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LOI CAM DOAN
T6i xin cam doan ludn &n: "Nghién civu phan Igp vi nim nji sinh tiv cdy dwoc ligu
Bdt Gidc Lién vi ddnh gid kha ndng sinh hoat chit podophyllotoxin va cic dén
xudt"” 13 cbng trinh nghién cimi ciia chinh minh dwéi sy hudng dan khoa hoc cua tip
thé huéng din. Ludn 4n sit dung thong tin trich dan tir nhiéu ngudn tham khao khéc
nhau va cdc thong tin trich din dugc ghi 16 ngudn goc. Céc két qua nghién cu cia
t6i dwoc cong bd chung véi cc tac gia khac da duoe sy nhét tri ctia ddng tac gia khi
dua vao ludin 4n. Céc sb liéu, két qua duoc trinh bay trong luin 4n 14 hoan toan trung
thure va chua tirng duogc cong bb trong bt ky mét cng trinh nao khac ngoai cac cong
trinh cong bd cua tic gid. Ludn 4n dugc hoadn thanh trong thoi gian téi 1am nghién
cuu sinh tai Hoc vién Khoa hoc va Céng nghé, Vién Han 1ldm Khoa hoc va Cong nghé
Viét Nam.
Ha Néi, ngay 24- thang A ndm 2025
Tac gia luin 4n

(Ky va ghi vé ho tén)

Trin Thi Hoa
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Pé hoan thanh duge ludn 4n ndy, t6i xin gl 1o cam on sdu sdc nhat téi hai
thiy huéng din TS. Trin Hd Quang va PGS.TS. Pham Bich Ngoc di tao mei diéu
kién thuén loi nhét dé toi nghién ciru va hoan thanh t6t chuong trinh hoc cua minh.
Hai thdy da dinh hudng nghién ciru, sita ban thao vé két qud va cho t6i nhitng 161
khuyén quy bau, dang dén trong suét qua trinh nghién ctru va hoan thanh luén én.

To6i xin chin thanh cdm on GS.TS. Chu Hodng Ha, TS. D3 Tién Phat, ThS.
Nguyén Thi Hong Ha, ThS. Nguyén Thu Giang, ThS. Trin Thi Huyén va tap thé can
bo Phong Cong nghé té bao thye vat, Vién Sinh hoc di ludn gitip dd, chia sé nhitng
kién thite hitu ich va tao nhitng didu kién t6t nhit cho t6i trong sudt qua trinh thyc
hién luan an.

T6i xin tran trong cam on dén tap thé can bd nghién ctru Phong Thur nghiém
sinh hoc, Phong Thi nghiém trong diém Céng nghé Gen, Trung tim Gibng va Bao
ton nguén gen Vi sinh vat, Phong Duoc liu bién, Vién Han 1am Khoa hoc va Cong
nghé Viét Nam. Luén an dugc thuc hién nho sy hd trg kinh phi tr dé tai TDCNSH
cép Vién Han 1am Khoa hoc va Cong nghé Vigt Nam, mi s6 TDCN.01/20-22 do TS.
Tran HO Quang 1am chu nhiém.

Tbi xin chan thanh cam on dén Ban Lanh dao, phong Dao tao, cic phong chite
ning clia Khoa Coéng nghé sinh hoc - Hoc vién Khoa hoc va Cong nghé, cic phong
chitc ning ctia Vién Sinh hoc dd huéng dan va gitp dé t6i trong subt thoi gian hoc
tap va hoan thanh luén an,

Dic biét, té1 vo cung biét on bd, me, chéng, céc con va tit ca cac thanh vién
trong dai gia dinh than yéu ctia tdi. Nh¢ nhirng ddng vién, khich 1¢, ddng hanh va chia
sé kho khin cia nhitng nguoi thin trong gia dinh ma t61 thuc su quyét tim va nghj

luc cao trong qud trinh nghién ctru dé hoan thanh luén 4n nay,
Ha Ngi, ngay & thang AA ndm 2025

Tac gia ludn dn

(Ky va ghi vo ho tén)

