdm JQ 821842 (59,9% cho 16S va 59,4% cho 12S) va
Cha va chdn den MH_064177 (60% cho 16S va 58,8% cho 12S) (Bang 3. 4).
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Bang 3. 6. Cac vi trf bat cap khong khop cua -RNAs. AA—amino acid acceptor,

T-arm, AC—anticodon.

tRNA Cip base khong khép than Tén sb

Phenylalanine GAA A-C AC 1
Valine TAC A-C AC 1
A-G AA 1
U-u T-arm 2

Methionine CAT
C-Uu T-arm 1
A-U T-arm 1
Glycine TCC A-C AC 1
A-A AA 1

Serine GCT

A-A AC 1
Threonine TGT U-C AA 1

3.2.1.5. Vung lap va vung lién gene

Phén tich so sanh cac gene ty thé tiét 16 mot sb truong hop chong chéo gene:

atp8 va atp6: Mot sy chong chéo 22 bp dugc quan sat nhat quan giita cac gene
atp8 va atp6 & Cha vd chdan xam Tay Nguyén Viét Nam, cac mau Cha vd chdn xam
khac va Cha va chan den.

trnV va rrnL: Mot su chong chéo 2 bp duoc tim thdy & Cha vd chdn xdm Tay
Nguyén Viét Nam, cac ca thé Cha va chdn xam khéac, va Cha va chén den.

trnl va trnQ: Mot sy chong chéo 3 bp c¢6 mit & Chd vd chdan xdm Tay Nguyén
Viét Nam, cac cé thé Cha vd chéan xém khéc, va Cha vd chén den.

nad4L va nad4: Mot su chong chéo 4 bp dugc quan sat & Cha vd chdn xam Tay
Nguyén Viét Nam va cac mau Cha va chdn xdam khéc.

cyth-0 va cytb-1: Mot su chong chéo 8 bp chi duoc tim thiy & Cha vd chén den.

Nhitng su chéng chéo ndy, dic biét 1a su chdng chéo 22 bp giita atp8 va atp6,

cung v&i 2 bp gitra trnV va rrnL, 1a pho bién trong céac loai vugn va nam trén soi H.

Gene ty thé cia Cha vd chdn xdm chtra khoang hai muoi ving khoang céach lién
gene khong ma hoa, c6 kich thudc dao dong tir 1 bp dén 68 bp. Trong khi nhirng ving
nay trudce day duge coi 1a khong chirc ning, cic nghién ctru gan ddy cho thdy mot sd

co thé dong vai tro diéu chinh trong viéc bi€u hién gene.
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Ving khoang cach lién gene dai nhét trong Cha vd chdn xdm dai 68 bp, nim giita
trnK va cox2. Ving ndy ngin hon dang ké so v6i ving 172 bp tim thdy & cac mau
Cha va chan xam JQ_ 821842 vung 167 bp trong Cha va chan den MH_064177.

Chiéu dai cta cac ving khoang cach lién gene thay doi giita cac loai vuon, véi
Cha vd chdn xdm ¢ cic ving khoang cach ngin hon so v6i Chd vd chdn ndu (194
bp voi 20 vung) va Khi duoi lon (182 bp voi 22 vung), nhung dai hon so véi1 Cha va
chan den (167 bp v6i 20 vung). Cac vung khoang cach lién gene gitvta Cha va chdan
xdm va Cha vd chdn den nhin chung kha twong ddng, ngoai trir viing gitta nads va

trnLl1, dai 15 bp & Cha va chdan xam va 37 bp & Cha vd chan den.
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Hinh 3. 10. CAu truc thir cip cua 22 gene tRNA ctia Chd vd chdn xam Tay Nguyén

Viét Nam. Mau do dai dién cho cac két ndi GC, trong khi mau xanh duong dai di¢n

cho cac két ndi AU.
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3.2.1.6. Cay phat sinh loai cia Cha vad chan xam Tay Nguyén Vi¢t Nam

Mo hinh Tamura—Nei va phuong phap Maximum Likelihood d duoc sir dung dé
phan tich lich sir tién hoa (82). Cac nhanh trong cdy cho thy ty 1é cdy ma trong do
cac taxa lién quan dugce nhom lai voi nhau. Cay két qua c6 log likelihood cao nhét 1a
(—433,849.22). Bang cach ap dung cac thuit toan Neighbor-Join va BioNJ trén ma
tran khoang cach cdp tinh toan bang mé hinh Tamura—Nei, cac cdy ban dau cho tim
kiém heuristic d3 dugc tao tu dong. Topology véi gid tri log likelihood t6t nhit sau
dé dugc chon. Phan tich nay bao gém 55 h¢ gene ty thé. Cac vi tri codon duoc dua
vao gdm co 1st, 2nd, 3rd va +Noncoding. Cac phén tich tién hoa di duoc thuc hién
trong MEGAT11 (81).

Céu tric cdy cua cac lodi linh trudng nhat quan theo phuong phap Maximum
Likelihood va phan tich v6i hd tro bootstrap (>70). Cac ho hang gan nhit con sdng
cta linh truéng 13 Hominidae. Cay duoc gdc tir nhom ngoai Cynocephalus variegatus
dua trén nghién ctru ctia Mason va cs (83). Toan bo cdy linh trudng c6 ngudn gdc tir
loai Dermoptera, cu thé 1a Cynocephalus variegatus, va ciu trac két qua nhat quan

v6i ciu tric thu duoc tir cac nghién ctru trude day (32,84-87).

Cay phat sinh loai dugc xdy dung bang cach sir dung toan hé gene ty thé ciia hon
50 loai linh trudng cho thiy rd rang cac loai Pygathrix (Cha vd chdn xam, Cha vd
chan nau, va Cha va chan den) tao thanh mdt nhanh don nganh dugc hd tro tt (Hinh
3. 11). Trong cac nghién ciru trudce, vi tri trong ddi ctia Pygathrix va Nasalis gan hon
so v6i Rhinopithecus, va nghién ctru hién tai da xac nhan didu nay (35,79). Mot nguon
gbc chung ctia nhom nay hién nay dugc chdp nhan rong rai, mic du cac mdi quan hé
phat sinh loai gita cac chi va lodi ctia nd van phan 16n chua duoc biét dén (79).
Nghién ctru nay cho thdy mdi quan hé nay giita cac loai linh truéng va xac nhin rang
cac loai Cha vd (chi Pygathrix) 12 mot dong tién hoa riéng biét trong nhém khi mii
la. Nhanh Pygathrix c6 mbi quan hé gin nhat vdi cac chi Nasalis (khi mili) va Simias
(khi Mentawai). Cuing nhau, ba chi nay tao thanh mdt nhém don nganh 16n hon cta
céc ca thé khi miii la, diéu ndy nhat quan v&i cac nghién ctru hinh thai va phéan tir

trudc day.
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100§ PP623106 Pygathrix cinerea
100 f JQB821842 Pygathrix cinerea
003 JF293096 Pygathrix nemaeus
DQ355302 Pygathrix nemaeus
MHO064177 Pygathrix nigripes
100 —JF293094 Nasalis larvatus
L—F293095 Simias concolor
100 100 —KM504390 Rhinovithecus roxellana
100 |‘E . g
JQ821836 Rhinopithecus brelichi
I—IF293093 Rhinopithecus avunculus
100 b K1J899140 Presbytis femoralis
100 — KM360179 Macaca arctoides
100 100 ﬂI_E KX686496 Macaca mulatta
KP'330231 Macaca leonina
—————— MZ907665 Papio hamadryas
KY751400 Homo neanderthalensis
100 MZ747452 Cebuella pygmaca
KM588314 Callithrix jacchus
KC592391 Callimico goeldii
KC757399 Leontopithecus rosalia
OM328942 Aotus vociferans
F]785421 Aotus lemurinus
KC592390 Aotus azarai
OM329038 Cebus albifrons
CM039160 Sapajus apella
HQ644339 Saimiri boliviensis
OM328866 Ateles belzebuth

OM328949 Alouatta belzebul
100 OM328883 Cacajao calvus

ﬂE OM329065 Chiropotes chiropotes
OM328905 Pithecia albicans
100 ﬂ:omza%a Cheracebus Tugens
OM328929 Plecturocebus bernhardi
K]944179 Lemur catta
KC757408 Prolemur simus
KC757397 Hapalemur griseus
AB371087 Eulemur fulvus
OR711366 Varecia rubra
KJ944208 Megaladapis edwardsi
OM650052 Propithecus verreauxi
OM649987 Propithecus candidus
KC757387 Avahi laniger
KJ944220 Palaeopropithecus ingens
EEKMHBB? Mirza coquereli
KM112286 Microcebus arnholdi
KM112334 Allocebus trichotis
100 ——— KM112326 Cheirogaleus crossleyi
— AB371085 Daubentonia madagascariensis

- _:Kjd?wl%l Otolemur crassicaudatus
1

AB371092 Galago senegalensis
ﬂ|:om 15513 Loris lydekkerianus
KY436589 Nycticebus bengalensis
KC977310 Tarsius dentatus
AF348159 Cephalopachus bancanus

9

o

100

100
100

100

100

99

100}

ATF460846 Cynocephalus variegatus

0.2

Cercopithecidae

Hominidae

Cebidae

Aotidae

Cebidae

Atelidae

Pitheciidae

Lemuridae

Megaladapidae

Indriidae

Palaeopropithecidae
Cheirogaleidae
Daubentoniidae
Galagidae

Lorisidae

Tarsiidae

Cynocephalidae
(outgroup)

Hinh 3. 11. Cay phét sinh loai Maximum Likelihood ctia 55 hé gene ty thé linh
truong. PP633106 Cha va chdn xam mau xanh 1a Cha va chan xam Tay Nguyén Viét

Nam.
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Chudi gene ty thé ctia Cha vd chdn xdm duoc tao ra trong nghién ciru ndy (mi sd
gia nhap GeneBank PP 623106) khéac biét dang ké so voi mét gene ty thé Cha vd
chdn xam di duge cong bd trude d6 (ma sé gia nhip GeneBank JQ 821842), véi 43
su khéc biét nucleotide. Diéu nay goi y su hién dién ctiia cac dong gene khac nhau
trong loai nay. Su phan ky giita cac gene ty thé cho thdy chudi da céng bd trudc do
(JQ _821842) c6 thé dén tir mot quan thé dia Iy hodc phan loai khac ctia Cha vd chdn
xdm, diéu nay co thé giai thich cho nhitng khac biét gene quan sat dugc, hodc kha
nang ton tai cac phan loai bi mat hodc cac don vi tién hoa quan trong trong quan thé

Cha va chan xam.

Chudi gene ty thé dugc tao ra trong nghién ctru ndy duoc xac nhan chic chin
trong nhanh Pygathrix, khang dinh su phan loai loai ciia mau 1a Cha vd chdn xdm.
Tuy nhién, nhitng khac biét gene 16n so véi gene ty thé Chd vd chdn xam da dugce
cong bd trude d6 goi ¥ rang can ¢ thém nhiéu nghién cru vé& quan thé dé tim hiéu
lich sir tién hoa va cau tric quan thé cua loai linh truong nay dang bi de doa nghiém
trong.

3.2.1.7. Théo luan

Céu trac va to chic hé gen ty thé cta ca thé Cha vd chdn xdm Ty Nguyén Viét
Nam (PP_623106) tuan theo khuén mau dién hinh cta dong vét c6 v, bao gém 37
gen vai trat tu sap xép bao ton cao. Kich thude hé gen (16,541 bp) va ham luong A+T
(61,1%) nam trong khoang gia tri di dwgc bao cdo cho chi Pygathrix (Bang 3. 4),
phan anh tinh 6n dinh & cip béc chi.

Vung diéu khién ctia Chd vd chdn xdm Tay Nguyén Viét Nam c6 kich thuée 16n
hon mét chut (1094 bp) so véi cac mau Cha vd chdn xam khac (1092 bp); nhiing dot
bién nay c6 thé lién quan dén anh hudng cua chon loc va trdi gene, hd trg quan diém
vé mot dong tién hoa riéng biét (88); tuy nhién, su khac biét hai nucleotide ndy nam
trong ving cac chudi lip lai va do d6 khong c6 y nghia sinh hoc, vi mau hinh nay
cling dugc quan sat thiy & cac loai linh truéng khac khong trai qua hién tugng that
¢0 chai cé thé hodc phan ky tién hoa nhanh chéng (89). Do d6, sy khac biét kich thudc
nho nay khong du dé rat ra két luan veé cac dong tién hoa khac biét hodc su da dang &
cap d6 quan thé.

Céc lap lai lién tiép va GC-skew dugc quan sat trong viing diéu khién twong thich
v6i cac loai linh truong khac, nhan manh tinh bao t6n cua nhitng yéu té dicu tiét nay.
Céu tric va thanh phan cy thé clia nhitng yéu t6 niy c6 thé anh huong dén viéc khoi
dau sao chép hoic diéu chinh phién ma (90).
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Su bao t6n dang ké vé kich thudc gene rRNA va ham lugng A + T giita cac loai
Cha vd nhan manh vai trd co ban ctia chiing trong tong hop protein ty thé (91) 1am
ndi bat gia tri cua nhitng gene nay nhu nhitng ddu 4n dang tin cdy cho phan tich phat
sinh, dic biét 1a trong viéc giai quyét cac mdi quan hé gifta cac taxa gan giii (92,93).
Maic du cac gene rRNA thuong dugc bao tdn cao, cd bon vi tri chén nucleotide duoc
tim thdy trong 77nS va rrnL c6 thé din dén viéc diéu khién biéu hién gene & cap do
dich mé, va mau hinh sira d6i rRNA nay c6 thé xay ra dé dap tmg véi su thay doi moi
truong, giai doan phat trién va trang thai bénh 1y (94) hodc chi ra mot quy dao tién

hoa doc dao cua Cha va chdan xam Tay Nguyén Viét Nam.

Su hién dién cua tat ca 22 gene tRNA véi cac anticodon trong Cha va chdn xam
1a can thiét cho viéc dich chinh x4c cac protein ty thé. Tinh bao ton ciia nhitng gene
nay nhan manh vai trd co ban cta ching trong viéc duy tri chtrc ning ty thé. Sy bién
d6i trong kich thudc gene tRNA va ham luong GC, dugc quan sat & Chd vd chdn xdm
Tay Nguyén Viét Nam, c6 thé phan anh sy khac biét trong biéu hién va diéu chinh
gene (95).

Viéc xac dinh cac cip base khong khép trong mot sé gene tRNA, dic biét 1a & cac
than AA, TYC va AC, 1a diéu thu vi. Nhitng su khong khop nay cé thé anh hudng

dén cau tric va chirc nang cua tRNA.

Céc su chong chéo gene dugc quan sat gitta mot cip gene (afp8 va atp6; trnV va
rrnL) trong cac loai Cha vd goi ¥ mot ¥ nghia chirc ning tiém ning vuot ra ngoai
nhiing su tring hop ngiu nhién. Nhitng sy chong chéo nay co thé dong vai tro diéu
tiét trong biéu hién gene, c6 kha ning anh huong dén phién ma hoic dich ma cia

nhitng gene nay (96).

Céc vung khoang cach lién gene, mdc du trude day duoc coi 1a khong chirc nang,
hién dang duoc cong nhan nhu nhitng yéu té didu khién tiém ning (97). Su bién ddi
trong chiéu dai cac khoang cach giita cac gene khac nhau giita cac loai Pygathrix, v6i
cac khoang cach dai hon & Cha va chdn ndu va Macaca leonnina so v&1 Cha va chan

xam, go1y mot vai tro tiém nang trong viéc diéu khién biéu hién gene (98).

Céac dic diém gene doc ddo dugc xac dinh trong Cha vd chan xam Tay Nguyén
Viét Nam, dac biét la trong vung diéu khién va cac gene tRNA, nhan manh tam quan
trong cuia viéc bao ton sy da dang gene ctia né. Su da dang nay 1a rat quan trong cho
kha ning thich ing va strc manh trong boi canh thay do6i va de doa mai truong. Hiéu
biét vé su khéac biét gene giita Cha vd chdn xam Tay Nguyén va cac mau Cha vd chdn
xdm khéc c6 thé thong bao cho cac nd lyc bao ton bang cach xac dinh cac quan thé

khéc biét c6 thé can cac chién lugc quan 1y cu the.
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Céc sai khac trinh ty quan sat duoc giita ¢ thé Chad vd chdn xam Tay Nguyén va
cac mau cong bd trude day cho thdy kha ning ton tai nhiéu dong ddi ty thé trong
pham vi phin bd cua loai tai Viét Nam. Tuy nhién, nghién ctru nay khéng nhdm danh
gi4 cdu tric quan thé, ma cung cip dit liéu nén phuc vu so sanh phat sinh loai va dinh
huéng cho cac nghién ciru di truyén quan thé sau ndy ddi voi mot loai linh truéng

cuc ky nguy cap.

3.2.2. Bic diém hé gene ty thé hoan chinh cua ca thé Khi mdt dé (Macaca arctoides)
Tay Nguyén Viét Nam

Gene ty thé hoan chinh ctia Khi mdt dé bao gdm 16,675 cip base (bp) va chira 37
gene dién hinh co trong ty thé cia loai linh trudong (Hinh 3. 6; Bang 3.7), phan 1on
cac gene nam trén soi H, ngoai trir gene ND6 va tim gene tRNA (tRNA-Glu, tRNA-
Pro, tRNA-GIn, tRNA-Ala, tRNA-Asn, tRNA-Cys, tRNA-Tyr, tRNA-Ser) nam trén soi
L. Gene ty thé cua Khi mat dé thé hién cac trinh tu to chuc gene tuong ty nhu céc
loai tha linh truong khac nhu Cha vd chdan xam, Cha va chdn den, Cha va chdn ndu,
Khi vang. Tuy nhién, dang cha ¥ rang chudi ADN ty thé ctiia Khi mdt dé Tay Nguyén
Viét Nam dugc phan tich trong nghién ctru nay c6 kich thudc 16n hon chut (16,675
bp) so v6i Khi mdt dé Trung Qudc (KM 360179, 16,559 bp) 1a 116 cip nucleotide
va nho hon khi duéi lon Trung Quéc (KP_330231, 17,050 bp) v6i 375 cip nucleotide.

Bang 3.7. Vi tri va d6 dai ctia 37 gene trong hé gene ty thé hoan chinh cta ca thé Khi
mat do Tay Nguyén Viét Nam .

Tén  Biat dau Két thic Mach Chiéu dai P9 che phi

cytb b 7 558 + 552 3
trnT(aca) 566 629 + 64 1
trnP(cca) 631 698 - 68 1,084
trnF(ttc) 1782 1853 + 72 0
S 1854 2804 + 951 0
trnV(gta) 2805 2873 + 69 -2
rrnL 2872 4438 + 1,567 -2
trnL2(tta) 4439 4513 + 75 2
nadl 4516 5466 + 951 4

trnl(atc) 5471 5539+ 69 3



trnQ(caa)
trnM(atg)
nad2
trnW(tga)
tRNA(gca)
trnN(aac)
trnC(tgc)
trnY (tac)
cox2
trnK(aaa)
atp8

atp6

cox3
trnG(gga)
nad3
trnR(cga)
nad4l
nad4
trnH(cac)
trnS1(agc)
trnL 1(cta)
nad5
nad6
trnE(gaa)
Cytb
trnT(aca)

trnP(cca)

5537
5608
5676
6718
6792
6862
6967
7036
7132
7860
7929
8090
8770
9554
9621
9967
10,032
10,322
11,700
11,769
11,828
11,902
13,717
14,236
14,309
15,450
15,517

5607
5675
6707
6784
6360
6934
7035
7100
7791
7927
8111
8764
9552
9620
9965

10,031

10,325

11,689

11,768

11,827

11,898

13,701

14,235

14,304

15,442

15,514

15,583
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- 71
+ 68
+ 1032
+ 67
- 69
- 73

- 69
- 65
+ 660
+ 68
+ 183
+ 675
+ 783
+ 67
+ 345
+ 65
+ 294
+ 1368
+ 69
+ 59
+ 71
+ 1800
- 519
- 69
+ 1134
+ 65
- 67

32

31
68

=22

N9 O
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3.2.2.1. Thanh phan nucleotide

Ty 18 A/T clia toan bo hé gene ty thé dao dong tir 55,6% dén 61,9%. Ty 18 A/T
toan bo hé gene ty thé cia Khi mat dé dao dong tir 56,7—-57%, thap hon rd rét so véi
céc loai Cha va (trén 61%) nhung twong dong véi cac loai khi khac nhu Khi vang, khi
ddu ché va khi duéi lon (Bang 3. 8).

Phén bd tan suét axit amin trong toan bo hé gene ty thé cua ba ca thé khi: Khi mdt
dé Tay Nguyén Viét Nam, Khi mdt dé Trung Qudc (KM _360179) va khi dudi lon
Trung Qubc (KP_330231) nhin chung tuong dbi dong déu va c6 xu hudng tuwong
ddng cao. Céc axit amin chiém ty 1é cao nhat & ca ba c4 thé bao gdm Leucine (Leu),
Serine (Ser), Isoleucine (lle), Phenylalanine (Phe) va Valine (Val) (Hinh 3. 2). Day la
nhing axit amin thuong gip trong cac protein ma hoa boi hé gene ty thé, phan anh
dic diém bao ton cua cac gene lién quan dén chudi ho hap té bao. So sanh gitra hai
ca thé Khi mat do (Viét Nam va Trung Qudc) cho thay su twong dong rat rd rét vé tan
sudt ctia hau hét cac axit amin, voi chénh 1éch phan trim khong dang ké. Trong khi
6, khi duéi lon Trung Qudc van c6 sy phan bo axit amin twong ty vé tong thé, nhung
xuét hién mot sb sai khac nhé & mét vai axit amin nhu Leu, Ser hodc Ala. Céc axit
amin c6 tan sut thip nhu Cysteine (Cys), Tryptophan (Trp) va Histidine (His) déu
duy tri & muc thip va on dinh giira ba c4 thé, phan anh tinh bao ton chirc ning cia

cac protein ty thé va ap luc chon loc manh 1€n cac vi tri ma hoa quan trong.

Sy khac biét vé cdu trac protein ty thé cua Khi mdt dé giita hai khu vuc dia 1y
khong dang ké, phu hop véi mbi quan hé di truyén gan gili va murc d6 sai khac thap.
Ddi voi khi dudi lon, su khac biét vé thanh phén axit amin chi & mic phén tram nho,
phan anh muc d6 khac biét di truyén nhat dinh nhung chua du 16n dé 1am thay d6i xu

huéng chung cta thanh phan axit amin trong céc gene ty thé.

Gene ty thé cua Khi mdt do Tay Nguyén Viét Nam va miu tham chiéu
(KM _360179) déu c6 do dai hé gene ty thé twong dwong nhau (16.559-16.675 bp),
cho thﬁy tinh 6n dinh cao vé& mit ciu tric. Vung PCGs cua Khi mat do dat chiéu dai
khoang 11.301-11.313 bp, twong ddng vdi cac loai khi khac trong chi Macaca. Piéu
nay cho thiy Khi mdt dé mang dic trung thanh phan nucleotide dién hinh cta chi
Macaca, phan anh méi quan hé phat sinh ching loai gan gili trong nhém nay. Xét
riéng tung vung, PCGs ctia Khi mat do cé ty 1¢ A/T khoang 56-56,7%, trong khi rrnL
dat khoang 57,3-57,6% va rrnS khoang 55,6-55,8%. Su chénh I¢ch khong 16n gitra
cac ving cho thay ap luc chon loc tuong ddi dong déu trén hé gene ty thé cua loai
nay. Dic biét, ty 16 A/T thap hon & ving r#nS phan dnh mirc d6 bao ton cao cia gene
ribosome 128, phu hop véi chirc nang thiét yéu trong bd méay dich ma ty thé. Nhin
chung, thanh phﬁn nucleotide ty thé cua Khi mdt dé thé hién tinh 6n dinh cao, it bién
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dong gitra cac cé thé va mang déc trung trung gian gitta nhoém kkhi va nhém cha vd,
gb6p phan cung cd vi tri phan loai va méi quan h¢ tién hda cua loai trong b Linh

truong.

RSCU
(¥

Hinh 3. 12. Mtrc str dung codon dong nghia twong ddi (Relative Synonymous
Codon Usage - RSCU) ctia cac gene ma héa protein trong ty thé Khi mdt do.

Phén tich chi s6 RSCU cuia cac gen mé hoa protein trong hé gene ty thé ctia Khi
mat dé cho thiy sy dic diém giau A/T phd bién cua hé gene ty thé ¢ cac loai linh
truong (). Cac codon két thiic bang A hoidc U c6 gid tri RSCU 16n hon 1 va duoc sir
dung wu tién, trong khi nhiéu codon két thuc bang G hodc C c6 RSCU thip hoic
khong xuat hién trong hé gene ty thé. Xu hudng nay thé hién rd & cac amino acid c¢6
nhiéu codon d6ng nghia nhu leucine, serine, threonine va alanine. RSCU cuia Khi mdit
d6 nhin chung twong dong véi cac loai thi linh truong khac. Véi gia tri RSCU 16n
hon 1 cho thiy codon dé dugc sir dung nhiéu hon so véi ky vong, trong khi gia tri
nho hon 1 cho thiy mirc str dung thap hon.
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Hinh 3. 13. Tan sudt phan trim thanh phan axit amin trong hé gene ty thé ctia céc ca
thé khi: Khi mdt doé Tay Nguyén Viét Nam, Khi mét dé Trung Quéc (KM_360179) va
khi @uéi lon Trung Qudc (KP_330231).

Phén bb tan suét axit amin trong toan bo hé gene ty thé cta ba ca thé khi: Khi mdt
doé Tay Nguyén Viét Nam, Khi mdt dé Trung Qudc (KM_360179) va khi duédi lon
Trung Qubc (KP_330231) nhin chung tuong dbi dong déu va c6 xu hudng tuong
ddng cao. Céc axit amin chiém ty 1& cao nhat & ca ba c4 thé bao gdm Leucine (Leu),
Serine (Ser), Isoleucine (Ile), Phenylalanine (Phe) va Valine (Val) (Hinh 3. 13). Day
1a nhitng axit amin thuong gip trong cac protein mi hoa boi hé gene ty thé, phan dnh
dic diém bao ton cua cac gene lién quan dén chudi ho hap té bao. So sanh giira hai
ca thé Khi mdt do (Viét Nam va Trung Qudc) cho thiy su twong dong rat 1on vé tan
sudt ctia hau hét cac axit amin, voi chénh 1éch phan trim khong dang ké. Trong khi
6, khi duéi lon Trung Qudc van c6 sy phan bo axit amin twong ty vé tong thé, nhung
xuét hién mot sd sai khac nhé & mot vai axit amin nhu Leu, Ser hodc Ala. Céc axit
amin c6 tan suat thip nhu Cysteine (Cys), Tryptophan (Trp) va Histidine (His) déu
duy tri & muc thip va 6n dinh giira ba c4 thé, phan anh tinh bao ton chirc ning cta

cac protein ty thé va ap luc chon lgc manh Ién cac vi tri ma hoa quan trong.

Diéu nay cho thay ciu tric protein ty thé cua Khi mdt dé giira hai khu vyc dia 1y
van duoc duy tri 6n dinh, pht hop véi mbi quan hé gan vé mit di truyén va sy khac
biét & mtrc d6 thap, ddi voi phan loai khi dudi lon thé hién khac biét & mirc do phan
tram thip phan anh su sai khac di truyén ¢ muc thap, nhung chua da 16n dé 1am thay

d6i xu hudng chung ctia thanh phan axit amin trong cic gene ty thé.
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Bang 3. 8. Céac chi sé thanh phan nucleotide trong cac ving khac nhau cta 23

gene ty thé dai dién cho loai linh truéng.

Gene ma
. hoa protein 16S (rrnl) 128 (rrnS)
So gia (PCGs)

nhap
b6 daj AT Podai AT Do dai AT D dai AT
T (%) (bp) (%) (bp) (%) (bp) (%)

Khi mat do Tay

Nguyén Viét Nam 16,675 57 11301 56.7 1,567 57.6 951 55.6

Khi mat do Trung

i KM_36017916,559 56.7 11,313 56 1566 57.3 951 55.8
Quoc

Khi duoi lon

J KP_ 330231 17,050 57.2 11,310 57 1562 57.8 947 54.6
Trung Quoc

gggl‘;“gﬁgggmm PP 623106 16,541 61.1 11,292 61 1565 60 949 59.4
Cha vd chan xdm JQ 821842 16,535 61.1 11,292 61 1562 59.9 948 59.4
Cha vd chan ndu  TF_293096 16559 613 11292 61 1564 59.7 948 59.4
Cha vd chin den MH_06417716,534 61.4 11,304 62 1563 59.7 949 58.8
Khidudilon ~ KP 330231 17,050 57.2 11,310 57 1562 57.8 947 54.6
Vooc soc ddu den KU 899140 16,548 61.9 11277 62 1563 61 935 583
Khi voi DQ 355298 16,570 60.9 11,298 61 1568 59.9 949 57.5

I}/;:; miihéch 1 50439016,552 61.5 11292 62 722 59.6 949 582
Vooc miii héch
yoo JQ 821836 16,553 61.6 11295 62 1571 60 949 583

Vooc miii héch den JQ 821839 16,550 61.5 11,298 62 1570 59.7 949 58

Vooc milihéch — yr 293003 16,552 61.6 11,289 62 1572 60.2 949 58.5

Bdc Bé
Khi vang JQ 821843 16,564 56.8 11,310 56 1560 57.4 947 55.6
Khi dau ché NC 001992 16,521 56.3 11,292 56 1572 57.7 947 55.1

Khi tai mao trang KM_58831416,499 59.7 11,280 59 1555 60.5 953 56.6
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Homo sapiens

. NC 011137 16,565 55.6 11,283 55 1560 57.2 954 544
neanderthalensis

Homo sapiens

OM _06261416,565 55.7 11,283 55 1560 57.3 954 544
neanderthalens

Khi mii trén trang NC_002763 16,554 60.9 11,268 61 1556 60.2 958 57.6

Cheo cheo dom

P N NC 037993 16,444 61.4 11,310 61 1576 61.6 958 56.4
An Do

3.2.2.2. Céac gene ma hoa Protein

Gene ty thé ctia Khi mdt doé chira 13 gene ma héa protein dién hinh (PCGs), tong
chiéu dai 1én t6i 11,301 bp va chiém 67,78% tong thé ctia gene ty thé. Mudi hai trong
sO cac gene ndy nam trén soi H (manh ning), trong khi gene nad6 nam trén sgi L
(mach nhe). Céc chi s AT-skew va GC-skew dung dé danh gia d6 bién thién thanh

phan nucleotide trén cac PCGs.

Gia trj AT-skew cuia 13 gene ma héa protein trong hé gene ty thé Khi mdt dé nhin
chung déu mang gia tri dwong (Bang 3. 9), cho thay A xuét hién véi tan suat cao hon
T trén mach dugc phan tich. Mtrc do AT-skew khac nhau gitra cac gene, trong d6 mot
s6 gene nhu NDI, ND2, COXI va COX2 c6 AT-skew cao hon so vdi cac gene con lai,
phan anh su thién 1éch rd rét vé thanh phan adenine trong cac ving nay (Hinh 3. 14).
Nguoc lai, GC-skew ctia hau hét cac gene déu mang gia tri 4m, cho thdy C chiém vu
thé so voi G trong cac gene mi héa protein ty thé. Mirc 40 GC-skew giita cac gene
c6 sy bién dong nhét dinh, voi cac gene thudc nhom ND (dic biét ND4 va ND5) thé
hién GC-skew am manh hon, trong khi cac gene ATP6, ATPS va COX c6 gia tri GC-
skew am thap hon. Sy khac biét vé bién d6 AT-skew va GC-skew giita cac gene cho
thay tinh khong dong nhit vé thanh phan nucleotide trong cic gene ma héa protein
ctia gene ty thé Khi mdt dé. Tuy nhién, xu huéng chung van duoc duy tri on dinh, véi

thién léch A va C 1a dac diém ndi bat xuyén sudt 13 gene dugc phan tich.

Khi mat do Tay Nguyén Vi¢t Nam cd AT-skew = 0,0598 va GC-skew = —0,4212,
trong khi Khi mat dé Trung Qudc (KM_360179) c6 AT-skew = 0,0653 va GC-skew
= —0,4253 (Bang 3. 9). Nhu vay, ca thé Trung Qudc c6 AT-skew cao hon nhe (chénh
1éch ~0,0055), cho thiy mirc uu thé ctia A so v6i T nhinh hon so véi ca thé Viét Nam.
Pong thoi, GC-skew 4m manh hon & cé thé Trung Qudc (—0,4253 so véi —0,4212),
phan anh C chiém wu thé so v6i G 1& hon. Tuy nhién, ca hai c4 thé déu duy tri cing
xu huong AT-skew duong va GC-skew am, cho théy muc do thién 1éch nucleotide

trong doéng va 6n dinh giira hai ca thé ¢ 2 ving khéac nhau.



Hinh 3. 14. AT-skew va GC-skew trong 13 gene ma héa protein gene ty thé Khi

mat do.
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cobb nadl nad2 coxl cox2 atp8 atp6 cox3 nad3 nad4l nad4 nad]

=@ A-T/A+T =@ G-C/G+C

Bang 3. 9. Gia tri GC-skew va AT-skew trong cac gene ma hoa protein (PCGs).

SogianhapT(U) C A G Tong é?(:;v

GC-
Skew

Khi mat do Tay
Nguyén Viét Nam

Khi mat do Trung
Quodc

Khi duoi lon

Cha va chan xam
Cha va chan ndu
Cha va chan den
Vooc soc dau den
Khi voi

Vooc miii héch ving
Vooc miii héch xam

Vooc miii héch den

26.6
KM 360179 26.4

KP 330231 26.5
JQ 821842 30.9
JF 293096 30.9
MH 064177 31.2
KU 899140 31.5
DQ 355298 30.5
KM 504390 31.4
JQ 821836 31.6
JQ 821839 31.5

30.8

31.0

30.9
26.1
26.1
259
254
26.7
25.6
25.5
25.6

30.0

30.0

30.2
30.5
30.5
30.6
30.9
30.6
30.8
30.6
30.7

12.5 807.20.059797-0.42116

12.5 870.20.065256 -0.42529

12.3 870 0.065732—0.42945
12.5 868.6 —0.0062 —0.35277
12.5 868.6—0.00678—0.35155
12.3 807.4—0.01002—0.35463
12.2 867.5—-0.00896—-0.34998
12.2 869.10.001593—0.37082
12.2 868.6—0.01054—-0.35253
12.4 868.8—0.01638—0.34612
12.2 869.1-0.01181-0.35612
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Vooc miii héch Bic B¢ JF_ 293093 31.5 25.5 30.8 12.3 868.4—0.01138-0.34898
Khi vang JQ 821843 26.6 31 29.8 12.6 870 0.056444—0.42052
Khi dau ché NC 001992 26.2 31.2 29.7 12.9 868.60.061768—0.41663
Khi tai mao trdang KM 588314 28.3 27.8 31.1 12.9 867.70.046296—-0.36736

Homo sapiens

. OM 062614 26.2 31.9 28.8 13.1 867.80.046422—0.41631
neanderthalensis -

Khi mii tran trdng NC 002763 29.9 26.7 31.3 12.1 866.8 0.02306 —0.37663
32.23.Vunggiau A+ T

Ving diéu khién (D-loop) ciia Khi mdt dé nam giira hai gene trnP va trnF, c6
chiéu dai 1083 cip base, trong tng véi cac vi tri 699—1781 trén hé gene ty thé. Kich
thude ndy nim trong khoang dién hinh cua ving D-loop ¢ dong vét c6 xuong sdng,
vbn thuong dao dong quanh 1,0-1,2 kb (48).

So sanh voi cac loai linh truong khac cho thiy kich thude ving D-loop cua Khi
mdt d6 Tay Nguyén Viét Nam twong duong voi ca thé Khi mdt dé Trung Qudc
(KM _360179) (1083 bp; 16,006—16,559 va tiép ndi tir 1-529). Kich thudc nay ciing
gan tuong dong véi cac loai thude ho Cercopithecidae va Colobinae nhu Cha vd chdn
den (1092 bp; 15,443-16,534 nt), Khi vang (1085 bp; 15,480—16,564 nt), khi dau ché
(1076 bp; 15,446-16,521 nt) va khi tai mao trdang (1079 bp; 15,421-16,499 nt).
Nguoc lai, ving D-loop cta Khi mat do cé kich thuong nho hon nhiéu so v6&i khi dudi
Ion Trung Qudc (1592 bp; 16,500—17,050 va tiép ndi tir 1-1041), trong khi & Homo
sapiens vung nay dai 1121 bp (16,022-16,567 nt va 1-575 nt).

Su khac biét vé chiéu dai ving D-loop giita cac loai duoc cho 1a chu yéu bat
ngudn tir sy bién doi vé sd lugng va do dai cua cac 1ap lai ndi tiép (tandem repeats,
TRs), cling nhu su khac nhau trong s6 lugng ban sao ctia cac motif 1ap nay (80,83).
Pay la dac diém pho bién cia ving D-loop — khu vuc khong ma héa nhung dong vai

tro trung tam trong viéc
giita khoi dau sao chép va phién ma ctia hé gene ty thé.

Do chiu ap luc chon loc thdp hon so vdi cac gene ma héa protein, ving D-loop
thuong thé hién mirc d6 bién ddi trinh ty cao nhat trong toan bo hé gene ty thé. Sy
hién dién ciia nhiéu lap lai ndi tiép va sy dao dong vé sé lugng ban sao ciia chiing
1am cho ving nay dé& phat sinh dot bién chén/xoa (indels), tir 46 din dén su khac biét

dang ke ve chiéu dai gitra cac loai va tham chi gilra cdc quan thé trong cuing mot loai.
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3.2.2.4. tRNA va rRNA

CAu triic cta 22 gene tRNA trong gene ty thé ctua Khi mdt dé Tay Nguyén Viét
Nam ¢6 céu tric 14 ché ba (cloverleaf structure) (Hinh 3. 15). Trong sb d6, tam gene
tRNA (trnS" (RNA", (RNA*", trn<s, trn™", trn®®", trn® va trn™"*) ndm trén soi L, trong
khi 14 gene tRNA con lai ndm trén soi H, pht hop véi mé hinh t6 chire gene ty thé da
dugc ghi nhan & cac loai linh trudng khac. Cac gene tRNA cia Khi mdt dé c6 chiéu
dai dao dong tir 59 bp dén 75 bp, trong d6 #nSI (age) 1a gene ngin nhit (59 bp) va
trnL2 (tta) 1a gene dai nhat (75 bp). Thanh phan nucleotide ctia cac gene tRNA cho
thdy sy uu thé cia A va T, phan anh dic trung giau A+T ciia hé gene ty thé. Mic du
c¢6 su khac nhau nhat dinh vé chiéu dai va hinh thai cac vong cac tRNA, cau tric tong
thé dang 14 clover van dugc duy tri & tit ca cic gene, cho thay mirc do bao tdn cao

ctia hé thong tRNA ty thé ¢ loai nay.

V¢ anticodon, tit ca 22 gene tRNA déu mang b0 ba anticodon déc trung, dugc
xéc dinh tai vong d6i ma, phu hop v6i bang ma di truyén ty thé ctia dong vat c6 xuong
séng. Cac anticodon duoc ghi nhan bao gdm UGU (Thr), GAA (Phe), UAC (Val),
UAA va UAG (Leu), GAU (Ile va Met), UCA (Trp), GUC (Asp), UUU (Lys), UCC
(Gly), UGG (Arg va Pro), GCU (Ser), UUC (Glu), GUA (Tyr), GCA (Cys), GUU
(Asn), GUG (His), UGC (Ala) va UUG (Gln). Pang cht ¥, mot s6 axit amin nhu
Leucine dugc ma hoa béi hai gene tRNA khac nhau, trong khi trnl va trnM cung mang
anticodon GAU, phan anh dic diém pho bién cua hé gene ty thé va co ché giai ma
linh hoat trong qué trinh dich ma. Nhin chung, sy hién di¢n déy du va nhat quan cua
cac anticodon cho thdy hé thdng tRNA ty thé ctia Khi mdt dé dugc t6 chirc hoan chinh,
dam bao chirc niang nhan dién codon va tham gia hiéu qua vao qua trinh tong hop

protein ty thé.

Ngoai cau tric 14 ché ba dién hinh, 2 gene tRNA trong ty thé Khi mdt do chia
tong cong 6 cip base khong khép (Bang 3. 10). Cu thé, tRNA-Methionine ghi nhan
ba dang cip base khong bét cip, bao gom A—G, A—U va A—C, véi tong tan s 12 5 lan.
Trong d6, mot cap A—-G xudt hién tai than nhan axit amin (AA stem), trong khi bdn
cap khong bt cip con lai (A-U véi tan s6 3 va A—C vdi tan s6 1) duoc ghi nhan tai
than TYC (T-arm). Diéu nay cho thay ving T¥C ctia trnM c6 mirc do bién doi cao
hon so v6i than nhén axit amin. Déi véi tRNA-Arginine (trnR, anticodon TCG), chi
ghi nhan mot cap base khong bat cap dang A-A, xuat hién tai than nhan axit amin
(AA stem). So v6i trnM, s6 lugng cip base khong bat cip & trnR thap hon dang ké.
Nhin chung, cac cip base khong bit cip trong cac gene tRNA ctia Khi mét dé chu yéu
tap trung & than nhan axit amin va thin T¥C, trong khi khong ghi nhan sy khong bat
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cap tai than d6i ma (anticodon stem), cho thiy ving lién quan truc tiép dén nhan dién

codon dugc bao ton cao.

Bang 3. 10. Cac cip base khong bt cip clia --RNAs. AA—amino acid acceptor,

T-arm, AC—anticodon.

tRNA Cap base khong khop than Tan s6
A-G AA 1
Metéll}&oTnine A-U T-arm 3
A-C T-arm 1
Arginine TCG A-A AA 1

3.2.2.5. Vung lap va vung lién gene

Phan tich ving lién gene va vung lap trén hé gene ty thé ctia Khi mdt doé cho
thay su hién dién ctia mot s trudng hop chong chéo gene (ving lap), phan anh kiéu
t6 chirc gene dién hinh ctia hé gene ty thé o linh trudng (Bang 3.7). Cu thé, mot ving
chdong chéo 22 bp dugc ghi nhan gitta hai gene atp8 va atp6, trong d6 atp8 va atp6
nam chong 1én nhau. Pay 1a ving lién gene phd bién va dugc bao ton cao trong hé
gene ty thé ctua dong vét co xuong sdng. Ngoai ra, sy chong chéo 2 bp duoc quan sat
giita trnV va rrnL, su chong chéo 3 bp gitta trnl va trnQ, va su chong chéo 4 bp gitta
nad4L va nad4. Cac ving lap nay déu c6 gia tri do che phu 4m va chi yéu nam trén
so1 H, twong tu nhu mo hinh da dugc ghi nhan ¢ nhiéu loai linh trudng khac.

Bén canh céc ving lip, gene ty thé ctia Khi mdt doé Tay Nguyén Viét Nam con
chira nhiéu vung khoang céach lién gene khong ma hoa, thé hién bing cac gia tri do
che phu duong. Cac ving lién gene nay c6 chiéu dai dao dong tir 1 bp dén 68 bp,
phan b rai réc gitra cic gene ma hoa protein, tRNA va rRNA. Ving lién gene dai nhat
(68 bp) duoc ghi nhdn giita frnY va cox2, trong khi cac vang lién gene dang ké khac
bao gém 32 bp gitra trnN va trnC, 31 bp giira trnY va gene ké can, va 15 bp giira nad5
va nad6. Ngoai ra, nhiéu ving lién gene ngan (1—4 bp) ciing dugc ghi nhén, cho thiy
cAu tric hé gene ty thé twong ddi chit chg.
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Hinh 3. 15. Cau trac thir cap cta 22 gene tRNA ctia Khi mdt dé Tay Nguyén Viét

Nam. Mau d6 dai dién cho cac két ndi GC, trong khi mau xanh duong dai di¢n cho céc

két ndi AU.
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3.2.2.6. Théao luan

Trong nghién ctru ndy, hé gene ty thé hoan chinh cta Khi mdt dé Tay Nguyén
Viét Nam di dugc xac dinh va phan tich chi tiét, cung cip thém dit liéu di truyén
quan trong cho loai linh truéng nay. Hé gene ty thé cuia Khi mdt dé Tay Nguyén Viét
Nam thé hién mirc d6 trong ddng cao v6i ca thé Khi mdt dé Trung Qudc, phan anh
tinh 6n dinh di truyén cua loai ndy trong pham vi phan b rong & khu vuc chau A. Sy
sai khac vé kich thudc tong thé chu yéu xuét phat tir ving khéng ma hoa, dic biét 1a
vung diéu khién (D-loop), trong khi sé luong va vi tri 37 gene ty thé van duoc bao
ton. Piéu nay cho thiy cau trac hé gene ty thé ctia Khi mdt dé c6 tinh 6n dinh cao,

pht hop véi dic diém chung cua cac loai trong chi Macaca (47,99).

Thanh phan nucleotide cua hé gene ty thé Khi mdt do thé hién xu hudng gidu
A+T trung binh (~56-57%), thip hon nhiéu so véi cac loai thuéc ho Colobinae
(>61%), nhung twong dong vai cac loai khi Cyu Thé gisi khac nhw Khi vang, khi dau
cho va khi duoi lon. Sy khéc biét nay phan anh ap luc chon loc va lich st tién hoa
khac nhau gifta hai nhém Cercopithecinae va Colobinae. Viéc cac vung PCGs, rrunL
va rrnS ¢6 ty 16 A+T tuong d6i gan nhau cho thay ap luc chon loc twong dbi dong
déu trén cac ving chic ning chinh cua ty thé, trong d6 rrnS c6 A+T thip hon nhe,

phtt hop véi vai tro bao t6n cao ciia gene ribosomal 728.

Phan tich AT-skew va GC-skew ctia cac gene ma hoa protein cho thiy xu hudng
AT-skew duong va GC-skew am 6n dinh, phan anh su wu thé cia A so v6i T va C so
v6i G trén mach duge phan tich. M6 hinh thién 1éch nay twong dong giita ca thé Khi
mdt dé Viét Nam va Trung Qudc, cho thay tinh bao ton vé co ché sao chép va phién
mi ty thé gitra cac khu vuc dia 1y. Sy khac biét nho vé bién do skew giira cac gene
nhiéu kha ning lién quan dén vi tri gene trén mach va ap luc chtic ning khac nhau

trong chudi hé hap ty thé.

Két qua phan tich RSCU va tan suat axit amin cho thay hé gene ty thé cua Khi
mat do c6 muc do st dung codon uu tién két thic béng A hodc U, phu hop véi nén
nucleotide gidu A+T. Su twong dong rat cao vé thanh phan axit amin giira hai ca thé
Khi mdt dé (Viét Nam va Trung Qudc) cho thiy mirc d6 phan héa di truyén thép,
trong khi cac sai khac nho so vi khi dudi lon cho thay sy phan hoa loai nhung khong

lam thay d6i xu huéng chirc ning tong thé ciia protein ty thé (100).

Ving diéu khién (D-loop) ctia Khi mdt dé c¢6 chiéu dai 1083 bp, nam trong
khoang dién hinh ctia dong vat c6 xuong séng va twong ddng véi nhiéu loai linh
truong khac (101). Sy khac biét 16n vé chiéu dai D-loop giita Khi mdt do va khi dudi
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lon Trung Qudc cho thiy vai tro cua cac lap lai ndi tiép (tandem repeats) trong viéc
tao nén bién thién kich thudc ving ndy. Do chiu ap luc chon loc thip, D-loop trd
thanh ving bién ddi cao, co gia tri 16n trong cac nghién ctru vé da dang di truyén,

phan hoa quan thé va lich st tién hoa cua loai.

Nhitng sai khac nho quan sat duogc gitta Khi mat do va cac loai macaca khéc cé
v nghia chil yéu & cap d6 phan loai loai, khong 1am thay ddi xu hudng chirc ning
chung cua protein ty thé. Piéu ndy cung cb gia tri cua dir liéu ADN ty thé trong viéc

lam rd moi quan h¢ phat sinh loai trong chi macaca.

3.2.3. Pic diém hé gene ty thé hoan chinh cta ca thé Cha vd chdn ndu (Pygathrix

nemaeus) Tay Nguyén Vi¢t Nam

Gene ty thé hoan chinh ctia Cha vd chdn ndu bao gém 16,539 cip base (bp) va
chtra 37 gene dién hinh c6 trong ty thé cua loai linh truéng (Hinh 3. 5; Bang 3. 11).
ADN ty thé ctia Khi mdt doé TAy Nguyén Viét Nam (16,539 bp) dugc phan tich trong
nghién ctru nay cé kich thudc nhé hon Cha va chan nau (JF_293096) 16,559 bp 1a
20 bp va 16n hon so v&i va Cha va chdn nau (NC008220) 15,467bp 1a 1,072 cap
nucleotide. Tuy nhién kich thudc ciia Cha vd chdn nau (NC008220) dugc cong bd
khong c6 sd lidu ciia ving D-loop, do d6 sy chénh 1éch vé kich thudc nay phu hop
v6i d6 dai dién hinh ciia khoang 1092 bp ctia ving nay.

Bang 3. 11. Vi tri va do dai ciia 37 gene trong hé gene ty thé hoan chinh cia ca

thé Cha vd chdn ndu Tay Nguyén Viét Nam

Tén g:l'; Két thic Mach Chidu dai P che phi
cytb b 7 558 + 552 7
trnT(aca) 566 629 + 64 1
tmP(cca) 631 698 i 68 1,083
imF(ttc) 1782 1853+ 7 0
rmS 1854 2804  + 951 0
tmV(gta) 2805 2873+ 69 2
rnL 2872 4438+ 1567 )
tmL2(tta) 4439 4513+ 75 2

nadl 4516 5466 + 951 4



trnl(atc)
trnQ(caa)
trnM(atg)
nad?2
trnW(tga)
tRNA(gca)
trnN(aac)
trnC(tgc)
trnY (tac)
cox1
trnS2(tca)
trnD(gac)
cox2

trnK (aaa)
atp8

atp6

cox3
trnG(gga)
nad3
trnR(cga)
nad4l
nad4
trnH(cac)
trnS1(agc)
trnL1(cta)
nad5
nad6

5471
5537
5608
5676
6718
6792
6862
6967
7036
7105
8646
8718
8787
9533
9601
9762
10442
11226
11294
11640
11705
11995
13373
13442
13501
13578
15390

5539
5607
5675
6707
6784
6360
6934
7035
7100
8643
8714
8785
9446
9599
9801
10436
11224
11293
11638
11704
11998
13365
13441
13500
13571
15377
15911

64

+ 69
- 71
+ 68
+ 1032
+ 67
- 69
- 73
- 69
- 65
+ 1539
- 69
+ 68
+ 660
+ 67
+ 201
+ 675
+ 783
+ 68
+ 345
+ 65
+ 294
- 1371
+ 69
+ 59
+ 71
+ 1800
- 522

S DY O O
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trnE(gaa) 15912 15980 - 69 4

cyth_a 15985 16560 + 576
3.2.3.1. Thanh phan nucleotide

Gene ty thé ctia Cha vd chdn ndu TAy Nguyén Viét Nam thé hién ham luong A +
T 61.1% nho hon ca thé Cha vd chdn ndu & khu vuc khac NC008220 va Cha vd chain
ndu JF_ 293096 cing c6 ham luong A + T chiém 61.3% (Béang 3. 12). Tuong tu nhu
cac loai linh truong khac, ham lwong ADN ty thé cua Chd vd chdn ndu thé hién sy
thién 1€ch st dung codon 10 rét. Phan 16n cac codon két thic b.;ing A hoac U c6 gia tri
RSCU > 1, trong khi nhiéu codon két thiic bang G hoic C ¢6 RSCU < 1 hoic khong
xudt hién trong hé gene ty thé. Xu hudng nay dugc ghi nhan rd & cac amino acid co
nhiéu codon dong nghia nhu leucine, serine, alanine va proline, phan anh uu thé cia

cac codon giau A/U trong hé gene ty thé ctia loai (Bang 3. 12).

Su phan bd tan suét (%) cua 20 axit amin trong toan bd cac gene ma hoa protein
ty thé ctia ba ca thé linh truéng gdbm Chd vd chédn ndu Tay Nguyén Viét Nam, Chd vd
chdn ndu Trung Qudc) va Cha vd chdn den Trung Qudc rat twong dong (Hinh 3. 17).
Trong sd d6, Leu 1a axit amin chiém tan suat cao nhat & ca ba c4 thé, dao dong khoang
12-14%. Tiép theo 14 céc axit amin c6 tan suét tuong ddi cao nhu Ser va Thr, dat
khoang 7-9%. Céc axit amin khac nhu Ala, Ile, Pro va Val cé tan sut trung binh,
phan bd kha dong déu giita cac ca thé. Nguoc lai, Trp va Met 1a nhitng axit amin ¢
tan suat thép nhat, chi chiém khoang dudi 1-2%. Nhin chung, su khac biét vé tan suit
axit amin gita ba c4 thé 1a rat nho, khong ghi nhan su thay d6i 1 rét vé thir hang hay

xu hudng phan bo cia cac axit amin.

RSCU ciia cac codon trong 13 gene ma hoa protein ty thé ctia ca thé Cha vd chdn
ndu (Hinh 3. 16), cac codon dugc sir dung uu tién chil yéu 13 nhitng codon giau A/T,
dic biét 1a cac codon két thuc bang A hoidc T. Nguoc lai, phan 16n cac codon gidu
G/C, nhat 14 cac codon két thiic bang G hoic C, c6 gia tri RSCU thap. Xu hudng nay
duogc ghi nhan dong nhat & hau hét cac axit amin c6 nhiéu codon dong nghia nhu Leu,
Ser, Ala, Thr va Pro. Dbi v&i cc axit amin chi duge mé hoa bdi mot codon duy nhét
trong hé gene ty thé nhu Met (AUG) va Trp (UGG), gia tri RSCU bang 1, phan anh

su khong ton tai cua thién Iéch sir dung codon dong nghia doi véi cac axit amin nay.
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Hinh 3. 16. Mtc sir dung codon dong nghia twong ddi (Relative Synonymous

Codon Usage - RSCU) cia cac gene ma héa protein trong ty thé Cha vd chén ndu.

B Cha va chin n3u Tay Nguyén Viét Nam B Cha va chan nau Trung Quéc M Cha va chan den Trung Quéc

Hinh 3. 17. Tan suit phan trim thanh phan axit amin trong toan bo hé gene ty thé
clia cac ca thé cha va: Cha va chdn ndu TAy Nguyén Viét Nam, Cha vd chdn ndu

Trung Qudc, va Cha vd chdn den Trung Qudc

Bang 3. 12. Cac chi s6 thanh phan nucleotide trong cac ving khac nhau cta 23
gene ty thé dai dién cho loai linh trudng.
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S6 gia nhap

Gene ma
hoa protein 16S (rrnl) 128 (rrnS)
(PCGs)

Do dai

" (%) (bp) (%) (bp)

.. AT D§ dai AT Do dai AT Do dai AT

(%) (bp) (%0)

Cha va chan nau
Tay Nguyén

Cha va chan nau
Cha va chan nau
Khi mat do

Khi duoi lon

Cha va chan xam
Cha va chan den
Khi duoi lon
Vooc soc dau den
Khi voi

Vooc miii héch
vang

NC008220 15,467 61.3 11292 61.4

JF_293096
KM_360179
KP 330231
JQ 821842
MH 064177
KP 330231
KU 899140

DQ 355298

KM_504390

Vooc miii héch xam JQ 821836

Vooc miii héch den

Vooc miii héch Bac
Bo

Khi mat do
Khivang
Khi dau ché

JQ 821839

JF 293093

KM 360179
JQ 821843

NC_001992

16,539 61.1 11292 61.5

16559 61.3 11,292
16,559 56.7 11,313
17,050 57.2 11,310
16,535 61.1 11,292
16,536 61.4 11,304
17,050 57.2 11,310
16,548 61.9 11,277
16,570 60.9 11,298

16,552 61.5 11,292

16,553 61.6 11,295
16,550 61.5 11,298

16,552 61.6 11,289

16,559 56.7 11,313
16,564 56.8 11,310
16,521 56.3 11,292

Khi tai mdo trang KM 588314 16,499 59.7 11,280

Homo sapiens
neanderthalensis

Homo sapiens
neanderthalens

NC 011137

OM 062614

16,565 55.6 11,283

16,565 55.7 11,283

Khi mii tran trang  NC_002763 16,554 60.9 11,268

61
56
57
61
62
57
62
61

62

62
62

62

56
56
56
59

55

55

61

1564
1564
1564
1566
1562
1562
1563
1562
1563
1568

722

1571
1570

1572

1566
1560
1572
1555

1560

1560

1556

59.5 948 594

59.7 948 594

59.7 948 594

573 951 558

57.8 947 54.6

59.9 948 594

59.7 949 58.8

57.8 947 54.6

61 935 583

59.9 949 57.5

59.6 949 58.2

60 949 583

59.7 949 58

60.2 949 58.5

573 951 55.8

574 947 55.6

57.7 947 55.1

60.5 953 56.6

57.2 954 544

573 954 544

60.2 958 57.6
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Cheo cheo dom An

Do NC_037993 16,444 61.4 11,310 61 1576 61.6 958 564

3.2.3.2. Céc gene ma hoa Protein

Gene ty thé ctia Chd vd chdn ndu Tay Nguyén Viét Nam chtra 13 gene ma hoa
protein dién hinh (PCGs), véi tong chiéu dai khoang 11,3 kb, chiém phan 16n chiéu
dai hé gene ty thé hoan chinh. Trong s nay, 12 gene nam trén mach ning (H-strand),
trong khi gene nad6 nam trén mach nhe (L-strand), phtt hop véi mé hinh t6 chie gene
ty thé dic trung cua linh truéng. Cac chi sb AT-skew va GC-skew cho thdy gia trj AT-
skew ctia 13 gene mé hoa protein trong hé gene ty thé Chd vd chdn ndu nhin chung
déu mang gia tri am, phan anh T xuat hién voi tan suit cao hon A trén mach duoc
phan tich (3. 13). Mtrc do AT-skew c6 su khac biét giita cac gene, trong d6 mot so
gene nhu nadl, nad2, coxl va cox?2 thé hién AT-skew am rd rét hon so véi céc gene
con lai, cho thdy murc d6 thién 1éch manh vé thanh phan thymine trong cac ving nay
(Hinh 3. 18). Nguoc lai, GC-skew ctia hdu hét cac gene ma héa protein déu mang gia
trj 4m, cho thay C chiém uvu thé so voi G trong cac gene ty thé cia Cha vd chan nau.
Muc do0 GC-skew giira cac gene c6 su bién dong nhét dinh, trong do cac gene thudc
nhém NAD, dac bi¢t 1a nad4 va nad5, c6 GC-skew am manh hon, trong khi cac gene
atp6, atp8 va cac gene cox thudng c6 gia tri GC-skew am thap hon. Su khac biét vé
bién d6 AT-skew va GC-skew giita cac gene phan anh tinh khong dong nhit vé thanh

phan nucleotide trong cac gene ma hoa protein cia hé gene ty thé Cha vd chan nau.

Tuy nhién, xu huéng chung van duoc duy tri 6n dinh, voi AT-skew am va GC-
skew am 1a ddc diém ndi bat xuyén sudt 13 gene ma héa protein duoc phan tich, cho

thdy su bat di ximg nucleotide nhit quan trong hé gene ty thé ctia loai nay.

O cép do toan bd cac gene ma hoa protein, ca thé Cha vd chdn ndu Tay Nguyén
Viét Nam c6 AT-skew am va GC-skew am, phan anh wu thé ctia T so v6i A va cta C
s0 voi G. So sanh vé6i cac ca thé Cha vd chdn ndu khac da cong bd cho thidy mirc do
skew giita cac ca thé chi dao dong nhe, khong lam thay d6i xu hudng téng thé. Do
d6, d6 thién léch nucleotide trong cic gene mi héa protein ty thé ctia Cha vd chdn

ndu 13 teong d6i on dinh, bat chip su khac biét vé ngudn gdc dia 1y.
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Hinh 3. 18. AT-skew va GC-skew trong 13 gene ma hoa protein gene ty thé Cha vd

chan nau.

Bang 3. 13. Gia tri GC-skew va AT-skew trong cac gene ma hoa protein (PCGs).

S6 gianhapT(U) C A

GC-

G Tong AT-Skew Skew

Cha va chan ndu Tay

Nguyén Viét Nam 31.0 26 305
Cha va chan nau JF 293096 30.9 26.1 30.5
Cha va chan nau NC008220 30.9 26.1 30.5

Cha va chdn den MH 064177 31.2 25.9 30.6

Cha va chdn xam PP 623106 30.9 26.1 30.5
Cha va chdn xam JQ 821842 30.9 26.1 30.5
Khi duéi lon KP 330231 26.5 30.9 30.2

Vooc soc dau den KU 899140 31.5 25.4 30.9
Khi voi DQ 355298 30.5 26.7 30.6
Vooc miii héch vang KM 504390 31.4 25.6 30.8
Vooc miii héch xam JQ 821836 31.6 25.5 30.6
Vooc miii héch den JQ 821839 31.5 25.6 30.7
Vooc miii héch Bic Bé JF 293093 31.5 25.5 30.8

12.5 868.6 -0.00749 -0.35205

12.5 868.6 —0.00678 —0.35155
12.5 868.6 —0.00678 —0.35155
12.3 807.4 —0.01002 —0.35463
12.5 868.6 —0.00605 —0.35278
12.5 868.6 —0.0062 —0.35277
12.3 870 0.065732 —0.42945
12.2 867.5 —0.00896 —0.34998
12.2 869.1 0.001593 —0.37082
12.2 868.6 —0.01054 —0.35253
12.4 868.8 —0.01638 —0.34612
12.2 869.1 —0.01181 —0.35612
12.3 868.4 —0.01138 —0.34898
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Khi coc KM 36017926.4 31 30 12.5870.20.063577 —0.4244
Khi vang JQ 821843 26.6 31 29.8 12.6 870 0.056444 —0.42052
Khi dau ché NC 001992 26.2 31.2 29.7 12.9 868.6 0.061768 —0.41663

Khi tai mao trdang KM 588314 28.3 27.8 31.1 12.9 867.7 0.046296 —0.36736

Homo sapiens

. OM 062614 26.2 31.9 28.8 13.1 867.8 0.046422 —0.41631
neanderthalensis -

Khi mii trén trdng ~ NC_002763 29.9 26.7 31.3 12.1 866.8 0.02306 —0.37663
3.2.33. Ving gidu A + T

Vung diéu khién (D-loop), nam giita gene trnP va gene trnF, c6 chiéu dai 1083
cdp base (vi tri 699—1,871). Kich thudc nay la dién hinh cho cac gene ty thé ciia dong
vat ¢6 xuong séng (47). Kich thudc cua ving nay & Cha vd chdn ndu Tay Nguyén
Viét Nam tuong tu so voi cac mau Cha vd chdn ndu khac JF 293096 (1092 bp; vi tri
15468-16559) cling nhu Cha va chan den (1092 bp; 15,443-16,534 nt), Khi vang
(1085 bp; 15,480—16,564), Khi dau ché (1076 bp; 15,446-16,521 nt), va Khi tai mao
trang (1079 bp; 15,421-16,499 nt), va ngin hon so véi Homo sapiens (1121 bp;
16,022-16,567 nt, 1-575 nt). Su bién doi kich thudc nay chii yéu duoc cho 1a do su
khac biét vé s6 luong ban sao va cac 1ap lai ndi tiép trong ving (80). Vung diéu khién
thé hién muc d6 bién ddi cao so v6i cac khu vuc khic cta gene ty thé, phan anh su
hién dién ctia nhiéu lap lai ndi tiép (TRs) va sy bién doi trong sd lugng ban sao cia
chung (80).

3.2.3.4. tRNA va rRNA

Toan bd 22 gene transfer RNA (fRNA) trong hé gene ty thé ciia Cha vd chdn ndu
Tay Nguyén Viét Nam (Hinh 3. 19) ¢6 tim gene tRNA nam trén mach nhe (L-strand),
trong khi cic gene tRNA con lai nam trén mach ning (H-strand) (Bang 3.4). Tat ca
22 gene tRNA duoc xac dinh trong hé gene ty thé ctia Cha vd chdn ndu déu mang
anticodon tuong thich v&i nhiing gi da dugc ghi nhén ¢ cac loai linh truong khac, cho
thiy mirc d6 bao ton cao vé chirc nang dich ma. Chiéu dai cac gene tRNA dao dong
tir 59 bp dén 75 bp, trong d6 #rnSI 1a gene c6 kich thudc nho nhat (59 bp) va trnl2
1a gene c6 kich thudc 16n nhat (75 bp). Cac gene tRNA nhin chung c6 kich thuéc ngan
va twong d6i dong déu, phu hop véi dic diém ciia tRNA ty thé ¢ linh truong. Mot s6
gene tRNA trong hé gene ty thé Cha vd chdn ndu duoc ghi nhan chira cic cip base
khong khdp, véi tong cong 9 vi tri khong bat cap dugc phat hién & nhidu gene tRNA
khac nhau (Bang 3. 14). Cu thé, tRNA-Methionine (trnM) 1 gene ghi nhan nhiéu cip
base khong khdp nhét, v6i bén dang khong bit cip, bao gdm A—G tai than nhan axit
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amin (AA stem) (1 14n), cing véi U-U (2 1an), C-U (1 14n) va A—U (1 1an) tai than
TYC (T-arm). Diéu ndy cho thdy than TWC cua trnM c6 mirc dd bién ddi cao hon so
v6i than nhan axit amin, phan 4nh tinh linh hoat c4u tric ctia ving nay. Ddi véi tRNA-
Arginine (trnR, anticodon CGA), chi ghi nhan mot cap base khong khop dang A—A,
xuét hién tai than nhan axit amin, cho théy muc do bién d6i clu trac thép hon dang
ké so v6i trnM. Tuong tu, tRNA-Serine (#7nS) ghi nhan hai cip base khong khép, bao
gé)m mot cdp A—A tai than nhan axit amin va mot cap A—A tai than anticodon (AC
stem). Ngoai ra, tRNA-Phenylalanine (trnF) va tRNA-Valine (¢rnV) mdi gene ghi nhan
mot cdp base khong khép dang A—C, déu xuat hién tai than anticodon. tRNA-Glycine
(trnG) ghi nhan mot cdp khong khop C—A tai than anticodon, trong khi tRNA-
Threonine (trnT) c¢6 hai cip base khong khép, bao gdm U—C tai than nhan axit amin
va A—C tai nhanh D (D-arm).

Nhin chung, cac cip base khong bt cip trong cac gene tRNA cua Cha vd chdn
ndu phan bd chu yéu tai than nhén axit amin, than TYC va than anticodon, trong khi
s6 luong khong bat cip tai cac vung nay 13 thip va phén tan, khong tap trung qua mirc
vao mot gene duy nhét (ngoai trir #rnM). Piéu nay cho thdy mic du ton tai mot sd
bién d6i ciu trac cuc b, cau trac ché ba téng thé va chuc nang dich ma cua cac tRNA
ty thé van duoc bao ton.

Bang 3. 14. Cac cdp base khong khép ctua t-RNAs. AA—amino acid acceptor, T-
arm, AC—anticodon.

(RNA Cap base khong khop than Tén s6
Phenylalanine A-C AC 1
Valine A-C AC 1
A-G AA 1
. U-U T-arm 2
Methylonine C-U Toarm )
A-U T-arm 1
Glycine C-A AC 1
Arginine TCG A-A AA 1
Serine A-A AA !
A-A AC 1
. U-C AA 1
Threonine A-C D arm )
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Hinh 3. 19. Cau trac thir cap ctia 22 gene tRNA ctia Cha vd chdn ndu Tay Nguyén
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3.2.3.5. Vung ldp va vung lién gene

Phén tich so sanh cac gene ty thé cua Cha vd chdn ndu Tay Nguyén Viét Nam
cho thiy mot sé ving lip (overlapping genes) va ving lién gene, phan 4anh dic diém
sap xép chit ch& cua hé gene ty thé. Cu thé, gene atp8 va atp6 c6 mot ving lap dai
40 bp, dugc xac dinh tai ranh gi6i giita hai gene nay. Dy 1a dang chdng chéo phd
bién trong hé gene ty thé ctia dong vit c6 xuong séng va di duoc ghi nhan rong rii &
cac loai linh tredng, cho thiy mirc d bao ton cao ciia ciu triic gene trong vung nay.
Ngodi ra, gene #rn¥ va rruL ghi nhan mot sy chong chéo 2 bp, twong tu nhu mé hinh
d3 duoc quan sat & nhiéu loai linh trudng khac. Gene trnl va trnQ ciing c¢6 sy chong
chéo 3 bp, trong khi gene nad4L va nad4 c6 4 bp chong 1én nhau. Cac truong hop
chdng chéo nay déu xay ra trén mach ning (H-strand) va phu hop véi cac dic diém
d3 duoc mo ta & hé gene ty thé linh truong. Nhin chung, cac ving lién gene trong hé
gene ty thé Cha vd chan nau cha yéu xuat hién giita cac gene mé hoa protein hoic
giita gene tRNA va rRNA, véi d6 dai chdng chéo ngan (tir 2—40 bp), cho thay ap luc

chon loc nham duy tri kich thudc hé gene ty thé nho gon.

Bén canh cic ving lién gene, hé gene ty thé ctia Chd vd chdn ndu ciing chtra
nhiéu ving khoang cach lién gene khéng ma héa. Cac ving lién gene ndy c6 kich
thude dao dong tir 1 bp dén 86 bp, phan bd rai rac giita cac gene ty thé. Trong sb do,
vung lién gene dai nhit (86 bp) nim giita cox2 va #rnk, tiép theo 13 mot sb ving co
kich thudc trung binh nhu 32 bp gitra truN va trnC.

Tong thé, s6 lwong va chidu dai cac ving lién gene & Chd vd chdn ndu Tay
Nguyén Viét Nam cho thdy hé gene ty thé c6 murc d6 nén cao, voi phan 16n cc ving
lién gene c6 kich thude ngan. Mic du trude diy cac ving ndy thudng duoc xem 13
khong mang chirc ning, nhiéu nghién ctru gan ddy cho rang mét sé vung lién gene co

thé tham gia vao diéu hoa sao chép va phién ma gene ty thé.

So sanh vai cac loai linh truéng khéac cho thdy Cha vd chdn ndu c6 hé théng ving
lap va ving lién gene twong ddng véi cac lodi Cha vd va linh trudng, phan anh tinh
bao t6n cao trong t6 chiic hé gene ty thé, dong thoi van duy tri mot mirc d6 bién thién

nhat dinh & cc ving khong ma hoa.
3.2.3.6. Thao luan

Hé gene ty thé ctia Cha vd chdn ndu Tay Nguyén Viét Nam co6 chiéu dai va to
chtrc trinh tu twong ddng voi cac mau da cong bd, trong d6 su khac biét vé tong kich
thudc chu yéu bat ngudn tir mirc do hoan chinh ciia viing diéu khién trong cac dit lidu
tham chiéu. Diéu nay cho thay céc sai khac vé chiéu dai ADN ty thé khong nhat thiét
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phan anh bién thién sinh hoc thuc su. So sanh kich thudc hé gene cho théy ca thé Cha
vd chdn ndu Tay Nguyén Viét Nam c6 chiéu dai nhé hon mau JF 293096 (16.559
bp) nhung 16n hon miu NC008220 (15.467 bp). Su chénh léch dang ké véi
NC008220 chu yéu bit ngudn tir viée thiéu sb liéu ving D-loop trong hé gene nay.
Trén thuc té, chiéu dai ving D-loop ctia Cha vd chdn ndu Tay Nguyén Viét Nam dat
1.083 bp, twong duong véi cac mau Cha vd chdn ndu va Cha va khac (~1.085-1.092
bp), cho thiy su khac biét vé tong chiu dai hé gene khong phan 4nh sai khac sinh
hoc thuc su, ma chu yéu do khac biét trong chi gidi va mirc do hoan chinh cua trinh
tu cong bd (47,99).

Hé gene ty thé ctia Cha vd chdn ndu TAy Nguyén Viét Nam c¢6 ham luong A+T
dat 61,1%, thép hon nhe so véi cac mau Cha vd chdn nédu khac (61,3%) nhung van
nam trong khoang dic trung cta linh trudong. Xu hudng giau A/T nay 1a dic diém phd
bién ciia ADN ty thé dong vat, dac biét & cac loai linh truong, va co6 lién quan mat
thiét dén co ché sao chép, phién mi ciing nhu ap luc chon loc & cdp do phan tur
((48,102)

Su thién léch A/T cao dong vai tro quan trong trong viéc hinh thanh thién 1€ch st
dung codon ddng nghia, khi cac codon két thuc bang A hoic U dugce sir dung wu tién
hon so véi cac codon két thuc bang G hodc C. Piéu nay di dugc quan sat 13 rét trong
phan tich RSCU cua Cha vad chdn ndu, dac bié¢t & cac amino acid co nhiéu codon déng
nghia nhu Leu, Ser, Ala va Pro. Xu hudng nay phu hop voi cac nghién ctru trude day
trén hé gene ty thé linh trudng va dong vat co6 xuong séng, cho thidy mdi lién hé chat

ché gitra thanh phﬁn nucleotide va chién luge st dung codon ((100,103).

Phan tich AT-skew va GC-skew trong 13 gene ma hoa protein cia Cha vd chan
nau Tay Nguyén Viét Nam cho thdy AT-skew 4m va GC-skew am, phan anh wu thé
cua T so vo1 A va cia C so vo1 G trén mach dugc phan tich. Kiéu bat doi xung
nucleotide nay 1a dic diém pho bién cua gene ty thé dong vat va dugc cho 1a hé qua
clia co ché sao chép bat ddi xtng ciia ADN ty thé, trong d6 hai mach chiu cac ap luc
d6t bién khac nhau trong qua trinh sao chép (48,104). Su khac biét vé bién do AT-
skew va GC-skew gilra cac gene, dac bi¢t 1a cac gene thugc nhém NAD (nhu nad4 va
nad5), cho thay tinh khong dong nhat vé thanh phan nucleotide giira cac PCGs. Tuy
nhién, xu huéng skew tong thé van 6n dinh va twong dong giita cac ca thé Cha vd
chan nau c6 ngudn géc dia 1y khac nhau, cho thay do thién léch nucleotide ciia hé

gene ty thé mang tinh bao ton cao, it chiu anh hudng béi su phan hoa quan thé (102).

Viée chi ghi nhan 9 cap base khong khop, trong toan bo 22 gene tRNA cua Cha

vd chédn ndu Tay Nguyén Viét Nam c6 cdu tric thir cap dang ché ba dién hinh phan



75

bd chu yéu ¢ than nhan axit amin, than T¥C va than anticodon, cho thiy mic du ton
tai bién ddi cau tric cuc b, cau tric téng thé va chuc ning dich ma cua tRNA van
duoc duy tri on dinh. Dic biét, su tap trung mismatch & #7nM phan anh tinh linh hoat
cao hon ciia mot sb fRNA nhét dinh, diéu d3 dugc ghi nhan & nhiéu loai dong vat khac
(105). Hai gene rRNA (128 rRNA va 16S rRNA) ctia Cha vd chdn ndu cb chiéu dai va
ham lugng A+T (59,4-59,5%) tuong duong vdi cac loai Cha vad va linh truong khac.
Do vai tro thiét yéu trong céu triic ribosome ty thé, cac gene rRNA thuong chiu ap
luc chon loc manh, din dén méc d6 béo tén cao ca vé kich thude 13n thanh phén
nucleotide (Cann et al., 1987).

Ving diéu khién (D-loop) cua Cha vd chdn ndu Tay Nguyén Viét Nam c6 chiéu
dai 1.083 bp, phu hop v6i khoang kich thude dién hinh ctua dong vat co xwong sdng.
Sy bién thién chiéu dai D-loop giita cc loai va c4 thé chi yéu lién quan dén sd luong
va kiéu 1ap ndi tiép (tandem repeats), von 1a nguyén nhéan chinh tao ra tinh da hinh

cao cua vung nay (47,99).

Céc vung chong chéo gene nhu atp8—atp6 (40 bp), trnV-rrnL (2 bp), trnl-trnQ
(3 bp) va nad4L—nad4 (4 bp) déu duoc ghi nhan & Chd vd chdn néu, teong ddng véi
cac loai Cha vd khac. Nhitng viing chong chéo nay phan anh ap luc tién hoa nham t6i
uu héa khong gian hé gene ty thé, mot diac diém dién hinh cia ADN ty thé dong vat
(106). Nguoc lai, cac ving lién gene khong ma hoa thé hién sy bién thién 16n hon vé
chiéu dai, gop phén tao ra khac biét nhe vé tong kich thudc hé gene giita cac loai va
cé thé.

Nhitng bién thién duoc ghi nhan chi yéu tap trung ¢ ving khong ma hoa va céac
khodng lién gene, goi ¥ vai tro tiém ning ciia cac ving nay trong diéu hoa biéu hién
gene ty thé. Tuy nhién, cac sai khac nay can dugc xem xét than trong do nghién ctru

chi st dung mot ca thé dai dién.

3.2.4. Dic diém hé gene ty thé hoan chinh cia ca thé Cha vd chdn den (Pygathrix
nigripes) Tay Nguyén Viét Nam

Nghién ciru ndy cho két qua hé gene ty thé hoan chinh dau tién ciia Cha vd chdn
den Tay Nguyén Viét Nam, gdm 16,535 bp (Hinh 3. 3) véi cau trac dic trung, ¢ kich
thudc 16n hon hé gene ty thé ciia hai mau Cha vd chédn den khac dugc thu thap &
Nanning, Trung Quéc (16,536 bp) (Su et al., 2018).
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Bang 3. 15. Céu truc va dic trung cua hé gene ty thé hoan chinh ctia Cha vd chdn

den

Tén Biat ddu  K&ét thic Mach  Chiéu dai
nad6 a 22 276 L 255
trnE(gaa) 277 345 L 69
cyth 350 1483 H 1134
trnT(aca) 1491 1554 H 64
trnP(cca) 1557 1623 L 67

A + Trich region 1624 2716 - 1093
trnF(ttc) 2717 2787 H 71
rrnS 2788 3736 H 949
trnV(gta) 3737 3802 H 66
rrnL 3801 5362 H 1562
trnL2(tta) 5363 5437 H 75
nadl 5440 6390 H 951
trnl(atc) 6395 6464 H 70
trnQ(caa) 6462 6533 L 72
trnM(atg) 6534 6601 H 68
nad?2 6602 7639 H 1038
trnW(tga) 7644 7710 H 67
tRNA(gca) 7719 7787 L 69
trnN(aac) 7789 7861 L 73
trnC(tgc) 7894 7959 L 66
trnY(tac) 7960 8024 L 65
coxl 8026 9567 H 1542
trnS2(tca) 9568 9636 L 69
trnD(gac) 9640 9707 H 68
cox2 9709 10368 H 660
trnK(aaa) 10436 10503 H 68
atp8 10505 10687 H 183
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atp6 10666 11340 H 675
cox3 11346 12128 H 783
trnG(gga) 12130 12196 H 67
nad3 12197 12541 H 345
trnR(cga) 12543 12607 H 65
nad4l 12608 12901 H 294
nad4 12898 14265 H 1368
trnH(cac) 14276 14344 H 69
trnS1(agc) 14345 14403 H 59
trnL1(cta) 14404 14474 H 71
nad5 14478 16277 H 1800
nad6 b 16290 16535 L 246

Hé gene ty thé ctia Cha vd chdn den Tay Nguyén Viét Nam da duoc giai trinh tu,
cho thiy sy da dang ctia cac gene ma héa protein voi cac do dai khac nhau. Pang cha
¥, gene dai nhit duoc xac dinh 1a cytochrome b (cyth) véi kich thudce 1,134 bp, trong
khi gene ngin nhit 1a ATP8 véi kich thudc 183 bp (Bang 3. 15). Thanh phan
nucleotide tong thé cho thiy su phong pht cao hon cta adenine (A) va thymine (T)
so v6i guanine (G) va cytosine (C). Sy gidu c6 A-T nay 1a dic trung ctia nhiéu hé
gene ty thé ctia linh trudng va goi y vé cac chién luoc tién hoa thich nghi.

3.2.4.1. Thanh phan nucleotide

Véi ty 16 phan trim ctia mdi nucleotide cho ting gene, cung véi tong sb
nucleotide cho gene d6. Cac gia trj trung binh trén tit ca cac gene la: Thymine (T):
31.24%; Guanine (G): 12.37% (Béng 3. 16) cho thay su giau c6 A-T chung, diéu nay
1a ddc trung ctia nhicu hé gene ty thé. Nad6a (22-276): Gene nay cho thay ty 1¢ T rat
cao (43.92%) va ty 18 C thap (9.41%). Ty 1é T cao nhu vdy c6 thé goi ¥ mot vai trd
trong cac chuc nang diéu hoa hoidc mot sy thich ung cu thé 1am tang hi¢u qua phién
mi cia n6. Nadl (5440-6390): Hién thi thanh phan nucleotide can bang hon, véi T
chiém 29.13%, A chiém 30.70% va C chiém 29.65%. Nad6b (16290-16535): thé hién
ty 1& C rat thap (5.28%) va ty 18 G cao (32.52%). Atp8 (10505-10687): Co ty 1& A cao
nhat (38.8%), dong vai trd trong cic qua trinh chuyén héa, c6 kha ning ting cudng

téng hgp ATP trong ty thé.
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Céc gia trj trung binh cho thy cac xu hudng chung trong viée sir dung nucleotide:
C6 sy uu tién cho A va T (giau A-T) so vé6i C va G (thiéu G-C) va ty 1& G thip ¢ tat
ca cac gene c6 thé anh hudng dén tinh 6n dinh va chic ning ctia hé gene. Thanh phan
nucleotide ¢ thé phan anh céc vai trd chirc ning ctia cac gene nay. Cac gene co ty 18
T va A cao hon c6 thé dugc biéu hién tich cuc hon hodc tham gia vao cac con duong
chuyén hoa quan trong. Sy bién d6i trong thanh phan nucleotide ciing c6 thé cung cip
cai nhin vé cac thich Gmg tién héa, ching han nhu phan ing véi cac ap luc méi trudng

hoic thay doi moéi trudng sdng.

Bang 3. 16. Thanh phan nucleotide ctia 13 gene ma hoa protein trong hé gene ty

thé caa Cha va chan den.

T(U) C A G Tong
22-276 - nad6 a 43.92157 9.411765 21.96078 24.70588 255
5440-6390 + nad1 29.12723  29.653 30.70452 10.51525 951
6602-7639 + nad2 28.42004  27.842 35.06744 8.67052 1038
8026-9567 + coxl 32.36057 24.44877  26.6537 16.53696 1542
9709-10368 + cox2 29.84848 24.84848 31.81818 13.48485 660
10505-10687 + atp8 28.96175 25.68306 38.79781 6.557377 183
10666-11340 + atp6 30.07407 27.25926 31.40741 11.25926 675
11346-12128 + cox3 31.41762 26.94764 27.96935 13.66539 783
12197-12541 + nad3 32.46377 25.50725 32.17391 9.855072 345
12608-12901 + nad4l 34.69388 25.17007 28.57143 11.56463 294
12898-14265 + nad4 31.21345 27.04678 31.72515 10.01462 1368
14478-16277 + nad5 30.27778 26.61111 33.27778 9.833333 1800
16290-16535 - nad6 b 40.65041 5.284553 21.54472 32.52033 246
Trung binh 31.2426 25.66075 30.72978 12.36686 780

3.2.4.2. Cac gene ma hoda Protein

Hau hét cac ca thé cha vd, bao gdm Cha vd chdn den, Cha vd chén xdm, va Cha
vd chdn néu, cho thay thanh phan nucleotide twong tu v6i A va T ¢6 phan phong phu
hon C va G (Bang 3. 16). Cac cé thé khi cta chi macaca thé hién su giam dang ké
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trong A va T, kém theo su gia ting turong Gng trong C, diéu ndy goi ¥ vé cac ap luc
tién hoa khac nhau hodc cac thich Gmg chirc ning. Noi dung GC trung binh dudng
nhu cao hon & cac ca thé khi cua chi macaca, dugc phan anh qua GC-skew duwong
ctia chung, chi ra mot thanh phan nucleotide can bang hon so vé6i cac ca thé cha vd.

0.8

0.6 -

0.4 -

0.2 -

adl cox2 atp8 atp6

——A-T/A+T =—0=G-C/G+C

Hinh 3. 20. AT va GC skew trén 13 gene ma hoa protein cua hé gene ty thé Cha
vd chan den Tay Nguyén Viét Nam.

Cac gia tri AT-skew va GC-skew cua 13 gene ma hoa protein trong hé gene ty
thé ctia Cha vd chdn den Tay Nguyén Viét Nam (Hinh 3. 20) cho thiy cac gene nhu
nadl, nad2, coxl, cox2, atp6, cox3, nad3, nad4l, nad4 va nad5 déu thé hién xu huong
nay véi muc do khac nhau. Nguoc lai, hai doan gene nad6 (nad6a va nadé6b) co gia
tri AT-skew am r0 rét, phan anh sy uu thé cua T so véi A, cho théy dic diém phan bd
nucleotide khac biét cta gene nay so véi cac gene mi hoa protein con lai. Pi véi
GC-skew, hau hét cac gene cO gia tri am, thé hién sy uvu thé cta C so v6i G trong
thanh phan nucleotide. Xu huéng nay dugc ghi nhin nhit quan ¢ da sb cac gene thudc
ca nhom NADH dehydrogenase, cytochrome ¢ oxidase va ATP synthase. Mot s6 gene
nhu cox! va cox3 cho thiy GC-skew it 4&m hon, phan anh mtc d chénh léch giita G

va C thap hon so v&i cac gene khac.

Phén tich thanh phan nucleotide va cac chi sd skew cho thdy cac ca thé nghién
clru c6 xu hudng phan bd nucleotide twong ddi ddng nhat (Bang 3. 17). Két qua phan
tich AT-skew va GC-skew ctia hé gene ty thé cho thdy Cha vd chdn den Tay Nguyén
Viét Nam va ca thé Cha vd chdn den MH_064177 c6 thanh phan nucleotide va xu
huéng thién 1éch base gan nhu twong dong. Cu thé, ca thé Chd vd chdn den Tay
Nguyén Viét Nam co ty 1€ T =31,2%, A = 30,7%, C = 25,7% va G = 12,4%, trong
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khi ca thé MH_064177 c6 cac gia trj twong tmg 1a T = 31,2%, A = 30,6%, C = 25,9%
va G = 12,3%. Ca hai c4 thé déu thé hién rd uvu thé cia A+T so véi C+G trong hé
gene ty thé

Gia tri AT-skew ctia hai ca thé Cha vd chdn den déu am nhe, 1an luot 13 —0,00827
(Tay Nguyén Viét Nam) va —0,01002 (MH_064177), cho thay ham luong T nhinh
hon A (Bang 3. 17). Pdng thoi, GC-skew déu mang gia tri am rd (—0,34959 va —
0,35463), phan anh sy vu thé cua C so véi G trong thanh phan nucleotide. Mtc do
sai khic giita hai ca thé 14 rt nho, cho thdy mo hinh thién léch nucleotide dugc bao
t6n cao trong ndi bo lodi Cha vd chdn den, bat ké su khac biét vé ngudn gdc dia 1y.
So sanh nodi bo gitta cac ca thé Cha vd chdn den cho thay cac chi sb skew on dinh va
nhat quan, khong ghi nhan su dao chiéu AT-skew hay GC-skew. Két qua phan tich
cho thiy cdu triac phan bd nucleotide trong hé gene ty thé ctia Cha vd chdn den it bién
d6i. Nhitng két qua nay cung cép co so dit liéu dinh lwong quan trong cho cic phan
tich tiép theo vé so sanh noi loai va danh gia mac d6 bién thién di truyén trong hé

gene ty thé ctia Chd vd chdn den.

Bang 3. 17. AT-skew, va GC-skew cua Cha va chdn den Tay Nguyén Viét Nam

S gianhapT(U) C A G Tong AT-Skew GC-Skew

Cha va chan den Tay

Nguyén Viét Nam 31.2 25.7 30.7 12.4 780.0 -0.00827 -0.34959
Cha va chdn den MH 064177 31.2 25.9 30.6 12.3 807.4 —0.01002 —0.35463
Cha va chdn xam JQ 821842 30.9 26.1 30.5 12.5 868.6 —0.0062 —0.35277
Cha va chdn nau JF 293096 30.9 26.1 30.5 12.5 868.6 —0.00678 —0.35155
Macaca leonina KP 330231 26.5 30.9 30.2 12.3 870 0.065732 —0.42945
Presbytis femoralis KU 899140 31.5 25.4 30.9 12.2 867.5 —0.00896 —0.34998
Nasalis larvatus DQ 355298 30.5 26.7 30.6 12.2 869.1 0.001593 —0.37082
Rhinopithecus
KM 504390 31.4 25.6 30.8 12.2 868.6 —0.01054 —0.35253
roxellana -
Rhinopithecus
o JQ 821836 31.6 25.5 30.6 12.4 868.8 —0.01638 —0.34612
brelichi -
Rhinopithecus bieti  JQ 821839 31.5 25.6 30.7 12.2 869.1 —0.01181 —0.35612
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Rhinopithecus
avunculus

JF 293093 31.5 25.5 30.8 12.3 868.4 —0.01138 —0.34898
Macaca arctoides KM 360179 26.4 31 30 12.5 870.2 0.063577 —0.4244
Macaca mulatta JQ 821843 26.6 31 29.8 12.6 870 0.056444 —0.42052
Papio hamadryas NC 001992 26.2 31.2 29.7 12.9 868.6 0.061768 —0.41663
Callithrix jacchus ~ KM 588314 28.3 27.8 31.1 12.9 867.7 0.046296 —0.36736

Homo sapiens

) OM 062614 26.2 31.9 28.8 13.1 867.8 0.046422 —0.41631
neanderthalensis —

Cebus albifrons NC 002763 29.9 26.7 31.3 12.1 866.8 0.02306 —0.37663
3243.Vunggiau A+ T

Vung D-loop trong hé gene ty thé ciia Cha vd chdn den Tay Nguyén Viét Nam
c¢6 chiéu dai 1.093 bp, kéo dai tir vi tri 1624 dén 2716, nam giira hai gene trnP va
trnF (Bang 3. 15). Pay 1a ving khong ma hoa dai nhat trong toan bo hé gene ty thé
ctia loai, chiém ty 1é dang ké trong tong chiéu dai genome. Vi tri va kich thudc cia
ving D-loop phit hop véi cau trac dién hinh ciia hé gene ty thé ¢ linh trudng, noi
ving nay thuong nam gitta cac gene tRNA va dong vai tro trung tam trong diéu hoa
sao chép va phién ma ty thé. Su ton tai ctia ving khong ma hoa dai, giau A+T cho
thay day 1a khu vuc c6 mirc d6 bién thién nucleotide cao hon so véi cic gene ma hoa
protein va rRNA, dong thoi c¢6 tiém ning chira cac yéu té diéu hoa nhu diém khoi dau
sao chép mach nang va mach nhe, cling nhu céc trinh ty 1ién quan dén kiém soat phién
ma. Két qua xac dinh ving D-loop trong nghién ctru nay cung cip co so dir liéu quan
trong cho cac phan tich tiép theo vé bién di di truyén va tién hoa phan tir cia Cha vd
chan den 6 Viét Nam
3.2.4.4. Thanh phén acid amin

Thanh phan axit amin va ty 1¢ tuong ddi (%) ctia ba ca thé cha vd, bao gdbm Cha
vd chdn den Tay Nguyén Viét Nam, Cha vd chin den Trung Qubc va Cha vd chan
ndu Trung Qudc cho thdy phd axit amin cia ba ca thé co cau tric twong ddi tuong
d6ng, phan 4nh tinh bao ton cao clia cdc gene ma hoa protein ty thé trong ndi bo nhém
Cha va (Hinh 3. 21). O ca ba c4 thé, leucine (Lew) 13 axit amin chiém ty 1 cao nhat,
dao dong tir 12,7% dén 13,9%, tiép theo 1a isoleucine (Ile) (8,7-9,5%), serine (Ser)
(8,9-9,8%), threonine (7hr) (8,3-9,3%) va proline (Pro) (7,8-8,2%). Nhém céc axit
amin ndy chiém ty trong 16n trong téng thanh phan axit amin, phan anh vai trd chu

dao cua chung trong cau truc va chirc nang cua cac protein ty the.
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So sanh giita cac ca thé, Cha vd chdn den Tay Nguyén Viét Nam co ty 1& Ile
(9,5%) va Val (3,5%) cao hon nhe so véi hai ca thé con lai, trong khi Cha vd chdn
den Trung Qudc thé hién ty 18 Leu (13,9%) va Ser (9,4%) cao nhit trong ba ca thé.
Dbi v6i Cha va chan nau Trung Qudc, ty 18 His (4,8%), Ser (9,8%) va Thr (9,3%) cao
hon so véi hai ca thé Cha vé chan den, cho théy su khac biét nhe vé phan b6 axit amin
giita cac loai trong cung chi (Bang 3. 18). Céc axit amin c6 ty 18 thap nhu methionine
(Met) (1,1% & ca ba ca thé), tryptophan (Trp) (0,6-0,8%) va cysteine (Cys) (1,4—
1,6%) thé hién murc d6 bién thién rt nho gitta cac c4 thé. Piéu nay cho thiy céc axit

amin hiém trong protein ty thé dugc duy tri on dinh, bat ké ngudn gdc dia Iy hay loai.