Tran Thi Hoa
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MO DAU

Cay Bat Giac Lién véi tén khoa hoc 1a Dysosma difformis (Hemsl & E.H.
Wilson) T.H.Wang, dugc biét dén nhu mot loai thao modc dic biét thudc ho
Berberidaceae. N6 da dugc nguoi dan Viét Nam sir dung rong rai nhu mot phuong
thudc dan gian dé diéu tri nhiéu bénh 1y khac nhau nhu ran cin, sung tiy, ap xe vu,
nhot doc, ho dom va tham chi 1a ung thu va. Viéc st dung thdo dugc nay dugc ghi
nhan 13 rat hidu qua va it hodc khong gy ra tac dung phu dang ké [1]. Hon nira, hiéu
qua chira bénh cua n6 da dugc cac nghién ctru khoa hoc ching minh r6 rang, xac dinh
dugc bay hop chét chinh c6 hoat tinh sinh hoc bao gdm podophyllotoxin (1) va céac
din xuit khac nhu quercetin (2), rutin (3), kaempferol (4), nicotiflorin (5), a-
peltatin (6), deoxypodophyllotoxin (7), tit ca déu duoc phan lap tir phan than r& dudi
mit dat cia cay Bat Giac Lién [2], hau hét cac hop chat ndy déu c6 hoat tinh duoc 1y
phd rong. Do ¢6 nhimg hoat tinh quy nay nén viéc khai thac quy mé 16n c6 thé dan
dén suy thoai dbi véi loai cdy ndy trong hé sinh thai. Hién nay, loai Bat Giac Lién
dugc dua vao nhém thuc vét dang nguy cip trong sach do Viét Nam 2007 [3]. Bé bao
ton va thay thé ngudn nguyén liéu quy hiém nay, cac nha khoa hoc dang huéng dén
viéc nghién ciru cac gen lién quan dén qua trinh trao d6i chét, dic biét 1a cac gen trong
con dudng tong hop cac hop chat ¢ hoat tinh lam thudc. Ddng thoi, ho cling tim
kiém cac phuong phap nhdm ting cudng san luong cic hop chit nay.

Podophyllotoxin (PTOX) 1a mét chit chuyén héa c6 hoat tinh sinh hoc phd
rong, duogc tim thély trong ca thyc vat va nam noi sinh. PTOX 1a chét gay doc té bao
va dugc st dung 1am chét, tién chit trong qua trinh sinh tong hop thudc chdng ung
thu it doc hon cic hop chat nhu teniposide, etoposide [4]. Chat ndy duoc chirng minh
str dung hiéu qua cho ung thu phdi, u tinh hoan, u nguyén bao than kinh, u gan va cic
khéi u khac [5], [6], v.v. Viéc diéu trj bang deoxypodophyllotoxin (DPTOX) - mét
dan xuét cia PTOX - d3 duoc chimg minh 1am giam dang ké sy gia ting cua té bao
DU-145. DPTOX dat dugc hi¢u qua nay thong qua viéc kich hoat caspase-3 (mot
protease quan trong trong qud trinh phan hay DNA), din dén ting cuong qua trinh
chét té bao theo chuong trinh (apoptosis). Ngoai ra, DPTOX con tac dong dén con
duong truyén tin hiéu trong té bao, 1am giam murc phosphoryl hoa Akt va kich hoat
con dudng Bax/PTEN trong cac té bao DU-145 [7]. Gan ddy, PTOX da dugc tim thay
trong dich chiét ethanol cta D. difformis (Hemsl. & E.H. Wilson) T.H. Wang, cho
thay hoat dong chdng oxy hoa va/hoic tri dai thao duong déng ké [1]. Ngoai ra, mot
) nghién ctru chi ra rﬁng cac dan xuat cia PTOX duoc chiét xuat tir mot s loai thudce
chi Dysosma c6 kha nang trc ché sy nhan lén ciia virus HIV thong qua viéc ngin chin

enzyme sao chép nguoc [8]. Trong mdt nghién ctru ctia Macrae va cOng su, ho da thur



nghiém hoat tinh khang virus cia PTOX, a-peltatin va diphyllin trén hai loai virus:
Cytomegalovirus murin (MCMYV, virus DNA) va virus Sindbis (virus ARN). Két qua
cho thdy PTOX & ndng d6 241 nM va a-peltatin & ndong do 250 nM c¢6 tac dung tc
ché manh mé& virus MCMV (lan luot 1a 74% va 85%), trong khi d0, hiéu qua trc ché
d6i v6i virus Sindbis lai rat kém (chi 3% va 5% tuong ung). Tuy vay, su tong hop
hoa hoc cia PTOX duoc coi 14 rat phirc tap va khong hiéu qua boi vi su ¢6 mit cia
4 trung tAm bat d6i cung voi mot C lactone va muc dd oxy hoa cao [9], [10], [11],
[12]. Hon nita, viéc str dung cong nghé nudi ciy sinh khdi té bao hodc nudi ciy co
quan thyc vat & cac loai ¢6 kha nang san sinh PTOX kho6 kha thi do ham luong PTOX
thu duogc rat thap. Dé tim kiém mot ngudn thay thé cho viéc san xuét aryl tetralin
lignin nay, vi sinh vat ndi sinh da dugc phan 13p va nghién ctru.