Tong hop cac két qua trén cho thay thanh phan va ty 18 axit amin trong hé gene
ty thé cia cac ca thé Cha vd c6 mirc d6 twong ddng cao, ddng thoi ton tai mot s6 khac
biét nho vé ty 1é twong ddi cua ting axit amin giita cac c4 thé. Nhitng khac biét nay
phan anh sy bién thién & murc do loai, dong thoi cung cép co so dir lidu quan trong
cho cac phan tich tiép theo vé tién héa protein ty thé va so sanh lién loai trong chi
Pygathrix.

14
12
10

o N B OO X

B Pygathrix nigripes Vietnam Pygathrix nigripes China Pygathrix nemaeus China

Hinh 3. 21. Thanh phan axit amin va ty 1¢ tuong ddi (%) ctia chung trong hé gene
ty thé hoan chinh ctia Chd vd chdn den Tay Nguyén Viét Nam; Cha vd chdn den
Trung Quéc va Cha vd chdn dé Trung Qubc.
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Bang 3. 18. Ty 1& phan trim cta thanh phan axit amin trong toan bo hé gene ty
thé ctia cac cé thé cha vd: Cha vd chdn den Tay Nguyén Viét Nam, Chd vd chdn den

Trung Quéc, va Cha va chdn do Trung Quoc.

Cha va chan den  Cha va chan den Cha va chan do

Téay Nguyén Viét Trung Qudc Trung Qudc
Nam

Ala 4.7 4.2 4.4
Arg 4 4.2 3.6
Asn 6.1 6.3 6

Asp 2 1.9 1.7
Cys 1.4 1.6 1.4
Gln 3.9 3.8 3.9
Glu 2 1.9 2.5
Gly 33 29 29
His 3.8 4.3 4.8
Ile 9.5 9 8.7
Leu 13 13.9 12.7
Liss 5 4.9 4.8
Met 1.1 1.1 1.1
Phe 4.8 4.8 4.6
Pro 7.9 8.2 7.8
Ser 8.9 94 9.8
Thr 8.7 8.3 93
Trp 0.8 0.7 0.6
Tyr 5.7 6 6.1

Val 3.5 2.6 3.1
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3.2.4.5. Vung 1ap va vung lién gene

Céc vung lién gene trong hé gene ty thé ctia Chd vd chdn den chu yéu c6 chiéu
dai ngdn; ving lién gene giita nad6_a (két thuc tai vi tri 276) va trnE(gaa) (bat dau
tai vi tri 277) khong ghi nhin khoang cach, cho thiy hai gene nay duoc sip xép lién
ké. Mot vung lién gene nho duge ghi nhén giita trnE(gaa) (345) va cytb (350), vé6i
khoang cach 4 bp, cho thay su ton tai cia mot doan khong mé héa ngan. Giita cytb
va trnT(aca) ton tai khoang cach 7 bp (1483-1491), phan anh mét ving lién gene
dién hinh c6 kich thudc nhé. Cac ving lién gene ngin (tir 2-10 bp) tiép tuc duoc ghi
nhan giita nhiéu cip gene tRNA lién k&, nhu trnT(aca)/trnP(cca), trnF(ttc)lrrnsS,
rrnS/trnV(gta) va trnV(gta)/rrnL. Pac biét, vung giau A+T (A+T-rich region) la viung
lién gene dai nhat trong hé gene ty thé, voi chiéu dai 1.093 bp, nim gitta trnP(cca)
va trnF(ttc). Day 1a ving khong ma hoa co vai trd diéu hoa, duoc xem 1a trung tim
khoi dau sao chép va phién ma hé gene ty thé. Sy hién dién cua ving lién gene 16n

nay 1a dic diém pho bién va mang tinh bao ton & hé gene ty thé linh trudng.

Bén canh cac ving lién gene, mot sé ving lip gene (chong chéo) ciing duoc ghi
nhan trong hé gene ty thé ctia Cha vd chan den TAy Nguyén Viét Nam. Cip gene afp8
(10505-10687) va atp6 (10666—11340) c6 sy chdng chéo 22 bp, trong d6 doan cudi
cla atp8 trung voi doan dau cua atp6. Day 1a ving lip gene dién hinh, da duoc ghi
nhan pho bién trong hé gene ty thé cua nhiéu loai dong vat ¢ va va linh trudéng. Cap
gene trnl(atc) (6395-6464) va trnQ(caa) (6462-6533) c6 su chong chéo 3 bp, phan
anh mtrc do nén cao trong nhom gene tRNA. Mgt vung 1dp nhd 2 bp dugc ghi nhan

gitta trnV(gta) va rrnL, cho thy su sip xép chit ché giita gene fRNA va gene rRNA.

Céc vung lap gene nay co kich thudc nho (tr 2-22 bp), khong lam gian doan
khung doc mé& cua cac gene ma hoa protein, dong thdi phan anh co ché to chic
genome ty thé toi wu, trong d6 cac gene c6 thé chia sé mot phan trinh ty nucleotide

nham giam thiéu d6 dai tong thé ciia hé gene.

3.2.4.6. Thao luan

Nghién ctru nay 1an dau tién cong bd hé gene ty thé hoan chinh ctua Cha vd
chdn den Tay Nguyén Viét Nam, mot loai linh truéng dang bi de doa nghi€ém trong
va dic hitu cia Viét Nam (107). Loai nay di mit v6i nhing mdi de doa dang ké tir
su pha hily méi trudong sdng, san trom va phan manh, chu yéu 1 do nan pha rimg va
mo rong nong nghiép (21,27). Nghién ctru gan day du doan rang phan b ciia Cha vd
chan den c6 thé giam dang ké, voi udce tinh mat 66,19% dién tich hién tai vao nim

2070 do bién dbi khi hau(108). Hiéu biét vé cu trac gene ctua Chd vd chdn den 1a
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diéu can thiét dé phat trién céac chién luge bao tdn hiéu qua nham bao vé loai dic biét
nay (109).

Kich thuéc nay twong duong va chi sai khac rt nho so véi cac ca thé Cha vd
chan den duge cong bd trude do, cho thiy tinh bao tdn cao vé té chuc hé gene ty
thé trong ndi bd loai. Cac nghién ctru ADN ty thé gan day trén linh treéng déu ghi
nhén rang kich thudc va vi tri gene cia ADN ty thé rat 6n dinh, trong khi sy khac
biét chu yéu tap trung ¢ murc d6 nucleotide va ving khoéng mi hoéa (35,110). Do do,
két qua cta nghién ciru ndy cing c¢b quan diém rang ADN ty thé cua Cha vd chdn
den duy tri cau triic bao ton manh, phan anh 4p luc chon loc cao 1én cac thanh phan

chirc nang c6t 16i ctia hé gene ty thé.

Thanh phan nucleotide ctia 13 gene mi hoa protein cho thdy hé gene ty thé
cua Cha va chan den Tay Nguyén Viét Nam c6 xu hudng giau A+T va nghe¢o G+C,
v6i gia tri trung binh A+T chiém trén 60%. Sy gidu A+T trong ADN ty thé thuong
duoc giai thich boi co ché dot bién khong d6i xing trong qua trinh sao chép, trong
d6 mach ADN ton tai & trang thai don soi trong thoi gian dai dé tich lily cac dot
bién chuyén vi theo huéng ting A va T. Pong thoi, nhiéu nghién ctru gan day nhan
manh rang ap luc chon loc chitc ning ciing doéng vai tro quan trong trong viéc duy
tri thién l1éch nay, do cac codon giau A/T c6 thé 1am ting hiéu qua phién ma va dich
mi cua protein ty thé.

Pang cha y, sy bién thién thanh phan nucleotide gitta cac gene trong hé gene
ty thé Cha vd chdn den khong déng déu. Cac gene nhu nad6 va atp8 thé hién muc
d6 thién l1éch A/T cao hon dang ké so vi cac gene khac, trong khi cac gene c6 kich
thude 16n nhu cox!, nad4 va nad5 c6 thanh phan nucleotide can bang hon. Hién
tuong nay da duoc ghi nhan trong nhiéu nghién ctu gan day va duoc cho 1a phan
anh sy khac biét vé ap luc chon loc chirc ning giira cac gene ty thé ((111,112). Két
qua phan tich AT-skew va GC-skew cho thdy Cha vd chdn den Tay Nguyén Viét
Nam va cic ca thé Cha vd chdn den khac c6 mo hinh skew gan nhu twong dong, véi
AT-skew am nhe va GC-skew 4m rd rét, su nhat quan nay phan anh tinh 6n dinh
cao cia md hinh phan bd nucleotide trong ndi bd loai, bat chép su khac biét vé

ngudn goc dia 1y (113).

Céc nghién ciru gan day chi ra rang skew nucleotide 1a dic trung mang tinh
“chir ky tién héa” (evolutionary signature) ctia ADN ty thé, it bién dong hon so véi
trinh tu nucleotide riéng 1¢ (114) (115). Do d6, sy twong dong vé AT/GC-skew giira
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cac ca thé Cha vd chdn den cho thdy ADN ty thé cua loai nay chiu ap luc tién hoa

tuong d6i dong nhat.

Phén tich thanh phéan axit amin cho thdy phd axit amin trong cac protein ty
thé cua Cha vd chdn den Tay Nguyén Viét Nam rat twong dong v6i cac ca thé Cha
vd chdn den khéc. Cac axit amin nhu leucine, isoleucine, serine, threonine va proline
chiém ty 1é cao nhat, trong khi methionine, tryptophan va cysteine luén & mtrc thap.
Mo hinh nay phu hop véi cac nghién ctru gan day cho thiy protein ty thé co xu
hudng gidu cac axit amin ky nudc, dic biét 1a leucine va isoleucine, nham duy tri
ciu trac khong gian va chirc nang cua cac phirc hop hd hap nam trong mang trong
ty thé. Su khac biét nho vé ty 1é twong ddi axit amin gitta cac ca thé Chd vd chan
den duoc xem 14 bién thién muc thap, khong du dé gay anh hudng dang ké dén chire

nang protein.

3.2.5. Piac diém hé gene ty thé hoan chinh cia ca thé Khi vang (Macaca mulatta) Tay
Nguyén Viét Nam

Céu trac hé gene ty thé hoan chinh ctia KAi vang cho thdy mét cau triic tron
g6m 16,566 bp vai cac 37 gene dugc bicu dién bang cac khdi mau (Hinh 3. 4). Ving
diéu khién xuat hién mau xam, trong khi cac gene 765 (rRNA 16n) va 125 (rRNA
nho) duge chi dinh bang mau do. 22 gene RNA chuyén vi (fRNA) duoc danh dau
bang mau xanh dam, va 13 gene ma hoa protein (PCGs) duoc hién thi bing mau xanh

14 va vang; chi tiét vi tri va d6 dai cta timg gene duogc thé hién trong (Bang 3. 19).

Bang 3. 19. Hé gene ty thé hoan chinh ctia Khi vang chira 37 gene, chi tiét vé vi

tri va chi€u dai cua chung.

Tén Bit ddu  Kétthic Mach Chiéu dai Vl::g
trnF(ttc) 248 319 H 72 0
rrnS 320 1266 H 947 0
trnV(gta) 1267 1335 H 69 0
rrnL 1334 2894 H 1561 0
trnL2(tta) 2895 2969 H 75 2
nadl 2972 3922 H 951 4
trnl(atc) 3927 3995 H 69 0
trnQ(caa) 3993 4064 L 72 1
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tRNA(gca)
trnN(aac)
trnC(tgce)
trn¥(tac)
coxl
trnS2(tca)
trnD(gac)
cox2
trnK(aaa)
atp8
atp6
cox3
trnG(gga)
nad3
trnR(cga)
nad4l
nad4
trnH(cac)
trnS1(agc)
trnL1(cta)
nad35
nad6
trnE(gaa)
Cytb
trnT(aca)

trnP(cca)

4066
4134
5176
5250
5320
5425
5494
5561
7102
7174
7243
8000
8065
8226
8906
9690
9758
10104
10169
10459
11837
11906
11965
12042
13854
14376
14449
15590
15655
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7241
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8063
8259
8900
9688
9757
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11829
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14444
15585
15653
15722
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Béang 3. 20. Ty 1€ % AT trén cac doan gene cua céc loai linh trudng

Gene ma
hoa proteinl6S (rrnl) 128 (rrnS)
i (PCGs)
So gia nhép < < .
. Chiéu Chiéu Chiéu
Chiéu AT AT AT AT
@i (%) dai %) dai %) dai %)
al (1] (1] (1] (1}
(bp) (bp) (bp)
Khi vang Tay Nguyén
16566 56.9 11304 57 1561 57.4 947 55.2
Viét Nam
Khi vang Myanamar JQ 821843 16,564 56.8 11,310 56 1560 57.4 947 55.6
Khi dudi lon KP 330231 17,050 57.2 11,310 57 1562 57.8 947 54.6
Khi voi DQ 355298 16,570 60.9 11,298 61 1568 59.9 949 57.5

Cha va chan den MH 064177 16,536 61.4 11,304 62 1563 59.7 949 58.8
Vooc soc dau den KU 899140 16,548 61.9 11,277 62 1563 61 935 583
Vooc miii héch vang KM_504390 16,552 61.5 11,292 62 722 59.6 949 58.2
Vooc miii héch xam JQ 821836 16,553 61.6 11,295 62 1571 60 949 58.3
Vooc miii héch den  JQ 821839 16,550 61.5 11,298 62 1570 59.7 949 58

Vooc miii héch Bac

JF 293093 16,552 61.6 11,289 62 1572 60.2 949 58.5

B
Khi vang JQ 821843 16,564 56.8 11,310 56 1560 57.4 947 55.6
Khi dau ché NC 001992 16,521 56.3 11,292 56 1572 57.7 947 55.1

Khi tai mao trcfng KM 588314 16,499 59.7 11,280 59 1555 60.5 953 56.6
Homo sapiens

NC 011137 16,565 55.6 11,283 55 1560 57.2 954 54.4
neanderthalensis
Homo sapiens

OM 062614 16,565 55.7 11,283 55 1560 57.3954 544
neanderthalens
Khi mii tran trcfng NC 002763 16,554 60.9 11,268 61 1556 60.2 958 57.6
Cha va chan den MH 064177 16,536 61.4 11,304 62 1563 59.7949 58.8
Khi duéi lon KP 330231 17,050 57.2 11,310 57 1562 57.8947 54.6

Vooc soc dau den KU 899140 16,548 61.9 11,277 62 1563 61 935 583

Su sap xép nay 1a ddc trung cho cac hé gene ty thé va phan dnh mot to chic
gon gang, nang cao hiéu qua phién ma va sao chép. Cac gene chu yéu nam trén soi
nang (H strand), voi chiéu dai khac nhau; vi du, gene nad5 13 dai nhat v6i 1800 cip

bazo, trong khi #7nK 1 ngan nhat v6i 64 cip bazo. Sy bién do6i trong chiéu dai gene
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nay goi y vé cac vai tro chirc nang va ap luc tién hoa khac nhau, dic biét trong chuyén
hoa ning lugng va téng hop protein, diéu nay rit quan trong cho kha ning thich nghi

cua loai voi cac moi truong da dang (112).

Phén tich cac ving giira cac gene trong hé gene ty thé hoan chinh cua Khi vang
cho thiy tong cong 366 nucleotide giira cac gene qua 36 khoang cach giira gene. Pang
chu y, ving gitta gene trnF va trnP dai nhat 1a 206 nucleotide, trong khi ving ngin
nhat 13 gitta trnL2 va nadl, chi c6 2 nucleotide. Nhitng phat hién nay goi y vé su bién
d6i trong tiém nang diéu hoa ciia cac ving giita gene, v6i cic khoang cach dai hon
c6 thé chi ra cac khu vuc cho cac yéu t6 diéu hoa, trong khi cac khoang cach ngin
hon phan d4nh mot td chic hé gene gon gang hon. Sy hién dién cia cac nucleotide
giita cac gene 1a rat quan trong dé hiéu biét vé diéu hoa gene va chirc ning ty thé,
cung cip cai nhin siu sic vé cac thich Gng tién hoa ctia loai nay (116).
3.2.5.1. Thanh phan nucleotide

Bang 3. 21. Thanh phan cac nucleotide gitta cac loai linh trudng.

AT- GC-

Skew  Skew
Kni vang Tdy Nguyen 30.9 26.1 30.5 12.5 868.6-0.00605-0.35278
Viet Nam
Khi vang Myanmar ~ JQ 821843 26.6 31 29.8 12.6 870 0.056444—0.42052
Khi duéi lon KM 360179264 31 30 12.5 870.20.063577-0.4244
Papio hamadryas ~ NC_00199226.2 31.2 29.7 12.9 868.60.061768—0.41663
Callithrix jacchus ~ KM_58831428.3 27.8 31.1 12.9 867.70.046296-0.36736

S6 gianhapT(U)C A G Tong

Homo SAPIEns o\ 1 062614262 31.9 28.8 13.1 867.80.046422—0.41631
neanderthalensis -
Cebus albifrons NC 002763 29.9 26.7 31.3 12.1 866.80.02306 —0.37663

Thanh phan nucleotide ctia hé gene ty thé cua Khi vang Tay Nguyén Viét Nam
cho thay ty 16 AT 12 56.9%. Hé gene ty thé hoan chinh dai 16,566 cip base, trong do
ving ma héa protein chiém 11,304 cip base. Trong hé gene nay, ty 1¢ AT trong cac
gene ma hoa protein (PCGs) 1a 57%, trong khi RNA ribosome 16n (rrnl) va RNA
ribosome nho (77nS) c6 ty 1& AT lan luot 13 57.4% va 55.2% (Bang 3. 21).

Dang cht ¥, Khi vang Viét Nam va Khi vang Myanmar cé cac dic diém hé
gene ty thé rat gidng nhau, véi chi mot sb khac biét nho. Khi vang Viét Nam c6 chiéu
dai hé gene 13 16,566 bp va ty 18 AT 1a 56.9%, trong khi Khi vang Myanmar ngin
hon mot chat véi 16,564 bp va ty 18 AT 13 56.8%. Cac ca thé khi cua chi macaca khac

nhu Macaca arctoides ciing c6 chiéu dai hoi ngan hon voi ty 18 AT 13 56.7%. Ty 18
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AT rét quan trong dé hiéu cac dong luc tién hoa vi nd ¢ thé anh hudng dén su 6n
dinh va chirc ning ciia ADN ty thé.

Phén tich thanh phan nucleotide cho thiy cic gene mi hoa protein (PCGs)
trong Khi vang c6 ty 1¢ AT hoi cao hon 1a 57%. Ngugc lai, cac gene RNA ribosome
16n (rrnL) va RNA ribosome nho (7nS) cho thay ty 18 AT lan lugt 14 57.4% va 55.2%.
Sy bién ddi trong ty 18 AT giita cac ving hé gene khac nhau nhdn manh tim quan
trong chtrc ning ctia thanh phan nucleotide lién quan dén biéu hién gene va cac qua
trinh chuyén hoa. Céac nghién ctru so sanh vai cac loai linh truong khac, dac biét 1a
Pygathrix va Presbytis, cho thay su gia ting dang ké trong ty 1& AT, 1am ndi bat su
khac biét di truyén giita cac loai linh truéng va cung cap cai nhin vé céac thich tng
tién hoa hinh thanh cac hé gene ty thé qua cac dong ho khac nhau (Bergey et al. 2020)
(101).

Céa Khi vang Viét Nam va Khi vang Myanmar déu c6 chiéu dai chudi ma hoa
protein twong duong, v4i bién thé Viét Nam do duoc 11,304 bp va bién thé Myanmar
12 11,310 bp. Chiéu dai ciia cac gene RNA ribosomal 1a giéng nhau & ca hai cé thé,
v6irrmL 12 1,561 bp va rrnS 13 947 bp. Nhiing su twong dong ndy goi y mot mdi quan
hé di truyén gan giii giita hai ca the, c6 thé chi ra t6 tién chung gan day va cac ap luc
tién hoa twong tu.

Céc gia tri GC-skew va AT-skew cua cac gene ma hoa protein (PCGs) & cac
loai linh truong khac nhau, bao gom Khi vang Viét Nam cung cap cai nhin sau sic vé
thanh phan nucleotide va cac dong luc tién hoa tiém ning ctia hé gene ty thé; GC-
skew dugc tinh 14 (G - C) / (G + C), trong khi AT-skew dugc tinh 1a (A -T)/ (A +
T). Céc chi s6 nay

Déi véi Khi vang, GC-skew c6 gid tri 1a -0.35278, cho thay sy chiém uu thé
ciia A va T so voi G va C trong hé gene ty thé. GC-skew 4m nay goi y mot thién léch
6 thé anh hudng dén cac qua trinh sao chép va sira chira ADN ty thé, ciing nhu sy
on dinh téng thé ctia nd (Sahyoun et al. 2014). Nguoc lai, AT-skew la -0.00605, gﬁn
bang 0, cho thay viéc sir dung nucleotide A va T khé can bang, diéu nay c6 thé phan
anh mot thich ing chirc ning trong bdi canh chuyén héa nang luong va hiéu qua cia
ty thé.

Dit liéu so sanh tir cac ca thé khi cua chi macaca khac, chéng han nhu KKhi
vang Myanmar va khi dudi lon, cho thiy cac xu hudng tuong tu trong cac gia tri thién
1éch nucleotide, cing cd ¥ tudng vé cac mo hinh tién hoa bao ton trong chi nay. Cac
phan tich thién 1éch nay rat quan trong dé hiéu cac 4p luc tién hoa tac dong 1én céc
hé gene ty thé, vi chung c6 thé tiét 16 nhirng cai nhin vé chirc ning gene, dong luc sao

chép va cac chién lugc thich ing tiém nang trong cdc moi truong khac nhau.
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3.2.15.2. Céc gene ma hoa protein

li|||||1|\||.ﬂi|.|i

Ala Arg Asn Asp Cys Glu GIn Gly His lle Leu Lys Met Phe Pro Ser Thr Trp Tyr Val
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Hinh 3. 22. Str Dung Codon Pong Nghia Tuong i (RSCU) clia cac gene ma
hoa protein ty thé trong Khi vang Viét Nam.

Trong bdi canh ndy, cic axit amin leucine (Leu) va serine (Ser) thuong thé hién
cac gia tri RSCU cao, goi ¥ rang cac codon twong tmg dugc wa chudng trong cac gene
ty thé cua loai nay. Sy ua chudng cho mot s6 codon nhat dinh c6 thé duogc quy cho
nhiéu yéu t6, bao gdm su sin c6 ctia cac tRNA tuong tmg va hiéu qua tong thé cua co
ché dich m3, diéu nay rat quan trong cho viéc tong hop hiéu qua cac protein ty thé.

Sy uu tién str dung codon quan sat dugc 13 quan trong vi né c6 thé anh hudng
dén hiéu qua cua biéu hién gene va tong hop protein, tir d6 tac dong dén chirc ning
ty thé va chuyén hoa nang lwong. Hiéu biét vé nhitng md hinh sir dung codon nay 1a
rat can thiét, vi chiing khong chi phan 4nh cac ap luc tién hoa d3 hinh thanh hé gene
ty thé ma con cung cip cai nhin vé cach ma nhitng linh trudng nay di thich tng véi
cac sinh canh sinh thai cua chung (117).

Céc phan tich so sanh vé cac mé hinh RSCU giita cac ca thé khi cta chi macaca
khac nhau c6 thé 1am rd hon cac mdi quan hé tién héa va cac thich tmg chirc ning.
Bang cach kiém tra cach st dung codon thay ddi gita cac loai lién quan, cic nha

nghién ctru c6 thé xac dinh cac xu hudng tién hda bao ton va phan ky, nhan manh tac
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dong cua cac ap luc méi trudng cu thé 1én cau trac va chirc ning cia cac gene ty
(118). Nhitng so sanh nay c6 thé cho thiy rang mot s codon dugc ua chudng phd
bién gitra cac loai, cho thiy 4p luc chon loc manh mé, trong khi nhitng codon khac
c6 thé thé hién sy bién ddi, cho théy cac thich trng vdi cac bdi canh sinh thai cu thé.

Hon nita, nhitng két qua nay c6 nhitng ¥ nghia d6i v6i cac chién luge bao ton.
Viéc x4c dinh cac m6 hinh st dung codon trong hé gene ty thé nhin manh tim quan
trong cua viée duy tri su da dang di truyén trong cac ca thé Khi vang. Su khac biét di
truyén 13 rat quan trong cho kha ning thich nghi va sy bén bi cta loai, dic biét 1a
truéc nhitng thay d6i moi truong va mat mat méi truong séng (119,120). Bang cach
hiéu biét vé cdu trac di truyén va céc thich tmg tién héa cua Macaca mulatta, cac nd
luc bao tdn ¢ thé duge diéu chinh tdt hon dé bao vé khong chi loai ma con ca sy bién
d6i di truyén ctia nd, diéu nay 1a can thiét cho su séng con 1au dai cta nod.

3.2.5.2. Cac gene ma hoa Protein

14
12
10

8
6
4
2
0
S oen
< E g <% = = 2.4 0
COO0ODOE=B %238 2 o .
“HZE L3 E B s
= = = §
B Vietnamese Macaca mulatta Myanmar Macaca mulatta Chinese Macaca leonina

Hinh 3. 23. Ty 1é phan trim tan sudt thanh phin axit amin trong toan bd hé gene
ty thé ciia cac ca thé khi cta chi macaca : Khi vang Viét Nam; Khi vang Myanmar;
Khi vang Trung Québc.

Ty 18 phan trim tin suat thanh phan axit amin trong hé gene ty thé cta Khi
vang Viét Nam (Hinh 3. 23) cung cip cai nhin sdu sic vé su phan b cua cac axit
amin trong cac protein ty thé, diéu nay rit quan trong cho nhiéu chic ning chuyén
hoa va san xuét ning luong. Cac axit amin nhu methionine va tryptophan dugc dai
dién voi tan sudt thp, diéu nay c6 thé anh hudong dén cac dong luc chirc ning tong
thé cua cac protein ty thé. Nguoc lai, két qua cho thay ring mét sé axit amin chiém

vu thé trong thanh phan cua cac protein ty thé duoc ma hoa trong hé gene. Pic biét,
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leucine va serine ndi bat nhu nhitng axit amin phong pht nhét, phan anh vai tro thiét
yéu ctia chung trong chirc ning ty thé va tong hop protein. Nhirng phat hién nay phu
hop v6i nghién ctru trude ddy nhan manh sy phd bién cua cac axit amin nay trong cac
protein ty thé & nhiéu loai khac nhau (65,121)

Phén tich thanh phan axit amin khong chi cung cép cai nhin tong quan vé kha
ning mi héa protein ctia hé gene ty thé trong Khi vang ma con cho phép so sanh véi
cac loai linh trudng khac. Nhimng so sanh nhu vdy c6 thé 1am sang to cac thich tmg
tién hoa va tAm quan trong chtic ning ctia cac protein ty thé qua cac dong khac nhau
(Spuhler 1988). Su kiém tra chi tiét ndy nang cao hiéu biét ctia chung ta vé cac dong
luc tién hoa va vai trd sinh hoa cia cac protein ty thé trong Khi vang Viét Nam.

0.8
0.6
0.4

0.2

0

1 cox2 atp8 atp6 cox3 nad3 nad4l nad4 nad

-0.2

-0.4

-0.6

-0.8

=@=A-T/A+T ==@=G-C/G+C

Hinh 3. 24. Gia tri AT- va GC-skew cua 13 gene ma hoa protein trong hé gene ty
thé ctia Khi vang Tay Nguyén Viét Nam.

Gia tri AT- va GC-skew cho 13 gene ma hoa protein (PCGs) trong h¢ gene ty
thé ciia Khi vang Tay Nguyén Viét Nam nhu nadl, nad2, cox1, va atp6, c6 gia tri
duong, cho thiy su phong phu tuong d6i cua adenine (A) so véi thymine (T). Xu
hudng nay goi ¥ vé viéc toi uru hoda hiéu suat phién ma, diéu nay rat quan trong cho
céc yéu cau chuyén hoa cao ciia chirc nang ty thé. Nguoc lai, GC-skew 4m nhat quan
trong cac gene nay cho thay su chiém uu thé ciia cytosine (C) so voi guanine (G),
diéu ndy c6 thé nang cao sy 6n dinh cia ADN ty thé va anh huong dén dong luc biéu
hién gene.

Céc gia tri skew quan sat dugc (Hinh 3. 24) phan anh céc thich ung tién hoa
ctia nhitng gene nay ddi véi vai tro ciia chung trong chuyén hoéa ning lugng va hiéu
suat ho hap. Vi du, cac gene nhu nad5 va cox2 ciing cho thiy AT-skew duong, ciing

cd tam quan trong chuc nang cua ching trong chuoi van chuyén dién tir va tong hop
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ATP. Sy hién di¢n cua GC-skew am trong cac PCGs gogi y mot cAu tric hé gene bao
t6n hd trg chirc ning ty thé hiéu qua. Tong thé, nhitng mé hinh nay khéng chi 1am
ndi bat cac dong lyuc tién héa phirc tap trong Khi vang ma con nhan manh tim quan
trong clia cac gene nay trong viéc duy tri kha ning thich nghi chuyén héa trong céac
moi truong da dang.

3.2.5.4. tRNA va rRNA

Bang 3. 22. Céc cip base khong khép duoc tim thiy trong cac gene tRNA cuakKhi

vang Vi¢t Nam.
{RNA Cac Cap Base Khong Thén Tén sut
Khop

Phenylalanine

GAA A-C AC 1

Tryptophan TCA A-C AC 1
. A-G AA 1

Methionine CAT U-U T-arm )

Arginine TCG A-A AA 1

Histidine A-C T-arm 1

Threonine TGT C-U AA 1

Threonine TGT C-U AA 1

Cip base khong khép duogc tim thiy trong cac gene tRNA cta Khi vang Viét
Nam (Bang 3. 22) rat quan trong dé hiéu biét vé tinh toan ven céu tric va hiéu suat
chirc nang cua céac phan tor tRNA. Vi du, cac cap khong khép nhu A-C trong tRNA
cho phenylalanine va tryptophan, cling nhu A-G trong methionine, chi ra su sai léch
s0 voi cap base Watson-Crick tiéu chuan. Nhiing sai 1éch nay c6 thé anh huong dén
su 6n dinh va gip nép ctia tRNA, c6 kha ning anh hudng dén kha ning ctia né trong
viéc van chuyén chinh xac cac axit amin trong qua trinh tong hop protein.

Su hién dién cta cac cdp base khong khop trong cac vung than ctia tRNA, dac
biét 14 trong vung tiép nhan axit amin (AA) va T-arm, goi y vé céc thich tng tién hoa
c¢6 thé nang cao tinh linh hoat hodc kha ning chirc ning cua nhimg tRNA nay trong
bdi canh ty thé. Hiéu biét vé nhitng bién thé nay cung cip cai nhin sau sic vé cac ap
luc tién hoa d hinh thanh hé gene ty thé cua Macaca mulatta, nhin manh cach ma
nhing linh truong nay di diéu chinh cu triic fRNA cta ho dé tdi wu hoa chirc ning

ty thé va hiéu suat tong hop protein.



Phenylalanine , Leucine . Isoleucine -
Gec anp
ven Uea
ven LYY
e re
Ao Ay
ven ¢t aec u
Gec A Awy e ¢ A [
v . [ c e u u e
tha : Uyu : c 4 S o RN
v u uou © ¢ GAGgag aQ v u
uycg . N R P
[ A A A c 6 Ul g v A
AAae v u oA a N Ny
A & o £ veaut
ol Awy
aey N
x Asparagine
i Aoy
.+, Methyonine asc LT
. ™
’ ¢
[ . Aey . A e
.
v reu
[ N‘ Uya
Le e . e
y ues B A ey
¢ A
. Ao “ uy S N ™ K . . e
. Uoh uuge tiaov o W8
" ee 4 ' N R M o
3 u v . 4 u L4
" ¢ G ohc oo R . R .
., A oA o 6, v N »
Aoy u us, 2 "
Geg ve,
i Al ine - ‘ ¢ i
Glycine rganine Serine...  *e
" ce YT 3
. aee v X : x ", A
- PN . corw tuul
[ 6 uw e ‘ 3
. g
v N A A y ¢ © a8, N . N
u U ¢ u ¢ Yy, ] . L
L . " x fead aw o N .
At " ot . . ’ » .
* . a awy A Ve, ol N
: h i uoa
T s % " [l
koo ‘Leusine v Thr(-:onmeA . Glvei .
Aoy o v + Glycine « Proline
U8 ce
ces . -
.
L he P cee . Lo o
u cea v
v N e * ] aeg ues
A Uea v P ues v oo Ven
e ven o u . A%y
Usa
N 4\ b o v a® u © Awy
e * e . A * a any M ueg
A Yaa N c n a .
e AL T . - I
c'_ur. v ate S Aoa A pl e ", 5 IEERE]
A R [T A a & Uuoa : a A B A U AU GG
. u
Uegat v I H . U N y
uey U N a
“re Ceg U
. . . 3 u
Serine . = Tyrosine . . .
ton ¥ *o Asparagine o
asg € . — e © A hoy
i .
FETIE R Cysteine ™ Asy \
W G Geg u
L u v
a
aey u
A a [
@ aec U
[ n a ®
& u © N aey
. A e s uen , vy,
cou @ ce <] ‘
vy . o v Yo A
A ARy L]
u A c
A A uh < R oo AoG
tuaosd ¢ © u A
0 [T} . U
u € u
y
u
Gegul
Uwy
N Uny .
Alanine , ° hoy Gl i u
N “ A e A utamine A
G A A Geg
ney v 3 i A
A ues ¢ o
ey !
i aou
Gec L aeg
aeg aeo
Geu Aoy
cea uea u
s Uy alg [ AT
U ues N ¢
an cuu U R a Vauyg EREE] 8
M HE ] G a L [ a6 P
£ oA G A N acaAcg auA vt
o
LY Gy u A . ﬂn
Gog A
hwy
Geg
Aey
Awy
u ]
[} u u a
v
v o y o

Hinh 3. 25. C4u trac tht cap ctia 22 gene tRNA cua Khi vang Viét Nam. Mau do
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12 két ndi GC, mau xanh 1a két nbi AU.
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Céc phén tr fRNA duge minh hoa véi cac than va vong twong tng trong du
truc thtr cap ciia 22 gene tRNA trong hé gene ty thé ctia Khi vang Viét Nam (Hinh 3.
25) cho thay su gip nép tinh vi can thiét cho chirc ning cua chung. Trong hinh, cac
két ndi duge ma hoa mau: cac cap GC duoc chi dinh béng mau do, trong khi cac cap
AU duoc hién thi bing mau xanh. M3 mau nay 1am ndi bat cic twong tac cip base
quan trong cho tinh 6n dinh va chirc ning cua tirng tRNA.

Céu trac thir cip cua cac gene tRNA rat quan trong cho vai trd ctia chung trong
dich ma, vi nhitng phan tr nay chiu trach nhiém mang cic axit amin dén ribosome
trong qua trinh tong hop protein. Sy hién dién cia cac cip base GC va AU anh hudng
dén su 6n dinh cua cau tric fRNA, voi cac cdap GC thuong cung cép lién két manh
hon nhd vao ba lién két hydro so véi hai lién két hydro dugc hinh thanh bai cac cap
AU (Hinh 3. 25).
3.2.5.5. Vung lap va vung lién gene

Phan tich cau tric hé gene ty thé hoan chinh ctia KAi vang cho thay su ton tai
phé bién ctia cac ving lién gene ngan xen k& giita cic gene ma hoa protein, tRNA va
rRNA, phan anh mic d6 nén cao va to chirc chit ché ciia ADN ty thé (Bang 3. 19).
Phan 16n céc gene dugc sip xép lién ké hodc chi cach nhau tir 1-10 bp, dién hinh nhu
gitra trnl2(tta) va nadl (2 bp), nadl va trnl(atc) (4 bp), nad2 va trnW(tga) (10 bp),
cling nhu gitta nhiéu cip gene tRNA lién ké. Ngoai ra, mot s6 vung lién gene c6 kich
thudc trung binh hon cling dugc ghi nhan, dang cht y 1a khoang cach 32 bp gitia
trnN(aac) va trnC(tgc), 97 bp gilta cox2 va trnK(aaa), va dac biét 1a vung lién gene
16n 206 bp gitta trnP(cca) va gene ké tiép. Su hién dién ciia cac ving lién gene voi
d6 dai khac nhau cho thay hé gene ty thé ctia Khi vang, mic di mang dic trung nén
cao, van duy tri mot s6 doan khong ma hoa c6 thé lién quan dén diéu hoa phién ma
RNA ty thé.

Bén canh cac ving lién gene, cac ving lap gene (chong chéo) ciing dugc ghi
nhan véi tin suat dang ké trong hé gene ty thé ctia Khi vang. Mot sb cap gene co su
chdng chéo ngin tir 1-7 bp, dién hinh nhu trnQ(caa)/trnl(atc) (1 bp), trnW(tga)/nad2
(7 bp), cox1/trnS2(tca) (2 bp), atp6/atp8 (5 bp), va nad4/nad4! (7 bp). Pang chu y,
gene nad5 ¢ ving chdng chéo 12 bp véi gene 1an can, phan anh muc do nén cao cia
cac gene ma hoa protein trong hé gene ty thé. Cac ving lip nay déu c6 kich thude
nho va khong 1am gian doan khung doc ctia cac gene, cho thy su thich nghi cia ADN
ty thé theo hudng tdi wu hoa khong gian di truyén trong khi van bao dam tinh toan

ven chure nang cua cac gene thiét yéu.
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3.2.5.6. Cay phan loai cua Khi vang véi cac loai linh trudng khéc
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Macaca mulatta Vietnam

LC496787.1 Macaca mulatta

AY612638.1 Macaca mulatta

NC 012670.1 Macaca fasciculans

NC 027604.1 Macaca leonina

NC 002764.1 Macaca sylvanus

NC 020007 2 Papio cynocephalus

NC 001992.1 Papio hamadryas

NC 020006.2 Papio anubis

NC 057099.1 Semnopithecus schistaceus

NC 008215.1

NC 006900.1

NC 023971.1 Trachypithecus cristatus

KP834334.1 Trachypithecus shortridgei

NC 018061.1

NC 0180621

NC 008220.1

NC 0140471 Symphalangus syndactylus

KY250063.1 Hoolock leuconedys

NC 014042.1 Hylobates agilis

X97707.1 Pongo abelii

AY245555.1 Homo sapiens

KC879692.1

KC757393.1

K(C959985.1
1
1

Cercopithecidae
Semnopithecus entellus

Trachypithecus obscurus

Pygathrix nigripes
Pygathrix cinerea

Pygathrix nemaeus

Hylobatidae

Hominidae
Homo sapiens neanderthalensis

Chiropotes albinasus
Cacajao calvus Pitheciidae
KC592393.
KC757398.1 Lagothrix lagotricha
FJ785422.1 Ateles belzebuth
HQE44333.1 Alouatta seniculus
KC757399.1 Leontopithecus rosalia
KC757409.1 Saguinus oedipus
AJ309866.1 Cebus albifrons
NC 021939.1 Aotus azarai
FJ785421 1 Aotus lemurinus

Callicebus lugens

Atelidae

Cebidae

Actidae

" AY250707 .1 Aotus trivirgatus

AB371090.1 Carlito syrichta
AF348159.1 Cephalopachus bancanus
KCQ??EDQ 1 Tarsius lariang
KX397281.
NC 033381.
KC757402.1
AB371093.1 Otolemur crassicaudatus
AB371092.1 Galago senegalensis
1
1

Tarsiidae

1 Xanthonycticebus pygmaeus
1 Nycticebus pygmaeus Lorisidae

Loris lydekkerianus

Galagidae
KCT757396.1 Galago moholi

AB371085.1 Daubentonia madagascariensis ] Daubentoniidae
AJ421451.1 Lemur catta
KC757408.1 Prolemur simus Lemuridae
KCT757397.1 Hapalemur griseus

NC 011053.1 Propithecus coquereli ] ndhiidae
KCT757387.1 Avahi laniger

HQ171076.1 Lepilemur ahmansonorum
HQ171080.1 Lepilemur tymerlachsoni
NC 014453.1 Lepilemur hubbardorum
KM112334.1 Allocebus trichotis
K112316.1 Microcebus rufus
NC 035656.1 Mirza coquereli
AF460846 1 Cynacephalus variegatus ] Cynocephalidae (Outgroup)

Lepilemuridae

Cheirogaleidae

Hinh 3. 26. Cay phat sinh loai ciia Khi vang véi cac loai linh trudng khac
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Cay phan loai cho thiy Khi vang Viét Nam c6 mdi quan hé gan giii véi cac loai
khi khac, nhu Macaca fascicularis (khi dudi dai) va Khi vang tr cac khu vuc khac
nhau. Sy tap hop gan giii ndy goi ¥ rang cac loai nay chia sé mot to tién chung gan
day, cho thay rang ching da phan ky tuong d6i gan day trong cac khia canh tién hoa.
Nhitng sy twong dong di truyén ndy phan anh cac thich tng cua chiing voi cic moi
treong va lich st song twrong tw, nhan manh cac két ndi tién hoa trong chi Macaca .

Nguoc lai, khi so sanh KAi vang Viét Nam vai cac linh trudng c6 quan hé xa hon,
ching han nhu cac thanh vién trong ho Hominidae (vi du, con ngudi va tinh tinh), sy
khac biét di truyén dang ké rd rang. Cac nhanh dai hon dan dén nhitng loai nay cho
théy mot lich sir tién hoa lau dai va su phan hoa di truyén 16n hon. Su khéc biét nay
c¢6 thé duge quy cho cac yéu té nhu méi truong song, hanh vi va céc thich g sinh
thai da phat trién qua hang triéu nam. Mdi quan hé nay 1am ndi bat cac con duong
tién hoa di din dén nhiing dic diém riéng biét quan sat dugc trong chi Macaca so véi

cac ho linh truong khac.

3.2.5.7. Thao luan

Hé gene ty thé ctia Khi vang Viét Nam cho thdy muc d6 twong dong cao véi
ca thé Khi vang khu vuc Myanmar, phan anh méi quan hé tién hoa gan va lich st
phan b lién tuc cia loai trong khu vuc Pong Nam A lyc dia. Céc sai khac nucleotide
quan sat dugc, dac biét trong mot sb gene ma hoa protein, co thé lién quan dén thich
ung sinh thai dia phuong (122).

Nghién ctru 1am ndi bat cac méi quan hé pha hé trong chi macaca . Cac nghién
ctru trude ddy da chi ra sy phan ky gene di truyén dang ké gitra cac c4 thé khi caa chi
macaca , cho théy cac dong luc tién hoa phtc tap dugc hinh thanh boi cac ap Iuvc moi
truong va thich tmg voi moi truong séng. Moéi quan hé di truyén gan giii giita ca thé
Viét Nam va Myanmar, v6i chi 704 khac biét nucleotide, goi y vé to tién chung gan
day va cac ap luc tién hoa twong tu. Nhitng khac biét quan sat dugc & cac gene ma
héa protein, dic biét 1a trong gene nadl, déng vai tro quan trong trong chudi van
chuyén dién tir, c6 thé phan anh cac thich Gng v6i cac sinh canh sinh thai cu thé (123).
Nhirng bién thé nay rat quan trong dé hiéu cach ma nhiing linh truong nay da tién hoa
dé phat trién trong cac mdi truong da dang, bao gdm ca cac khu vuc d6 thi.

Phén tich thanh phan nucleotide cho thiy ty 18 AT 13 56.9% trong hé gene ty
thé, v4i cac ving mi héa protein co ty 18 AT hoi cao hon (57%). Su uu tién st
dungnucleotide nay c6 thé anh hudng dén sy 6n dinh va chic ning ciia ADN ty thé,
tac dong dén qua trinh sao chép va phién ma (124). Phén tich Sir Dung Codon Twong
Puong Tuong Dbi (RSCU) cho thiy sy wa thich d6i v6i mot sé codon, dic biét 1a ddi

voi leucine va serine, c6 thé tang cuong hi¢u suat dich ma. Sy wva thich nay rat quan
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trong dé toi ru héa qua trinh tong hop protein nhim dap tng cac nhu cau chuyén hoa
da dang, dic biét trong cac moi truong do thi ¢6 bién dong (117).

Phén tich cac ving giita gene cho thiy su bién d6i trong tiém ning diéu chinh,
v6i cac ving gitta gene dai hon c6 thé chi ra cac khu vuce cho cac yéu té diéu chinh.
Su quan sat 366 nucleotide giita gene nhidn manh tAm quan trong ctia nhitng ving nay
trong viéc diéu chinh gene va chirc ning ty thé. Kha ning diéu chinh nay dic biét
quan trong dé hiéu cach ma Khi vang thich tng véi cac thach thirc méi trudng, vi cac
yéu t6 diéu chinh dong vai trd thiét yéu trong biéu hién gene ty thé va cic phan tng
chuyén hoa (116).

Viéc xac dinh cac cip base khong khdp trong cac gene tRNA cho thay nhiing
thich ing cau tric c6 thé nang cao sy linh hoat va kha ning chirc ning ciia tRNA trong
bdi canh ty thé. Cac cap khong khdp, nhu A-C va A-G, cho thay sy sai 1éch so véi
cap base tiéu chudn, diéu nay c6 thé anh hudng dén sy 6n dinh cta cic phan tir tRNA
va kha ning cta ching trong viéc van chuyén chinh xac cic axit amin trong qua trinh
tong hop protein. Nhitng bién thé niy goi ¥ vé cac ap luc tién hoa da hinh thanh ciu
tric tRNA dé t6i wu hoa chirc ning ty thé (65).

Nghién ctru nay d thanh cong trong viéc mo ta hé gene ty thé hoan chinh cua
Khi vang Viét Nam, 1ap day mot khoang trong quan trong trong hiéu biét cua ching
ta vé cdu trac di truyén va cac thich ting tién hoa cua loai nay. Nhiing hiéu biét thu
duogc tir thanh phan nucleotide, mdi quan hé pha hé va cac co ché diéu chinh dong
g6p vao kién thirc rong hon vé di truyén va tién hoa cta linh trudong. Hon nita, nghién
clru nay nhdn manh tAim quan trong cua da dang di truyén trong cac chién luoc bao
t6n, vi viéc duy tri su bién d6i di truyén 13 rat can thiét cho kha ning thich tng va sy
bén bi cta cac ca thé Khi vang trude nhitng thay d6i méi truong. Cac nghién ciu
trong tuwong lai nén tap trung vao viéc diéu tra cic tic dong chirc ning ctia nhitng bién
thé di truyén quan sat duoc va kham pha tiém ning cua cac nd lyc bao ton nham ting
cudng da dang di truyén trong loai nay.

3.3. Phan tich sai khac trinh tu ty thé phuc vu nghién ciru phat sinh loai

Trong nghién ctru tién hoa phan tir va bao ton sinh hoc, viée sir dung céc trinh
tur gene ty thé nhu 165 rRNA, cytb, D-loop va toan bd hé gene ty thé di trd thanh cong
cu then chét dé x4ac dinh mbi quan h¢ phat sinh loai gitta caic nhom dong vat, dac biét
1 linh truong (32). Viét Nam 1a noi c6 da dang sinh hoc cao v6i nhiéu loai linh trudng
dic hitu c6 nguy co tuyét ching cao (125). Viéc tién hanh xay dung va phan tich ciy
phat sinh loai tir bon ving gene khac nhau ctia ADN ty thé — bao gdm /6S rRNA,
cyth, ving D-loop va toan bd hé gene ty thé — ¢ thé danh gia tinh nhat quan va gia

tri bdo ton cua ting cdy. Moi vung gene phan anh mot khia canh khac nhau cua tién
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hoa va cdu trac di truyén. Gene 16S rRNA cung cap d6 phan giai on dinh & cap do
loai hodc chi, v&i wu diém 1a do bao tdn cao va kha nang dinh danh r0 rang cac nhanh
16n. Cytb thé hién tdc d6 tién hoa t6t hon cho cac nhanh gan, phu hop véi viée xac
dinh mdi quan hé gitta cac cé thé trong cing mot loai. Cac mau linh truéng tai Tay
Nguyén tir cic ca thé khac nhau c6 su phan tach dang ké trén cay cyth. Ving D-loop
c6 toc do tién hoa nhanh, gitp nhan di€n sy phan hoa ndi bd ro rét. Tuy nhién, chinh
vi bién dong cao nén dir liéu d& bi nhidu, doi hoi xir Iy than trong trong qua trinh cin
chinh va phan tich. Toan bd hé gene ty thé két hop ca ba loai thong tin trén, mang lai
d6 phan giai cao nhat va nhat quan vé6i ca ba cdy don 1é. Pay 1a cong cy manh mé dé
tai tao lich st phat sinh loai toan di¢n nhat.

3.3.1. Phén tich sai khéc trinh tu gene /65 rRNA va mbi quan hé phat sinh loai cta
céc ca thé linh trudng khu vuc Tay Nguyén Viét Nam

Bang 3. 23. Cac vi tri khac biét trén trinh tu gene /6S rRNA cua ca thé Cha vd
chdn den Tay Nguyén Viét Nam va ca thé Cha vd chdn den khac

2 3 6 0 34 6 7 8 9 0 1 2 5 6 7 02 3 9 1 5 6 7 8 2
Cha va chdn den
Tay Nguyén Viét
Nam T T GGAGGCCCGGTTTA GTAAAGTTAT C
Cha va chdn den
NCO018061 cC. T ATU CAAAACCCCCACCTTA GGATAA
Cha va chan den
MH 064177 cC cCTATT CA- - ACCCCCACCTTAGATAA
Cha va chdn den
JQ821840 C . T AT CAAAACCCCCACCTTGGATAA
5 5 5 5 5 5 6 6 6 6 6 7 17 7 7 7 8 8 8 8 8 8 8
3 4 5 6 7 8 9 1 3 6 7 8 9 0 1 2 5 6 2 5 6 7 8
Cha va chan den
Tay Nguyén Viét
Nam A GAGGTTACCTO CTTZ CTGT CTCGTTTCATCA
Cha va chan den
NCO018061 T ATTAAACTACAAGTAAAGAGGAGAT
Cha va chdn den
MH 064177 T AT TAAACTACAAATAAAGAGGAGAT
Cha va chdn den
JQ821840 T ATTAAACTACAAGTAAAGAGGAGAT

9 0 5 7 0 2 3 0 1 2 4 5 7 8 9 0 3 0 9 8 1 3 3 8 4 71
Cha va chdn den
Tay Nguyén Viét
Nam G T CTATATATT CTT CUCCACAGCCGGTC COGT
Cha va chdn den
NCO018061 A GT ACGGAGAACGTACT GATTAGTGT
Cha va chan den
MH 064177 A GT ACGGAGAACGTACCAGT CT CGACAG
Cha va chdn den
JQ821840 A GT ACGGAGAACGTACTGATTAGTGT

—_
—_
—_
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Cha va chan den
Tay Nguyén Viét
Nam

Cha va chan den
NC018061

Cha va chdn den
MH 064177
Cha va chan den
JQ821840 G GTTTCGC

Cé thé Cha vd chdn den Tay Nguyén thé hién nhiéu sai khac nucleotide so voi
cac mau d6i chiéu (NC018061, MH_ 064177, JQ821840) vé&i gan 60 vi tri bién dbi
(Bang 3. 23). Tai vi tri 1236, ca thé Cha vd chdn den Tay Nguyén mang nucleotide
T, trong khi ca ba mau ddi chiéu déu mang C. O cum vj tri 1278-1280, trinh tu cta
cé thé Cha vd chan den Ty Nguyén 1a G-G-T, khac véi kiéu gen ddng nhat C—C—C
clia cdc mau con lai. Tai vi tri 1339, c4 thé Tay Nguyén mang A, trong khi cac miu
d6i chiéu 1an luot mang T (NC018061) va G (MH_064177, JQ821840). Ngoai cac
sai khac don 1¢, nhiéu chudi dot bién lién tiép duoc ghi nhan. Trong doan 1508—1513,
c4 thé Tay Nguyén co trinh ty C—C—C—C—C—C, trong khi ca ba mau ddi chiéu déu
mang T-T-T-T-T-T. Tuong ty, tai doan 1607-1610, ca thé Cha vd chén den Tay
Nguyén mang A-T-T-T, khac biét so voi kiéu gen G-C—C—C cua cac mau tham
chiéu. Mot s vi tri nhu 1510, 1512 va 1721 cho thiy su khong dong nhat gitta cac
mau d6i chiéu

A CCTOCOCT

a o

G TTTCGC

>

A CCCTTCT

Su khac biét nay thé hién tinh khéac biét di truyén giira ca thé Chd vd chdn den
Tay Nguyén va cac ca thé Cha vd chdn den tir cac ving dia 1y khac.

Trén ciy phat sinh loai dya trén trinh tu gene 76S (Hinh 3. 27), ca thé Cha va
chan den Tay Nguyén nam & moét nhanh riéng biét rd rét, tach biét vdi cac mau tham
chiéu. Viéc cé thé nghién ctru ndm trong mot nhanh riéng biét trén cdy phat sinh loai
d3 khang dinh gia tri ctia bo dit liéu hé gen ty thé hoan chinh, dong gop lam nén ting
di truyén cho loai linh truéng dic hitu, nguy cap nay

Béang 3. 24. Cac vi tri khac biét trén trinh tu gene /6S ¥rRNA cua ca thé Cha vd

chdn ndu Tay Nguyén Viét Nam va ca thé Cha vd chdn ndu khac

4 4 4 6 6 7 8 88 8

s 0 0 9 1 2 1 0o 5 5

3 1 2 0 1 4 0 4 1 4

Cha va chan ndu Tay Nguyén Viét Nam T € € T C€C C T C C C
Cha vd chan nau NC008220 c T T C€C T T C€C C T C
Cha va chan ndu JF_293096 c T C€C ¢ T T C T T T
Cha vd chan ndau DQ355302 cC T T C€C T T € C T C
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10 vi tri nucleotide khac biét trong trinh tuy gene /6S rRNA giita ca thé Cha vd
chdn ndu Tay Nguyén Viét Nam va ba mau tham chiéu trén thé gidi (NC008220,
JF 293096, DQ355302) (Bang 3. 24), cac bién di chu yéu 1a thay thé base T«>C hoic
CoT. Ca thé Cha vd chdn ndu Tay Nguyén thé hién kiéu gene T-C-C-T-C-C-T-C-
C-C ¢ 10 vi tri nay, trong khi cac mau tham chiéu c6 xu huéng nguoc lai (C-T-T-C-
T-T-C-T-T-C). O vi tri 4450-4452; ca thé Cha vd chdn ndu Tdy Nguyén mang bo ba
T-C-C so v6i C-T-T (NC008220), C-T-C (JF_293096). Céc vi tri 4460-4461; ca thé
Cha vd chdn ndu Tay Nguyén C-C, trong khi mau d6i chiéu chi yéu 13 T-T — thé
hién su thay doi dong loat; vi tri 4515; ca thé Cha vd chdn ndu Tay Nguyén mang C
trong khi mau JF 293096 1a T.

Bang 3. 25. Céc vi tri khac biét trén trinh ty gene /6S cua cé thé Cha vd chén

xdm Tay Nguyén Viét Nam va cé thé Cha vd chdn xam khac

1 1 1 1 1 1 1 1
1 2 3 3 3 3 4 4 4 4 4 5 5 5 5 6 7 8 0 0 2 3 3 3 4 4
25 0 1 2 91 4 6 8 9 0 45 6 6 5 93 5 81 9 9 77
o 6 7 2 9 0 0 0O 8 8 9 5 00 750151 3 1 3 5 4 5
5 1. 5 9 1 1 8 2 4 2 2 9 8 1 2 7 3 1 4 3 1 9 6 1 3 3
Cha va chdn xam Tay
Nguyén Viét Nam GATT GTACCT CCCGCGTO CATAGTTAT
Cha va chdn xam
NC088556 GATT GTACCT CCCGCGTT CATAGTTAT
Cha va chdn xam
NC018063 AGCCACCTTT CTTTATACTU GT CGATCTCGZC
Cha va chdn xam
JQ 821842 A GCCACCTTCTTTATACTAGCGATCTCGC
1 11 1 1 1 1 1 1 1 1 1
4 5 5 5 5 5 5 5 6 6 6 6
9 0 3 8 8 8 8 9 0 3 4 4
9 2 7 0 1 1 2 7 6 3 2 6
21 5 9 3 5 3 5 0 0 7 1
Cha va chan xam Tay
Nguyén Viét Nam T ¢C T CTCGGTC CTAT
Cha va chdn xam
NC088556 T C T CTOCGGTC CTA AT
Cha va chdn xam
NC018063 C T CTO CTAATTCGZC
Cha va chdn xam
JQ 821842 C T CTOCTAATTCGC

Ca thé Cha vd chdn xam Tay Nguyén c6 cac vi tri nucleotide gidng véi miu
NC088556, nhung khac biét so vdi hai mau khac (NC018063, JQ 821842) (Bang 3.
25). Cac diém khac biét 1én toi hon 30 vi tri; su khac biét xay ra tai nhiéu vi tri phan
bd déu trén toan trinh tu, voi cac dang dot bién phé bién 1a AoG, ToC.
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Dang cha ¥, ca thé Cha vd chdn xdm Tay Nguyén c6 kiéu nucleotide hoan toan
gidng v6i mau NC088556 tai tat ca cac vi tri dugce ghi nhan — cho thay kha ning hai

mAu nay cung khu vire dia 1y hodc 1a cing dong di truyén.

So v6i 2 mau tham chiéu NC018063 va JQ 821842, ca thé Chd vd chén xam Tay
Nguyén khéc biét tai nhiéu vi tri nhu vi tri 1103—1105: Cha vd chdn xdam Tay Nguyén
c6 T-G-A, trong khi NC018063 c6 C-C-C. Vi tri 1510-1513: Cha va chdn xam Tay
Nguyén mang C-G-T-T, trong khi mau khac c6 T-A-G-C. Cac vi tri nhu 1709, 1721,
1733, 1823... thé hién sy thay thé nucleotide dong loat giita cic mau.

Trén cdy phat sinh loai (Hinh 3. 27) c4 thé Cha vd chdn xdm Tay Nguyén phan
bb gan véi mau NC088556, nhung tach xa hian véi NC018063 va JQ 821842. Piéu
nay chi ra rang Cha vd chdn xam Tay Nguyén di biét 1ap so voi cac dong & khu vuc
khac.

Bang 3. 26. Cac vi tri khac biét trén trinh ty gene 16S cua ca thé Khi mat do Tay
Nguyén Viét Nam va ca thé Khi mdt dé khac

1 13 4 5 6 6 7 7 8 8 9 0 1 2 3 3 3 3 3 3 3
25 51 4 8 7 5 5 6 2 728 9 4 3 9 2 4 5 5 6 6 6 7
3 8 5 6 5 2 1 3 8 3 5 3 4 0 3 9 7 0 3 5 0 6 2 5 9 1

Khi mat do Tay

NguyénViétNam T C T T T T T G T C T A C G T G A C AT ACTCATCC

Khi mdt do

KJ567055 CTCCCCCACTTG GCACAGCGCCGTT CGT

Khi mdt do

KM350179 CTCTOCCCGCCCGTACAATA AT CGTT CGT

Khi mdt d6 16S

NC025201 CTCCCCCACTTGCACAGCGCCGTCGT
1111111 11111111111 11111111
3333 33 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 4 4 4 4
777 7 7 7 7 8 8 8 8 8 8 8 8 9 9 9 9 9 9 9 0 0 0 0
2 4 5 6 7 8 9 0 1 2 3 6 7 8 9 0 1 2 5 6 8 9 1.2 3 6

Khi mat do Tay

NguyénVistNam G A C A C A C C G C C T C A CTCCTG CAAATAT

Khi mdt d6

KJ567055 T GTTTGTTT CAAATTAAAGT CTT CGGATG

Khi mat do

KM350179 T GTTTGTTT CAAATTAAAGT CTT CGGATG

Khi mdt do 16S

NC025201 T GTTTGTTU CAAATTAAAGCTCGGATG
11 1 1 1 1 1 1 1 1 1 1 1 1 111111111111
4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4
000 1 1 1 1 1 1 2 2 2 2 2 2 3 3 3 3 3 3 4 4 4 4 4 4
8 9 01 3 5 7 8 0 2 4 5 8 9 0 1 2 3 5 7 1 45 7 89

Khi mt do Tay

NguyénVitNam A G G A T T T T A T A A C C CT A AATAGAAG G

Khi mat do

KJ567055 GTTCGCGGGATCGGTCGGTCCTTCALC




Khi mat do

KM350179 G TT CGCGGGATT CGGTT CGGTT CCTTTCASC

Khi mat do 16S

NC025201 GTTCGCGGGAT CGGTCGGTCCTTCATC
$!1 1111111 1111111 11 1 1 1 1 1 1 1 11
4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4
5555556 6 6 6 6 6 7 7 7 7 7 8 8 8 8 8 8 &8 8 9
2 3 4 7 8 9 0 1 3 5 6 8 0 1 2 7 8 0 1 3 4 6 7 8 9 0

Khi mat do Tay

NguyénVitNam A A G G T A A C T G T A CGT G A GG GCCTTGG

Khi mat do

KJ567055 T T CCOCT GTTZ CAAGACAAGAAAAGTCTCZC A

Khi mat do

KM350179 T T CCCTGTT CAAGACAAGAAAAGTCTCTCA

Khi mat do 16S

NC025201 T T C CCTGTCAAGACAAGAAAAGTCTCTCA
(111111111111 11111111 1 1 1 1 11
4 4 4 4 4 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5°5
999 99 0000 00 0 0 1 111 2 2 2 23 3 3 3 4
1 3 4 5 7 1 2 3 4 5 6 8 9 0 4 8 9 4 6 7 9 0 2 3 4 3

Khi mat do Tay

Nguyén VitNam A A A A C G T AT A GTTACGTCGTCTATCTCTCTCC

Khi mat do

KJ567055 cC T CTACGC CTCTTACTTT GATT CTATTT A

Khi mat do

KM350179 C TCAACGCCTTATTTT GATT CTATTT A

Khi mat do 16S

NC025201 C T CTACGCCTTACTTTGATT CTATTT A
11 1 1 1 1 1 1 1 1 1
55 5 5 5 5 5 5 5 5°5
4 5 5 5 5 6 6 6 6 6 6
4 2 5 7 8 1 2 5 6 7 9

Khi mat do Tay

Nguyén Viét Nam T AGT T T TCT T A

Khi mat do

KJ567055 C T ACCAAA- - -

Khi mat do

KM350179 C T ACCAAAGGT

Khi mat do 16S

NC025201 C T A CCAAA - - -

Ca thé Khi mdt dé Tay Nguyén c6 hon 70 vi tri bién doi nucleotide so véi cac
mau tham chiéu khac (KJ567055, KM350179, NC025201) (Bang 3. 26). Céac bién

d6i xuat hién trén toan trinh ty, chil yéu 13 céc thay thé T—C, A—G, va C—G. Mot

s6 chudi lién tuc thé hién cac bién ddi ddc trung, nhu tir vi tri 1508—1513, mau Tay
Nguyén mang C—C—C—C—C—C, trong khi cac mau d6i chiéu mang T-T-T-T-T-T.
Dic biét, chudi tir 1607-1610: Khi mdt dé Tay Nguyén mang A—T-T-T, trong khi
céac mau khac mang G—-C—C—C. So sanh chi tiét: vi tri 1124: Ty Nguyén c6 T, trong

khi mau ddi chiéu c6 C; vi tri 1361: G so v&i A — phan anh sy chuyén G—A phd
bién & cac dong tién hoa khac biét; vi tri 1721-1725: A—-C-A-T—-C & mau Tay

Nguyén khac biét rd rét voi cac miu khac mang G-G—-T—G-T; nhiéu vi tri khac nhu
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1865, 1885, 1903... thé hién xu huéng bién d6i trung nhau gitta cac mau dbi chiéu,
trong khi c4 thé linh trudng & Tay Nguyén lai mang dang duy nhat.

Mirc d6 bién di nucleotide giita Khi mdt dé Tay Nguyén va cac mau khac twong
d6i cao so voi mot loai thong thuong. Khi mdt dé Tay Nguyén ciing thé hién 1 sy
phan hoa trén cdy phat sinh loai (Hinh 3. 27), xuét hién riéng biét va khong hoa 13n
v6i cac nhanh mau tham chiéu.

Bang 3. 27. Céc vi tri khac biét trén trinh ty gene /6S cua ca thé Khi vang Tay
Nguyén Viét Nam va ca thé Khi vang khac

I 1 1 1 1 1 1 1
1 1 2 2 3 4 4 4 4 5 6 6 8 0 0 0 O 1 2 2 5
2 4 43 6 1 6 3 7 0 8 8 9 0 7 1 2 1 2 3 3 8 1 2 3 1
7 4 9 4 8 7 8 1 5 7 5 8 3 6 6 0 3 0 9 4 5 9 7 1 65
Khi vang Tay
NguyénViétNam T C T A T G G T A C C C C C A TTTU GAATCTCTCT A
Khi vang
NC005943 cTCGCAACGTTTTTS GT CCCAGTTTTTCG
Khi vang
JQ 821843 cTCcGeGCcAACGTTTTTG GC CCCAGTTTTTCG
Khi vang
AY612638 C TCGCAACGTITTITTGCCCAGTTTTTCG

Céa thé Khi vang Tdy Nguyén duoc so sanh v6i ba trinh tu tham chiéu khac
(NC005943,JQ 821843, AY612638) cho thiy 26 vi tri nucleotide khac biét trén trinh
tu gene 16S rRNA (Bang 3. 27). Trong tat ca cac vi tri ké trén, c4 thé Khi vang Tay
Nguyén déu c6 nucleotide khac biét hoan toan so vdi ba ca thé ddi chiing con lai (da
s6 thudc khu vuc Pong A, An D). ADN ty thé ctia Khi vang Tay Nguyén co dic
diém riéng biét nhu: vi tri 1124 14 T thay vi C (¢ 3 mau con lai), vi tri 1244: T so véi
C, vi tri 1361: G so véi A, i tri 1508—1513: mot loat cac vi tri dong nhat véi C (Tay
Nguyén) so v6i T (cac mau khac), vi tri 1607: A so v6i G, vi tri 1721, 1723: A— A
sovoi T —T.

Trinh tu gene 16S rRNA 1a mot trong nhitng viing gene phd bién nhét duoc st
dung trong nghién ctru phat sinh loai, dic biét & dong vat c6 xuong song va linh
trudng. Do c6 tinh bao ton cao nhung van chira cac ving bién doi vira phai, gene nay
cung cp mot cong cu hiéu qua dé phan tich mdi quan hé tién hoa gitra cac loai va ca
thé khac nhau. Trong nghién ctru nay, ciy phat sinh loai duoc xy dung tir trinh ty
16S rRNA cua cac loai linh trudng tai TAy Nguyén da cho thdy nhiéu dic diém dang
chu ¥ vé su phan hoéa di truyén, lich sir tién hoa va cdu trac ca thé. Do tdc do tién hoa
tuong ddi cham cla gene ndy, n6 dic biét hitu ich trong viéc xay dung cdy phat sinh

loai gitra cac loai hodc nhom loai c6 thoi gian tach biét tién hoa tir vai tri€éu nam trudec.
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Cha va chan xam 16S NC01863
Cha va chan xam 16S JQ821842
Cha va chan xam 16S Vietnam
Cha va chan xam 16S NC088556
Cha va chan nau 16S Vietnam

Cha va chan nau 168 JF293096

Cha va chan nau 16S NC008220

Cha va chan den 16S JQ821840

Cha va chan den 16S NC018061

Cha va chan den 168 MH064177

Cha va chan den 168 Vietnam

Khi mat do 165 KM350179
Khi mat do 16S Vietnam
Khi mat do 168 KJ567055

Khi mat do 16S NC025201

Khi vang 165 0Q199746

Khi vang 16S Vietnam

Khi vang 168 AY612638
Khi vang 168 JQ821843
Khivang 165 AY612638

Chon bay 16S AF460846

—_—

0.050

Hinh 3. 27. Cay phat sinh loai Linh truong Tay Nguyén tur trinh tu /6S rRNA.

Cay phat sinh loai Linh truong TAy Nguyén tir trinh tu /65 rRNA goi ¥ mdi
quan h¢ di truyén gilra cac loai linh truong, dac biét 1a sy khac bi¢t gitta cac loai &
Viét Nam so véi céac loai tir khu vuc khac. Cac loai linh truéng & Tay Nguyén Viét
Nam, nhu Cha vé chén xém va Cha va chén den xuat hién & nhiéu nhanh khac nhau,
cho thay sy khac biét di truyén dang ké trong cac c4 thé tai Viét Nam. C4 thé Cha vd
chdn ndu tir Viét Nam thé hién su khac biét di truyén s0 voi céac loai linh trudng khac
trong khu vuc khi ndam & 1 nhanh biét so v6i 2 ca thé khac. Doi voi Khi mat do Viét
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Nam ciing cho thiy sy phan hoa di truyén. Mic du cac loai tip trung chit ché trong
cic nhanh nho, cac mau tir Viét Nam lai xudt hién & vi tri riéng biét, thé hién su khac
biét vé& mit di truyén cta ca thé nay. Diéu nay dic biét quan trong trong bdi canh Viét
Nam 13 m6t khu vure ¢6 sy da dang méi trudng sdng 10n, tir viing nui cao dén cac khu
rimg nhiét déi, tao diéu kién cho cac loai linh truéng phat trién theo nhitng huéng
tién hoa riéng biét.

Két qua tir cdy phat sinh nay phu hop véi 1y thuyét vé sy phan hoa dia ly
(allopatric speciation), diéu kién khi hau va dia hinh phirc tap tai Tdy Nguyén — voi
cao nguyén, ddy nui, rimg siu va song ngdi — dong vai trd 1a yéu té chinh tao nén mo
hinh phén b roi rac cta cac loai linh trudong. Pidu nay ciing duoc ghi nhan trong cac
nghién ctru twong tu tai Pong Duong va Nam Trung Hoa (126). Tuy nhién can c6 cac
phan tich tiép theo két hop ADN trong nhan (nuclear ADN), dir liéu hinh thai, va dir
liéu mdi truong dé xay dung mé hinh phat sinh loai toan dién va ciing can tién hanh
phan tich thoi gian phan ly (molecular dating) dé xac dinh lich str tién hoa chinh xéac
hon.

3.3.2. Phan tich sai khac trinh tu gene cytb va mbi quan hé phét sinh loai ciia cac ca

thé linh truong khu vuc Tay Nguyén Viét Nam

Bang 3. 28. Cac vi tri khac biét trén trinh tu gene cytb cta ca thé Cha vd chdn
den Tay Nguyén Viét Nam va ca thé Cha vd chdn den khac

1 1
1 2 2 3 3 3 4 4 5 55 5 5 6 17 7 8 8 0 0
2 4 7 7 2 6 0 0 0 3 3 9 0 1 2 2 8 8 5 3 7 8 1 9 3 6
1 6 2 4 2 4 3 4 9 0 5 8 1 3 5 6 2 5 4 5 1 9 6 1 1 6
Cha va chan den Tay
Nguyén Viét Nam ccGCcTCACCTAGACTATATTACATGT
Cha va chan den
NCO018061 T CATCTGTTU CGAGTT CGC CTT CTCTTGT CATC
Cha va chdn den
MH 064177 cC T GCTZCACCTAGACTATATTATCATGC
Cha va chan den
JQ821840 T CATCTGTTCGAGTCGCTCCTTGCATC

26 vi tri nucleotide khac biét dugc tim thy trong ving gene cytb giita ca thé Cha
vd chén den Tay Nguyén Viét Nam va cac mau tham chiéu (NC018061, MH_064177,
JQ821840) (Bang 3. 28). Cac bién di bao gdm: Céc vi tri dang chi y nhu: 1247 (G
vs. A), 1303 (A vs. G), 1363 (C vs. T), 1458 (T vs. C), 1522 (A vs. G), 1602 (T vs.
C), 1785 (T vs. C). Bién di thuong thay 13 cac dot bién chuyén (transition) nhu A -G
va T>C, pho bién trong tién héa ty thé. Cha vd chdn den Tay Nguyén cé mot chudi
lién tuc A—-T-T—-A—C—A tai céac vi tri cudi, trong khi cdc mau khac thuong mang G—
C—C—T-T—G. Céc khac biét nay cho thay ca thé TAy Nguyén mang nhiéu bién trén
gene cytb so v6i cac mau tir cac khu vuc khac.
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So sanh véi dir liéu tir 52 vi tri khac biét trong gene 16S rRNA giita ca thé Cha
vd chdn den Tay Nguyén va cac miu dbi chimg, cac vi tri bién dj lién tuc tai ving
1508-1513 va 16071610 (C—C—C—C—C—C va A-T-T-T & Tay Nguyén) co thé thiy
su khéc biét gitta c4 thé Cha vd chdn den Tay Nguyén va cic miu tham chiéu xuét
hién ddng thoi trén ca hai ving gene — 165 rRNA (bao tdn cao) va cytb (mi hoa

protein).

Bang 3. 29. Cac vi tri khac biét trén trinh tu gene cytb cua ca thé Chd vd chdn
ndu Tay Nguyén Viét Nam va ca thé Cha vd chdn ndu khac

1 2 3 4 4 5 6 78 99 9 0 0 0 0 0 0 0 0 0 0 0 00
1 1.9 0 0 7 1 2 5 1 0 3 9 2 2 2 2 2 2 3 3 3 3 4 4 4
0 6 4 3 5 7 6 1 3 6 7 9 4 0 4 6 7 8 9 3 6 7 8 0 1 2
Cha va chan ndu
Tay Nguyén Viét
Nam G CAGATTT CTAGATT CACCATTTAAATCG
Cha va chdn ndu
NC008220 AT GAGC CCTU CGAGCTT CAGTACT CCCTT A
Cha va chan ndu
JF 293096 AT GAGCCT CGAGCTT CAGTACCCCTT A
Cha va chdn ndu
DQ355302 AT GAGCCTCGAGCTC CAGTACCCCTTA
1 11 11 1 1 1 11 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
o 0 0 0 0 0O OO0 O0OO0OWOTOOOOOOOT1T 1T 1 1 1 1 11
4 5 55 6 6 6 6 7 7 7 8 8 8 8 8 9 9 0 0 0 0 0 1 1 1
3 4 6 7 0 1 4 8 0 3 8 2 3 4 5 7 1 3 4 5 6 8 9 1 2 3
Cha va chan ndu
Tay Nguyén Viét
Nam C AAAAAAGCTT CATG GG CACGATTGAAA
Cha va chdn ndu
NC008220 T CGGGCCATATT CACATGTACTCTCTGTCC
Cha va chdn ndu
JF 293096 T CGGGCCATATT CACAT GTACTCTCTGTCC
Cha va chdn ndu
DQ355302 T CGGGCCATATTC CACATGTACCCTGCC

Cha va chdn ndu

Tay Nguyén Viét
Nam A CCGTTTTTTZ CAAT A A C
Cha va chdn ndu
NC008220 T T A ACAAACATT CTCTTCT
Cha va chdn ndu
JF_ 293096 T T A ACAAACATT CT CTTCT
Cha va chan ndu
DQ355302 T T A ACAAACATT CCTUCT
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C6 khoang 60 nucleotide khac biét trong vung gene cytb giita ca thé Cha vd
chdn ndu Tay Nguyén Viét Nam va ba mau tham chiéu tir GeneBank (NC008220,
JF 293096, DQ355302) (Bang 3. 29) Dang bién ddi phd bién: A—G, TC, G-C
— da phan 13 dot bién chuyén (transition), nhung c6 moét s6 dot bién dao
(transversion). Dic biét, ca thé Cha vd chdn ndu Tay Nguyén chia sé rat it hoic khong
chia sé alen v6i ca ba mau tham chiéu.

Déi chiéu véi gene 16S (Bang 3. 24) mic du s6 luong bién di it hon (chi 10 vi
tr) so voi cyth, nhung cac vi tri thay thé co tinh 6n dinh. Céc bién dj T—C xay ra lién
tuc tai cac vi tri 4450-4484. Két hop dir li¢u tir ca hai bang chi ra réng bién di ton tai
dong thoi & ca vung bao ton (16S) 1an ving ma héa protein (cyb), tir d6 co goi ¥ sur

ton tai ciia mot dong di truyén riéng biét tai khu vuc Tay Nguyén.

Bang 3. 30. Cac vi tri khac biét trén trinh tu gene cytb cta ca thé Cha vd chdn

xdm Tay Nguyén Viét Nam va ca thé Cha vd chdn xdm khac

Cha va chdn xam Tay Nguyén Viét Nam
Cha va chan xam NC 088556
Cha va chdn xam NC018063

Q Q > » |v v s
A a3 3 fu s s
0O A 43 49 |& o o
H 3 A o |v = =
0O A 3 439 o o —

Cha va chdan xam cytb JQ 821842

Bang 3. 30 ghi nhan 5 vi tri nucleotide khac biét trong ving gene cyth giita ca thé
Cha vé chan xam Tay Nguyén Viét Nam va cac mau Cha vd chdn xam khac
(NC088556, NC018063, JQ 821842). Cac vi tri bién di bao gom: 1446, 1447, 1454,
1458, 1463. Ca thé linh truong & Tay Nguyén mang cip base A—T tai hai vi tri ddu
(1446-1447), trong khi cic mau d6i chiéu c6 G-C. Vi tri 1454: Cha vd chdn xdm
Tay Nguyén co T, trong khi cac mau khac c6 C —T. Hai vi tri con lai (1458, 1463)
c6 su thay d6i ddng nhat giita ca thé Cha vd chdn xdm Tiy Nguyén va cac mau tir cac
khu vuc khac.

Bang 3. 31. Cac vi tri khac biét trén trinh ty gene cyth cua ca thé Khi mdt do Tay
Nguyén Viét Nam va ca thé Khi mdt do khac

1 1
1 1 1 3 4 4 4 5 55 56 77 8 9 9 9 9 0 1
4 2 2 5 6 3 3 7 0o 1 1 3 5 5 4 8 5 6 6 9 9 3 0
5.1 7 1 7 3 2 5 6 7 5 9 1 2 4 1 9 0 0 9 6 7 8 4
Khi mat do Tay
Nguyén Viét Nam T C T A A A G G G A C G C G T G
Khi mat do NC025201 C CCT GGG AG G G A A A
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Khi mat do
KM_360179 T T ¢CC A GGAACACACTTTATCTATCG

Khi mat do KJI567055 C CCT GGGAGCGTGTCTTAGTCATC A

Khi so sanh v&i ca thé Khi mdt dé Tay Nguyén véi cac ca thé Khi mdt do tham
chiéu (NC025201, KM 360179, KJ567055) da cho thidy 25 vi tri nucleotide khac
biét trong ving gene cyth (Bang 3. 31). Cac bién di chu yéu 1a dang T—C, A—G,
phan bd rai rac trén toan trinh tu. Mot s6 vi tri tiéu biéu nhu: tai vi tri 1245, 1256,
1285: ADN ty thé cta ca thé Khi mdt do Tay Nguyén mang T-C—T, trong khi cac
mau khac c6 C—T—C; vi tri 1456: c6 C thay vi A (hodc G); vi tri 1496-1499: chudi
C-T-G—C & mau Khi mdt doé Tay Nguyén khac biét hoan toan so véi cac mau con
lai.

Su hién dién cua nhiéu dot bién trén ca gene cytb va 16S rRNA cing ¢ kha

nang hinh thanh mot dong di truyén biét 1ap tai Tay Nguyén.

Bang 3. 32. Céc vi tri khac biét trén trinh tu gene cytb cia ca thé Khi vang Tay
Nguyén Viét Nam va ca thé Khi vang khac

Khi vang Tay

Nguyén Viét

Nam T ACTAGAGGTT CTT CACTT CTC CATZ GCGGGT A

Khi vang

0Q199746 T ATTAGAAACTTU CATTTZ CTCACTAGGTCA

Khi vang

KJ567053 cC CTCGAGAATT CCTAGTT CTTUGTCTAAATCG

Khi vang

JQ_821843 ccCTCGAGAATC CCTO GTT CTT GTCTAAATCG

Khi vang

AY612638 C CTCGAGAATCCTGTCTTGCTAAATCAG
4 4 4 4 4 555 5 555 5 6 6 6 6 6 6 7 77 7 7
55 6 6 8 9 1 1 5 6 8 8 8 9 0 2 4 5 7 9 1 1 4 7 7 8
o 9 5 8 0 2 2 9 2 4 02 51 045 6 701 3 5 1 4 4

Khi vang Tay

Nguyén Viét

Nam A CTTATACTT GTAAACGTTATTTCASTC

Khi vang

0Q199746 G TCTACGCCTATAGATG GTCTATT CT CTCGSOC

Khi vang

KJ567053 A CTCCCATU CCACGAGTACCGCTOC CTA AT

Khi vang

JQ_821843 A CTCCCATU CCACGAGTACCGCTOC CTA AT

Khi vang

AY612638 A CTCCCATCCACGAGTACCGCTCTAT

[=IEV E -}
w o

pow O
w
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Khi vang Tay

Nguyén Viét

Nam T ¢CTGGGTGCCGTT CCCCAAGTAGTATCT A
Khi vang

0Q199746 C T CGAACACTACCTCCCGAACAACACT A
Khi vang

KJ567053 C TTAGACATO CGCTTTTACATG GACGTCG
Khi vang

JQ 821843 C TTAGACAT CGCTTTTACATU GATCGTTCG
Khi vang

AY612638 CTTAGACATO CGCTTTTACATGACGTCG

Bang 3. 32 ghi nhan hon 30 vi tri nucleotide khac biét trong vung gene cyth
giita ca thé Khi vang Tay Nguyén Viét Nam va cic mau tham chiéu tir GeneBank
(0Q199746, KJ567053, JQ 821843, AY612638). Cac vi tri bién di phan b tir dau
dén cudi gene, ndi bat 14 cac chudi lién tyc tir vi tri 1267-1270, 1360—1363, 1497—
1500. Cé thé Khi vang Tay Nguyén mang nhiéu dang alen khong pho bién, nhu vi tri
1285: Khi vang Tay Nguyén c6 G, trong khi cac mau khéac co A hodc T; vi tri 1499—
1500: C—A & Khi vang Tay Nguyén so v&i G—C hodc T-C ¢ mau khéc.

Téng thé, Khi vang Tay Nguyén thé hién mot mau hinh bién di phan tan va

doc 1ap, phan anh kha ning tién hoa biét 1ap twong ddi 1au dai.
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Chavachanxam cob Vietnam
Chavachanxam cob NC 088556
Chavachanxam cob NC018063

{ Chavachanxam cob JQ821842

Chavachannau cob Vietham

Chavachannau cob NC008220
Chavachannau cob JF293096

Chavachannau cob DQ355302

Chavachanden cob Vietnam
Chavachanden cob MH064177
Chavachanden cob NC018061
Chavachanden cob JQ821840

Khimatdo cob NC025201

Khimatdo cob KJ567055

Khimatdo cob KM360179

Khimatdo cob Vietnam

Khivang cob OQ199746

Khivang cob Vietnam

Khivang cob KJ567053

Khivang cob JQ821843

Khivang cob AY612638

Chonbay cob AF460846

_

0.05

Hinh 3. 28. Cay phat sinh loai Linh truéng Tay Nguyén tu trinh tu gene cytb
Gene cyth 1a mot gene ma hoa protein nam trong hé thong chudi chuyén dién
tr ty thé, cyrb c6 tée d6 tién hoa trung binh va cung cip luong thong tin di truyén 16m,

rt pht hop cho viée phén tich & cip d6 loai va phan loai. Trong nghién ctru ndy, ciy
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phat sinh loai dugc xay dung tur trinh tu gene cythb cia céc loai linh truong ¢ Tay
Nguyén di mang lai nhiéu két qua quan trong giup hiéu rd méi quan hé tién hoa va
su phan hoa di truyén giita cac ca thé trong khu vuc. Cyrb 13 mot trong 13 gene ma
hoa protein nam trong hé gene ty thé va di dugc chuin héa dé sir dung trong céac
nghién ctru phéan loai hoc, tién hoa hoc va xac dinh loai nhd vao kha ning phan anh
t6t sy bién d6i di truyén ¢ cap do giira cac loai.

Véi dic tinh trung gian vé téc do tién hoa, cytb c6 thé phat hién dugc su phan hoa
gan va sau, pht hop cho cac nghién ciru vé cac nhom linh trudng c6 lich st tién hoa
phure tap nhu & Pong Duong.

Trinh ty cytb cua ca thé Cha vd chdn ndu cia Viét thé hién sy khac biét di
truyén dang ké so véi 2 loai dén tir Trung Qudc va Myanma. Bén canh d6 Khi mdt do
& Tay Nguyén ciing thé hién sy khac biét di truyén trén ving trinh ty D-loop véi cac
ca thé Khi mat doé khac trong khu vuc. Cu thé, trong khi céc loai tir cac khu vuc khac
thuong tap trung trong cac nhanh riéng biét, cic mau tir Viét Nam c6 xu huéng phan
bb da dang hon, cho thay kha ning ton tai cac phan loai c6 lich sir tién hoa riéng biét.
Diéu nay goi ¥ rang Viét Nam c6 thé 1a mot khu vuc quan trong trong sy phat trién

va da dang hoa cua cac loai linh trudng thude nhom nay.

3.3.3. Phan tich sai khac trinh tu gene D-loop va mbi quan hé phat sinh loai ctia cac
c4 thé linh truong khu vuc Tay Nguyén Viét Nam

Bang 3. 33. Cac vi tri khac biét trén trinh tu gene D-loop cta ca thé Cha vd chdn

xdm Tay Nguyén Viét Nam va ca thé Cha vd chdn xdam khac

2 2 2 2 3 4 7
2 3 3 4 9 7 4
7 1 3 1 3 8 8
Cha va chdn xam Tay Nguyén Viét Nam cC T €C G G C T
Cha va chan xam NC088556 CcC T €C G G C T
Cha va chdan xam NC018063 T C T A A T C
Cha va chdn xam JQ 821842 T C T A A T C

Ving D-loop 13 mot ving khong ma héa nhung c6 toc d6 tién hoa rat nhanh,
do d6 dic biét phu hop dé phat hién da dang di truyén noi loai. Tuy nhién so véi cac
c4 thé linh truong khac c6 trén 100 vi tri bién ddi nucleotide thi ca thé Cha vd chdn

xdm Ty Nguyén Viét Nam chi ¢6 7 vi tri nucleotide bién ddi trong ving D-loop. Ca
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thé Cha vd chdn xam Tay Nguyén va NC088556 giéng nhau hoan toan tai cac vi tri
khao sat = C6 thé cing ngudn gdc dia 1y hodc di truyén gan. Ca thé Cha vd chdn xdm
Tay Nguyén khac hoan toan v6i hai mau con lai (NC018063, JQ 821842) tai tat ca
cac vi tri, diéu ndy cho thdy mirc do phan hoa di truyén 16n. Cac dot bién chu yéu la
thay thé base (transition hodc transversion), khong c6 chén hay mat doan. Sy khac
bi¢t hoan toan gita nhém Tay Nguyén — NCO088556 va nhom NCO018063 —
JQ 821842 goi y rang co thé ton tai 2 dong tién hoa chinh trong loai Cha vd chdn
xam.

Ving D-loop (Displacement loop) 13 mét trong nhiing ving c6 toc do tién hoa
nhanh nhat trong hé gene ty thé va thudng dugc ing dung rong rai trong nghién ciru
cAu tric quan thé, phat sinh loai gan va lich sir tién hoa ctia cac loai dong vat ¢ xuong
song. Voi dac tinh khong ma hoa va giau trinh ty bién thién, D-loop dong vai tro nhu
mét chi ddu manh mé& dé danh gia su khac biét di truyén ndi bd loai va sy phan hoa
giita cac quan thé can 1am sang. Trong nghién ctru ndy, viéc xay dung cdy phat sinh
loai tir ving D-loop d 1am sang to thém vé mdi quan hé di truyén giita cac loai linh
truong & Tay Nguyén ciing nhu cau tric tién héa ndi bo cia timg loai.