Céc nghién ctru trudc day di chi ra kha ning san xuit PTOX thanh cong tir
céc loai nAm ndi sinh. Cu thé, cac nha khoa hoc da phan lap nim nhu Phialocephala
fortinii t&t Podophyllum peltatum [4], Fusarium sp. (WB5121) tir D. Versipellis [13],
Fusarium solani th Podophyllum hexandrum [14], Aspergillus fumigatus tu
Juniperus communis [15], Alternaria tenuissima tix Sinopodophyllum emodi (Wall.)
Ying [16], Monilia sp., Penicillium tir Dysosma veitchii [17], déu c6 kha ning san
xudt PTOX. Piéu d6 cung cip bang chimg khoa hoc cho thdy nim néi sinh c6 tiém
ning thay thé ngudn tai nguyén dang dan can kiét. Tiém ning thu nhan cac hop chét
¢ hoat tinh sinh hoc cao, dic biét 1a PTOX va cac dan xuét tr vi nAm ndi sinh
Dysosma difformis (hemsl & E.H. Wilson) T.H.Wang la huéng di méi va hi¢u qua
trong viéc khai thac, phat trién va bao ton loai dugc liéu quy hiém nay.

Xuét phét tir co so khoa hoc va thyc tién trén, ching tdi thuc hién luan an:
“Nghién ctvu phén Igp vi nam ndi sinh tir ciy dwoc ligu Bdt Gidc Lién va danh gid
khd néng sinh hoat chit podophyllotoxin va cdc dén xudt”.

Muc tiéu nghién ctru ctia luin an:

Phén 14ap va tuyén chon dugc cac chung vi ndm noi sinh cdy Bat Giac Lién c6
kha ning sinh tong hgp podophyllotoxin va cac dan xuat co hoat tinh sinh hoc.

Giai ma hé gen chiing vi ndm noi sinh tuyén chon.

Xac dinh cac diéu kién thich hop sinh tong hop podophyllotoxin va cac dan
xuét ctia chung vi ndm noi sinh tuyén chon & quy mé phong thi nghiém.

Tinh ché va xac dinh dugc cdu trac cua chat/tién chat podophyllotoxin tir
chung vi nAm ndi sinh tuyén chon.

Céac ngi dung nghién ciru ctia luin an:

- Phan 1ap, dinh danh va sang loc ching nam ndi sinh san sinh hoat chat



podophyllotoxin

- Giai ma hé gen chiing vi ndm ndi sinh tuyén chon va dé xuat con duong sinh
tong hop chat/tién chat podophyllotoxin.

- Nghién ctru mot s6 diéu kién thich hop cho san sinh podophyllotoxin va céc
dan xuét ciia chung vi ndm ndi sinh lira chon bing cong nghé 1én men.

- Lén men, thu hoi, x4c dinh cdu tric va danh gia hoat tinh sinh hoc cia céc
hop chét tir vi nAm ndi sinh tuyén chon.

Y nghia khoa hoc va thyec tién ciia luin 4n:

NAm ndi sinh tdn tai bén trong cac mo khde manh cua cay Bat Gidc Lién, viéc
phan lap va xac dinh duoc kha ning sinh hoat chat podophyllotoxin va cac dan xuét
tuong tu cua cdy di md ra huéng di tiém ning nham tao ra ngudn san xuét
podophyllotoxin va cac dan suat c6 hoat tinh sinh hoc cho nganh cong nghiép dugc.
Két qua nghién ctru cua luan an cho théy, viéc lua chon duoc cac diéu kién thich hop
nham nang cao kha ning sinh téng hop podophyllotoxin va cac dan xuit ctia chung
vi ndm néi sinh Penicillium. herquei HGN12.1R d3 tao ra 02 hop chit 14 cac tmg vién
trién vong dinh hudng ting dung lam tién chat dé tong hop thude chéng ung thur.
Nhirng dong gép méi cia luan an:

Lu4n 4n 1 nghién ciru méi c6 hé thdng vé phan 1ap, dinh danh va danh gia kha
nang sinh hoat chat podophyllotoxin va cac dan xut ctia cac ching vi ndm néi sinh
phan 1ap tir cay duoc liéu Bat Giac Lién. Dé tai dong gop mot phan quan trong trong
viéc tao ra ngudn nguyén liéu thay thé ngudn nguyén liéu ty nhién dang dan can kiét
hién nay mang lai hiéu qua kinh té trong viéc san xuat podophyllotoxin cho nganh
cong nghiép duoc, tip trung vao cac diém chinh sau:

- D4 phén 1ap dugc 6 ching vi ndm ndi sinh tir cac miu cdy Bat Giac Lién & Viét
Nam c6 kha ning giy doc té bao ung thu manh. Pong thoi di danh gia duoc sy da
dang vé vi ndm ndi sinh & cay Bat Giac Lién ban dia.

- Tuyén chon duoc chung vi ndm ndi sinh & cay Bat Giac Lién P. herquei HGN12.1R
c¢6 kha ning tong hop PTOX va giai trinh tu hé gen bang cong nghé PacBio, chi giai
gen va du doan con duong sinh tong hop podophyllotoxin va cac dan xuat.

- Tach chiét, tinh sach va xac dinh duogc cau trac ctia 02 hop chét a-peltatin va -
peltatin 1a din xudt cua podophyllotoxin tir ching vi nAm ndi sinh P. herquei
HGN12.1R va ching minh dugc hoat tinh cua chung.



Chwong 1. TONG QUAN NGHIEN CUU
1. Tong quan vé ciy Bat Giac Lién va vi nam ndi sinh lién quan
1.1. Gi6i thiéu chung vé ciy Bat Giac Lién va vi nAm néi sinh
1.1.1. Pic diém sinh hoc va phéan bd

Theo Danh lyc cac loai thyc vat Viét Nam, Cay Bat Giac Lién thudc chi
Podophyllum (Dysosma) c6 hai loai 1a Podophyllum tonkinense Gagnep, 1938 (hay
Dysosma difformis) va Podophyllum versipelle Hence, 1883 (hay Dysosma
versipellis), phan b chu yéu & cac tinh phia Bic nhu Lai Chau, Lao Cai, Yén Bai,
Ha Giang, Lang Son [18].

Bo: Ranunculales
Ho:Berberidaceae
Chi:Podophyllum
(Dysosma)
Loai: tonkinense

Hinh 1.1. Bat Gidc Lién - Podophyllum tonkinense Gagnep [3]

Theo tong hop ctia Man Thanh Long, cdy Bat Giac Lién con goi 13 cay doc
cude lién, doc diép nhat chi hoa, cudc diép... co tén khoa hoc 1a Dysosma difformis
(tén ddng nghia 13 Podophyllum tonkinense Gagnepain) thudc ho Hoang Lién gai,
phan bd chi yéu & mét sb tinh ciia Trung Qudc (Quang Tay, Quy Chau, H6 Nam, ...)
va Viét Nam (Lai Chau, Lao Cai, Yén Béi, Ha Giang...) [19].

Cay Bat Giac Lién (Podophyllum tonkinense Gagnep.), dugc mo ta trong Sach
do Viét Nam, 1a mot loai cay than thao séng lau nam, thuong dat chiéu cao tir 30-50
cm. Pic trung cia loai nay 1 c6 than ré dang chudi v6i nhidu dbt va cac ci moc
ngang. Cay thuong c6 1-2 14 c6 cudng, phién 1a rong 20-30 cm, xé thity hinh tam giac
hodc trimg véi 6-8 thily nong, mép 14 c6 ring cua nho. Cudng la thuong dinh gan
giita phién. Cum hoa ctia Bat Giac Lién bao gém 5-9 hoa mau ndu tim, ¢ cudng,
thudng moc gan gdc 14 va ra xudng. Mdi hoa ¢ 6 14 dai phu 16ng ngoai, 6 canh hoa

hinh thuén dau tron, 6 nhi ngan hon canh hoa, va bau thuén védi dau nhuy to. Qua cua