So sanh véi cac loai tir khu vuc khac nhu Khi vang va Khi mdt do, cadc mau tir
Viét Nam cho thay sy khac biét di truyén dang ké. Piéu dic biét ¢ day 1a ca thé Cha
vd chdn ndu van nam & 1 nhanh riéng biét giong nhu so sanh trén trinh ty gene /68.
Diéu nay goi ¥ vé su phong phii di truyén va kha ning tién hoa riéng biét cua Cha vd
chdn ndu & Tay Nguyén Viét Nam. Sy khac biét nay co thé cho thay c6 thé Viét Nam
13 noi ton tai cac diéu kién sinh thai doc do, tao nén cac dong di truyén dic trung

cho ca thé Cha va chdn nau, khac biét so voi cac loai ¢ khu vuc lan can.
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Khi vang Dloop NC 005943
Khi vang Dloop AY612638
Khi vang Dloop JQ821843
Khi vang Dloop KJ567053

— Khivang Dloop Vietnam

—  —Khivang Dloop 0Q199746
Khi mat do Dloop OQ199568

Khi mat do Dloop Vietnam

Khi mat do dloop NC025201
Khi mat do dloop KJ567055

—— Khimoc Dloop KF990122

Cha va chan den Dloop Vietnam
Cha va chan den Dloop MH064177
Cha va chan den dloop NC018061

Cha va chan den dloop JQ821840

Cha va chan nau Dloop Vietnam

Cha va chan nau dloop JF293096
Cha va chan xam Dloop Vietnam
Cha va chan xam Dloop NC088556
Cha va cha xam dloop NC018063
Cha va chan xam Dloop JQ821842

Chon bay Dloop AF460846

0.05

Hinh 3. 29. Cay phat sinh loai Linh truéng Tay Nguyén tu trinh ty gene D-loop.
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3.3.4. Mi quan hé phat sinh loai ctia mot sb ca thé linh truéng khu vuc Tay
Nguyén Viét Nam

Cay phat sinh loai duoc xay dung dua trén trinh ty toan bo hé gene ty thé cho
thdy mdi quan hé di truyén rd rang giira cac loai linh trudng phéan b tai khu vire Tay
Nguyén Viét Nam, dong thoi phan anh sy phan hoa phu hop voi hé théng phan loai
hinh thai — phan loai hoc dd dwgc coéng nhan. Céc ca thé Khi vang Tay Nguyén Viét
Nam nam trong cting mot nhanh véi cac trinh ty tham chiéu dd cong bé trén GenBank
(AB261957, 0Q199746, CMI111681, KIJ567053, JQ 821843, NC005943,
AY612638). Su tap hop chit ché nay cho thdy: mirc d6 twong dong di truyén cao gitra
c4 thé Khi vang Viét Nam va céac ca thé Khi vang khac trong khu vire va trén thé gidi;
ciu trac hé gene ty thé cua loai ndy duoc bao t6n tuong ddi 6n dinh, phan anh mbi
quan hé phat sinh loai gan giii trong ndi bo loai. Ca thé Khi mdt dé Tay Nguyén Viét
Nam tao thanh mot nhanh riéng biét nhung van nam trong cum macaca, cung nhoém
v6i cac trinh ty 0Q199568, KM 360179, NC025201 va KJ567055. Diéu nay cho
thay Khi mdt doé c6 su phan hoa di truyén rd rét so v6i Khi vang. Tuy nhién, mbi quan
hé ho hang gan gitra hai loai trong cung chi Macaca van duoc duy tri, pht hop véi
ngudn gbc tién hoa chung. Cac ca thé Cha vd chin den Tay Nguyén Viét Nam
(MH_064177, NC018061, JQ821840) tao thanh mdt nhanh riéng biét, tach rd khoi
nhom Macaca. Didu niy phan anh su khac biét di truyén 16n gitra hai chi Macaca va
Pygathrix va tinh 6n dinh di truyén trong ndi bo loai Cha vd chan den. Ca thé Cha vd
chan xam Tay Nguyén Vi¢t Nam nhom chat véi cac trinh ty tham chiéu NC088556,
NC018063 va JQ 821842. Su phan nhom nay cho thiy Cha vd chdn xam Tay Nguyén
Viét Nam c6 tinh dic trung di truyén cao va phan biét rd rang véi cac loai Cha vd
khac. Két qua cung b vi tri phan loai doc lap cua Cha vd chan xam trong chi cha va.
Cé thé Cha vd chdn ndu Tay Nguyén Viét Nam ndm cing nhanh véi cac trinh tu
JF 293096, NC008220 va DQ355302, cho thdy muc do twong dong di truyén cao
giita ca thé nghién ctru va cac ca thé da cong bd va mdi quan hé phat sinh loai gan
glii gitta Cha va chdan nau véi céc loai Cha va khéc, dac bi¢t 1a Cha va chan xam va

Cha va chan den, nhung van thé hién sy phan héa rd rang & cap loai.
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Khi vang Vietnam

Khi vang AB261957
Khi vang 0Q199746
Khi vang CM111681

Khi vang KJ567053
Khi vang JQ821843
Khi vang NC005943
Khi vang AY612638
Khi mat do Vietnam
Khi mat do 0Q199568
Khi mat do KM360179
Khi mat do NC025201
Khi mat do KJ567055
Cha va chan den Vietnam
Cha va chan den MH064177
Cha va chan den NC018061
Cha va chan den JQ821840

Cha va chan xam Vietnam

Cha va chan xam NC088356

Cha va chan xam NC018063

Cha va chan xam JQ821842

— Cha va chan nau Vietnam

Cha va chan nau JF293096

Cha va chan nau NC008220

Cha va chan nau DQ355302

Chon bay AF460846

—_—

0.050

Hinh 3. 30. Cay phat sinh loai Linh truéng Tay Nguyén tu trinh tu cia toan hé
gene ty thé.
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3.3.5. Thao luén

Ludn 4n d3 cong bd 1an dau tién hé gen ty thé hoan chinh cta 5 loai linh
trudng bao gém (Cha va chan xam, Cha va chan ndu, Cha va chan den, Khi mat do
va Khi vang) tir cac cé thé c6 ngudn gde dia Iy xac dinh tai khu vie Ty Nguyén, Viét
Nam. Céc két qua thu dugce di gop phan cung cb co so dir liéu di truyén cho cac loai

nay, von con rat han ché trong cac ngan hang gen quoc té.

V& céu triic va td chirc gen: Cac hé gen ty thé ctia ca 5 loai déu thé hién ciu trac
dién hinh cua dong vat c6 xuong sdng, véi 37 gen duoc sip xép theo trat tu bao ton
cao. Céc chi sé thanh phan nucleotide nhu ham lugng A+T va AT/GC-skew cho thay
su khac biét ro rét gitra hai phan ho Colobinae (giau AT) va Cercopithecinae (giau
GC hon). Sy khac biét c6 hé théng nay nhat quan véi cac nghién ciru trude diy va
duogc giai thich 1a do lich sir tién hoa va co ché sao chép ADN ty thé khéc biét giira
hai nhém. Cac dic diém ciu trac khac nhu su xuét hién ciia mismatch trong tRNA
hay cac viing chong chéo gen ngan ciing 14 nhiing dic diém chung, phan anh tinh bao

ton chirc nang cua bd may dich ma ty thé.

Két qua cho thay, mic du trén cac cdy phat sinh loai xy dung tir ting ving gene
riéng 1¢ va tir toan b hé gene ty thé, cac loai Cha va (Cha vd chéan ndu, Cha va chdn
xdm, Cha va chdn den) van duy tri cdu trac phan nhanh 6n dinh va khong xuat hién
su phan hoa sau & cép do loai, phan tich chi tiét sai khac nucleotide lai ghi nhan sb
luong 16n cac bién di tai nhiéu vi tri trén trinh tu. Hién twong ndy phan anh hai cp
dd tién hoa khac nhau: & cép do phat sinh loai, cAu trac di truyén téng thé va moi
quan h¢ ho hang chung van duge béo ton; trong khi do, & cép do vi mé, cac dot bién
trung tinh van lién tuc tich Ity theo thot gian, dac biét tai cdc vung gene co toc do
tién hoa cao hon nhu cytb va D-loop.

Gene 16S rRNA — véi dic tinh bao ton cao — cho théy $6 luong vi tri bién di tuong
ddi han ché & hau hét céc loai, song cac bién di nay thuong cé tinh on dinh va xuét
hién ddng thoi tai nhiéu vi tri lién tiép. Nguoc lai, gene cytb va vang D-loop thé hién
mirc d6 bién di cao hon rd rét, phit hop véi vai tro clia cac ving ndy trong viéc phan
anh su phan hoa gan, sy khac biét giita cac ca thé va cac dong di truyén dia phuong.
Viéc cac bién di xuat hién dong thoi trén ca vang bao ton (/6S rRNA) va ving mi
hoa protein (cyth) ¢ nhiéu loai cho thiy day khong phai 1a cac sai khac ngdu nhién
ma 13 ddu hiéu cua su phan héa di truyén c6 hé thong.

Dbi v6i cac loai cha vd, ca thé linh trudng ¢ Tay Nguyén thuong mang kiéu
nucleotide riéng biét va chia sé rat it alen véi cac mau tham chiéu tir cac khu vuc

khac. Tuy nhién, mirc do sai khac nay chua du 16n dé lam thay ddi vi tri phan nhanh
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trén cdy phat sinh loai, cho thiy cac loai ndy van duy tri tinh théng nhat vé mit phat
sinh loai, ddng thoi ton tai s da dang di truyén noi loai dang ké.

Dbi voi cac loai thude chi Macaca, dac biét 1a Khi mat do va Khi vang, két qua
phan tich ciing cho thiy xu hudng twong tu: cac ca thé linh trudong & Tay Nguyén xut
hién & nhanh riéng biét trén cay phat sinh loai, phan anh su khéac biét di truyén dang
ké so v6i cac ca thé & khu vuc khac, trong khi van duy tri mdi quan hé ho hang gan
glii trong nodi b chi.

Xét tong thé, sy nhat quan gitta cac cay phat sinh loai xdy dung tir ting ving
gene riéng 1é va tir toan bo hé gene ty thé khang dinh d6 tin cdy cua dir lidu ty thé
trong nghién ctru phat sinh loai linh truéng. Nhitng két qua nay phu hop voi cac
nghién ctru gan dy vé tién hoa va da dang di truyén linh truéng ¢ khu vuc Dong
Duong va Pong Nam A, noi cac cao nguyén va diy ndi dong vai trdo nhu cac “dao

sinh hoc” thuc ddy qué trinh phan héa di truyén noi loai (8,64,74)
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KET LUAN VA KIEN NGHI
KET LUAN

Nghién ctru nay da giai trinh ty va phén tich hé gene ty thé hoan chinh ctia nim
loai linh truédng dai di¢n phan bd tai khu vuc Tay Nguyén Viét Nam. Cach tiép can
st dung mot ca thé dai dién cho mdi loai dugc thyc hién nham mé ta dic diém ADN
ty thé va phan tich méi quan hé phat sinh loai trong bdi canh so sanh lién loai, phu

hop v61 muyc tiéu nghién ctru cua luan an.

Két qua cho thiy hé gene ty thé ctia cac loai nghién ciru c6 cdu tric dién hinh cia
linh truéng, voi sy bao ton cao vé thanh phan gene, vi tri cac gene va dic diém chirc
nang. Tuy nhién, van ton tai nhimg sai khac trinh tu dic trung gitta cc loai va giira
céc ca thé dai dién so v6i cac trinh ty dd cong bd, phan anh tin hiéu phan hoa di truyén

o muec lién loai va lién chi, phuc vu phén tich phat sinh loai.

Phan tich phat sinh loai dua trén tirng vung gene riéng 1¢é va toan bd hé gene ty
thé cho thiy cac cdy phat sinh thu duoc c6 tinh nhat quan cao, cing cb vi tri phan loai
ctia cac loai linh trudng Tay Nguyén Viét Nam trong mdi quan hé vé6i cac loai ho
hang gan. Cac két qua nay khang dinh gia trj cta dit liéu ty thé trong viéc 1am rd quan
hé tién hoa gifra cac loai linh truong, dac bi¢t trong bdi canh khu vue bong Nam A

c6 muc do da dang va dac hitu cao.

Mic du s6 lugng mau con han ché va chua cho phép danh gia da dang di truyén
& mirc quan thé, nghién ctru ndy da cung cp bo dit liu di truyén nén co gia tri, gop
phan bo sung co s& dit liéu ADN ty thé cho céac loai linh truéng Viét Nam. Nhing két
qua thu dugce 13 co sé khoa hoc quan trong cho cac nghién ciru tiép theo v6i ¢ mau
16n hon, phuc vu phan tich di truyén quan thé va hd trg cong tac bao ton cac loai linh

truong nguy cap tai Viét Nam.

KIEN NGHI

1. Tang cuong nghién ciru di truyén hoc phan tir trong bao ton linh trudng; cac
két qua tir luan 4n cho thay viéc ing dung cac trinh ty gene ty thé nhu cytb, 16S rRNA
va D-loop mang lai dir li€u chinh xac vé quan h¢ phat sinh loai va mac dg khac biét
di truyén cua linh truéng tai Tay Nguyén. Tuy nhién cac nghién ciru chi ding lai &
mot ca thé riéng 1é. Do d6, can mé rong nghién ctru trén don vi quan thé va mé rong
pham vi nghién ctru sang cic ving khac nhu Pong Bac, Bac Trung B va Tay Nam
B dé co cai nhin toan dién hon vé quan thé linh truéng Viét Nam.

2. BO6 sung dit liéu di truyén vao hé théng quan 1y bao ton qubc gia:
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Kién nghi xdy dung mot ngan hang dit liéu gene linh trudong Viét Nam tich hop dit
li€u hinh thai, sinh thai va di truyén — nham phuc vu viéc nhan dién nhanh cac loai,
c4 thé trong ctru ho, tai tha va giam sat quan thé trong tu nhién.

3. Day manh hop tac qudc té va dao tao ngudn nhan luc:
Kién nghi mé& rong hop tac véi cac td chirc quéc té nhu IUCN Primate Specialist
Group, Vién Max Planck (Dtc), Pai hoc Kyoto (Nhat Ban) dé cip nhat phuong phap,

thiét bi, va dao tao chuyén gia tré trong linh vurc di truyén hoc béao ton.
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PHU LUC
Bang S1. Trinh ty nucleotide trén ADN ty thé Cha vad chdan xam Tay Nguyén Viét

Nam
TATCTTTTAGGTGTGCATAACTCAACTGTCGTTTTCTCAACTAATAAAAATTTATTTCACACACCACCCTTGACACCTCCACCCACCTCTTCTTTCCCATAATCCCCAA
AGATGGTATCATAATACCCATTATTCAGTTTATGTAGCTTAACACCTCCAAAGCAAGACACTGAAAATGCCTAGACGGGCTCACAGACCCCATAAACAAACAGGTTT
GGTCCCGGCCTTTCTATTAGCTTTTTAGCAAAATTACACATGCAAGCATCCCCGCTCCAGTGAAGATACCCTATAAATCACGACGATTAAGAGGAGTAAGTATCAAG
CACGCTTAATGCAGCTCAAGACACTTTGCTTAGCCACACCCCCACGGGAAACAGCAGTGACTAATATTTAGCAATAAACGAAAGTTTAACTAAGCTATGCTACTAAG
GGTTGGTCAATTTCGTGCCAGCCACCGCGGCCATACGATTGACCCTAGTTAATAGACCTCGGCGTAAAGGGTGTTTTAGATAAATTTAATTAAATAAAGCTAAACTC
TTTCTAAACTGTAAAATCCTAGCTAATGTAAAATAGACTACGAAAGTGGCTTTAAAGCTTCTGAATACACAACAGCTAAGACTCAAACTGGGATTAGATACCCCACT
ATGCTTAGCCCTAAACTTTAATAGTTAAAAATAACAAAACTATTCGCCAGAACACTACAAGCAACAGCTTAAAATTTAAAGGACTTGGCGGTGCTCCATATCCCCCT
AGAGGAGCCTGTTCTATAATCGATAAACCCCGATTCACCTCACCACCTCTTGCTAAGCCTATATACCGCCATCTTCAGCAAACCTCAACAAGAGATATAAAGTAAGC
ACAAACGCCCACGCAAAAACGTTAGGTCAAGGTGTAGCTTATGAGCTGGAAGAAATGGGCTACATTTTCTACCCTAGAAAACCCCACGATAGCTCTTATGAAACTTA
AGAGTCCAAGGAGGATTTAGTAGTAAACTAAGAATAGAGTGCTTAGTTGAACTAGGCCATGAAGCACGCACACACCGCCCGTCGCTCTCCTCAAATATAATTAGAA
CTAACTTAACTAAATATTTCTGCATTCATACAGAGGAGATAAGTCGTAACATGGTAAGTGTACTGGAAAGTGCACTTGGATAAATCAAGGCATAGCTCAACACAAA
GCATCCAGCTTACACCCGGAAGATATCGCTACCTGATTGCCTTGAGCCAATACTAGCTCAACAAACCTACCAATACTACTATTAAATTAATATATTATTAAACCATTC
ACAAGTATAAAAGTATAGGAGATAGAAATTTACTCTGACGCTATAGATGCAGTACCGCAAGGGAAAGATGAAAAAAGCAACCAAGCATAAAACAGCAAGGACTCA
CCCCTATACCTTTTGCATAATGAACTAGCTAGAGACCACTTCGCAAAGAGAACTAAAGCCAAGTACCCCGAAACCAGACGAGCTACCCAAAAACAGCTAAAAGAGC
ACACCCGTCTATGTAGCAAAATAGTGGGAAGATTTCTGGGTAGAGGTGATACGCCTACCGAGCCTGGAGATAGCTGGTTATCCAAGATAGAATTTTAGTTCAACCTT
AAGTTTACTTACAGAACTACCAATCCTCCTGTAAACTTAACTGTTAGTCTAAAGAGGGACAGCTCTTTAGACATCAGGAAAAAACCTTATGTAGAGAGTAAAAAATT
TCCAAACTCATAGTTGGCCTAAAAGCAGCCATCAATTAAGAAAGCGTTTAAGCTCAACGCAATGTCTAAAAAAATATCAAACACTTTACTGAACTCCTCATATCACA
TTGGATTAATCTATTATTTCATAGAAGTAATAATGCTAGCATTAGTAACGTGAATAAATTCTCCAGTGCATAAGCCTAAATCGGATCGAAACCTTCACCGATATTTGA
CAGTCTAATGTTATAACCACAAACAAGCCAATATTATATATACTGTTAACCCAACACAGGCATGCCCTAAAGGAAAGGTTAAAAAAAGTAAAAGGAACTCGGCAAA
CTCAACCCCGCCTGTTTACCAAAAACATCACCTCTAGCATTACCAGTATTAGAGGCACTGCCTGCCCAGTGACATATGTTTAACGGCCGCGGTACCCTGACCGTGCA
AAGGTAGCATAATCATTTGTTCTTTAAATAGGGACTTGTATGAATGGCAACACGAGGGTTTAACTGTCTCTTACTTTCAACCAGTAAAATTGACCTGTCCGTGAAGAG
GCGGACATAAAATAATAAGACGAGAAGACCCTGTGGAGCTTCAATTTACTAGTACAACCCATTATTAAAATAAATCTAAGGACCTAACATACCCTGCCCCTGTACTA
GAAATTTTGGTTGGGGTGACCTCGGAGCATAATTAAACCTCCGAACGAACTACGCCAAGGCCATACAAGTCAAAGCAGTCTAATATCTAAATTGATCCAATAACTTG
ACCAACGGAACAAGTTACCCCAGGGATAACAGCGCAATCCTATTCCAGAGTCCATATCGACAATAGGGTTTACGACCTCGATGTTGGATCAGGACATCCTAATGGTG
CAGCAGCTATCAAGGGTTCGTTTGTTCAACGATTAAAGTCCTACGTGATCTGAGTTCAGACCGGAGCAATCCAGGTCGGTTTCTATCTATTCTATATTTCTCCCTGTA
CGAAAGGACAAGAGAAATAGGGCCTACTTCACATAAGCGCCCTCCTCCCATAAATGACCTAGTCTCAATTTAGCAAGAAATTACACACACACAACCCAAGAACAGG
GATTGTTAAGATGGCAGAGCCCGGTAATTGCATAAAATTTAAGACTTTATAATCAGAGGTTCAACTCCTCTTCTTAGCACTATGTTCACAATAAATCTTCTACTCATT
ATCCTACCCACTATAGCTGCCATAGCATTTCTTACACTTACTGAACGAAAACTATTAGGCTATATACAACTACGCAAAGGACCCAACATCGTGGGTCCTTATGGACT
ACTACAACCCTTTGCCGATGCAATAAAACTCTTCACCAAAGAACCCTTAAAACCCTCAACATCCACTACCACCCTATATATTATTGCACCCGCCCTAGCCTTTTCTAT
TGCCCTTCTCCTGTGAGTACCTCTTCCCATACCCAATTCCCTAATTAATCTTAATCTAGGACTTCTATTTATCCTAGCTACATCTAGTCTAGCTGTTTACTCCATTTTAT
GATCAGGATGAGCATCCAACTCAAACTACGCATTAATCGGAGCGCTACGAGCAGTCGCCCAAACAATTTCATACGAGGTAACTCTCGCCATCATTATACTATCAGTT
CTACTAATAAGTGGCTCATTCAACCTCCACGCACTCATTACAACACAAGAACACCTCTGACTTCTCCTACCATCATGACCTTTAACCATAATATGATTCACCTCCACA
CTAGCAGAAACCAATCGAGCCCCCTTCGACCTCACAGAAGGAGAATCAGAACTAGTATCAGGCTTCAATATCGAGTACGCCGCAGGTCCATTCGCTCTTTTCTTCAT
AGCCGAATATATAAATATTATTATAATAAATGCCCTAACAGCCACAATTTTTCTAGGGACACTATACCCAATCCACTCACCAGAACTATTCACAACATGCTTTGTTAC
AAAAACTCTTCTCCTAACCTCCTTATTCCTATGGATTCGAGCAACCTACCCCCGATTCCGTTATGATCAACTCATACACTTACTATGAAAAAATTTCCTTCCTCTCACA
TTAGCACTCCTCATATGATATATCTCAACTCTTATTATAACCTCTGGCATCCCCCCTCAAAGCTAGAAATATGTCTGACAAAAGAATTACTTTGATAGAGTAAATAAT
AGAGGTATTCAACCCTCTTATTTCTAGAATTATAGGTATTGAACCTACTCCTGAGAATCCAAATCTCTCCGTGCTACCTATTACACCTCATTCTAAGTAAGGTCAGCT
AAATAAGCTATCGGGCCCATACCCCGAAAATGTTGGTTATACCCTTCCCGTACTAATTAATCCACTAGCCCAACTTGTTATCTACTCTACCATAATCATAGGCACCCT
TATTACATCACTAAGTTCCCACTGATTTCTAGCCTGAACCGGCCTAGAGATAAATATACTAGCTTTTACCTCAATCCTAATTAAAAAAGCAAACATTCGCTCCACAGA
AGCTGCTACCAAGTATTTCCTTACACAAGCCACCGCATCTATAATTCTCATAATAGCAATCATGTATAACAACCTACTCTCAGGACAATGAACCCTGATAAACAATC
CCAATCAACTCTCATCCTTAATCATAACAATAGCACTCGCTATAAAATTAGGAATAACCCCCTTCCACTTTTGAGTTCCAGAAGTCACCCAAGGAACACCCTTAATAT
CCGGCCTGCTTCTCCTCACATGACAAAAACTAGCCCCTATCTCAATTATATATCAAATTTATCCATCAATTAACACAAGTATTCTTATAACCCTATCAACCCTATCCAT
CATAGCAGGCAGTTGAGGGGGTCTCAATCAAACACAACTACGAAAAATTCTAGCATACTCTTCAATCACACACATAGGCTGAATAATAATAACAATAACGTATAAC
CCAAATATTACAATCTTCTATCTGCTCATGTACATCATTATAACAAGCACTGCATTCCTAGCCCTGAACCTAAACTCAAATACCACCACCCTAATACTATCACGCACC
TGAAACAAACTAACCTGACTAATACCATTAATACTACTTACCCTCCTATCCATAGGAGGTCTACCTCCACTGACCGGCTTTCTACCTAAATGGATAACAATTCAAGAA
CTTACAAAAAATAGCAACTTTATCATACCCTCTATCATAATCACCATAACTTTACTCAATCTATATTTCTATTTACGTTTAACTTATATTACTTCCATAACACTACTCC
CTACGTCTAATAACACAAAAATAAAATGACAGTTCGAAAATACAAAGCCTACACCCCTTTTCCCCCCACTAATTATTTTTACAACCCTTCTCTTACCAATATCGCCAA
CAGTTCTAACCCTATTCTAGAAATTTAGGTTAAACCAGACCAAAAGCCTTCAAAGCTTTCAGTAAGTTAACATGCTTAATTTCTGAAACACATAAGGACTGCAGTAC
TATACCCTGCATCAACTGAACGCAAATCAATCACTTTAATTAAGCTAAGCCCTTACTAGATCAATGGGATTCAAACCCACAAAAACTTAGTTAACAGCTAAATACCC
TAATCAACTGGCTTTAATCTACTTCTCCCGCCGCAGGGAAAAAAAGGCGGGAGAAGCCCCGGCAGAAATAAAACTGCTCCCTTGAATTTGCAATTCAACATGATAAT
CACCTCGGGGCTGGTAAAAAGAGGGTTCAACCTCTGTACTTAGGTTTACAGCCCAATGCCTACTCAGCCATTTTACCTATGCTCATCAACCGCTGGTTATTCTCTACA
AATCACAAGGACATTGGAACTTTGTATTTATTATTTGGTGCATGAGCTGGAACCACAGGTATAGCTATAAGTCTCCTTATTCGAGCTGAACTAGGCCAGCCCGGCAA
CCTACTAGGCAACGACCATATTTATAATGTTATTGTTACAGCCCATGCATTTGTTATAATTTTCTTCATGGTTATACCAATTATAATCGGGGGCTTCGGAAACTGACTA
GTTCCCTTAATAATTGGCGCTCCTGACATAGCATTCCCCCGCCTAAATAATATAAGCTTCTGACTTCTCCCGCCATCTTTCCTACTTCTTCTCGCATCAGCAATAGTAG
AGGCTGGCGCAGGAACAGGCTGAACAGTCTATCCTCCTCTAGCAGGAAATTTTTCCCACCCAGGAGCTTCTGTAGACTTAACTATTTTTTCACTCCACCTAGCAGGTA
TTTCCTCTATCTTAGGAGCTATTAATTTTATTACTACTATTATTAACATAAAACCCCCTGCCATGTCTCAGTATCAGACACCCCTATTTGTTTGATCCGTCCTAATTACA
GCAGTCTTACTGCTTCTATCCTTACCTGTATTAGCTGCGGGCATTACAATGCTATTAACAGACCGTAATCTCAACACTACCTTCTTTGACCCCGCCGGAGGAGGAGAC
CCAATCTTATATCAACACTTATTCTGATTTTTCGGTCACCCTGAGGTTTATATTCTTATCTTACCTGGGTTTGGAATGATCTCCCACATTGTAACATATTATTCCGGAA
AAAAGGAACCATTCGGATATATAGGCATAGTCTGAGCTATAGTATCAATTGGGTTTTTAGGCTTTATCGTATGAGCTCACCATATATTTACTGTTGGCATAGACGTAG
ACACACGAGCCTATTTCACCTCCGCCACCATAATTATTGCAATCCCAACTGGCGTTAAAGTCTTTAGCTGACTAGCTACACTACATGGAGGAAATATCAAATGATCC
CCTGCAATACTCTGAGCCCTAGGCTTTATTTTCCTCTTCACCGTAGGAGGCTTAACTGGTATTGTACTAGCAAACTCATCACTAGATATCGTACTACATGATACATAC
TATGTGGTAGCCCACTTCCACTACGTTTTGTCAATAGGAGCCGTCTTTGCTATCATAGGGGGTTTTATCCACTGATTTCCACTATTCTCAGGATACGCCCTAGACGAA
ATTTGTGCCAAAGCCCACTTTATTATTATATTTGTAGGCGTAAATTTAACTTTCTTTCCGCAGCATTTTCTTGGTTTGTCCGGAATACCTCGACGTTATTCCGATTATCC
TGATGCTTACACCACATGAAATGTTGTATCATCTATAGGCTCCTTCATCTCCCTAGTAGCTATATTACTAATAATCTATATAATCTGAGAAGCTTTCGCCTCAAAACGT
AAAGTCCTATTTATTGAACAACCTACCTACAACCTAGAATGATTGCACGGCTCTCCACCACCATATCATACATTCGACGAACCAACATTCATTAAGGTTAAATAAAA
AAGGAAGGAATCGAACCTCCTGAGATTGGTTTCAAGCCAATCCTATAACCTCTATAACTTTTTCAATAAGATATTAGAAAAAATTATTTCATGGTTTTGTCAAAGCTA
AATTATAGGATACACCCTATATATCTTATATGCCTCACCCAGTTCAACTAGGCCTACAAGATGCCACATCCCCTATCATAGAAGAATTAATTGCCTTCCACGACCATG
CCTTTATAATTGTAGCTATGATCAGCTTTTTAGTCTTATACGTCTTATCTTCAGTACTCACAACAAAATTAACTAACACCAATATTACAGATGCTCAAGAAATAGAAA
CTATTTGGACCATCTTACCAGCAATTATCTTAATCTTAATTGCTCTGCCATCCCTACGTATTCTCTACTTAACGGATGAGGTTAATAATCCTTCATTTACTATTAAATC
AATCGGACATCAGTGATACTGAACTTATGAGTATACAGATTATGGGGGCTTAATCTTTAATTCCTATATACTCCCTCCACTATTCTTAAACCCAGGGGACCTTCGACT
TCTGGAAGTTGATAATCGAGTGGTACTCCCAATTGAAGCTCCTGTTCGCATAATAATTACATCTCAAGACGTCTTACACTCCTGAACTATTCCTACGCTAGGATTAAA
AACAGATGCAATTCCCGGACGCTTAAATCAAACCACATTCACTGCCACACGACCAGGTGTCTACTACGGACAGTGCTCAGAAATTTGCGGCGCTAATCACAGTTTTA
TACCAATTGTTGCAGAACTAATTCCACTAAAAATTTTTGAAATAGGGCCTGTATTCACCCTGTAGATATACTAAAGCGTTTAATTAAAGTATTTCTTAAGTACTAAAC
TCACTGCATAGCTGCCACAGCATTAACCTTTTAAGTTAAAGACTGAGAAAATATTCTTCTCTGCAGTGAAATGCCTCAACTAAATACATCTACATGGCTAATTACTAT
TATAACCATGCTACCCGCACTATATCTTATTATACAACTAAAACTATTAAATATAGTCTACTATTTTCCCCCGTCACAAAAAGTCTCTAGTACGCAAATATTTAACAA
CCCCTGACAACTAAAATGAACGAAAATTTATTTACCTCATTTACACACCCAACACTCCTAGGGCTACCAGCCGTAGTACCTATTATTCTATTTCCTACATTACTACTTC
CAACCTCAAAATATCTTATTAATAATCGACTAATTACTATTCAACAAAATCTAATTCAGCTAATCGTAAAACAAATAATAATAATTCATAATATTAAAGGACAAACC
TGGTCTCTAATACTAATATCCCTAATCATTTTTATTGCCACAACTAACCTTCTCGGACTCTTACCCCACTCATTTACACCTACCGCCCAACTATCAATAAATCTGGCTA
TAGCAATCCCTCTATGAGCAGGTACAGTAATCACAGGCCTTCGCTTCAAAACTAAAAGCTCCTTAGCGCACTTTTTACCACAAGGTACACCCACACTACTTATCCCCA
TATTAGTAGTTATTGAGACCATCAGTTTATTTATTCAACCAGTAGCCCTTGCTGTACGCCTAACCGCCAATATTACAGCAGGACATCTACTTATGCACCTAATTGGAA
GTGCTACGCTAGTACTATCAACCATCAGCCTCTCTATAACCTCACTAACTTTAGTGCTTCTAGTATTATTAACAATTCTAGAAATAGCAGTCGCCCTAATTCAAGCCT
ACGTTTTCACACTATTGGTAAGCCTTTATCTACATGACAACACTTAATGACACACCAAACCCACCCCTATCACATAGTTAAACCCAGTCCATGACCACTGACAGGAG
CCCTGTCAGCTCTCCTAATAACATCTGGCCTAATTATATGATTCCACTTTTATTCTACAACCCTATTAACCCTAGGTCTACTAACCAATATGTTAACCATATACCAATG
ATGGCGTGATATCATCCGAGAAAGCACCTATCAAGGTCACCATACAACACCAGTTCAAAAAGGCCTCCGCTACGGAATAGTATTATTTATCATCTCAGAGGTTTTCT
TCTTTGCTGGCTTCTTCTGAGCTTTTTATCACTCAAGCCTGGCCCCGACTCCACACCTAGGAGGACACTGACCACCTACAGGTATTATTCCCCTAAACCCCCTAGAAG
TACCCCTTCTAAATACCTCCGTACTACTTGCATCAGGGGTTACAATCACTTGAGCTCACCACAGCTTAATAGAAAATAACCGAAAACAAATAATTCAAGCCCTATCA
ACTACAATTTTATTAGGCATTTATTTCACCCTACTACAAATATCAGAGTACTATGAAGCACCCTTTACCATCTCTGATGGAATCTATGGTTCAACATTCTTTGTTGCTA
CCGGCTTTCATGGACTTCATGTTATCATTGGATCTACATTTCTTACTACCTGTCTTATTCGTCAGCTATCGTACCATTTTACATCAAGTCACCATTTTGGCTTTGAAGCT
GCCGCCTGATATTGACATTTCGTAGATGTCGTCTGACTCTTTCTCTATATCTCCATTTACTGATGAGGTTCCTATCCTTTTAGTATAACTAGTACAGCCGACTTCCAAT
CAGTTAGTTTCGATAATATCGAAAAAGGATAATTAATCTAATACTAACTCTAATAATTAATACCTCCTTAACCATCTTGCTAATAATTATTATATTTTGGCTACCCCA
ACTCAACTCTTATGTAGAAAAAGCCAACCCCTACGAATGCGGGTTTGACCCACTAAACTCTGCTCGCATTCCCTTTTCCATAAAATTCTTCCTAGTCGCTATTACCTTC
CTGCTGTTTGATTTAGAAATCGCCTTGCTATTGCCCTTGCCATGAGCCCTCCAAACAACAAACCTTCCCGTAATGATCAAGTCATCAATTACATTAATTATTATCTTAA
CCCTCAGCCTGGCCTATGAATGAACTCAAAAAGGTTTAGATTGAACTGAATTGGTAAGTAGTTTAAGTAAAACAAATGATTTCGACTCATTAGATTATGGTAATCAT
ACTAACCAAATGTCCATTATTTATATAAACATTATATTAGCATTCACTACCTCACTCCTGGGCATATTAATCTATCGCTCACATCTAATGTCATCCCTACTATGCCTAG
AAGGAATAATACTTTCACTGTTTATCATAAGCACTCTTACTGCATTAAACACTCACTTTCCCCTCGCCAATATAGTACCTATTGCCTTACTAGTATTTGCCGCTTGCGA
GGCAGCAGTGGGCCTTGCCCTATTAATTTCAATCTCAAACACATACGGCTTAGACCATATCCAGAACCTAAACTTACTTCAATGTTAAAAATAATTTTCCCTACAATG
ATACTATTACCAACAACATGATTTTCCAAAAACAACCTAGTCTGAATTAACCTAACTACACATAGCTTAATAATCAGCCTCATTCCCCTTATATTCTTCAATCAAATC
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AATAATAACCTTATTAGCCACTCGACCTATTTATCTTCAGATCCATTAACAACACCTCTTCTAATACTGACAGCCTGACTCCTGCCCCTCATAATTATAGCAAGCCAA
TATCACCTACACAATGAAAGTCCCCTGCGAAAAAAACTTTACCTCTCCATAATAATCTTCCTACAAATCTCCCTAATCATAACATTTATAGCCACAGAGTTAATCTTA
TTCTACATCCTATTTGAAACAACCCTTATCCCCACCCTAATTATTATCACCCGATGAGGTAACCAAGCAGAACGCCTCAACGCAAGCACATATTTCTTATTTTATACA
TTAGCTGGCTCCCTACCTCTGCTAATTATATTAATTTATACACATAACAAATTAGGCTCATTAAATATTCCACTACTAACACTCATAGCCCAAAAACTAACAACCTCT
TGATCCCATAATTTAGCTTGACTAGCATGCATAATGGCTTTTATAGTAAAAATACCCTTATATGGCCTACACCTATGACTCCCTAAAGCCCATGTTGAGGCTCCCATT
GCCGGGTCAATAGTTCTTGCCGCCGTGCTCTTAAAATTAGGCGGCTATGGCATAATACGACTTACACCAATTCTCAACCCACTAACAGAACATATAGCCTACCCTTTT
CTTATACTATCCTTATGGGGCATAATTATAACTAGCTCAACCTGTCTCCGACAAACAGATTTAAAATCGCTCATTGCATACTCCTCTGTAAGCCACATAGCCCTTGTA
ATCATAGCCTCCCTCATTCAAACCCCCTGAAGCTTTACTGGCGCTATCATCCTTATAATTGCCCACGGACTTACCTCATCTATATTATTCTGCTTAGCAAACTCAAATT
ACGAACGAACCCACAGCCGCATTATATTACTTTCTCGAGGACTTCAAAGTCTACTTCCACTAATAGCCTTCTGATGATTTGTAGCAAACCTCACCAATCTAGCTCTAC
CTCCCTCCATTAACTTAATCGGGGAGTTATTAGTAGTGACATCCTCATTTTCTTGGTCACATATTACCATTATCTTCACAGGACTAAACATATTAATTACTGCTCTATA
TTCCCTACACATATTCATTACAACACAACGAGGAACACTCACCTCCCATATTATTAACATAAAACCCTCTTTTACACGAGAAAACATGCTAATATTTATACATATATC
TCCTATTATTCTTCTAACCCTTAATCCTAGCATTATTATAGGCTTCACCCCTTGTAAATATAGTTTAATTAAAACATTAGATTGTGAATCTAAATATAGAAACCTACCA
CTTCTTATTTACCGAGAAAGATTGCAAGGACTGCTAATCCATGCCCCCGTATTTAATAAAACGGCTATCTCAACTTTTAAAGGATAACAGCTGTCCATTGGTCTTAGG
AACCAAAAATATTGGTGCAACTCCAAATAAAAGTAATAATAATGCACACCTCCATTTTTATACTAGCCCTAACCCCCTTAATCTTTCCGATTATTATTACCCTTATTA
GCCCCAATAAAAATAATATATACCCCAACTATGTAAAAACAACTATGATATTTACCTTTACTATTAGTCTCATCCCCACAACCATATATACTTTCCTAGGTCAAGATA
CAATCATATCAACCTGACATTGAATAACTATTCAATCACTAGAAATTACACTAAGTTTTAAATTGGACTATTACTCCGTAATATTTACCCCAATTGCACTATTTATTAC
TTGGTGCATTATAGAATTCTCACTATGATACATAGACTCAGACCCAAACATTAACCAATTCTTCAAATATCTTCTCATCTTCCTTATTACCATGCTAATTTTAGTTACC
GCTAACAACCTCTTCCAGCTCTTTATTGGGTGAGAAGGTGTAGGAATTATATCATTTCTACTAATCGGCTGATGATACGCTCGAACAGACGCTAACACAGCAGCCAT
TCAAGCAATTCTGTATAACCGCATTGGTGATATTGGTTTCATTCTAGCCATAATATGGTTTCTCCTCCATTATAACTCATGAGACTTACAACAAATATTTATCCTAGAT
CCCAACCCCGATCTACTTCCATTAGTGGGTCTACTATTAGCAGCAACAGGAAAATCAGCCCAACTCGGCCTCCATCCCTGATTACCCTCGGCTATAGAAGGCCCAAC
TCCAGTATCAGCCCTACTTCACTCCAGTACTATAGTAGTAGCTGGGGTTTTCTTACTTATTCGCTTCCACCCACCAATAGAAAATAATACAACAATTCAAAGTCTTAC
ACTATGCCTAGGAGCTATTACTACCATATTCATAGCAATCTGCGCCCTAACACAAAATGACATTAAAAAAATTGTAGCCTTCTCTACCTCAAGTCAACTGGGACTTAT
AATAGTTACTATTGGTATTAATCAACCGCACCTAGCATTTCTACATATCTGTACTCATGCCTTTTTCAAGGCTATACTATTTATCTGCTCTGGGTCTATAATTCATAAC
CTAAATAATGAACAAGACATCCGAAAAATAGGAGGACTATTTAAAACAATGCCCCTCACCTCAACTTCCCTGATAATCGGTAGCCTAGCACTCACAGGCATACCTTT
TCTTACAGGTTATTACTCCAAAGACCTCATCATCGAAACCGCAAACACATCATACACCAACGCCTGGGCCCTGTGTATTACTCTTATCGCTACCTCTATAACAAGCGC
CTACAGCACCCGAACTATTATTCTCACACTAACAGGATCACCTCGTTTTTCAACTTCCGTATATATTAATGAGAACAACCCAACCCTACTAAACCCAATAAAACGCCT
AGCAGCAGGTAGTCTACTCGCAGGATTTTTCATCGTCAACAACATCTCTCCGACTACAGTTCCTCAATTAACAATACCTTATCACCTGAAACTCCTAGCCTTATGCGT
AACCACCCTAGGCTTCTTAACAGCCCTAGATCTGACTCTTATAACTAACAGTCTCAAAATAAATACCCCATCGCACATATTCAAATTCTCCAATATACTAGGATATTT
TCCCATTACAATTCACCGAACAGTTCCCTACCAAAACCTAACCATAAGCCAAAACCTAGCCTTCCTATTACTAGACTTACTCTGACTAGAGAAATCAATACCTAAAA
CAATTTCACACACCCATATTATTACAGCCATCACCTCAACCACCCAAAAAGGCATAATCAAGCTATATTTCCTCTCTTTTCTTATTTCCCTCACACTAATCCCACTTTT
AATTATATAATCTATTACCCCGAGTAATTTCAATAACAATATAAACACCAACAAATAATGTTCAACCAACAACTACGACCAACCAACGCCCATAATCATACAAAGCA
CCCGCACCAATAGAATCCTCACGAATCAACCCCGACCCCTCCCCCTCAAAAATCACCCAACTCCCTATATTATCCAAATTAATTATCACTACCAACTCATTATAATCT
ATAACCCACAAAACTAAATATACCTCCATTGCCAATCCAACCAAAAAACTCCCCAAAACCTCAAATCCTGAAACCCATGCTTCAGGATATTCTTCAATAGCCATCGC
AGTAGTATAACCAAAGACAACCATTATACCCCCCAGATAAATCAAAAACATTATTAAACCTATATAAGTACCCCCATAACTTAAAATAATAGCACAACCAATCACA
CCACTAACAACCAATGCTAAACCCCCATAAATAGGAGAAGGCTTAGAAGAAAAGCCCACAAAACCCATAACTAATAATACGCTTAATAAAAATAAAATATACGAC
ATTGTTTCCACATGGACTCTAACCATGATTAATGATATGAAAAACCATCGTTGTATTTCAACTATAAAAACACTAATGATCCCCGTACGCAAATCTAATCCAATTATA
AAATTAATTAATCACTCCCTCATTGATCTACCAACCCCATCAAACATCTCAGCATGATGAAACTTTGGTTCCCTTTTAGCAACCTGCTTAATTTTACAAATCATCACA
GGTCTATTCCTAGCAATACATTACTCACCTAGCACCTCCTCAGCCTTCTCCTCAATCGCCCATATCACTCGAGACGTAAACTACGGCTGAATTATCCGCTACCTTCAT
GCCAATGGTGCCTCCATATTCTTTATCTGCCTATTCCTACACGTAGGTCGAGGGTTATATTATGGCTCATTCCTTCTTCTTGAAACTTGAAACATTGGCATTGCACTAT
TACTTATAGTTATAGCAACGGCCTTTATAGGCTATGTACTCCCATGAGGACAAATATCATTTTGAGGTGCTACAGTAATTACAAATTTATTATCCGCAATCCCATACA
TCGGAACAAATCTCGTTCAATGAGTATGAGGTGGATATTCTATCGATAATCCAACCCTTACCCGATTCTTCACTCTCCACTTTACCCTGCCTTTCATTATCACAGCCTT
TACAGTTCTACATCTACTTTTCCTACACGAAACAGGATCTAATAATCCATGCGGAATTCCCTCAAACTCCGACAAAATCCCCTTCCACCCCTACTACACAATCAAAGA
TATGCTAGGCCTAGTCCTCCTTATTCTTCCCCTAATAACTCTAGTATTATTTTCACCTGACCTTTTAGGTGACCCAGACAACTATACACCAGCTAATCCACTAAACACC
CCACCACACATCAAACCAGAATGGTACTTCTTATTCGCATATGCAATCCTACGATCTGTACCTAACAAATTGGGAGGCGTACTAGCACTTCTTATATCCATTCTTATC
CTAATAATTATCCCCATACTTCACAAATCCAAACAACAAAGCATAATATTCCGCCCATTCAGCCAATTTACACTATGATTATTAATCACAGTTCTATTAACCCTAACC
TGAATTGGAAGCCAACCAGTAAACCAACCCTTTATTATAATTGGACAGGTAGCATCTATAATATATTTCACTACAATTCTGATCTTAATACCACTAGCCTCTATAATC
GAAAACAATCTCCTCAAATGAACCTGCCCTTGTAGTATAGACTAATACACCGGTCTTGTAAACCGGAGACGGATACCTTTCCCCAGGGCAACTCAGAAAGAAAGCA
TTTAACTCCTCCACCAATACCCAAAACTGGCATTCTATTTAAACTACTTTCTGCATTCTAAGGAGGTATAACCTTTAGAGAATAATTTAGTACAATCTAATTTTATATG
TCCTTATGTAATTCGTGCATTACTGCTAGTCACCATGGATATTATATAGTACTATAAATGTTTTACCGTCCATAGGACATAAAATTACATATTTACTGGCAGTTATATC
TAGGACATGCTTATAAGCAAGTACTCTAATAGAATATCTGACTATAACACATACCATTCACATATCCAAATCCCGTGGTCACACCCATTGGAATACCAACCAATAGC
GATTAATCCATTATCGTACATAGTACATAATATTCTTTACCGGACATAGCACATCGCAGTCGAGCATCCCTAAACCAATCCTCGTCAACACGGATATTCCCGTCAGTT
AGGTGTCCCTTGATCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCCCCGGGCCCATAACCTGTGGGGGTAGCTACACACGACGTCAA
TGGACATCTGGTTCTTACCTCAGGGCCATACCGCCAAGATCGCCCACACGTTCCCCTTAAATAAGACATCTCGATGGATCACGGGTCTATCACCCTATTAACCAGTCA
CGGGAGCTCTCCATGCATTTGGTATCTTTTATCTCTGGTCTGCACGCGACCCCATTGCAGTATGCTGGTCTCGCCACAATCAGTCCCGCAGCGCCTGTCTTTGATTCCT
AGCACATACCATTATTAACCGCACCTACGTTCCATATTTTAATCCCGCATGAACCTTATCATGGTGTTATTTAATCCATGCTTGTAAGACATACATATAATTAACCGT
ATACCCCGATCGCACCTTGATCCAATTTACAACTATCTCTACTCAAACCCCCCCCCCCCCCATATTCGACCGCACCCTAATAATCCGCCTTTGCCAAACCCCAAAAAC
AAAAACTTGCAATCTGGTCGAATTTTACATTTTTTTTT
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AAGACTACCCAAAACCTCAAACCCTGAGACTCATGCCTCAGGGTATTCTTCAATAGCTATCGCAGTAGTATAACCAAAGACAACCATTATACCTCCCAGATAAATCA
AAAATATCATTAAACCCATATAAGTACCCCCATAATTTAAAATAATAGCACAACCAACTATTCCACTAACAACCAATGCTAAGCCCCCATAAATAGGAGAAGGCTTA
GAAGAAAACCCCACAAAACCCATAACTAATAATACACTTAATAAAAATAAAATATATGACATTGTTTCCACATGGACTCTAACCATGATTAATGATATGAAAAACC
ATCGTTGTATTTCAACTATAAAAACACTAATGACCTCCCTACGTAAATCCAATCCAATTATAAAATTAATTAATCACTCTCTTATCGATCTACCCACCCCGTCAAACA
TTTCCGCGTGATGAAACTTTGGTTCTCTTTTAGCAACCTGCTTAATTTTACAAATCATCACCGGTCTATTCCTAGCAATACACTACTCACCCAACACCTCCTCAGCCTT
CTCCTCAATCGCTCATATTACCCGAGATGTAAATTATGGCTGAATTATCCGCTATCTTCATGCCAATGGTGCCTCCATATTCTTTATTTGCCTATTCCTACATGTAGGC
CGAGGACTATACTATGGCTCATTTCTTCTTCTTGAAACTTGAAACATTGGCATTGCACTATTACTCATAGTTATAGCAACGGCCTTCATAGGCTACGTACTCCCATGA
GGACAAATATCATTTTGGGGCGCTACAGTAATTACAAATTTACTATCCGCAATCCCATATATCGGAACGAATCTTGTTCAATGGGTATGAGGGGGATATTCTATCGA
CAATCCAACCCTTACCCGATTCTTCACCCTCCACTTTACCCTACCTTTCATTATTACAGCCTTTACAATTCTACACCTACTTTTTCTACACGAAACAGGGTCTAATAAT
CCCTGTGGAATCCCCTCAAACTCTGACAAAATTCCCTTCCACCCCTACTACACAGTCAAAGATATACTAGGCCTAGTCCTCCTTATTTTTCCCCTAATAATTCTAGTAT
TATTTTCACCTGACCTTTTAGGTGACCCAGACAACTATACACCAGCTAATCCACTAAACACCCCACCACACATCAAACCAGAGTGATATTTCCTATTCGCATATGCAA
TCTTACGATCCGTACCTAACAAATTAGGGGGCGTGCTAGCACTCCTTATATCTATCCTCATCCTAATAATTATCCCCATACTTCACAAATCCAAGCAACAAAGTATAA
TATTCCGCCCACTTAGCCAATTCACACTATGACTACTAACCACAGTTCTACTAACCCTAACCTGAATTGGAAGCCAACCAGTTAGCCAGCCCTTTATTATAATTGGAC
AGATGGCATCTATATTATACTTCATTACAATTCTAATCTTAATACCGCTAGCCTCTATAATCGAAAACAATCTCCTCAAATGAACCTGCCCTTGTAATATAGACTAAT
ATACCGGTCTTGTAAACCGGAGACGGATACCTTCCCCAGGGCAACTCAGAAAGAAAGCATTTAACTCTACCACCAATACCCAAAACTGGCATTCTATTTAAACTACC
TTCTGCATTCTAAGGGGGTATAACCTCTAAAGAATAACTTAGTACAATTTAACTTTATATGTCCTTATGTAATTCGTGCATTACTGCTAGTCACCATGGATATTATATA
GTACTATAAGTGTTTTATCGTCCATAGGACATAAAATTACATATTTACCAGCAATTCTATCTAGGACATGCTTACAAGCAAGTACCTTACTGAAACCTCTAACTGTAA
CACATACCACCCAAGTTACCAAATTCTATGGTTCCGCCCACCGGAATACCAACCAATAGCGATTAATTCATTATCGTACATAGTACATAATATTCTTTATCGTACATA
GCACATTACAGTTGAGCATCCCTAAACCAATCCCCATCAACACGGATATACCTGTCAGTTAGGTGTCCCTTGATCACCATCCTCCGTGAAATCAATATCCCGCACAA
GAGTGCTACTCTCCTCGCCCCGGGCCCATAACCTGTGGGGGTAGCTATATATGACATCAATGGACATCTGGTTCTTACCTCAGGGCCATGCCGTCAAGATCGCCCAC
ACGTTCCCCTTAAATAAGACATCTCGATGGATCACGGGTCTATCACCCTATTAACCAGTCACGGGAGCTCTCCATGCATTTGGTATCTTTTATCTCTGGTCTGCACGC
GACCCCATTGCAGTATGCTGGTCTCGCCACAATCAATCCCGCAGCGCCTGTCTTTGATTCCTAGCACATACCATTATTAACCGCACCTACGTTCCATATTTTAACCCC
GCATGAACCTTATCATGGTGTTATTTAATCCATGCTTGTAAGACATATACATAATCATCCATATACCCCGACCACACCTTGATTCAATTTACAACTATCTCTACTCAA
ACCCCCCCTCCCCCCACATCCGACCGCACCCTTATAATCCGCCTTTGCCAAACCCCAAAAACAAAAACTTACAATCTGGTCGAATTTTACATTTTTTTTTATCTTTTAG
GTATGCACAACTCAACTGTCGTTTTCTCAACTAATAAAAATTTATTTCACACACCACCCTTTACATCTCCACTCACCTCCTTTTTTTCCCATAACCCTAAAGATACACC
ACAACATCCACTATTCCGTTTATGTAGCTTAACATGTCTAAAGCAAGACACTGAAAATGCCTAGACGGGCTCACAAACCCCATAAACAAACAGGTTTGGTCCCGGCC
TTTCTATTAGCTTTTAGCAAAATTACACATGCAAGCATCCCCGTCCCAGTGAAGATACCCTATAAATCACAACGATTAAAAGGAGTGAGTATCAAGCACGCTTAATG
CAGCTCAAGACACTTTGCTTAGCCACACCCCCACGGGAAACAGCAGTGACTAATATTTAGCAATAAACGAAAGTTTAACTAAGCTATGTTATTAGGGGTTGGTCAAT
TTCGTGCCAGCCACCGCGGCCATACGATTGACCCTAGTTAATAGACCTCGGCGTAAAGGGTGTTTTAGATAAATTTAACTAAATAAAGCTGAACTCTTTCTAAACTGT
AAAATCCTAGCTAATGTAAAATAGACTACGAAAGTGGCTTTAAAGCTTCTGAATACACAACAGCTAAGACTCAAACTGGGATTAGACACCCCACTATGCTTAGCCCT
AAACCTTAATAGTTAAAAATAACAAAACTATTCGCCAGAACACTACAAGCAACAGCTTAAAATTTAAAGGACTTGGCGGTGCTCCATATCCCCCTAGAGGAGCCTGT
TCTATAATCGATAAACCCCGATCCACCTCACCACCTCTCGCTCAGCCTATATACCGCCATCTTCAGCAAACCTCAACAAGAGATATAAAGTAAGCACAAACGCCCAC
GCAAAAACGTTAGGTCAAGGTGTAGCCTATGAGCTGGGAGAAATGGGCTACATTTTCTATTCTAGAAAACCCCACGATAACCCTTATGAAACTTAAGGGTCCAAGG
AGGATTTAGTAGTAAACTAAGAATAGAGTGCTTAGTTGAACCAGGCCATGAAGCACGCACACACCGCCCGTCGCTCTCCTCAAATATAATTAGAACTTAATTTAACT
AAATATTTCTGCATTTATACAGAGGAGATAAGTCGTAACATGGTAAGTGTACTGGAAGGTGCACTTGGATAAATCAAGGCATAGCTCAACACAAAGCATCCAGCTT
ACACCCGGAAGATATCGCCACCCGATTGCCTTGAGCCAATACTAGCTCAAACCCAACCAACACTACTATTAAACTGATAAATATATTAAACCATTCACAAATATAAA
AGTATAGGAGATAGAAATTTACTCCGGCGCTATAGATACAGTACCGCAAGGGAAAGATGAAAAAAAGCAATTAAGCACAAAACAGCAAGGACTCACCCCTATACC
TTTTGCATAATGAGCTAACTAGAGACCACTTCACGAAGAGAACTAAAGCCAAGTACCCCGAAACCAGACGAGCTACCCAAAAACAGCTGAAAGAGCGCACCCATCT
ATGTAGCAAAATAGTGGGAAGATTTCTGGGTAGAGGTGATACGCCTACCGAGCCTGGAGATAGCTGGTTATCCAAGATAGAATTTTAGTTCAACCTTAAGCTTACCT
ACAGAACTATAAATCTCCCTGTAAGCTTAACTGTTAGTCTAAAGAGGGACAGCTCTTTAGATACCAGGAAAAAACCTTATGTAGAGAGTAAAAAACTCCAAACTCAT
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AGTTGGCCTAAAAGCAGCCATCAATTAAGAAAGCGTTTAAGCTCAACGCAGTATCTAAAAAAAATATCAGACACTTTACTGAACTCCCCATATCACATTGGATTAAT
CTATTATCCCATAGAAGTAATAATGCTAGCATTAGTAACGTGAATAAATTCTCCAGTGCATAAGCCTAAATCAGATCGAAACCTTCACCGATATTTAACAGTCCAAT
ATTATAATCACAAACAAGCCAGTATTATAGATACTGTTAACCCAACACAGGCATGCCCCAAAGGAAAGGTTAAAAAAAGTAAAAGGAACTCGGCAAACTTAACCCC
GCCTGTTTACCAAAAACATCACCTCTAGCATTACCAATATTAGAGGCACTGCCTGCCCAGTGACATATGTTCAACGGCCGCGGTACCCTGACCGTGCAAAGGTAGCA
TAATCATTTGTTCTTTAAATAGGGACTTGTATGAATGGCAACACGAGGGTTTAACTGTCTCTTACTTTCAACCAGTAAAATTGACCTGTCCGTGAAGAGGCGGACATA
AAATAATAAGACGAGAAGACCCTGTGGAGCTTCAATTTACTAGTGCAACCCATTATTAAAATAAATCTAAGGACCTAATATACCCTGCCCCTGCACTAGAAATTTTG
GTTGGGGTGACCTCGGAGCATAACTAAACCTCCGAACGAGCTACGCCAAGACCATACAAGTCAAAGCAGTTTAATATCTAATTGATCCAATAACTTGACCAACGGA
ACAAGTTACCCCAGGGATAACAGCGCAATCCTATTCCAGAGTTCATATCGACAATAGGGTTTACGACCTCGATGTTGGATCAGGACATCCTAATGGTGCAGCAGCTA
TCAAGGGTTCGTTTGTTCAACGATTAAAGTCCTACGTGATCTGAGTTCAGACCGGAGCAATCCAGGTCGGTTTCTATCTATTCTACATTTCTCCCTGTACGAAAGGAC
AAGAGAAATAGGGCCTACTTCACATAAGCGCCCTCCTTCCATAAATGACTTAGTCTCAATTTAACAAGAAACCACACACATAACCCAAGAACAGGGATTGTTAAGA
TGGCAGAGCCCGGTAATTGCATAAAACTTAAGACTTTATAATCAGAGGTTCAACTCCTCTTCTTAGCACTATGTTCACAGTAAATCTTCTACTAATTATTCTACCCAC
CATAGCTGCCATAGCATTTCTTACACTCACTGAACGAAAACTGCTAGGCTACATACAACTACGCAAAGGACCCAATATCGTAGGCCCTTATGGATTACTACAACCCT
TTGCCGATGCAATAAAACTCTTCACCAAAGAACCCTTAAAACCTTCAACATCCACCACCACCCTATATATTATTGCACCTGCACTAGCCTTTTCTATTGCCCTCCTCCT
GTGAGTACCTCTTCCCATACCTAATTCCCTAATTAATCTTAACCTAGGACTTCTATTTATCCTATCTACATCTAGCCTAGCCGTCTACTCCATTTTATGATCAGGATGA
GCATCCAACTCAAACTACGCACTAATCGGAGCGCTACGAGCAGTCGCCCAAACAATTTCATACGAAGTAACTCTCGCCATCATTATATTATCAGTTCTACTAATAAG
TGGCTCATTTAACCTCCATATACTCATTACAACACAAGAACACCTCTGACTTCTTCTACCATCATGACCTTTAGCCATAATATGATTCACCTCCACACTAGCAGAAAC
TAACCGAGCCCCCTTCGACCTTACAGAAGGAGAATCAGAACTAGTATCAGGCTTCAATATCGAATATGCTGCAGGCCCATTCGCCCTTTTCTTCATAGCCGAGTACA
TAAATATCATTATAATAAATGCCCTAACAGCCACAATTTTCCTAGGAACACTATATCCAATCCACTCACCAGAACTATTCACAACATGCTTTATTACAAAAACTCTTC
TCTTAACCTCCTTATTCCTATGAATTCGAGCAACCTACCCCCGATTCCGTTATGATCAACTCATACACTTGCTATGAAAAAATTTTCTTCCTCTTACATTAGCACTCCT
CATATGATATATTTCAACTCTCATTATAATCTCTGGCATCCCCCCTCAAAACTAGAAATATGTCTGACAAAAGAATTACTTTGATAGAGTAAACAATAGAGGTAATC
AACCCTCTTATTTCTAGAATTATAGGTATCGAACCTACTCCTGAGAATTCAAATCTCTCCGTGCTACCTATTACACCTCATTCTAAGTAAGGTCAGCTAAATAAGCTA
TCGGGCCCATACCCCGAAAATGTTGGTTATATCCTTCCCGTACTAATTAACCCACTAGCCCAACTTGTTATTTACTCTACCATAATCATAGGCACCCTTATTACATTAC
TAAGTTCCCACTGGTTTCTTGCCTGAGCCGGCCTAGAAATAAATATACTAGCTTTTACTTCAATCCTAATTAAAAAAGCAAATATTCGCTCCACAGAAGCTGCTACCA
AATATTTTCTTATACAAGCCACCGCATCTATAATTCTCATAATAGCAATCACGTATAACAACCTGTTCTCAGGACAATGAGCCCTAATAAATAACCCCAATCCACTCT
CATCCCTAGTCATAACAATAGCACTCGCTATAAAATTAGGGATAGCCCCCTTCCACTTTTGAGTCCCAGAAGTCACCCAAGGAACACCCTTAATATCCGGCCTGCTTC
TCCTTACATGACAAAAACTAGCCCCTATCTCAATTATATATCAAATTTATCCGTCAATTAATACAAGTATTCTTATAACCCTATCAACTCTATCCATCATGGCAGGTA
GTTGAGGAGGCCTCAATCAAACACAACTACGAAAAATTCTAGCATACTCTTCAATCACACATATAGGCTGAATAATAATAACAATAACGTATAACCCAAATATTACA
ATCTTCTATATGCTTATGTACATCATCATAACAAGCACTGCATTCCTGGCCCTAAATCTAAACTCAAACACTACTATCCTAATGCTATCACACACCTGAAACAAACTA
ACCTGACTGATACCATTAATACTACTCACCCTCCTATCCATAGGAGGTTTACCTCCACTGACCGGCTTTATACCTAAATGAATAACAATTCAAGAGCTCGCAAAAAAT
AACAACTTTATTATACCCTCTATCATAATTACCATAACTTTACTTAATTTATATTTTTACTTACGCCTAACTTATACCACTTCTATAACACTACTCCCTACGTCTAATAA
CACAAAAATAAAATGACAATTCGAAAATACAAAGCCCACACCCCTATTCCCCCCACTCATTATTTTCACAACCCTTCTCTTACCAATATCACCAACAATCCTAACCCT
TTTCTAGAAATTTAGGTTAAACTAGACCAAAAGCCTTCAAAGCTTTCAGTAAGTTAATACACTTAATTTCTGAGACACAATAAGGACTGCAGTACTATACCCTGCATC
AACTGAACGCAAATCAATCACTTTAATTAAGCTAAGCCCTTACTAGATTAATGGGATTTAAACCCACAAAAATTTAGTTAACAGCTAAATACCCTAATCAACTGGCT
TTAATCTACTTCTCCCGCCGCAGGGAAAAAAAGGCGGGAGAAGCCCCGGCAGAAATAAAACTGCTCCCTTGAATTTGCAATTCAACATGATAATCACCTCGGGGCT
GGTAAAAAGAGGGCTCAACCTCTGTACTTAGGTTTACAGCCTAATGCCTACTCAGCCATTTTACCTATGCTCATCAACCGCTGGTTATTCTCCACAAATCACAAAGAC
ATTGGAACTTTGTATTTATTATTTGGCGCATGAGCTGGAACCACAGGTATAGCTATAAGTCTCCTTATTCGAGCTGAACTAGGCCAGCCCGGCAACCTATTAGGCAAC
GACCATATTTATAATGTTATCGTCACAGCCCATGCATTTGTCATAATTTTTTTCATGGTAATACCAATTATAATTGGGGGCTTCGGGAACTGACTAGTGCCCTTAATA
ATTGGCGCCCCTGACATAGCATTTCCCCGCCTAAATAATATAAGCTTCTGACTTCTCCCACCATCCTTCCTACTTCTTCTTGCATCAGCAATAGTAGAAACTGGCGCA
GGTACAGGCTGAACAGTTTATCCCCCTTTAGCGGGAAATTTTTCCCACCCAGGAGCTTCTGTAGACTTAACTATTTTCTCCCTCCACCTAGCAGGTATTTCCTCTATCT
TAGGAGCTATTAACTTTATCACCACTATTATTAACATAAAACCCCCTGCCATGTCTCAATATCAAACGCCCTTATTTGTTTGATCCGTCCTAATTACAGCAGTATTACT
ACTTCTATCCTTGCCCGTATTAGCTGCGGGCATTACAATGCTACTAACAGACCGTAATCTCAACACTACCTTCTTTGACCCCGCCGGAGGAGGGGACCCTATCTTATA
TCAACACCTATTTTGATTTTTCGGCCACCCTGAGGTCTATATTCTTATTTTACCTGGGTTTGGAATGATCTCCCACATCGTAACGTACTATTCTGGAAAAAAGGAACCA
TTCGGGTATATAGGCATAGTCTGAGCTATAGTATCAATTGGGTTCTTAGGCTTTATCGTATGGGCTCACCATATGTTTACTGTTGGCATAGACGTGGATACACGAGCC
TATTTCACCTCTGCTACCATAATTATTGCAATCCCAACTGGCGTTAAAGTCTTTAGCTGACTAGCTACACTACATGGAGGGAACATCAAGTGATCTCCCGCAATACTC
TGAGCTCTAGGCTTTATTTTCCTCTTCACTGTAGGAGGCTTAACCGGCATTGTATTAGCAAACTCATCACTAGATATCGTACTACATGATACATACTATGTGGTAGCC
CACTTCCACTACGTCTTGTCAATAGGAGCCGTCTTTGCTATCATAGGAGGTTTTATTCACTGATTTCCCCTATTCTCAGGTTACACCCTAGATGAAATTTGTGCCAAAG
CCCACTTTATTATTATATTTGTGGGTGTAAATTTAACTTTCTTTCCACAGCATTTTCTTGGTTTGTCCGGAATGCCCCGACGTTATTCCGATTATCCTGACGCTTATACT
ACATGAAATATTGTATCATCTATAGGCTCCTTTATTTCCCTAGTAGCAATATTACTAATAATCTATATAATCTGGGAAGCTTTCGCCTCAAAACGTAAAGTCCTATTA
GTTGAACAACCTACTTATAATCTAGAATGATTACATGGCTCTCCGCCACCATATCATACATTCGATGAACCAACATTCATCAAGGTTAAATAAAAAAGGAAGGAATC
GAACCTCCTGAGACTGGTTTCAAGCCAACCCTATAACCTCTATAACTTTTTCAATAAGATATTAGAAAAATTATTTCATGGTTTTGTCAAAGCTAAATTATAGGATAA
ACCCTATATATCTTATATGCCTCACCCAGTTCAACTAGGCCTACAAGATGCCACATCCCCTATCATAGAAGAACTAATCGCCTTTCACGACCATGCCTTTATAATTGT
AGCTATAATCAGCTTTTTAGTCTTATACGTTTTATCCTCAGTACTCACAACAAAATTAACTAACACCAATATTACAGATGCTCAAGAAATAGAAACTATTTGAACCAT
CTTACCAGCAATTATCCTAATCTTAATTGCTCTACCATCCCTACGTATTCTTTATTTAACGGATGAAATCAATAACCCCTCATTTACTATTAAATCAATCGGACATCAG