cay la qua mong hinh bau duc hodc tring, chtra nhiéu hat nho. Cay ra hoa vao khoang
thang 3-5 va két qua tir thang 5-8. Loai ndy nhan gidng tu nhién chi yéu tir hat. Phan
trén mit dat ctia cdy Bat Giac Lién thuong tan lui vio mua dong, va chdi non méi s&
moc 1én tir than ré vao dau xuan. Loai cdy ndy ua thich méi trudng am udt va bong
ram, thuong sinh trudng trén dat miun am gan khe sudi, dudi tan rimg kin thudng
xanh. Dic biét, Bat Giac Lién thuong duoc tim thdy ¢ rimg ndi da voi co do cao tir
800-1200 m. Hién nay, do nhiing dac diém sinh thai va gia tri cua minh, Bat Gidc

Lién duoc xép vao nhom nguy cip (EN Ala, ¢, d) trong Sach d6 Viét Nam 2007 [3].
1.1.2. Thanh phén héa hoc va tic dung dwoec Iy ciia ciy Bat Giac Lién

Nhom nghién ciru cia Nguyén Thi Dung nam 2018 di tién hanh chiét tach va
phan 14p cac thanh phan hoa hoc tir phan dudi mit dat (bao gdm ré va than 1é) cta
cay Bat Giac Lién (Podophyllum tonkinense Gagnep.). Két qua nghién ctru, ho da xac
dinh duogc 7 hop chit tir mau thu thap tai Sa Pa (Lao Cai), bao gém quercetin (1),
rutin (2), kaempferol (3), nicotiflorin (4), a-peltatin (5), deoxypodophyllotoxin (6),
va podophyllotoxin (7). Pang chu ¥, diy 1a 1an ddu tién hai hop chit a-peltatin va
nicotiflorin dugc phat hi¢n trong loai Podophyllum tonkinense Gagnepain [2].

Showkat Ahmad Ganie va cong su da thuc hi€én mot nghién ctru in vitro cho
thdy chiét xuit n-hexan tir cdy Dysosma emodi (Podophyllum hexandrum) c6 kha
nang loai bo hiéu qua nhiéu loai gbc tu do, bao gdm DPPH, superoxit (O2-), hydroxyl
(OH-) va hydro peroxit (H20). Tac dung chdng oxy héa cua chiét xuit ndy duoc
danh gia 1a tuong duong véi vitamin E [20].

Trong mdt nghién ciru tiép theo, Ganie va cong sy ciing chimg minh duge tac
dung bdo v€ gan ctua chiét xuat n-hexan tir Dysosma emodi trén chudt thi nghiém bi
gy stress oxy hoéa bang CCls. Bang cach do cac chi sb sinh hoa (nhu alanin
aminotransaminase, aspartate aminotransaminase, lactate dehydrogenase) va cac
enzym chéng oxy héa huyét thanh, ho nhan thay chiét xuat n-hexan & cac liéu lugng
20, 30 va 50 mg/kg/ngay gitp giam hoat tinh ctia cic enzym marker ton thuong gan.
Pong thoi, nd cling lam ting dang ké mirc d6 clia cic enzyme chdng oxy hoa quan
trong nhu glutathione (GSH), glutathion peroxidase (GPx), glutathion reductase
(GR), superoxid dismutase (SOD) va glutathion-S-transferase (GST), véi hi¢u qua
phu thudc vao liéu lugng [20].

Theo mot nghién ctru khac cua De Long Yang va cdng su thi than ré cla
P.hexandrum chita mot sb lignans c6 hoat tinh chdng khdi u. PTOX 1a san pham tu
nhién gy doc t& bao manh. N6 duoc sir dung lam hop chat khoi dau dé tong hop
thudc chdng ung thu etoposide va teniposide. PTOX hoat dong nhu mot chat tic ché



qua trinh 1ap rap vi 6ng. Nhimng loai thudc nay duoc str dung cho ung thu phdi, ung
thu tinh hoan, u nguyén bao than kinh, u gan va cac khdi u khac. Bén canh d6, nd
cling cho thiy cac hoat dong chdng vi rit bang cach can thiép vao mot s6 qua trinh
vi rat quan trong [20].