TGATACTGAACTTATGAATATACAGATTATGGGGGCTTAATCTTTAATTCTTATATACTCCCCCCACTATTCTTAAACCCGGGGGACCTCCGACTTTTAGAAGTTGAT
AATCGAGTGGTACTCCCAATTGAAGCTCCTGTTCGCATAATAATCACATCTCAAGACGTCTTACACTCCTGAACCATTCCTACGTTAGGGTTAAAAACAGATGCAATT
CCCGGACGCTTGAATCAAACTACATTTACTGCCACACGACCAGGTGTCTACTACGGACAGTGCTCAGAAATCTGCGGCGCTAATCACAGTTTCATACCAATTGTTGC
AGAACTAATTCCACTAAAAATTTTTGAAATAGGACCTGTATTTACCCTATAAGTATGCTAAGGCATTAGTTAAAATACTTCTTAAGTACTAAACTCACTGCATAGCTG
TCCCAGCATTAACCTTTTAAGTTAAAGAATGAGAAAATATTCTTCTCTGTAGTGAAATGCCTCAACTAAATACATCTACATGACTTATTACTATTATAACCATGATAC
CCGCACTATATCTTATCATACAATTAAAGCTATTAAACACAGTCTACTATTTTCCCCCATCACAAAAAGTTCCCAGTACGCAAATATTCAACAACCCCTGACAACTAA
AATGAACGAAAATTTATTTACCTCATTTACACATCCAACACTACTAGGCCTACCAGCTGTAGTACCTATTATTCTATTTCCTACATTACTACTCCCAACCTCAAAATAT
CTTATTAACAATCGACTAGTTACTATTCAACAAAACCTAATTCAGCTAATTGTAAAACAAATAATAGCAATTCATAATACCAAAGGACAAACCTGATCCCTAATACT
GATATCCCTAATTATTTTTATTGCCACAACCAACCTTCTCGGGCTCTTACCCCACTCATTTACACCTACCGCCCAACTATCAATAAATCTAGCCATAGCTATCCCTCTA
TGGGCAGGTACAGTAATTACAGGTCTCCGCTTCAAAACTAAAAGCTCCTTGGCTCACTTTTTACCACAAGGTACACCCACACCACTTATCCCCATATTAGTAGTTATT
GAAACCATCAGCTTATTTATTCAACCAGTAGCCCTAGCTGTACGCCTAACCGCCAATATTACAGCAGGGCATCTACTTATGCACCTAATCGGAAGTGCTACACTAGT
GTTATCAACCATCAGCTTCTCTATGACCTCGTTAACTTTAGTGCTTTTAGTATTATTAACAATTCTAGAGATAGCAGTTGCCCTAATTCAGGCCTACGTTTTTACACTC
TTGGTAAGCCTTTACCTACACGACAACACTTAATGACACACCAAACCCACCCTTATCACATAGTTAAACCCAGCCCATGACCACTGACAGGAGCCCTGTCAGCTCTC
CTAATAACATCTGGCCTAATTATATGATTTCACTTCTATTCTATAACTCTATTAACCCTAGGCTTGCTAACCAATATATTAACTATATACCAATGGTGACGTGATATTG
TCCGAGAAAGCACCTATCAAGGTCACCATACAATATCAGTTCAAAAAGGCCTCCGCTACGGAATAGTATTATTTATTATCTCAGAAATTTTCTTCTTTGCTGGCTTCT
TCTGAGCCTTTTATCACTCAAGCCTGGCCCCCACCCCACACCTAGGAGGACACTGACCACCAACAGGTATTATTCCCCTAAACCCCCTAGAAGTACCCCTTCTAAATA
CTTCCGTACTACTCGCATCAGGGGTTACAATCACTTGAGCTCACCATAGCTTAATAGAAAATAACCGAAAACAAATAATTCAAGCTCTATCAACTACAATTTTATTA
GGCATTTATTTCACCCTACTACAAATATCAGAATACTACGAGGCGCCCTTTACCATCTCTGACGGCATCTATGGCTCAACATTCTTTGTTGCTACCGGCTTTCATGGAC
TTCATGTTATCATTGGATCTACATTTCTTACCGTCTGTCTTATTCGCCAGCTATCTTATCATTTTACATCAAGTCACCATTTTGGCTTTGAAGCTGCCGCCTGATATTGA
CACTTCGTAGATGTCGTCTGACTCTTTCTCTATATTTCTATTTACTGATGAGGTTCTTATCTTTTTAGTATAATTAGTACAGCCGACTTCCAATCAGTTAGTTTCGATAA
TATCGAAAAAGGATAATTAACCTAATATTAACCCTAATAATTAATACCTCCCTAACCCTCTTGCTAACAATTATTATATTTTGATTACCCCAACTGAACTCTTATGCA
GAAAAGGCCAACCCTTACGAATGCGGGTTTGACCCATTAAACTCTGCTCGTATTCCTTTCTCCATAAAATTTTTTCTAGTCGCTATTACTTTTCTACTATTCGATTTAG
AGATCGCCTTACTATTGCCCCTGCCATGAGCCCTCCAAACAACAAACCTTTCCATAATAATCAAATCATCAATTACATTAATTATTATCCTAACCCTCAGCCTAGCCT
ATGAATGAACTCAAAAAGGATTAGATTGAACTGAATTGGTAAGTAGTTTAAGCAAAACAAATGATTTCGACTCATTAAATTATGGCAATCATACTAACCAAATGTCC
ATTATTTATATAAATATTATATTAGCATTTACTACCTCACTCCTGGGCATATTAATCTATCGCTCGCATCTAATATCATCCCTATTATGCCTAGAAGGAATAATACTTT
CACTGTTTATCATAAGCACTCTTACTGCATTAAATACTCACTTTCCCCTGGCCAATATTGTACCTATTGCCCTACTAGTCTTTGCCGCTTGCGAAGCAGCAGTTGGCCT
TGCCTTATTAGTCTCAATCTCAAACACATATGGCTTAGACCACATCCAAAACCTAAATTTACTTCAATGTTAAAAATAATTTTTCCTACAATAATATTACTACCGACA
ACATGATTCTCCAAAAACAACTTAATCTGAATTAACTTAACCACACACAGCTTAATCATCAGCCTCATTCCGCTTCTATTCTTCAACCAAATTAATAATAATCTTATT
AGCCACTCAACCTATCTATCTTCAGACCCATTAACAACACCTCTCTTGATACTGACGGCCTGACTCCTACCCCTTATAATTATAGCAAGCCAATATCACCTACACAAT
GAAAGCCCTCTGCGAAAAAAGCTCTACCTTTCCATAATAATCTTCCTACAAATCTCCCTAATCATAACGTTTATAGCTACAGAATTAATCTTATTCTACATCTTATTTG
AAACCACCCTTATCCCCACCCTAATTATTATTACCCGATGAGGTAATCAAGCAGAACGCCTCAACGCAAGCACATATTTCCTATTTTATACATTAACCGGTTCCCTAC
CTCTGCTAATTATATTAATCTTCACATACAACAAATTAGGCTCATTAAATATCCCACTACTTACACTCATAGCCCAAAAATTAACAACCTCTTGATCCCATAACTTAG
CTTGACTAGCATGTATAATGGCCTTTATAGTAAAAATACCCTTATACGGCTTACACCTGTGGCTCCCTAAGGCCCATGTTGAGGCTCCCATTGCCGGATCAATAGTCC
TTGCCGCTGTACTTTTAAAATTAGGCGGCTATGGCATAATGCGACTCACACCAATTCTCTACCCACTAACAGAATATATAGCCTACCCTTTTCTTATACTATCCTTATG
GGGCATAATTATAACAAGCTCAACCTGTCTCCGACAAACAGATTTAAAATCGCTCATTGCATATTCCTCTGTAAGCCACATAGCCCTTGTAATCATAGCCTCCCTCAT
CCAAACGCCCTGAAGCTTTACCGGCGCTATTATCCTTATAATTGCCCATGGACTTACTTCATCTATACTATTCTGTTTAGCAAATTCAAATTACGAACGAACTCACAG
CCGCATTATATTACTTTCTCGAGGACTTCAAAGCCTACTTCCACTAATAACCTTCTGATGGTTCGTGGCAAACCTCACTAATCTAGCTCTGCCCCCTTCCATTAATTTA
ATTGGAGAATTGTTAGTAGTAATATCCTCATTTTCTTGGTCACATATTACCATTATCTTCACAGGACTAAACATATTAATTACTGCTCTATACTCCCTACACATATTTA
TTACAACACAACGAGGAATACTCACCTCCCACATTATTAACATAAAACCCTCTTTTACACGAGAAAATATACTAATATTTATACATATATCCCCTATTATTCTTCTAA
CCCTTAACCCTAGCATTATTATAGGCTTTACCCCTTGTAAATATAGTTTAATTAAAACATTAGATTGTGAATCTAAATATAGAAACCTACCACTTCTTATTTACCGAG
AAAGCTTGCAAGGACTGCTAATCCATGCCTCCGTATTTAATAAAACGGCTATCTCAACTTTTAAAGGACAACAGCTGTCCATTGGTCTTAGGAACCAAAAACATTGG
TGCAACTCCAAATAAAAGTAATAATAATGCACACTTCCATTTTTATGTTAACCCTGACCCCCCTGATCTTTCCAATTATTATTACCCTTATTAACCCCAATAAAAATA
ATATATATCCCAACTATGTAAAAACAACTATAATATTTACCTTTACTATTAGCCTCCTCCCCACGACCATATATATTTTTCTAGACCAAGACATAATCGTATCAACCT
GACATTGAATAACCATTCAGTCAATAGAAATTACACTAAGTTTTAAATTGGACTACTATTCTATAATATTTATCCCAATTGCACTATTTATTACTTGGTGCATTATAGA
ATTCTCACTATGATACATAAATTCAGACCCAAACATTAATCAATTCTTTAAATATCTTCTCATATTCCTTATTACCATGTTAATTTTAATTACCGCTAATAACCTCTTCC
AACTTTTTATTGGATGAGAAGGTGTAGGAATTATATCCTTCCTACTAATCGGCTGATGACATGCTCGAACAGATGCTAACACAGCAGCCATTCAAGCAATTTTATATA
ATCGCATTGGTGACATTGGCTTCATTCTAACTATAACATGGTTTCTCCTTTATTACAACTCATGAGACTTACAACAAATATTTATCCTAAATCCCAATCCCAATATACT
CCCACTAGTAGGCCTACTATTAGCAGCAATAGGAAAATCAGCCCAACTAGGTCTCCATCCCTGATTACCCTCGGCTATGGAAGGTCCAACTCCAGTCTCAGCCCTAC
TTCATTCTAGTACTATAGTAGTAGCCGGAGTTTTTCTACTTATTCGCTTCCACCCACTAATAGAAAGTAACACAATAATTCAAAGTCTTACACTATGCCTAGGAGCTA
TTACCACAATATTTATAGCAATCTGCGCCCTAACACAAAACGACATTAAAAAAATCGTAGCCTTCTCTACCTCAAGTCAACTGGGACTTATAATAGTTACTATTGGTA
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TTAATCAACCACACCTAGCATTTCTACACATCTGTACCCACGCCTTTTTCAAGGCTATACTATTTATCTGCTCTGGGTCTATAATTCATAACCTAAATAATGAACAAG
ACATCCGAAAAATAGGAGGACTATTTAAAACAATACCCCTTACCTCAACTTCCCTAATAATCGGTAGCCTAGCACTCACAGGCATACCTTTTCTTACAGGCTACTACT
CCAAAGATCTCATCATCGAAACCGCAAACATATCATACACCAACGCCTGAGCCCTGTCCATTACTCTTATTGCTACCTCCATAACGAGCGCCTACAGTACCCGAACT
ATTATTCTCACACTAACAGGACCACCTCGTTTTTCAACTTCAGTATACATTAATGAAAATAACCTAGCCTTACTAAACCCAATAAAACGTCTAGCAACAGGTAGCCTA
CTCGCAGGATTTTTCATTGTCAATAACATCTCTCCTACTACATTTCCTCAACTAACAATACCCTATTACCTAAAACTCCTAGCCTTATGCGTAACCACTCTAGGCTTCT
TAATAGCACTAGATCTGACCCTTATAACTAACAATCTCAAAATAAACATCCCATCACACATATTCAAATTCTCCAACATACTAGGATTCTTTCCTATAACAATCCACC
GAACAGTTCCCTACCAAAACCTAACCATAAGCCAAAACCTAGCCTTCCTATTACTAGACTTATTCTGACTAGAGAAATCAATACCTAAAACAATTTCACATACCCAT
ATTAATACAGCCATCACCTCAACTACCCAAAAAGGCATAATCAAGCTCTATTTCCTCTCTTTCCTTATTCCCCTCACACTAATCCCACTTTTAATAATATAATCTATTA
CCCCGAGTAATTTCAATAACAATATAAACACCAACAAATAATGTTCAACCAACAACTACGACTAGCCAACGCCCATAATCGTATAAAGCACCAGCACCAATAGAAT
CCTCACGAATCAACCCTGACCCCTCCCCCTCAAAAATCACCCAACTTCCCATATTATTCAAATTAACTATCACTACCAACTCATTATAATCTATAACCCATAAAACCA
AATACACTTCCATTGCCAACCCAACTAA
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Béang S3. Trinh tu nucleotide trén ADN ty thé Khi mat do Tay Nguyén Viét Nam
ACAGCCGTACACCTACTATTCCTACACGAAACAGGATCAAACAACCCCTGCGGAATCTCCTCCAACTCGGACAAAATCGCCTTTCACCCCTACTATACAATCAAAGA
CATCCTAGGTCTAGTCCTCCTTCTCTTTATCCTAGCAACACTAACACTACTCTCACCCAACCTCCTAAACGACCCAGACAACTACATTCCAGCCGACCCACTAAACAC
TCCCCCACATATCAAGCCAGAGTGATACTTTCTATTCGCATACACAATCCTACGATCTGTCCCCAACAAACTGGGAGGCGTACTAGCACTCTTCCTATCAATCCTCAT
CCTAGCAGCCATCCCCATACTTCACAAATCCAAACAACAAAGCATAATATTCCGCCCACTCAGCCAATTTCTATTCTGACTCCTGATCACAATCCTGCTGACCCTCAC
CTGAATTGGAAGCGAACCAGTAACCCAACCTCTTACCACCATCGGCCAAGCAGCATCCATAATATACTTCATTACAATTCTAATTCTAATACCACTGGCCTCCCTAAT
CGAAAACAGCCTACTCAAATGAACCTGCCCTCGTAGTATAAGCCAATACACTGGCCTTGTAAACCAGAAATGAACACTCTTCCTAGGGCAATCAGAAAGAAAGTAT
CTAACTTCACCATCAACACCCAAAGCTGGCGTTCTAATTTAAACTACTTTCTGCATTCTTATGTTGTACAAGTCACATAATGTACTTCTAGTACTAACCCACTCACAAT
ACTACTATGTAATTCGTGCATTACTGCTAGCCAACATGTATAATATATAGTACTATATATGCTTGATCGTACATAATACATATTATTGTACACCAACTTAACAATTCC
AGAAAGCATGCTTACAAGCAAGTACACTAATATAAACTTCAACAGTAGCGCATGGAACAGTTCCCTCGTACCCAAACCTGTCCCTCCCCACGGATATCAACCAAACC
AGTTCATGCCAGTCGTCCATAAGTACATTATATCGTTCATCGGACATAGTACATACCTATTAAACAATCCCTTTCACCACGGATGCCCCCCCTCACTTAGGAATCCCT
TACTCACCATCCTCCGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACTCGTGGGGGTAGCTATACTTGAGCTGTATCCGGCATCTG
GTTCTTACCTCAGGGCCATGACAATCAAGATCGCCCACACGTTCCCCTTAAATAAGACATCTCGATGGATCACAGGTCTATCACCCTATTAACCAGTCACGGGAGAT
TTCCATGCATTTGGTATCTTTTATCTCTGGTCCGCACGCAACCCCATCGCAGAATGCTGACTCCCACCACATCCCGTCCTGAATGCGCCTGTCTTTGATTCCTAGTACA
TGCAGTTATTAATCGCACCTACGTTCAATATTCTAGCTCCACGCAAACCTTAGCAAGGTGTTATTTAATTCATGCTTGTAGGACATACCAATAATCACTCCAGCCAAC
GCCCCCATTACGTTACAAACCATATCTCATCAAACCCCCCTACCCCCATCTCCGATCTTCATCCAAAACCCACTCTTGCCAAACCCCAAAAACAAAAGTCTTAACACA
TCCAATCAGAGCCTATGTTTTCATCTTTTAGGTGCACACAACTCTAACTGCCATTCTCTCAACTAACGAACATTTACTTCACTAAACACCCTCTACACCAACCCACAA
CAAACCCCTTTCATACAACCCGAAAGAAATCGCCTCATAACCATGTTAGTCCCTCTGTTCGTGTAGCTTAAACCCACCCAAAGCAAGACACTGAAAATGCCTAGATG
GGTTCGCACACCCCATGAACAAATAGGCTTGGTCCTGGCCTTTCTATTAGCTCTTAGCAGGATTACACATGCAAGCATCCCCGCTCCGGTGAAGACGCCCTACAAAT
CATTACGACCAAGAGGAGCAAGCATCAAGCACGCACACGCAGCTCAAAACGCTTTGCCTAGCCACACCCCCACGGGAGACAGCAGTGACAAATATTTAGCAATAAA
CGAAAGTTCAACTAAGCCATGCTATATTTAGGGTTGGTCAATCTCGTGCCAGCCACCGCGGTTACACGATTAACCCTAGCTAATAGAGATCGGCGTAAAGGGTGTTT
AAGATCTGACATAATAAAGCTAAACCCCATCTAAACTGTAAAACTCTAGCCAACGTAAAATAAACTACGAAAGTGGCTTTAAAGCTTCTGAACACACAATAGCCAA
GACCCAAACTGGGATTAGACACCCTACTATGCTTGGCCCTAAACCTCAGTAGTTAGATAACAAAACTACTCGCCAGAATACTACAAGCAACAGCTTGAAACTCAAA
GGACTTGACGGTGCTTTACATCCCCCTAGAGGAGCCTGTTCTATAATCGATAAACCCCGATCCACCCCACCCTCTCTTGCTCAGCCTATATACCGCCATCTTCAGCAA
ACCCTAATGAAGGTCACAAAGTGAGCGCAAACGCCGCCACCGCCGCGAATACGTTAGGTCAAGGTGTAGCCTATGAGACGGTAAAAAATGGGCTACATTTTCTATC
TCAGAAAATTCCACGAAAACCCTTATGAAATTTAAAGGTCTAAGGAGGATTTAGCAGTAAATTAAGAATAGAGTGCTTAATTGAACCAGGCCATAAAGCGCGCACA
CACCGCCCGTCACTCCTCTCAAATATACTTAAGGAATATCTTAACTAAACACCCTAATATTTATATAGAGAGGATAAGTCGTAACATGGTAAGCGTACTGGAAGGTG
CGCTTGGATAAATCAAGGTATAGCTTAATACAAAGCACCTGGCTTACACCCAGAAAATCTCAACACCGCTTGATTGCCTTGAGCTAATACTAGCCCTAAGCACAACC
AACACTAATACCAAACCAACACGCACACATTAAACCATTCACCTACACAAAGTATAGGCGATAGAAATTTTAACCTGGCGCTATAGATATAGTACCGTAAGGGAAA
GATAGAAAACTACCCAAGCACAAAACAGCAAGGACTAACTCCTGTACCTTTCGCATAATGAATTAGCTAGAAACAATTTCACAAAGAGGACTACAAGCCAAATTCC
CCGAAACCAGACGAGCTACCCAAAAACAGCTAAAAGAGCACACCCATCTATGTGGCAAAATAGTGGGAAGATTTCTGGGTAGAGGTGACAAGCCTACCGAGCCTG
GTGATAGCTGGTTATCCAAGACAGAATCTTAGTTCAACTTTAAGCTTACCTACAGAACTACCTAATCCCCCTGTAAACTTAATTGCTAGTCTAAAGAGGGACAGCTCT
TTAGACACTAGGAAAAAACCTTGTAGAGAGAGTAAAACCCTCAATTATCATAGTTGGCTTAAAAGCAGCCATCAATTAAGAAAGCGTTCAAGCTCAACACCAATCA
CTCCAAAAATACCAAACACACAACTGAACTCCTCACACCACATTGGATTAATCTATCACCATATAGAAGCAATAATGCTAGTATAAGTAACATGAACATTTTCTCCA
CTGCATAAGCCTAAATCGGACCGAAAGCCTCACCGATACCTAACAGCCAGGCATAGCAAACACAAACAAGCCCATGCTACCTCCACTGTTAACCCAACACAGGCAT
GCCTCAAGGAAAGGTTAAAAAAAGTAAAAGGAACTCGGCAAACTCAAACCCCGCCTGTTTACCAAAAACATCACCTCTAGCATTACTAGTATTAGAGGCACTGCCT
GCCCGGTGACACACGTTTAACGGCCGCGGTACCCTGACCGTGCAAAGGTAGCATAATCACTTGTTCTTTAAATGGGGACTCGCATGAAAGGCACCACGAGGGTTTAA
CTGTCTCTTACTTTCAACCAGTGAAATTGACCTGCCCGCGAAGAGGCGGGCATAAAATAATAAGACGAGAAGACCCTATGGAGCTTTAATCTATTAATGCAATCAAA
AATCATACAAACCCACGGATCTTTAAACCACCGACACCTGCATTAAAGATTTTGGTTGGGGCGACCTCGGAGCACAACAAAACCTCCGAACAACACATGCCAAGAC
CACACAAGTCAAAGCAAATTAACACTCATAATTGATCCAATAATTTGATCAACGGAACAAGTTACCCTAGGGATAACAGCGCAATTCTATTCTAGAGTCCATATCGA
CAATAGAGCTTACGACCTCGATGTTGGATCAGGACATCCTAATGGTGCAGCAGCTATCAAGGGTTCGTTTGTTCAACGATTAAAGTCCTACGTGATCTGAGTTCAGA
CCGGAGCAATCCAGGTCGGTTTCTATCTATTGCACATTTCTCCCTGTACGAAAGGACAAGAGAAATAAGGCCCACTTCATATAAGCGCCTTCATTATATAAATGACC
TAGTCTTAATTTAGCAAAATACCACATATTCCACCCGAAAGCAGGGTTTGTTAAGATGGCAGAGCCCGGTAATTGCATAAAACTTAAAACTTTGTAACCAGAGGTTC
AATTCCTCTTCTTAACATCATGATTACAGCAAACCTCTTACTTATAATCATATCCACATTAGCTGCCATGGCATTTCTCACACTCATTGAACGAAAATTATTAGGCTAC
ATGCAGCTACGAAAAGGACCCAACGTTGTAGGCCCATATGGACTGTTACAACCCTTCGCTGACGCTGTAAAACTTTTCACCAAAGAACCCCTAAAACCCGCAACATC
TACCACCATCCTCTATATTATCGCACCTGCTCTAGCCTTCTTCATCACCCTTCTCCTATGAACCCCCCTCCCCATACCCAACGCTCTAATCAACTTCAACCTAGGACTC
CTATTCATCCTAGCCATACTCAGCCTAATCGTCTACTCCATCCTATGATCAGGATGAGCATCAAACTCAAACTACGCCCTAATCGGAGCCCTGCGAGCTGTCGCCCAA
ACAATTTCATACGAAGTCACCCTTACTATTATCCTACTATCAGTCCTACTGATAAGCGGCTCATTTAACCTCAACACACTTATTACAACACAAGAACACCTATGACTC
CTCCTACCATCATGACCCCTAGCCATAATATGATTTACCTCTACACTAGCAGAAACAAACCGAACCCCCTTTGATCTCATAGAGGGCGAATCAGAATTAGTATCAGG
CTTTAACATTGAATACGCCGCAGGCCCATTCGCCCTATTCTTCATAGCTGAATATATAAACATCATCATGATAAACGCCCTAACAACTACAATCTTCCTAGGCACATT
CTACCCCACCCACTCACCAGAACTATTCACAATATGCTTCACCACCAAAACACTCTTCCTAACCTCCCTATTCCTATGAATCCGAGCAACATATCCCCGATTCCGTTA
CGACCAACTTATACACTTACTATGAAAAAACTTCCTCCCCCTCACACTAGCACTACTTATATGATCTACCTCAACACCTATCGCAATCTCCAGCATCCCCCCTCAAAC
CTAGAAATATGTCTGACAAAAGAGTTACTTTGATAGAGTAAATAATAGAGGTCCCAACCCTCTTGTTTCTAGGACTGTAGGCATCGAACCTACCCCTGAGAATCCAA
ACTTCTCCGTGCTACCCCCACACTCTATCCTAAGTAAGGTCAGCTAAGCAAGCTATCGGGCCCATACCCCGAAAATGTTGGTCATATCCTTCCCGTACTAATTAACCC
ACCAGCTCAACTCACTATCTATACCACAATAATCACAGGCACATTTATCACAATACTAAGCTCACACTGATTTCTCACCTGAACAGGTCTAGAAATAAACATACTAG
CCTTCATTCCAATCCTAATAAAAAAAACAAGCCTACGCTCTACAGAAGCTGCTATCAAATACTTCTTAATACAATCTACCGCATCCATAATCCTCATAATAGCAATCA
TCTCAAACAACCTACTATCAGGATGCTGAACAACAACGAGTTACATCAATCAACCTCCATCCCTAATAATAACAACCGCCCTCGCCATAAAACTAGGAATAGCCCCC
TTCCACTTCTGAGTCCCAGAAGTCACCCAAGGAACACCCCTAATCTCCGGCCTACTCCTCATTACATGACAAAAACTAGCCCCCATCTCAATCATATACCAAATTCAC
CCATCAATTAACACCCACATCCTCCTAACCCTCTCCACCCTATCCATTGCAGTAGGCAGTTGAGGGGGTCTAAACCAAACACAATTACGCAAAATCCTAGGATACTC
TTCAATCACACACATAGGCTGAATAATAATAACACTAGTATACAACCCAACAACTACAATTCTTTATTTAACTATCTACATTATCCTGACAACTACCATATTCCTGAC
CCTTAACTTAAGCTCAAGCACCACAACCCTCATACTATCTCGCACCTGAAACAAATCAACCCACCTAGCACCACTAATAGCACCCATCCTCATATCTCTAGGAGGCC
TACCCCCCCTAACCGGTTTCCTACCTAAATGGATCATCATCCAAGAACTCACAATAAACAATAATTTCCTTATCCCCTTTATTATAACTACCATAACCCTACTTAACCT
ATACTTTTACATACGCTTAATCTACACCACCTCCCTGACACTATTCCCTACATCCAACAACACAAAAATAACATGACAACTCGAAAATACAAAACCCATACTCCTCAT
CCCCCCACTCATCATCACCTCCACTCTTCTACTACCAATCTCTCCCCTACTCTTAACCTTCCACTAGAAATTTAGGTTAAACAAGACCGAGAGCCTTCAAAGCCCTTA
GTAAGTAAAGACACTTAATTTCTGAAACACACAAGGACTGCAAACACCTACTCTGCATCAATTGAACGCAAATCAACTACTTTAATTAAGCTAAGCCCTTACTAGAT
CAATGGGATTCGAACCCACAAAAGCTTAGTTAACAGCTAAGCACCCTAACCGACTGGCTTTGACCCACTTCTCCCGCCGCAGGAAAAAAAAGGCGGGAGAAGCCCC
GGCAGAAACTCTGAAACTGCTCCTTTGAACTTGCAATTCAACATGAAAATCACCTCGGAACTGGTAAAAGAAGGGTTAGACCTCCATCTTTAGGTTTACAGCCTAAT
ACTTACTCAGCCATTTTACCGCCTATGCTCACCAATCGTTGACTCTTTTCAACAAACCACAAAGATATTGGAACCCTATATTTACTATTTGGTGCGTGAGCTGGAATC
ATAGGCACTGCCCTAAGCCTTCTCATTCGAGCTGAACTAGGCCAACCCGGCAACCTACTAGGCAACGACCACATCTACAACGTCATTGTAACGACCCATGCATTTGT
TATAATTTTCTTTACAGTTATACCCATTATAATTGGGGGGTTCGGAAACTGACTAGTACCCTTAATAATCGGCGCTCCCGACATAGCATTTCCCCGTCTAAATAATAT
AAGCTTCTGACTCCTCCCTCCTTCTTTCCTGCTACTAATAGCATCAGCCGTAGTAGAAGCTGGCGCCGGAACAGGTTGAACGGTATATCCCCCCCTAGCAGGAAACTT
CTCCCACCCAGGAGCTTCTGTGGATTTAGTCATCTTCTCCCTCCACCTAGCAGGTATTTCCTCTATCTTAGGAGCCATCAACTTTATTACTACTATTATCAACATAAAA
CCCCCCGCGATATCCCAATACCAAACCCCTCTATTTGTCTGATCGATCTTAATCACAGCAGTTCTTCTACTCCTCTCTCTGCCAGTCCTAGCCGCTGGCATTACCATGC
TACTAACTGATCGCAACCTCAATACTACTTTCTTTGATCCTGTTGGAGGAGGAGATCCTATCCTATATCAACACCTGTTTTGATTCTTTGGTCACCCTGAAGTTTACAT
CCTTATTCTTCCTGGCTTTGGAATAGTCTCTCACATCGTAGCTTACTACTCTGGAAAAAAGGAACCGTTTGGGTATATAGGTATAGTTTGAGCCATAATATCAATTGG
GTTCTTAGGTTTTATTGTATGAGCCCACCACATATTTACAGTTGGCATAGACGTAGATACACGAGCCTATTTCACTTCCGCCACTATAATCATTGCAATCCCCACCGG
TGTGAAAGTTTTTAGCTGACTTGCTACACTCCATGGAGGCAACATTAAATGATCCCCAGCAATACTTTGAGCTCTGGGCTTTATCTTCCTATTTACTGTAGGGGGCCT
AACCGGCATCATCCTGGCAAACTCATCCCTAGATATCGTACTACACGACACATACTACGTTGTCGCTCACTTCCATTATGTTCTATCAATAGGAGCTGTATTTGCCAT
TATAGGAGGCTTTATACATTGATTTCCCTTATTCTCAGGCTATACACTGAACCAAACCTATGCCAAAGCCCACTTCATCATTATATTCATCGGCGTAAATTTAACCTTC
TTCCCACAACACTTCCTTGGTCTGTCCGGGATACCCCGACGCTACTCCGATTATCCCGATGCCTACACTACATGAAATATCCTATCATCTATAGGCTCCTTCATCTCAC
TAGTAGCAATAATTTTAATAATCTACATAATCTGGGAAGCCTTTGCTTCAAAACGTAAAGTATTACTAATCGAACAACCCCTTACCAACTTAGAATGACTAAATGGC
TGCCCCCCACCTTATCACACATTCGAAGAACCAGCCTATATTAAACTAAACGAAAAAGGAGAGAGTCGAACCCCCTAAAACTGGTTTCAAGCCAGTCTTATAGCCCC
TATAACTTTTTCAACAAGATATTAGAAAAGTCATTTCATAGCTTTGTCAAAGCTAAGTCATAGGCCAAACCCTATATATCTTACATGGCCCACCCAGTTCAACTAAGC
CTACAAGACGCCACATCCCCTATTATAGAGGAATTAATTACTTTCCATGACCATGCTTTTATAGCCATATCTCTAATCAGCTTCCTAGTGTTATATGCCCTACTCTCAA
CACTCACAACAAAGCTAACCAACACTAACATCACAGACGCCCAAGAAATAGAGACTATCTGAACTATCTTACCCGCAATTATCTTAATCCTAATCGCTCTCCCATCC
CTGCGCATCCTATACCTAACAGATGAAGTCAACGACCCGTCCTTCACCATCAAATCAATTGGGCACCAGTGATACTGAACCTACGAATACACGGACTACGGAGGCCT
AATTTTCAACTCCTACATGCTACCCCCACTATTCTTAAATCCGGGGGACCTTCGACTCCTAGAAGTTGATAATCGAGTAGTCCTTCCAATCGAAGCCCCTGTACGTAT
AATAATTACATCCCAAGACGTCTTGCATTCATGAACTATCCCCACACTAGGCCTAAAGACAGACGCCGTACCTGGACGTCTAAATCAAACCGTTTTCACAGCCACAC
GACCGGGCGTCTATTACGGACAATGCTCAGAGATCTGCGGCGCAAATCATAGCTTCATACCAATTGTTGCGGAACTAATCCCACTAAAAATCTTTGAAATAGGACCC
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GTATTTACTCTGTAAATAATCCTATTTACCCCCCCCAACACGCCCCCACCTCATAAACTCTCAAAATACTCTAAACTCACTGTACAGCTACTCTAGCATTAACCTTTTA
AGTTAAAGACGGGGGAGACATACCCCCTACAGTGAAATGCCCCAGTTAGACACATCGACATGATTCACCACTATTATAACAATACTTCCTACACTATACCTTATCAT
ACAATTAAAACTACTAAACACAAACCACTACCAACCGCCTCTTACAAAAAACCCCAGCCTTCAATCTCACAATAACCACTGACAACCAAAATGAACGAAAACTTGT
TTGCCCCTTTCTCAGCCCCAACAATCCTAAACCAACCCGCCACAATCCCCATTATCCTATTGCCCACCCTATTAGTCTTAACCTCAAAACACCCCATCAATAATCGAC
TAACCACCATTCAACAAAGTCTAACTCAATTCACCCTAAAACAAATAATAAAGACTCACAACGCTAAAGGACAAACCTGGTCTTTAATACTAATATCCCTAATCACT
TTTATTGCCATAACAAACCTCCTAGGACTTCTGCCTTACTCGTTCACACCAACCACCCAACTTTCCATAAACCTAGCTATAGCAATTCCCTTATGAGCGGGCACGGTA
GTAGTAGGGCTTCGCTTTAAAACCAAAAATTCCCTAGCCCACCTCCTACCACAAGGCACACCCACACCTCTCATCCCCATATTGGTAGCAATCGAAACTATCAGCCT
ACTCATTCAACCAGTAGCTCTAGCCGTACGACTAACCGCAAACATCACAGCCGGCCATCTGCTAATTCACCTGACCGGAAACGCCGTACTAGCACTATCAACCATCA
ACCTTTCCATAACTCTACTAACTTCCACACTTCTAGTACTACTAACTGTGCTAGAAATCGCAGTAGCCCTGATTCAAGCCTATGTCTTCACACTCTTAATTAGCCTCTA
TCTGCGCAACAACACCTAATGACCCACCAAACCCATGCTTATCACATAGTTAAACCCAGTCCCTGGCCACTGACAGGAGCCCTATCAGCCTTCTTAATAACATCTGG
CTTAGTCACGTGATTTCACTTCTACTCTACCACCCTACTAATACTAGGCCTACTAACCAACATACTAACCTTGTATCAATGATGACGTGACATTGTACGAGAAAGCAC
ATACCAAGGCCACCACACAGTATCCGTCCAAAAAAGCCTTCGATACGGAATAACACTATTCATCATCTCAGAAGTATTCTTTTTTATTGGCTTCTTCTGAGCGTTTTA
CCACTCAAGTCTCGCCCCAACACCCTGCTTAGGAAGCCATTGACCACCAACAGGCATCACCCCCCTAAATCCTATAGAAGTACCCCTCCTAAACACTTCTGTATTACT
TGCATCTGGAGTTACAATCACCTGGGCTCATCATAGCCTCATAAATAATGACCGAAAACAAACAATCCAAGCCCTACTCATCACAATCCTACTAGGCACCTATTTCA
CCCTATTACAAATCTCAGAATACTTTGAAGCACCCTTTACCATCTCCGATGGCATCTATGGTTCAACATTCTTCATCACCACGGGCTTCCATGGACTCCACGTTATTAT
CGGATCCACATTCCTCTTTATTTGCCTCATCCGCCAACTACTATACCACTTCACATCAAACCACCACTTCGGCTTCGAAGCTGCCGCTTGGTACTGACACTTTGTAGAT
GTAATCTGACTACTCCTCTATATTTCTATCTATTGATGAGGATCCTACTCTTTTAGTATAACAAGTACAATTGACTTCCAATCAATTAGTTTTGACAACATTCAAAAAA
GAGTAATCAACCTAGTGCTAGCCTTAACAATCAACACCCTATTAACCTCACTACTGATAATAATCATATTCTGACTACCCCAACTCAACTTCTATACAGAAAAAACTA
GCCCCTACGAATGCGGATTTGACCCCCTAAGCCCTGCTCGCATCCCATTCTCAATAAAATTCTTCCTAATCGCCATTACTTTCCTACTATTTGACCTAGAAATCGCCCT
ACTACTATCCCTACCGTGAGCCATTCAGACAACAAACCTTCCAATAATAATCAAATCAACCACCACCTTTATTATCATCCTAATTCTTAGCTTAGCCTATGAATGAAC
CCAAAAAGGGCTAGACTGAGCCGAATTGGTAAGTAGTTTAAATAAAATAAATGATTTCGACTCATTAGATTATGATAACCATACTAACCAAATGACCCCTACCTACA
TAAACATTATACTAGCATTTACTATCTCTCTTCTAGGCATACTAATCTACCGCTCACACCTAGTAGCTTCTCTCCTCTGCCTAGAGGGGATAATAATATCACTCTTTAT
CATAACTGCCCTTATTGCTTCAAACACACACTCCCCCCTAATCAACATTATACCCATCATTTTGCTAGTATTTGCCGCCTGTGAGGCAGCAGTAGGTCTTGCCTTACTA
ATCTCAATCTCCAATACATACGGACTAGATCACGTCCACAACCTAAGCCTGCTTCAATGCTAAAAATAGTTATTCCCACAACCATACTACTACCTATAACATGACTCT
CTAAAAATAATACAATTTGAATCAACTTAACTATACACAGCTTAGCTATCAGCCTCATTCCCTTACTATTCTTTAACCAAACTAACACTAACCTCCTCAATCACTCAA
CCCACCTATCTTCCGACCCACTAACAACACCCCTCCTAACACTAACTATCTGACTCCTGCCCCTCATGATTATAGCAAGCCAGTATCATCTATGCAATGAACCCCCCT
CAAAAAAGAAACTCTTCCTCCTCATAACGATCCTCCTACAAATCACCCTAATTCTAACATTCATGGCCACAGAACTAATTATATTCTACATTCTATTCGAAACCACCC
TTATCCCCACCCTAGTTATCATTACTAAGTGAGGCAACCAAGCAAAACGCCTCAACGCAAGCACATACTTTCTATTCTACACACTAACCGGCTCTTTACCCCTACTCA
TCATACTAAGCCACACCTACAACAACACAGGCTCATTAAATATTACATTACTAACACTCACAGACCAAAAACTAACAACCACCTGATCCCACGGCCTTGCCTGACTA
GCATGCATAATAGCCTTTATAACAAAAATACCCCTATATGGCTTACACCTGTGACTTCCCAAAGCTCATGTCGAAGCCCCCATTGCAGGATCAATAGTTCTTGCCGCA
GTACTCCTAAAACTAGGCGGCTACGGCATGATACGATTTACTCCCATCCTTAACCCTCTAACAGAATACATAGCCTACCCATTCCTCATACTATCTTTATGGGGCATA
ATTATAACAAGCCTAACATGCCTCCGACAAACAGATCTAAAATCACTTATCGCATACTCTTCTGTAAGCCACATAGCCCTTGTAATCGTAGCCTCCCTCATCCAAACC
CCCTGAAGCTTCTCTGGCGCAACCATCCTCATAATCGCCCACGGGCTCACCTCCTCTATGTATTTCTGCTTAGCCAATTCAAACTATGAACGCACCCATAGCCGTACC
ATACTACTATCCCGAGGACTTCAAATCCTGCTTCCACTAACAGCCTTCTGATGATTCGCAGCAAGCCTTACTAACCTTGCTCTACCCCCCACCATCAATCTACTAGGC
GAACTCTTTGTAATCGCGACCTCATTTTCCTGATCCTATATCACCATCATATTAACAGGACTTAACATACTAATCACAGCCCTCTACTCACTCCACATATTCATTACAA
CACAACGAGGAGCACTTACACACCACATAATCAACATAAAACCCCCCTTCACACGAGAAAACATATTAATATTCATACACCTCGCTCCAATTATCCTCCTATCTCTC
AACCCCAACATCATCCTAGGGTTTACCTCCTGTAAATATAGTTTAATCAAAACACTAGATTGTGAGTCTAACTATAGAAGCTCACCACTTCTTATTTACCGAGAAAAC
TCACAAGGACTGCTAATCCACATCTCCGTACTTAAAACTACGGTTTTCTCAACTTTTAAAGGATTACAGCTATCCATTGACCTTAGGAGTCAAAAATATTGGTGCAAC
TCCAAATAAAAGTAATAATCATGCACACCACCATCATAATAACAACCCTTATCTCCCTGACTCTCCCAATTTTGGCCACTCTCACCAACCCTTACAAAAAACGCCCAT
ACCCAGATTACGTAAAAACAACCGTAATATATGCCTTCATCATCAGCCTCTCCTCAACAACTTTATTTATCTTCTCAAACCAAGAAACAACCATTTGGAGTTGACATT
GAATAATGACCCAAACATTAAACCTAACACTAAGCTTTAAATTAGATTACTTCTCCATAATATTTACTCCAATCGCACTATTCATCACCTGATCCATTATAGAATTCT
CACTGTGATACATAACCCCAGACCCAAATATTAATCAATTCTTCAAATACCTCCTTATTTTCCTTACCGCTATACTAACTCTGGTCACTGCCAACAACCTCTTCCAATT
CTTTATCGGCTGAGAAGGCGTAGGAATCATATCTTTTCTCCTAATTAGCTGATGACACGCTCGAACAGACGCCAACACAGCAGCCGTCCAAGCAATCTTGTATAACC
GCATTGGCGATATCGGTCTTATCCTAGCCATAACGTGATTCCTCCTACATTATAACTCATGGGACCTCCAACAAATATTAGCCCTAAATTCCAACCCAAGCCCCCTAC
CACTAGCAGGCCTCCTCCTGGCAGCAGCAGGGAAATCAGCTCAATTCGGCCTTCACCCCTGACTACCCTCTGCCATGGAAGGCCCAACTCCAGTCTCAGCCCTACTT
CACTCCAGCACCATAGTCGTCGCCGGAGTATTCTTGCTCATCCGCTTCCACCCTCTAATAGAAACCAACACAACAATTCAAAACTTTACGCTATGTCTAGGGGCTATT
ACTACCTTATTTACAGCCGTCTGCGCCCTCACACAAAACGACATTAAAAAAATTGTAGCCTTCTCCACTTCAAGCCAACTAGGCCTAATAATAGTCACCATCGGCATC
AACCAACCATACTTAGCATTCCTACACATCTGCACCCATGCTTTCTTTAAAGCCATACTTTTCATATGCTCCGGATCCATCATCCACAACCTAAATAACGAACAAGAC
ATTCGAAAAATAGGAGGCCTATTCAAAACAATACCCCTCACCTCAACTTCCATAATCATTGGTAACCTAGCACTCACAGGAATACCCTTCCTCACAGGCTTCTACTCC
AAAGACCTTATTATTGAAGCCACAAATACGTCATATACCAACGCCTGAGCCCTATTCACTACTATCATCGCTACCTCCCTAACAAGCGCCTACAGCACCCGAACTATT
CTCCTCACCCTAACAGGACAACCCCGCTTTCCAGCCCTAACAAACATTAATGAAAACAACCCCACCCTACTAAACCCAATTAAACGCCTCACAATAGGCAGCATAGT
TGCAGGATTTCTTATCACCAACAACGTCCCCCCCACCTCACTCCCCCAACCAGCAATACCCCTCTACTTAAAACTCTCAGCCCTATGCGCAACTGCCCTGGGCTTTCT
AGCAGCCTCAGACCTCATCCTTATAACAAACAAACTGAAAACAAAAAACCCATCACAAATATTCAAATTCTCCAACATACTAGGATATTTTCCCACCACAATTCACC
GCATAATCCCCTATCAAAACCTACTCATAGGCCAAAACTTAGCTCTCCTCCTATTAGACTCGACATGACTAGAAAAATCTATACCTAAAATAATTTCACAAGCACAC
ATCGCTGCTTCCACAGCCGTAACCACCCAAAAAGGTATAATCAAACTCTATTCCCTCTCTTTCCTCATCCCCCTTACCCTAGCCCTAATCCTAATAATATAACCTATTA
CCCCGAACAATCTCAATCACAACATACACACCAACAAATAGCGTTCAACCAGCAACCACCACCAATCAACGCCCATAATCATACAAGGCACCCGCGCCAATAGAAT
CACCTCGAACCAATCCTGACCCCTCCCCCTCAAAAATCACCCAATCACCAGTATCACTAAAACCAACCACCACTACCACCACCTCATCCAAACCTAAAACCCATAAA
ACTATTACCACCTCCATTATCAACCCTACTAAAAGACCCCCTAAAACCTCAATTCCCGAACCCCATGTCTCAGGATACTCTTCAATGGCCATTGCTGTGGTATAACCA
AAAACAACCATCATGCCCCCCAGATAAACCAAAAATATCATTAAACCCATATAAGCCCCCCCACAATTTAAAACGATCACACAACCAACCACACCACTAACAATTA
ACGCTAAACCCCCATAAATAGGAGAAGGTTTAGAAGAAAACCCCACAAACCCCATAACCAATAAAACACTCAATACAAACAGAATATACGCCATTGCTCTCACATG
GACTCCAACCATAACCAATGGCATGAAAAACCATCGTTGTACTTCAACTATAAAAGCACTAATGACTCCAATACGCAAATCCAACCCAATCATAAAAATAATCAATC
GCTCCCTCATTGATCTACCCACTCCATCCAACCTTTCCATGTGATGAAACTTCGGCTCACTTCTCACAGCCTGCCTAATTTTACAAATCGTCACAGGCCTCCTCTTAGC
AATGCACTACTCACCAGATACCTCCTCCGCCTTCTCCTCAATTGCACACATTACCCGAGATGTAAAATACGGCTGAACTACTCGCTACCTTCACGCCAACGGTGCCTC
TATACTCTTCATCTGCCTTTTCCTACACATCGGCCGAGGCCTCTACTATGGCTCATACCTCCTCCTAGAAACCTGAAACATTGGCATCATACTCCTTCTCCTAACCATA
ACAACAGCTTTCATGGGTTACGTTCTCCCATGGGGCCAAATATCATTCTGAGGGGCAACAGTAATCACAAACCTACTATCAGCAGTCCCATACATCGGAACCGATCT
CGTTCAGTGAGTTTGAGGAGGATACGCTATCGATAGTCCCACTCTCACACGATTCTTCACCTTGCACTTTATCCTACCCTTCATTACCATCGCCCTC
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AACTCAACTGTCGTTTTCTCAACTAATAAAAATTTATTTCATACACCACCCTTGACACCTCCACCCACCTCTTCTTTCCCATAATCCCCAAAGATGGTATCATAATACC
CATTATTCAGTTTATGTAGCTTAACACCTCCAAAGCAAGACACTGAAAATGCCTAGACGGGCTCACAGACCCCATAAACAAACAGGTTTGGTCCCGGCCTTTCTATT
AGCTTTTAGCAAAATTACACATGCAAGCATCCCCGCTCCAGTGAAGATACCCTATAAATCACGACGATTAAAAGGAGTAAGTATCAAGCACGCTTAATGCAGCTCA
AGACACTTTGCTTAGCCACACCCCCACGGGAAACAGCAGTGACTAATATTTAGCAATAAACGAAAGTTTAACTAAGCTATGCTACTAAGGGTTGGTCAATTTCGTGC
CAGCCACCGCGGCCATACGATTGACCCTAGTTAATAGACCTCGGCGTAAAGGGTGTTTTAGATAAATTTAATTAAATAAAGCTAAACTCTTTCTAAACTGTAAAATC
CTAGCTAATGTAAAATAGACTACGAAAGTGGCTTTAAAGCTTCTGAATACACAACAGCTAAGACTCAAACTGGGATTAGATACCCCACTATGCTCAGCCCTAAACTT
TAATAGTTAAAAATAACAAAACTATTCGCCAGAACACTACAAGCAACAGCTTAAAATTTAAAGGACTTGGCGGTGCTCCATATCCCCCTAGAGGAGCCTGTTCTATA
ATCGATAAACCCCGATTCACCTCACCACCTCTTGCTAAGCCTATATACCGCCATCTTCAGCAAACCTCAACAAGAGATATAAAGTAAGCACAAACGCCCACGCAAAA
ACGTTAGGTCAAGGTGTAGCTTATGAGCTGGAAGAAATGGGCTACATTTTCTACCCTAGAAAACCCCACGATAGCTCTTATGAAACTTAAGAGTCCAAGGAGGATTT
AGTAGTAAACTAAGAATAGAGTGCTTAGTTGAACTAGGCCATGAAGCACGCACACACCGCCCGTCGCTCTCCTCAAATATAATTAGAACTAACTTAACTAAATATTT
CTGCATTCATACAGAGGAGATAAGTCGTAACATGGTAAGTGTACTGGAAAGTGCACTTGGATAAATCAAGGCATAGCTCAACACAAAGCATCCAGCTTACACCCGG
AAGATATCGCTACCTGATTGCCTTGAGCCAATACTAGCTCAACAAACCTACCAATACTACTATTAAATTAATATATTATTAAACCATTCACAAGTATAAAAGTATAG
GAGATAGAAATTTACTCTGACGCTATAGATGCAGTACCGCAAGGGAAAGATGAAAAAAGCAACCAAGCATAAAACAGCAAGGACTCACCCCTATACCTTTTGCATA
ATGAGCTAGCTAGAGACCACTTCGCAAAGAGAACTAAAGCCAAGTACCCCGAAACCAGACGAGCTACCCAAAAACAGCTAAAAGAGCACACCCGTCTATGTAGCA
AAATAGTGGGAAGATTTCTGGGTAGAGGTGATACGCCTACCGAGCCTGGAGATAGCTGGTTATCCAAGATAGAATTTTAGTTCAACCTTAAGTTTACCTACAGAACT
ACCAATCCTCCTGTAAACTTAACTGTTAGTCTAAAGAGGGACAGCTCTTTAGACATCAGGAAAAAACCTTATGTAGAGAGTAAAAAATTTTCAAACTCATAGTTGGC
CTAAAAGCAGCCATCAATTAAGAAAGCGTTTAAGCTCAACGCAACGTCTAAAAAAAATATCAAACACTTTACTGAACTCCTCATATCACATTGGATTAATCTATCAT
TTCATAGAAGCAATAATGCTAGCATTAGTAACGTGAATAAATTCTCCAGTGCATAAGCCTAAATCGGATCGAAACCTTCACCGATATTTGACAGTCTAATGTTATAA
CCACAAACAAGCCAATATTATATATACTGTTAACCCAACACAGGCATGCCCTAAAGGAAAGGTTAAAAAAAGTAAAAGGAACTCGGCAAACTCAACCCCGCCTGTT
TACCAAAAACATCACCTCTAGCATCACCAGTATTAGAGGCACTGCCTGCCCAGTGACATATGTTTAACGGCCGCGGTACCCTGACCGTGCAAAGGTAGCATAATCAT
TTGTTCTTTAAATAGGGACTTGTATGAATGGCAACACGAGGGTTTAACTGTCTCTTACTTTCAACCAGTAAAATTGACCTGTCCGTGAAGAGGCGGACATAAAATAA
TAAGACGAGAAGACCCTGTGGAGCTTCAATTTACTAGTACAGCCCATTATTAAAATAAATCTAAGGACCTAACATACCCTGCCCCTGTACTAGAAATTTTGGTTGGG
GTGACCTCGGAGCATAATTAAACCTCCGAACGAACTACGCCAAGGCCATACAAGTCAAAGCAGTCTAATATCTAAATTGATCCAATAACTTGACCAACGGAACAAG
TTACCCCAGGGATAACAGCGCAATCCTATTCCAGAGTCCATATCGACAATAGGGTTTACGACCTCGATGTTGGATCAGGACATCCTAATGGTGCAGCAGCTATCAAG
GGTTCGTTTGTTCAACGATTAAAGTCCTACGTGATCTGAGTTCAGACCGGAGCAATCCAGGTCGGTTTCTATCTATTCTATATTTCTCCCTGTACGAAAGGACAAGAG
AAATAGGGCCCACTTCACACAAGCGCCCTCCTCCCATAAATGACCTAGTCTCAATTTAGCAAGAAATTACACACACAACCCAAGAACAGGGATTGTTAAGATGGCA
GAGCCCGGTAATTGCATAAAATTTAAGACTTTATAATCAGAGGTTCAACTCCTCTTCTTAGCACTATGTTCACAATAAATCTTCTACTCATTATCCTACCCACTATAGC
TGCCATAGCATTTCTTACACTTACTGAACGAAAACTATTAGGCTATATACAACTACGCAAAGGACCCAACATCGTGGGTCCTTATGGACTACTACAACCCTTTGCCG
ATGCAATAAAACTCTTCACCAAAGAACCCTTAAAACCCTCAACATCCTCTACCACCCTGTATATTATTGCACCCGCCCTAGCCTTTTCTATTGCCCTTCTCCTGTGAGT
ACCTCTTCCCATACCCAATTCCCTAATTAATCTTAATCTAGGACTTCTATTTATCCTAGCTACATCTAGCCTAGCTGTTTACTCCATTTTATGATCAGGATGAGCATCC
AACTCAAACTACGCATTAATCGGAGCGCTGCGAGCAGTCGCCCAAACAATTTCATACGAGGTAACTCTCGCCATCATTATACTATCAGTTCTACTAATAAGTGGCTC



V1

ATTCAACCTCCACGCACTCATTACAACACAAGAACACCTCTGACTTCTCCTACCATCATGACCTTTAACCATAATATGATTCACCTCCACACTAGCAGAAACCAATCG
AGCCCCCTTCGACCTCACAGAAGGAGAATCAGAACTAGTATCAGGCTTCAATATCGAGTACGCCGCAGGTCCATTCGCTCTTTTCTTCATAGCCGAATATATAAATA
TTATTATAATAAATGCCCTAACAGCCACAATTTTTCTAGGGACACTATACCCAATCCACTCACCAGAACTATTCACAACATGCTTTGTTACAAAAACTCTTCTCCTAA
CCTCCTTATTCCTATGGATTCGAGCAACCTACCCCCGATTCCGTTATGATCAACTCATACACTTACTATGAAAAAATTTCCTTCCTCTCACATTAGCACTCCTCATATG
ATATATCTCAACTCTTATTATAACCTCTGGCATCCCCCCTCAAAGCTAGAAATATGTCTGACAAAAGAATTACTTTGATAGAGTAAACAATAGAGGTATTCAACCCTC
TTATTTCTAGAATTATAGGTATCGAACCTACTCCTGAGAATCCAAATCTCTCCGTGCTACCTATTACACCTCATTCTAAGTAAGGTCAGCTAAATAAGCTATCGGGCC
CATACCCCGAAAATGTTGGTTATACCCTTCCCGTACTAATTAATCCACTAGCCCAACTTGTTATTTACTCTACCATAATCATAGGCACCCTTATTACATCACTAAGTTC
CCACTGATTTCTCGCCTGAACCGGCCTAGAGATAAATATACTAGCTTTTACCTCAATCCTAATTAAAAAAGCAAACATTCGCTCTACAGAAGCTGCTACCAAGTATTT
CCTTACACAAGCCACCGCATCTATAATTCTCATAATAGCAATCATGTATAACAACCTATTCTCAGGACAATGAACCCTGATAAACAATCCCAATCAACTCTCATCCTT
AATCATAACAATAGCACTCGCTATAAAATTAGGAATAACCCCCTTCCACTTTTGAGTTCCAGAAGTCACCCAAGGAACACCCTTAATATCCGGCCTGCTTCTCCTCAC
ATGACAAAAACTAGCCCCTATCTCAATTATATATCAAATTTATCCATCAATTAACACAAGTATTCTTATAACCCTATCAGCCCTATCCATCATAGCAGGCAGTTGAGG
GGGTCTCAATCAAACACAACTACGAAAAATTCTAGCATACTCTTCAATCACACACATAGGCTGAATAATAATAACAATAACGTATAACCCAAATATTACAATTTTCT
ATCTGCTCATGTACATCATTATAACAAGCACTGCATTCCTAGCCCTGAATCTAAACTCAAATACCACCACCCTAATACTATCACGCACCTGAAACAAACTAACCTGA
CTAATACCATTAATACTACTTACCCTCCTATCCATAGGAGGTCTACCTCCACTGACCGGCTTTCTACCTAAATGGATAACAATTCAAGAACTTACAAAAAATAGCAAC
TTTATCATACCCTCTATCATAATCACCATAACTTTACTCAACCTATATTTCTATTTACGTTTAACTTATATTACTTCCATAACACTACTCCCTACGTCTAATAACACAAA
AATAAAATGACAGTTCGAAAATACAAAGCCTACACCCCTTTTCCCCCCACTAATTATTTTTACAACCCTTCTCTTACCAATATCGCCAACAGTTCTAACTCTATTCTAG
AAATTTAGGTTAAACCAGACCAAAAGCCTTCAAAGCTTTCAGTAAGTTAACATGCTTAATTTCTGAAACACATAAGGACTGCAGTACTATACCCTGCATCAACTGAA
CGCAAATCAATCACTTTAATTAAGCTAAGCCCTTACTAGATCAATGGGATTCAAACCCACAAAAACTTAGTTAACAGCTAAATACCCTAATCAACTGGCTTTAATCT
ACTTCTCCCGCCGCAGGGAAAAAAAGGCGGGAGAAGCCCCGGCAGAAATAAAACTGCTCCCTTGAATTTGCAATTCAACATGATAATCACCTCGGGGCTGGTAAAA
AGAGGGTTCAACCTCTGTACTTAGGTTTACAGCCCAATGCCTACTCAGCCATTTTACCTATGCTCATCAACCGCTGATTATTCTCTACAAATCACAAGGACATTGGAA
CTTTGTATTTATTATTTGGTGCATGAGCTGGAACCACAGGTATAGCTATAAGTCTCCTTATTCGAGCTGAACTAGGCCAGCCCGGCAGCCTACTAGGCAACGACCATA
TTTATAATGTTATTGTTACAGCCCATGCATTTGTTATAATTTTCTTCATGGTTATACCAATTATAATTGGGGGCTTCGGAAACTGACTAGTTCCCTTAATAATTGGCGC
TCCTGACATAGCATTTCCCCGCCTAAATAATATAAGCTTCTGACTTCTCCCACCATCTTTCCTACTTCTTCTCGCATCAGCAATAGTAGAGGCTGGCGCAGGAACAGG
CTGAACAGTCTATCCTCCTCTAGCAGGAAATTTTTCCCACCCAGGAGCTTCTGTAGACTTAACTATTTTTTCACTCCACCTAGCAGGTATTTCCTCTATCTTAGGAGCT
ATTAATTTTATTACTACTATTATTAACATAAAACCCCCTGCCATGTCTCAGTATCAGACACCCCTATTTGTTTGATCCGTCCTAATTACAGCAGTCTTACTGCTTCTAT
CCTTACCTGTATTAGCTGCGGGCATTACAATGCTATTAACAGACCGTAATCTCAACACTACCTTCTTTGACCCCGCCGGAGGAGGAGACCCAATCTTATATCAACACT
TATTCTGATTTTTCGGTCACCCTGAGGTTTATATTCTTATCTTACCTGGGTTTGGAATGATCTCCCACATTGTAACATATTATTCCGGAAAAAAGGAACCATTCGGATA
TATAGGCATAGTCTGAGCTATAGTATCAATTGGGTTTTTAGGCTTTATCGTATGAGCTCACCATATATTTACTGTTGGCATAGACGTAGACACACGAGCCTATTTCAC
CTCCGCCACCATAATTATTGCAATCCCAACTGGCGTTAAAGTCTTTAGCTGACTAGCTACACTACATGGAGGAAATATCAAATGATCCCCTGCAATACTCTGAGCCCT
AGGCTTTATTTTCCTCTTCACCGTAGGAGGCTTAACTGGTATTGTACTAGCAAACTCATCACTAGATATCGTACTACATGATACATACTATGTGGTAGCCCACTTCCA
CTACGTTTTATCAATAGGAGCCGTCTTTGCTATCATAGGGGGTTTTATCCACTGATTTCCACTATTCTCAGGATACACCCTAGACGAAATTTGTGCCAAAGCCCACTTT
ATTATTATATTTGTAGGCGTAAATTTAACTTTCTTTCCACAACATTTTCTTGGTTTGTCCGGAATACCTCGACGTTATTCCGATTATCCTGATGCTTACACCACATGAA
ATGTTGTATCATCTATAGGCTCCTTCATCTCCCTAGTAGCTATATTACTAATAATCTATATAATCTGAGAAGCTTTCGCCTCAAAACGTAAAGTCCTATTTATTGAACA
ACCTACTTACAACCTAGAATGATTGCACGGCTCTCCACCACCATATCATACGTTCGACGAACCAACATTCATTAAGGTTAAATAAAAAAGGAAGGAATCGAACCTCC
TGAGACTGGTTTCAAGCCAATCCTATAACCTCTATAACTTTTTCAATAAGATATTAGAAAAAATTATTTCATGGTTTTGTCAAAGCTAAATTATAGGATACACCCTAT
ATATCTTATATGCCTCACCCAGTTCAACTAGGCCTACAAGATGCCACATCCCCTATCATAGAAGAATTAATTGCCTTCCACGACCATGCCTTTATAATTGTAGCTATG
ATCAGCTTTTTAGTCTTATACGTCTTATCTTCAGTACTCACAACAAAATTAACTAACACCAATATTACAGATGCTCAAGAAATAGAAACTATTTGGACCATCTTACCA
GCAATTATCTTAATCTTAATTGCTCTGCCATCCCTACGTATTCTCTACTTAACGGATGAGGTTAATAATCCTTCATTTACTATTAAATCAATCGGACATCAATGATACT
GAACTTATGAGTATACAGATTATGGGGGCTTAATCTTTAATTCCTATATACTCCCTCCACTATTCTTAAACCCAGGGGACCTTCGACTTCTGGAAGTTGATAATCGAG
TGGTACTCCCAATTGAAGCTCCTGTTCGCATAATAATTACATCTCAAGACGTCTTACACTCCTGAACTATTCCTACGCTAGGATTAAAAACAGATGCAATTCCCGGAC
GCTTAAATCAAACTACATTTACTGCCACACGACCAGGTGTCTACTACGGACAGTGCTCAGAAATTTGCGGCGCTAATCACAGTTTTATACCAATTGTTGCAGAACTA
ATTCCACTAAAAATTTTTGAAATAGGGCCTGTATTCACCCTGTAGATATACTAAGGCGTTTAATTAAAGTATTTCTTAAGTACTAAACTCACTGCATAGCTGCCACAG
CATTAACCTTTTAAGTTAAAGACTGAGAAAATATTCTTCTCTGCAGTGAAATGCCTCAACTAAATACATCTACATGGCTAATTACTATTATAACCATGCTACCCGCAC
TATATCTTATTATACAACTAAAACTATTAAATATAGTCTACTATTTTCCCCCGTCACAAAAAGTCTCTAGTACGCAAATATTCAACAACCCCTGACAACTAAAATGAA
CGAAAATTTATTTACCTCATTTACACACCCAACACTCCTAGGGCTACCAGCCGTAGTACCTATTATTCTATTTCCTACATTACTACTTCCAACCTCAAAATACCTTATT
AATAATCGACTAATTACTATTCAACAAAATCTAATTCAGCTAATCGTAAAACAAATAATAATAATCCATAATATTAAAGGACAAACCTGGTCTCTAATACTAATATC
CCTAATCATTTTTATTGCCACAACTAACCTTCTCGGACTCTTACCCCACTCATTTACACCTACCGCCCAACTATCAATAAATCTGGCTATAGCAATCCCTCTATGAGCA
GGTACAGTAATCACAGGCCTTCGCTTCAAAACTAAAAGCTCCTTAGCGCACTTTTTACCACAAGGTACACCCACACTACTTATCCCCATATTAGTAGTTATTGAAACC
ATCAGCTTATTTATTCAACCAGTAGCCCTTGCTGTACGCCTAACCGCCAATATTACAGCAGGACATCTACTTATGCACCTAATTGGAAGTGCTACGCTAGTACTATCA
ACCATCAACCTCTCTATGACCTCACTAACTTTAGTGCTTCTAGTATTATTAACAATTCTAGAAATAGCAGTCGCCCTAATTCAAGCCTACGTTTTCACACTATTGGTAA
GCCTTTATCTACATGACAACACTTAATGACACACCAAACCCACCCCTATCACATAGTTAAACCCAGTCCATGACCACTGACAGGAGCCCTGTCAGCTCTCCTAATAA
CATCTGGCCTAGTTATATGATTTCACTTTTATTCTACAACCCTATTAACCCTAGGTCTACTAACCAATATGTTAACCATATACCAATGATGGCGTGATATCATCCGAG
AAAGCACCTATCAAGGTCACCATACAACACCAGTTCAAAAAGGCCTCCGCTACGGAATAGTATTATTTATCATCTCAGAGGTTTTCTTCTTTGCTGGCTTCTTCTGAG
CTTTTTATCACTCAAGCCTGGCCCCGACTCCACACCTAGGAGGACACTGACCACCTACAGGTATTATTCCCCTAAACCCCCTAGAAGTGCCCCTTCTAAATACCTCCG
TACTACTTGCATCAGGGGTTACAATCACTTGAGCTCACCACAGCTTAATAGAAAATAACCGAAAACAAATAATTCAAGCCCTATCAACTACAATTTTATTAGGCATT
TATTTCACCCTACTACAAATATCAGAGTACTATGAGGCACCCTTTACCATCTCTGATGGAATCTATGGTTCAACATTCTTTGTTGCTACCGGCTTTCATGGACTTCATG
TTATCATTGGATCTACATTTCTTACTACCTGTCTTATTCGTCAGCTATCGTACCATTTTACATCAAATCACCATTTTGGCTTTGAAGCTGCCGCCTGATATTGACATTTC
GTAGATGTCGTCTGACTCTTTCTCTATATCTCCATTTACTGATGAGGTTCCTATCCTTTTAGTATAACTAGTACAGCCGACTTCCAATCAGTTAGTTTCGATAATATCG
AAAAAGGATAATTAATCTAATACTAACTCTAATAATTAATACCTCCTTAACCATCTTGCTAATAATTATTATATTTTGGCTACCCCAACTCAACTCTTATGTAGAAAA
AGCCAACCCCTACGAATGCGGGTTTGACCCACTAAACTCTGCTCGTATTCCCTTCTCCATAAAATTCTTCCTAGTCGCTATTACCTTCCTGCTGTTCGATTTAGAAATC
GCCTTGCTATTGCCCTTGCCATGAGCCCTCCAAACAACAAACCTTCCCGTAATGATCAAGTCATCAATCACATTAATTATTATCTTAACCCTCAGCCTGGCCTATGAA
TGAACTCAAAAAGGTTTAGATTGAACTGAATTGGTAAGTAGTTTAAGTAAAACAAATGATTTCGACTCATTAAATTATGGTAATCATACTAACCAAATGTCCATTAT
TTATATAAACATTATATTAGCATTCACTACCTCACTCCTGGGCATATTAATCTATCGCTCACATCTAATGTCATCCCTACTATGCCTAGAAGGAATAATACTTTCACTG
TTTATCATAAGTACTCTTACTGCATTAAACACTCACTTTCCCCTCGCCAATATAGTACCTATTGCCTTACTAGTATTTGCCGCTTGCGAGGCAGCAGTGGGCCTTGCCC
TATTAATTTCAATCTCAAACACATACGGCTTAGACCATATCCAGAACCTAAATCTACTTCAATGTTAAAAATAATTTTCCCTACAATGATACTATTACCAACAACATG
ATTTTCCAAAAACAACCTAGTCTGAATTAACTTAACTACACATAGCTTAATAATCAGCCTCATTCCCCTTATATTCTTCAATCAAATCAATAATAACCTTATTAGCCA
CTCGACCTATTTATCTTCAGATCCATTAACAACACCTCTTCTAATACTGACAGCCTGACTCCTGCCCCTCATAATTATAGCAAGCCAATATCACCTACACAATGAAAG
TCCCCTGCGAAAAAAACTTTACCTCTCCATAATAATCTTCCTACAAATCTCCCTAATCATAACATTTATAGCCACAGAGTTAATCTTATTCTACATCCTATTTGAAACA
ACCCTTATCCCCACCCTAATTATTATCACCCGATGAGGTAACCAAGCAGAACGCCTCAACGCAAGCACATATTTCTTATTTTATACATTAGCTGGTTCCCTACCTCTG
CTAATTATATTAATTTATACACATAACAAATTAGGCTCATTAAATATTCCACTACTAACACTCATAGCCCAAAAACTAACAACCTCTTGATCCCATAATTTAGCTTGA
CTAGCATGCATAATGGCTTTTATAGTAAAAATACCCTTATATGGTCTACACCTATGACTCCCTAAAGCCCATGTTGAGGCTCCCATTGCCGGGTCAATAGTTCTTGCC
GCCGTGCTCTTAAAATTAGGCGGCTATGGCATAATACGACTTACACCAATTCTCAACCCACTAACAGAACATATAGCCTACCCTTTTCTTATACTATCCTTATGGGGC
ATAATTATAACTAGCTCAACCTGTCTCCGACAAACAGATTTAAAATCGCTCATTGCATACTCCTCTGTAAGCCACATAGCCCTTGTAATCATAGCCTCCCTCATTCAA
ACCCCCTGAAGCTTTACTGGCGCTATCATCCTTATAATTGCCCACGGACTTACCTCATCTATATTATTCTGCTTAGCAAACTCAAATTACGAACGAACCCACAGCCGC
ATTATATTACTTTCTCGAGGACTTCAAAGTCTACTTCCACTAATAGCCTTCTGATGATTTGTAGCAAACCTCACCAATCTAGCTCTACCTCCCTCCATTAACTTAATTG
GGGAGTTATTAGTAGTGACATCCTCATTTTCTTGGTCACATATTACCATTATCTTCACAGGACTAAACATATTAATTACTGCTCTATATTCCCTACACATATTCATTAC
AACACAACGAGGAACACTCACCTCCCATATTATTAACATAAAACCCTCTTTTACACGAGAAAACATGCTAATATTTATACATATATCTCCTATTATTCTTCTAACCCT
TAATCCTAGCATTATTATAGGCTTCACCCCTTGTAAATATAGTTTAATTAAAACATTAGATTGTGAATCTAAATATAGAAACCTACCACTTCTTATTTACCGAGAAAG
ATTGCAAGGACTGCTAATCCATGCCCCCGTATTTAATAAAACGGCTATCTCAACTTTTAAAGGATAACAGCTGTCCATTGGTCTTAGGAACCAAAAATATTGGTGCA
ACTCCAAATAAAAGTAATAATAATGCACACCTCCATTTTTATATTAGCCCTAACCCCCTTAATCTTTCCGATTATTATTACCCTTATTAGCCCCAATAAAAATAATATA
TACCCCAACTATGTAAAAACAACTATGATATTTACCTTTACTATTAGTCTCATCCCCACAACCATATTTACTTTCCTAGGTCAAGATACAATCATATCAACCTGACATT
GAATAACCATTCAATCACTAGAAATTACACTAAGTTTTAAATTGGACTATTACTCCGTAATATTTACCCCAATTGCACTATTTATTACTTGGTGCATTATAGAATTCTC
ACTATGATACATAGACTCAGACCCAAACATTAACCAATTCTTCAAATATCTTCTCATCTTCCTTATTACCATGCTAATTTTAGTTACCGCTAACAACCTCTTCCAGCTC
TTTATTGGGTGAGAAGGTGTAGGAATTATATCATTTCTACTAATCGGCTGATGATACGCTCGAACAGATGCTAACACAGCAGCCATTCAAGCAATTCTGTATAACCG
CATTGGTGATATTGGTTTCATTCTAGCCATAATATGGTTTCTCCTCCATTATAACTCATGAGACTTACAACAAATATTTATCCTAGATCCCAACCCCGATCTACTTCCA
TTAGTGGGTCTACTATTAGCAGCAACAGGAAAATCAGCCCAACTCGGCCTCCATCCCTGATTACCCTCGGCTATAGAAGGCCCAACTCCAGTATCAGCCCTACTTCA
CTCCAGTACTATAGTAGTAGCTGGGATTTTCTTACTTATTCGCTTCCACCCACCAATAGAAAATAATACAACAATTCAAAGTCTTACACTATGCCTAGGAGCTATTAC
TACCATATTCATAGCAATCTGCGCCCTAACACAAAATGACATTAAAAAAATTGTAGCCTTCTCTACCTCAAGTCAACTGGGACTTATAATAGTTACTATTGGTATTAA
TCAACCGCACCTAGCATTTCTACATATCTGTACTCATGCCTTTTTCAAGGCTATACTATTCATCTGCTCTGGGTCTATAATTCATAACCTAAATAATGAACAAGACATC
CGAAAAATAGGAGGACTATTTAAAACAATACCCCTCACCTCAACTTCCCTGATAATCGGTAGCCTAGCACTCACAGGCATACCTTTTCTTACAGGTTATTACTCCAAA
GACCTCATCATCGAAACCGCAAACACATCATACACCAACGCCTGGGCCCTGTGTATCACTCTTATCGCTACCTCTATAACAAGCGCCTACAGCACCCGAACTATTAT
CCTCACACTAACAGGATCACCTCGTTTTTCAACTTCCGTATATATTAATGAGAACAACCCAACCCTACTAAACCCAATAAAACGCCTAGCAGCAGGTAGTCTACTCG
CAGGATTTTTCATCGTCAACAACATCTCTCCGACTACAGTTCCTCAATTAACAATACCTTATCACCTGAAACTCCTAGCCTTATGCGTAACCATCCTAGGCTTCTTAAC
AGCCCTAGATCTGACCCTCATAACTAACAGTCTCAAAATAAATACCCCATCGCACATATTCAAATTCTCCAATATACTAGGATATTTTCCAATTACAATTCACCGAAC
AGTTCCCTACCAAAACCTAACCATAAGCCAAAACCTAGCCTTCCTATTACTAGACTTACTCTGACTAGAGAAATCAATACCTAAAACAATTTCACACACCCATATTAT
TACAGCCATCACCTCAACCACCCAAAAAGGCATAATCAAGTTATATTTCCTCTCTTTTCTTATTTCCCTCACACTAATCCCACTTTTAATTATATAATCTATTACCCCG
AGTAATTTCAATAACAATATAAACACCAACAAATAATGTTCAACCAACAACTACGACCAACCAACGCCCATAATCATACAAAGCACCCGCACCAATAGAATCCTCA
CGAATCAACCCCGACCCCTCCCCCTCAAAAATCACCCAACTCCCTATATTATCCAAATTAATTATCACTACCAACTCATTATAATCTATAACCCACAGAACTAAATAC
ACCTCCATTGCCAATCCAACCAAAAAACTCCCCAAAACCTCAAATCCTGAAACCCATGCTTCAGGATATTCTTCAATAGCCATCGCAGTAGTATAACCAAAGACAAC
CATTATACCCCCCAGATAAATCAAAAACATTATTAAACCTATATAAGTACCCCCATAACTTAAAATAATAGCACAACCAATCACACCACTAACAACCAATGCTAAAC
CCCCATAAATAGGAGAAGGCTTAGAAGAAAAGCCCACAAAACCCATAACTAATAATACGCTTAATAAAAATAAAATATATGACATTGTTTCCACATGGACTCTAAC
CATGATTAATGATATGAAAAACCATCGTTGTATTTCAACTATAAAAACACTAATGATCCCCGTACGCAAATCTAATCCAATTATAAAATTAATTAATCACTCCCTCAT
TGATCTACCAACCCCATCAAACATCTCAGCATGATGAAACTTTGGTTCCCTTTTAGCAACCTGCTTAATTTTACAAATCATCACAGGTCTATTCCTAGCAATACATTA
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CTCACCTAGCACCTCCTCAGCCTTCTCCTCAATCGCCCATATCACTCGAGACGTAAACTACGGCTGAATTATCCGCTACCTTCATGCCAATGGTGCCTCCATATTCTTT
ATCTGCCTATTCCTACATGTAGGTCGAGGGTTATATTATGGCTCATTCCTTCTTCTTGAAACTTGAAACATTGGCATTGCACTATTACTTATAGTTATAGCAACGGCCT
TTATAGGCTATGTACTCCCATGAGGGCAAATATCATTTTGAGGTGCTACAGTAATTACAAATTTATTATCCGCAATCCCATACATCGGAACAAATCTCGTTCAATGAG
TATGAGGTGGGTATTCTATCGATAATCCAACCCTTACCCGATTCTTCACTCTCCACTTTACCCTGCCTTTCATTATCACAGCCTTTACAGTTCTACATCTACTTTTCCTA
CACGAAACAGGATCTAATAACCCATGCGGAATTCCCTCAAACTCCGACAAAATCCCCTTCCACCCCTACTACACAATCAAAGATATGCTAGGCCTAGTCCTCCTTAT
TCTTCTCCTAATAACTCTAGTATTATTTTCACCTGACCTTTTAGGTGACCCAGACAACTATACACCAGCTAATCCACTAAACACCCCACCACACATCAAACCAGAATG
ATACTTCTTATTCGCATATGCAATCCTACGATCTGTACCTAACAAATTGGGAGGCGTACTAGCACTTCTTATATCCATTCTTATCCTAATAGTTATCCCCATACTTCAC
AAATCCAAACAACAAAGCATAATATTCCGCCCATTCAGCCAATTTACACTATGATTACTAATCACAGTTTTATTAACCCTAACCTGAATTGGAAGCCAACCAGTAAA
CCAACCCTTTATTATAATTGGACAGGTAGCATCTATAATATATTTCACTACAATTCTGATCTTAATACCACTAGCCTCTATAATCGAAAACAATCTCCTCAAATGAAC
CTGCCCTTGTAGTATAGACTAACACACCGGTCTTGTAAACCGGAGACGGATACCTTTCCCCAGGGCAACTCAGAAAGAAAGCATTTAACTCCTCCACCAATACCCAA
AACTGGCATTCTATTTAAACTACTTTCTGCATTCTAAGGAGGTATAATCTTTAGAGAATAATTTAGTACAATCTAATTTTATATGTCCTTATGTAATTCGTGCATTACT
GCTAGTCACCATGGATATTATATAGTACTATAAATGTTTTACCGTCCATAGAACATAAAATTACATATTTACTAGCAGTTATATCCAGAACATGCTTATAAGCAAGCA
CCTTAATAGAATATTTAACTATAACACATACCATTCATACATTCAAATCCCATGGTCACACCCACTGGAATACCAACCAATAGCGATTAATCCATTATCGTACATAGT
ACATAATATCCTTTACCGGGCATAGCACATCACAGTTGAGCATCCCTAAACCAATTCTTGCCAACACGGATATTCCCGCCAGTTAGGTGTCCCTTGATCACCATCCTC
CGTGAAATCAATATCCCGCACAAGAGTGCTACTCTCCTCGCCCCGGGCCCATAACCTGTGGGGGTAGCTATACATGACGTCAACGGACATCTGGTTCTTACCTCAGG
GCCATACCGCCAAGATCGCCCACACGTTCCCCTTAAATAAGACATCTCGATGGATCACGGGTCTATCACCCTATTAACCAGTCACGGGAGCTCTCCATGCATTTGGT
ATCTTTTATCTCTGGTCTGCACGCGACCCCATTGCAGTATGCTGGTCTCGCCACAATCAGTCCCGCAGCGCCTGTCTTTGATTCCTAGCACATGCCATTATTTACCGCA
CCTACGTTCCATATTTTAACCCCGCATGAACCTTATCATGGTGTTATTTAATCCATGCTTGTAAGACATACATATAATTAACCGTATACCCCGATCGCACCTTGATCCA
ATTTACAACTATCTCTACTCAAACCCCCCCCCCCCCCCATATCCGACCGCACCCTAATAATACGCCTTTGCCAAACCCCAAAAACAAAAACTTGCAATCTGGTCGAAT
TTTACATTTTTTTTTATCTTTTAGGTGTGCAT
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TCTCATCAAACCCCCCCACCCCCATCTCCGACCTTCATCCAAACCCACTCTTGCCAAACCCCAAAAACAAAAGTCTTAACATATCCGATCAGAGCCCGTATTTT
TATCTTTTGGGTGTACACAACTCCAACTGCCATTCCCTCAACTAACAAACATTTACTTCACCAAACACCCTCTTCACCAACCCACGACAAATCCTTCTCATACAACCC
GAAAGAAACTGCCTCACAATTATACTGAGACCACCGTTTATGTAGCTTAAACTCACCCAAAGCAAGACACTGAAAATGCCTAGATGGGTTTGCACACCCCATAAAC
AAATAGGCTTGGTCCTGGCCTTTCTATTAGCTCTTGGCAGGATTACACATGCAAGCATCCTCGCTCCGGTGAAGACGCCCTATAAATCATCATGACCAATGGGAGCA
AGCATCAAGCACGCACGCGCAGCTCAAAACGCTTTGCCTAGCCACACCCCCACGGGAGACAGCAGTGACAAGTATTTAGCAATAAACGAAAGTTCAACTAAGCCAT
GCTATATTTAGGGTTGGTCAATTTCGTGCCAGCCACCGCGGTTACACGATTAACCCTAGCTAATAGAGACCGGCGTAGAGGGTGTTTAAGATCTGACATAATAAAGC
TAAACTCCATCTAAACTGTAAAACTCTAGCTGATGTAAAATAAACTACGAAAGTGGCTTTAAAGCTTCTGAACACACAATAGCCAGGACCCAAACTGGGATTAGAC
ACCCTACTATGCTTGGCCCTAAACCTCAGTAGTTAAATAACAAAACTACTCGCCAGAATACTACGAGCTATAGCTTAAAACTCAAAGGACTTGACGGTGCTTTACAC
CCCCTAGAGGAGCCTGTTCCGTAATCGATAAACCCCGATCCACCCCACCCTCTCTTGCTCAGCCTATATACCGCCATCTTCAGCAAACCCTAATGAAGGTCACAAAGT
GAGCGCAAACGCCGTCACCGCGAGTACGTTAGGTCAAGGTGTAGCCTATGAGATGGTAAAAAATGGGCTACATTTTCTACCTCAGAAAATTCCACGAAAACCCTTAT
GAAATTTAAGGGCCCAAGGAGGATTTAGCAGTAAATTAAGAATAGAGTGCTTAATTGAACCAGGCCATAAAGCGCGCACACACCGCCCGTCACTCCTCTCAAATAT
ATTTAAGGAACATCTTAACTAAACGCCCTAATATTTATATAGAGAGGATAAGTCGTAACATGGTAAGCGTACTGGAAGGTGCGCTTGGATAAATCAAGGTATAGCTT
AATATAAAGCACCTGGCTTACACCCAGAAAATCTCAATACCACTTGATTGCCTTGAGCCAATACTAGCCCTAAGCATAACTAACACTAATACCAAACCAACATGCAC
TAAACCATTCACCTACACAAAGTATAGGCGATAGAAATTTTAATCTGGCGCTATAGACGCAGTACCGTAAGGGAAAGATAAAAACCACCCAAGCACAAAACAGCAA
GGACTAACTCCTGTACCTTTCGCATAATGAATTAGCTAGAAACAATTTCACAAAGAGGACTACAAGCCAAATTCCCCGAAACCAGACGAGCTACCCAAAAACAGCT
AAGAGAGCGCACCCATCTATGTGGCAAAATAGTGGGAAGATTTCTGGGTAGAGGTGACAAGCCTATCGAGCCTGGTGATAGCTGGTTATCCAAGACAGAATCTTAG
TTCAACCTTAAGCTTACCTATAGAACCACCTAATCCCCCTGTAAGCTTAATTGCTAGTCTAAAGAGGGACAGCTCTTTAGACACTAGGAAAAAACCTTATAGAGAGA
GTAAAACCCCCAATCACCATAGTTGGCCTAAAAGCAGCCATCAATTAAGAAAGCGTTCAAGCTCAACACTAACCACCCCAAAAATACCAAACACATAACTGAACTC
CTCACACCACATTGGATTAATCTATTACCATATAGAAGTAATAATGCTAGTATAAGTAACATGAATATTTTCTCCACTGCATAAGCCCAAATCGGATCGAAAACCTC
ACCGATACCTAACAGCCAGGCATAGCAAGCACAAACAAGCCCATGCTACCTTCACTGTTAACCCAACACAGGCATGCCTCAAGGAAAGGTTAAAAAAAGTAAAAG
GAACTCGGCAAACTTAAACCCCGCCTGTTTACCAAAAACATCACCTCTAGCATTACTAGTATTAGAGGCACTGCCTGCCCAGTGACACACGTTTAACGGCCGCGGTA
CCCTGACCGTGCAAAGGTAGCATAATCACTTGTTCTTTAAATGGGGACTCGCATGAAAGGCACCACGAGGGTTTAACTGTCTCTTACTTTTAACCAGTGAAATTGAC
CTGCCCGCGAAGAGGCGGGCATAAAATAATAAGACGAGAAGACCCTATGGAGCTTTAATCTATTAATGCAATCAAAAACTACACAAACCCACGGACCTTTAAACTA
CCGACACCTGCATTAAAAATTTTGGTTGGGGCGACCTCGGAGCACAACAAAACCTCCGAATAACACATGCTAAGACCACACAAGTCAAAGCGAACTAACACTTACA
ATTGATCCAATAATTTGATCAACGGAACAAGTTACCCTAGGGATAACAGCGCAATTCTATTCTAGAGTCCATATCGACAATAGAGCTTACGACCTCGATGTTGGATC
AGGACATCCTAATGGTGCAGCAGCTATCAAGGGTTCGTTTGTTCAACGATTAAAGTCCTACGTGATCTGAGTTCAGACCGGAGCAATCCAGGTCGGTTTCTATCTATT
GCACATTTCTCCCTGTACGAAAGGACAAGAGAAATAAGGCCCACTTCACAAAGCGCCTTCACTACATAAATGACCTAATCTTAATTTAGCAAAATACCACACATTCC
ACCCGAAAACAGGGTTTGTTAAGATGGCAGAGCCCGGCAATTGCATAAAACTTAAAACTTTATAACCAGAGGTTCAATTCCTCTTCTTAACACCATGACCACCATAA
ACCTCCTACTTATAATCATACCCACACTAGCCGCCATAGCATTCCTCACACTCGTTGAACGAAAATTACTAGGCCACATGCAACTACGAAAAGGGCCCAATATTGTA
GGTCCATGTGGACTATTACAACCCTTCGCTGATGCCGTAAAACTTTTCACTAAAGAACCCCTAAAACCCGCAACATCTACCACCATCCTCTACATCGCCGCACCCGCT
CTAGCCTTCTTCATTGCCCTCCTCCTATGAACCCCCCTCCCCATACCCAACGCCCTAATCAACCTCAACCTAGGGCTCCTATTCACCCTAGCCATACTCAGCCTAACTG
TCTACTCCATCCTATGATCAGGATGAGCATCAAACTCAAACTACGCCCTAATCGGAGCCCTACGAGCCGTCGCCCAAACAATTTCTTACGAAGTCACTCTTACTATTA
TCCTCCTATCAGTCCTACTAATAAGCGGTTCATTTAACCTCAACACACTCATTACAACGCAAGAACATCTATGACTCCTCCTACCATCATGACCCCTAGCCATAATAT
GATTCACCTCCACACTAGCAGAAACAAACCGAGCCCCTTTTGATCTCATAGAGGGCGAATCAGAATTAGTATCAGGCTTTAACATTGAATACGCCGCAGGTCCATTC
GCCTTATTCTTCATAGCCGAATACACAAACATCATCATAATAAACGCCCTAACAACCACAATCTTCCTAGGCACATTCCACTCCATCCATTCACCAGAACTATTCACA
ACATGCTTCGCCACCAAAACACTCTTCCTAACCTCCCTGTTCCTATGAATCCGGGCAGCACACCCCCGATTCCGTTACGACCAACTTATACATCTACTATGAAAAAAC
TTCCTCCCCCTCACACTAGCACTACTCATATGATCCACTTCAACACCCATCGCAATCTCCAGCATTCCCCCCCAAACCTAGAAATATGTCTGACTAAAGAGTTACTTT
GATGGAGTAAATAATAGAGGTCCCAACCCTCTTATTTCTAGGACTGTAGGTATCGAACCTACCCCTGAGAACCCAAACTTCTCCGTGCTACCCCACACACTCTATCCT
AAAGTAAGGTCAGCTAAACAAGCTATCGGGCCCATACCCCGAAAATGTTGGTCATATCCTTCCCGTACTAATTAACCCACTAGCTCAACCCATTATCTACACCACAA
TAATCACAGGCACACTTATCACAACACTAAGCTCACACTGATTTCTCGCCTGAACAGGTCTAGAAATAAATATACTAGCCTTCATTCCAATCTTAATAAAAAAAACA
AGTCTCCGCTCTACAGAAGCCGCTACCAAATACTTCCTAGTACAATCTACCGCATCCATAATCCTCATAATAGCAATCATCTCCAACAACCTACTATCAGGATGCTGA
ACAACAACAAACTACATCAGCCAACCCCCATCCCTAATAATAACAACTGCTCTCGCCATAAAACTAGGAATAGCCCCCTTCCACTTCTGAATCCCAGAAGTTACCCA
AGGAACACCCCTAACCTCCGGTCTACTCCTTCTTACATGACAAAAACTAGCCCCCATCTCAATCATATACCAAATTCACCCATCAATCAACACCCACATCCTCCTAAC
CCTCTCCACCTTGTCCATTGCAGTAGGCAGTTGAGGAGGTCTAAACCAAACACAATTACGCAAAATCCTAGGGTACTCTTCAATCACACATATGGGTTGAATAATGA
TAACACTAGTATACAACCCAACAACTACAATTCTTTATTTAACTATATACATTATCCTAACAACTACCATATTCCTGACTCTTAACTTAAGCTCAAGCACCACAACCC
TTATACTATCCCGCACCTGAAACAAATCAACCCACCTAGCACCACTAATAGCACCCATTCTCATATCTCTAGGAGGCCTACCCCCCTTAACCGGTTTCCTACCTAAAT
GAATTATCATCCAAGAACTCACAATGAACAACAACTTCCTCATCCCCTCTATTATAACTATCATAACCCTACTTAACCTATACTTTTATATACGCCTAATCTACACCA
CCTCCCTAACGCTATTCCCTACATCCAACAACACAAAAATAACATGACAACTTGAAAATACAAAACCCACACTCCTTATCCCCCCACTCATCATCATCTCCACTCTTC
TACTACCAATCTCCCCCCTACTCTTAACTTTTCACTAGAAATTTAGGTTAAACAAGACCAAGAGCCTTCAAAGCCCTTAGTAAGTAGAAACACTTAATTTCTGAAACA
CATAAGGACTGCAAACACCTACTCTGCATCAATTGAACGCAAATCAACTACTTTAATTAAGCTAAGCCCTTACTAGATCAATGGGACTCGAACCCACAAAAACTTAG
TTAACAGCTAAGCACCCTAACCGACTGGCTTTGACCCACTTCTCCCGCCGCAGGAAAAAAAAGGCGGGAGAAGCCCCGGCAGAAACTCTAAGACTGCTCCTTTGAA
TTTGCAATTCAACATGAAAATCACCTCGGGACTGGTAAAAGAGGAACAACCCCCGTCTTTAGGTTTACAGCCTAATACTTACTCAGCCATTTTACCACTTATGCTCAT
CAATCGCTGACTCTTTTCAACAAATCACAAAGACATTGGAACCCTGTATTTACTGTTTGGTGCATGAGCTGGAGTCATAGGCACTGCCCTAAGCCTCCTCATTCGAGC
TGAACTGGGCCAACCCGGCAGCCTACTAGGCAACGACCACATCTATAACGTTATTGTAACGGCCCATGCATTTGTTATAATTTTCTTTACAGTCATACCCATTATAAT
TGGAGGGTTCGGGAACTGACTAGTACCTCTAATAATCGGCGCCCCCGACATAGCATTTCCCCGTCTAAATAATATGAGCTTCTGACTCCTACCCCCTTCTTTCCTGCT
ACTAATAGCATCCGCCGTGGTAGAAGCTGGCGCCGGAACAGGATGAACAGTATACCCCCCTTTGGCAGGAAACTTCTCCCACCCAGGAGCTTCTGTAGACTTAGTCA
TCTTCTCTCTCCACCTAGCAGGTATTTCCTCTATCTTAGGAGCCATCAACTTCATTACCACCATCATCAACATAAAACCCCCCGCAGTATCCCAATACCAAACCCCTTT
ATTTGTCTGATCAATCTTAATCACAGCAATCCTTCTACTCCTCTCTCTACCAGTCCTAGCCGCTGGCATTACCATGCTACTAACAGATCGCAACCTCAATACTACTTTC
TTTGACCCTGTCGGAGGGGGAGATCCTATCCTATATCAACATCTATTTTGATTCTTTGGCCACCCCGAAGTCTACATCCTTATTCTTCCCGGCTTTGGAATGATCTCTC
ACATTGTGGCTTACTACTCTGGAAAAAAAGAACCATTTGGGTATATGGGCATAGTTTGGGCCATAATATCAATTGGGTTTTTAGGTTTTATTGTATGAGCCCACCACA
TGTTTACAGTTGGCATAGACGTAGACACACGAGCCTATTTCACTTCCGCCACTATAATCATTGCAATCCCCACCGGTGTGAAAGTTTTTAGTTGGCTTGCTACACTTC
ATGGGGGTAACATTAAATGGTCCCCCGCAATACTTTGAGCCCTAGGCTTTATCTTCCTATTTACTGTAGGTGGTCTAACCGGCATCATCTTGGCAAACTCATCCCTAG
ATATCGTACTACACGATACATACTACGTCGTCGCCCACTTTCATTATGTTCTGTCAATAGGAGCTGTATTCGCCATTATAGGGGGCTTTATACACTGATTTCCTTTATT
CTCAGGCTACACACTGAACCAAACCTGTGCCAAAGCCCACTTCATCATTATATTCGTGGGCGTAAATTTAACCTTCTTTCCACAGCACTTCCTTGGCCTGTCCGGAAT
GCCCCGACGCTACTCTGATTATCCCGATGCCTACACCACATGAAATACCCTATCATCTATAGGCTCCTTCATCTCACTAGTAGCAGTAATTTTAATAATCTACATGAT
CTGAGAAGCCTTTGCTTCAAAACGTAAAGTACTGCTAATTGAACAACCCCTTACTAACCTAGAATGACTAAATGGCTGCCCCCCGCCTTATCACACATTCGAAGAAC
CAGCCTACATTAAGCTAGTTGAAAAAGGAGGGAGTCGAACCCCCTAAAACTGGTTTCAAGCCAGTCTCATAGCCCCTACAACTTTTTCAACAAGATATTAGAAAAGT
CATTTCATAGCTTTGTCAAAGCTAAATCATAGGCCAAACCCTATATATCTTACATGGCCCACCCAGTTCAACTAAGCCTGCAAGACGCCACATCTCCTGTTATAGAGG
AATTAATTACTTTCCACGACCATGCTTTTATAGCCATATCTCTTATCAGCTTCCTAGTATTATATGCCCTGCTCTCAACACTCACAACAAAACTAACCAATACTAACAT
CACAGACGCCCAAGAAATAGAAACCATCTGAACTATCTTGCCCGCAATTATCTTAATCCTAATTGCCCTCCCATCTCTACGCATCCTATACCTAACAGATGAAGTCAA
CGACCCATCCTTCACCATCAAATCAATCGGACATCAGTGATACTGAACCTACGAATACACGGACTACGGGGGCCTAATTTTCAACTCCTACATACTACCCCCACTATT
CCTAAACCCAGGAGACCTCCGACTCCTAGAAGTTGACAATCGAGTAGTTCTTCCAATTGAAGCTCCTGTACGTATAATAATTACATCTCAAGACGTCTTACACTCATG
AACTATCCCCACACTAGGCCTAAAAACAGACGCCGTACCTGGACGTCTAAATCAAACCGTTTTCACGGCCACACGACCAGGCGTCTATTACGGACAATGCTCAGAG
ATCTGTGGCGCAAATCATAGCTTCATACCAATTGTTGCAGAACTGATCCCACTAAAAATCTTTGAAATAGGACCTGTGTTTACTCTGTAAATAACCCTGCCCACTCTC
TTCCCTCCTAGCACTCCTCTCCCACCCCATAAACTCTCAAAACACCCTACAAACTCACTGTATAGCTATCCTAGCATTAACCTTTTAAGTTAAAGACGGGGACACACC
CCCTACAGTGAAATGCCCCAGTTAGACACATCGACATGATTCACCACTATTATGGCGATGCTCCCTACACTATATCTTATCATACAGCTAAAGCTACTAAACACGAA
CCACTACCAACCACCCCTTACAAAAAATCCCACCCCTCAATCCCACAACATCCGCTGACAACCAAAATGAACGAAAACTTGTTTACCCCTTTCTCAACCCCAATAAT
TTTAAATCAACCCGCTACAATCCCCATTATCCTATTCCCTACCCTACTAATCTTAACCCCCAAGCACCCCATTAATAATCGACTAGCTACCATTCAACAAGACCTGAT
TCGATTCACCCTAAAACAAATAATAATAACTCACAACGCTAAAGGACAAACCTGATCCTTAATACTAACATCCCTAATCACCTTTATTGCCATAACAAACCTCCTAG
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GACTTATGCCTTACTCATTCACACCAACTACCCAACTTTCCATAAACCTAGCTATAGCAATCCCTCTATGATCGGCCACAGTAATAGTGGGGCTCCGCTTTAAAACCA
AAAACTCCCTAGCCCACCTCCTACCACAAGGCACACCCACACCTCTCATTCCCATGTTAGTAGCAATCGAAACTATCAGCCTACTTATTCAACCAGTAGCTCTAGCCG
TACGATTAACCGCAAACATCACAGCCGGCCATCTGCTAATACACCTAATCGGAAACGCTGTACTAGCACTATCAACCACCAACCTCTCCATAACTCTGCTAACCTCC
ACACTTCTAGTATTACTAACCACTCTAGAAATTGCAGTAGCCCTAATTCAAGCCTATGTCTTCGCACTCTTAATTAGCCTTTATCTACATAACAACACCTAATGACCC
ACCAGACCCACGCTTACCACATAGTTAAACCCAGTCCCTGACCGCTGACAGGAGCTATGTCAGCCTTCTTAACAACATCCGGCTTAGTCATGTGATTTCACTTCTACT
CTACCACCCTGCTAATACTAGGCCTACTAACCAATACACTAACCTTATATCAATGATGACGTGACATTGTGCGAGAAAGTACATACCAAGGCCACCACACAACACCC
GTCCAAAAAAGCCTTCGATACGGAATAACACTATTCATCATCTCAGAAGTATTCTTCTTCATCGGCTTCTTCTGGGCATTTTACCACTCAAGCCTTGCCCCAACACCC
TGCTTAGGAGGCCATTGACCACCAACAGGCATCACCCCCCTAAACCCCATAGAAGTACCCCTCCTAAACACTTCTGTATTGCTTGCATCCGGAGTTACAATCACCTG
AGCTCATCACAGCCTCATAAACAACGACCGAAAACAAACAATCCAAGCCCTACTCATCACAATCCTACTCGGCACCTATTTCACCCTACTACAAATCTCAGAATACT
TCGAAGCACCCTTCACCATCTCCGATGGCATCTACGGTTCAACATTCTTCCTAACCACAGGCTTCCATGGACTCCATGTTATTATCGGATCTACATTCCTCTTTATCTG
CTTCATCCGCCAACTACTACACCACTTCACATCAAACCATCACTTCGGCTTCGAGGCTGCCGCTTGATATTGACACTTCGTAGATGTTGTCTGACTACTCCTCTACATT
TCTGTCTATTGATGAGGATCCTACTCTTTTAGTATAACAAGTACAATTGACTTCCAATCAATCAGTTTTGACAACATTCAAAAAAGAGTAATTAATCTAGTGCTAGCC
TTAACAATCAACACCCTATTAACCTCGCTATTGATAGTTATCATATTCTGACTACCCCAGCTCAACCCCTATATAGAAAAAACCAGCCCCTACGAGTGCGGATTTGAC
CCCTTAAACCCCGCTCGCATCCCATTCTCAATAAAATTCTTCCTAGTTGCCATTACTTTCCTACTATTTGACCTAGAAATCGCCCTACTACTATCCCTACCGTGAGCCA
TTCAAACAACAAATCTCCCAATAATAATCAAATCGACCATCGCCTTTATTATTATCCTAATTCTCAGTCTAACCTATGAATGAACCCAAAAAGGGCTAGACTGAGCC
GAATTGGTAAGTAGTTTAAACAAAATAAATGATTTCGACTCATTAGATTATGATAACCATACTAACCAAATGACTCTTACCTACATAAATATTATATTAGCATTCACT
ATCTCTCTTCTAGGCATACTAACCTACCGCTCACACCTAGTAGCCTCTCTCCTCTGCCTAGAAGGAATAATGATATCACTCTTCATCATAGCCGCCCTTATTGCCTCAA
ACATACACTCCCCTCTAATCAACATTATACCCATCATCTTGTTAGTATTCGCCGCCTGTGAAACAGCAGTAGGTCTTGCTTTACTAATCTCAATCTCCAACACATACG
GACTAGATTACGTTCACAACCTAAACCTGCTTCAATGCTAAAAATAATTATCCCCACAACCATACTACTGCCCATAACATGACTCTCTAAAAATAATACAATTTGAAT
CAACTTAACTATACATAGCTTAACTATCAGCCTCATTCCCTTACTATTCTTCAACCAAACCAACACCAACCTCCTCAATCACTCAACCTACCTATCCTCCGACCCACTA
ACAACACCCCTCCTAACACTAACAATCTGACTTCTACCCCTCATGATTATAGCGAGCCAGTATCACCTATGCAATGAACCCCTCTCACAAAAGAAACTCTTCCTCTTC
ATAACAATTCTCCTACAAATCACCCTAATCCTAACATTCATGGCCACAGAACTAATTATATTTTACATTCTATTTGAAACCACCCTCATTCCCACCCTAATTATCATTA
CCAAATGGGGCAACCAAGCAAAACGCTTCAACGCAAGTACTTACTTTCTATTCTACACACTAACCGGCTCTCTACCCCTACTCATCATACTAAGCCACACCTACAAC
AACACAGGCTCATTAAATATTACATTACTAACACTCACAGACCAAAAACTAACAACCACCTGATCTCACAACTTTACCTGACTAGCATGCATAATAGCCTTTATAAC
AAAAATACCCCTATATGGCCTACACCTGTGACTTCCTAAAGCCCATGTCGAAGCCCCCATTGCGGGATCAATAGTTCTTGCCGCAGTACTCCTAAAACTAGGTGGCT
ATGGCATAATACGACTTACTCCCATCCTTAACCCCCTAACAGAATACATAGCTTACCCATTCCTCATATTATCCTTGTGGGGCATAATCATAACAAGCCTAACATGCC
TCCGACAAACAGATCTAAAATCACTTATCGCATACTCTTCTGTAAGCCACATAGCCCTTGTAATTGTAGCCTCCCTCATCCAAACCCCCTGAAGCTTCTCCGGCGCAA
CCATCCTCATAATTGCTCACGGACTCACCTCTTCCATATATTTCTGTCTAGCCAATTCAAACTATGAACGCACTCACAACCGTACTATACTACTGTCCCGAGGACTTC
AAATCCTACTTCCACTAATAGCCTTCTGATGATTAACAGCAAGCCTCACTAACCTTGCCCTACCCCCCACTATCAACCTACTAGGCGAACTCTTTGTAATCGCGACCT
CATTCTCCTGGTCCCATATCACCATTATATTAACAGGACTTAACATACTAATTACGGCCCTCTACTCCCTCCACATATTCACCACAACACAACGAGGAGCACTCACAC
ATCACATAATCAACATAAAACCCCCCTTCACACGAGAAAACATATTAATATTCATACACCTCGCTCCAATTATCCTCCTATCTCTCAACCCCAACATCATCCTGGGGT
TTACTTCCTGTAGATATAGTTTAACTAAAACATTAGACTGTGGATCTAACTATAGAGGCTTACCACCCCTTATTTACCGAGAAAACTCGCGAGGACTGCTAACCCATG
TATCCGTACCTAAAATTACGGTTTTCTCAACTTTTAAAGGATAACAGTCATCCATTGACCTTAGGAGTCAAAAATATTGGTGCAACTCCAAATAAAAGTAATAATCAT
GCACACCCCTATCATAATAACAACCCTTATCTCCCTGACTCTCCCGATTTTTGCCACCCTCATCAACCCTTACAAAAAACGTCCATACCCAGATTACGTAAAAACAAC
CGTAATATATGCTTTCATCATCAGCCTCCCCTCAACAACTTTATTCATCTTCTCAAACCAAGAAACAACCATTTGGAGCTGACATTGAATAATAACCCAAACACTAGA
CCTAACACTAAGCTTCAAATTAGATTACTTCTCCATAATATTCATTCCAATCGCACTATTCATCACCTGGTCCATCATAGAATTCTCACTATGATACATAAACTCAGAT
CCAAATATCAACCAATTCTTCAAATACCTCCTTATTTTCCTCACTGCCATACTAATTCTAGTCACTGCCAACAACCTCTTCCAATTCTTTATCGGCTGAGAGGGCGTAG
GAATCATATCTTTTCTCCTAATTAGCTGATGATACGCTCGAACAGACGCCAATACAGCAGCCATCCAGGCAATCTTATATAATCGCATCGGCGACATTGGTCTTATCC
TAGCTATAGCATGATTTCTCCTGCATTGTAACTCATGAGACCTCCAACAAATACTAGCTCTAAATCTCAACTCAAACCCCCTCCCACTAATAGGCCTCCTCCTAGCAG
CAGCAGGAAAATCAGCTCAATTCGGCCTTCACCCCTGACTACCCTCTGCCATAGAAGGCCCAACTCCAGTCTCAGCCCTACTTCACTCCAGTACCATAGTTGTTGCCG
GAGTGTTCTTACTCATCCGCTTCCACCCTCTAATAGAAACCAACACAATGATTCAAAATCTTACATTATGCCTGGGGGCTATTACTACCCTATTTACAGCCATCTGCG
CCCTCACACAAAACGACATTAAAAAAATTGTAGCCTTCTCCACCTCAAGCCAACTGGGCCTAATAATAATCACCATTGGTATCAACCAACCATACTTAGCATTCCTA
CACATCTGCACCCATGCTTTCTTTAAAGCCATACTTTTTATATGCTCCGGATCCATTATCCATAACCTAAACAACGAACAAGACATTCGAAAAATAGGAGGCCTATTC
AAAACAATACCTCTCACCTCAACTTCCATAATCATTGGCAACCTAGCACTTACAGGAATACCCTTCCTCACAGGCTTCTACTCCAAAGACCTTATCATCGAAGCCACA
AACACGTCGTACACCAACGCCTGAGCCCTATTCATTACTCTCATCACTACCTCTCTAACAAGCGCCTACAGCACTCGAACTATCCTCCTCACCCTAACAGGACAACCC
CGTTTTCCAGCTCTAACAAACATCAACGAAAACAACCCCGCCCTACTAAACCCAATTAAACGCCTCACAATAGGCAGTATAATCACAGGATTTCTTATCACCAACAA
CATCCCCCCCACTTCACTCCCCCAACCAGCAATACCCCTCTACTTAAAGCTCTCAGCCCTATGCGCAACTGCCCTAGGCTTCCTAGCAGCCCTAGACCTCACCCTTAT
AACAAACAAACTGAAAATAAAAAACCCATCACAAATATTCAAATTCTCCAATATACTAGGATATTTTCCCACCACAATTCACCGCACAATCCCCTATCAAAACCTAC
TCATAAGCCAAAATTTAGCCCTTCTCCTATTAGACTCGACATGACTAGAAAAATCTATACCTAAAATAATCTCACAAGCACACATCACTGCCTCCATAGCTGTAACC
ACCCAAAAAGGCATAATCAAACTCTATTCCCTTTCTTTCCTCATCCCCCTTACCCTGGCCCTAATTCTAATAATATAACCTATTACCCCGAACAATCTCAATCACAAC
ATACACACCAACAAACAACGTTCAACCAGCAACTACCACTAATCAACGCCCATAATCATATAAGGCACCCGCACCAATAGAATCACCTCGAATCAATCCTGACCCCT
CCCCCTCAAAAATTACCCAGTCACCGGTATCACTAAAACTAACCACCACTACTACCGCCTCATCTAAACTTAAAACCCATAAAACCAATATCACCTCCATCATCAAC
CCCACTAAAAGACCCCCTAAAACCTCAAACCCAGAACCCCATGTCTCAGGATACTCTTCAATAGCCATCGCAGTAGTATAACCAAAAACAACCATCATACCTCCCAG
ATAAACTAAAAACATCATTAAACCTATATAAGCTCCCCCACAACTTAAAACAACCACACAACCAACCACACCACTAACAATTAACGCCAGACCCCCATAAATAGGA
GAGGGCTTAGAAGAAAACCCCACAAACCCCATAACTAATAAAACACTCAATGCAAACAAAACATACGTCATCGCTTTCACATGGACTCCAACCATAACTAATGGTA
CGAAAAACCATCGTTGTACTTCAACTATAAAAGCACCAATGATTCCAATACGCAAATCCAACCCAATCATAAAAATAATTAACCGCTCCTTCATTGATTTACCCACC
CCACCCAACCTCTCCATGTGATGAAACTTTGGCTCACTTCTTGCAGCCTGCCTAGTTTTACAAATCGTCACAGGCCTACTCCTAGCAATACACTACTCACCAGACACC
TCCTCCGCCTTCTCCTCAATTGCACATATCACCCGAGATGTAAAGTACGGCTGAATCACTCGCTACCTCCACGCCAATGGTGCCTCTATACTCTTTATCTGCCTTTTCC
TACACATCGGTCGAGGCCTCTACTACGGCTCATATCTCCTCCTAGAAACCTGAAACATTGGCATTATACTCCTTCTTATAACCATAACAACAGCTTTTATGGGCTATG
TTCTCCCATGGGGCCAAATGTCATTCTGGGGGGCAACAGTAATTACAAACCTACTATCAGCAATCCCGTATATTGGAACCAATCTAGTCCAATGAATTTGAGGAGGA
TACGCCATCGACAGCCCCACTCTCACACGATTCTTCACCTTACACTTTATTCTACCCTTCATTATCATCGCCCTCACAGCTGTACACCTACTATTCCTACACGAAACAG
GATCAAACAACCCCTGCGGAATCTCCTCCGACTCGGACAAAATCGTCTTCCACCCCTACTACACAATCAAAGACATCCTAGGCCTAGTCCTCCTTCTCTTTATCCTAG
CAACACTAACACTACTCTCACCCAACTTCCTAAACGACCCAGACAACTACATCCCAGCCGACCCACTAAATACCCCCCCACATATCAAGCCAGAGTGGTACTTCCTA
TTTGCATACACAATTCTACGATCCGTCCCCAACAAACTGGGAGGCGTACTAGCACTCTTCCTATCGATCTTCATCCTAGCAGCCATCCCCATACTCCACAAATCCAAA
CAACAAAGCATAATATTCCGCCCACTCAGCCAATTCCTATTCTGACTCCTAATAACAGTCCTATTAACCCTTACCTGAGTTGGAAGTGAACCAGTAACTCAACCCCTT
ACCACTATCGGCCAAGTAGCATCCATAATATACTTCATCACAATTCTAATCCTAATACCACTGGCCTCCCTAATCGAAAACAACCTACTCAAATGAACTTGCCCTCGT
AGTATAAACTAATACACTGGTCTTGTAAACCAGAAATGAACACTCTTCCTAGGGCAATCAGAAAGAAAGTACCTAACTCTGCCACCAACACCCAAAGCTGGCATTCT
AACTTAAACTACTTTCTGCATTCTTATGTTGTATAAACTTCATAAAATAACCCTAACACCAACCTACCCATAATATTACTATGTAATTCGTGCATTACTGCTAGCCAAC
ATGTATAATATATAGTACTATATATGCTTAACTGTACATAACACATATCATTACATATCAACTTAACATCCTAGACAACATGCTTACAAGCAAGTATCCTAATACAAG
TCTCAACAGCAATACATATCATGGCCCTTTCAAACTTAACTTGTCCCCCCTCATGAATATCAACTGAACCAATTCATGCTAGTCGTCCATAGTACATTAAGTCGTTCA
TCGGACATAGTACATATTCATTAAATAATCCTCCTCACCACGGATGCCCCCCCTCACTTAGGAATCCCTTGTTCACCATCCTCCGTGAAATCAATATCCCGCACAAGA
GTGCTACTCTCCTCGCTCCGGGCCCATAACTCGTGGGGGTAGCTATACCTGAACTGTATCCGGCATCTGGTTCTTACCTCAGGGCCATAACAATCAAGATCGCCCACA
CGTTCCCCTTAAATAAGACATCTCGATGGATCACGGGTCTATCACCCTATTAACCAGTCACGGGAGATTTCCATGCATTTGGTATCTTTTATCTCTGGTCTGCACGCA
ACCCCATTGCAGAATGCTGACTCCCACCACATCTCGTCCTGTATGCGCCTGTCTTTGATTCCTAGTACATGCAGTTGTTGATCGCACCTACGTTCAATATTCTAGCTCC
ACGCAAACCTTAGCAAGGTGTTATTTAATTCATGCTTGTAGGACATATTAATAACCATTCCAACCAATATCACCCACACCACTAACCACAACCGTG