Trong qua trinh tim kiém céc hop chét trir sau tir thue vat, RuigeYang va cong
su da phat hién ra réng PTOX va cac dan xuét cta n6 c6 hoat tinh diét con trung tdt.
Cac hop chét ndy duoc phan lap tir dich chiét cta than r& cac loai Podophyllum

hexandrum va Juniperus Sabina [21].
1.1.3. Ung dung ciia ciy Bat Giac Lién trong Y hoc cd truyén

Cay Bat Giac Lién (Dysosma difformis), mot thanh vién ctia ho Hoang Lién
Gai (Berberidaceae), tir lau da dugce xem la mot loai thdo moc quy gia trong y hoc )
truyén Viét Nam. Cac tai liéu nhu Tir dién ciy thudc Viét Nam[18], [22] va Sach do
Viét Nam [3] déu khing dinh gia tri y hoc cua loai cay nay, dic biét 1a r& va than ré
chira hoat chit berberin v&i kha nang chira tri da dang cac bénh ly tr mun nhot, 16
ngira, trang nhac, sung yét hau cho dén vét thuong do ran doc can. Mot nghién ciru
khac, theo truyén théng, ching duoc 4p dung phd bién dé diéu tri viém hong, mun
nhot, rin cén, 4p xe va va ung thu va [1]. Ngoai ra, toan cdy Bat Giac Lién con duoc
str dung rong rai trong dan gian dé giai doc, tiéu viém, tiéu phu, va sat trang. Mic du
s& hitu nhitng cong dung quy gia, hién trang cta hai loai chi Bat Giac Lién dang rat
dang bao dong. Pay 1a ngudn gen quy hiém c6 gia tri cao, loai cAy nay hién nay bi
khai thac rat nhiéu dé 1am thudc hoic bi mat di do nan tan pha rimg nén sb luong con
rat it, vi vy can c6 nhitng bién phap bao vé phu hop dé bao ton ngudn gen quy phuc

vu cho cong tac nghién ctru va bao ton [18].
1.2. Vi nam ngi sinh va moi quan h¢ véi cay chi
1.2.1. So hrge vé vi nAm ndi sinh

N4m ndi sinh thuc vat 1a nhitng loai nam séng toan bo hoac mot phﬁn vong
doi bén trong cac mo khoe manh cua cdy chi, bao gdm 14, than, ré, canh, ma thuong
khong gy ra cac tridu ching bénh rd rét [23]. RE 1a diém xam nhép chinh ciia nhiéu
vi sinh vat noi sinh. Sau khi xadm nhap, vi nam cé thé tap trung tai mot vi tri hodc di
chuyén khép cac mo dan dén ré, than, 14, tir d6 thuc déy qua trinh trao ddi chat, tang
cuong phat trién 16ng ré va han ché su kéo dai cua ré [24]. Trong sudt thoi gian dai
ddng tién hoa mot s6 vi sinh vat ndi sinh cing ton tai v6i cac cdy chu cua chang, da
thiét 1ap mot mbi quan h¢ dac biét véi nhau va cé thé anh huong dang ké dén sy hinh
thanh cac san phém trao d6i chat trong thuc vat. Mat khac cac vi sinh vat ndi sinh s&

san xudt mot s6 hop chat hoat tinh sinh hoc dé gitip cay ky chu chéng lai cac cing



théng sinh hoc va phi sinh hoc bén ngoai, ddi lai mang lai lgi ich cho sy phat trién
ctia vat chu [25], [26]. M6t s6 loai ndm noi sinh dd phat trién kha ning san xudt cac
chat c6 hoat tinh sinh hoc tuong ty nhu cac chat c6 ngudn gdc tir ciy ky chi. Diéu
nay co loi cho chung ta khi nghién ctru cac mbi quan hé giita cac vi sinh vat noi sinh
va cy ky chu cta chiing, phat trién mot cach tiép can méi co thé thay thé dé san xuat
hiéu qua cac hop chit hoat tinh sinh hoc khan hiém va c6 gia tri [27]. Nhitng vi sinh
vat nay san xuat khang sinh, enzyme va cac hop chat hoat tinh sinh hoc khac cho
phép chiing ton tai trong méi trudng canh tranh véi cac vi sinh vat khac. Ngoai ra,
cac chét chuyén héa thir cap mang lai kha ning bao vé cho cdy chi ciia chung chng
lai cac tac nhan gay bénh do vi khuan va nim khac va/hodc c6 thé thic déy su phat
trién ctia cdy. NAm ndi sinh dugc xem 13 ngudn san pham tu nhién c6 hoat tinh sinh
hoc day hira hen, c6 thé duoc toi wu hoa thong qua nhitng thay doi trong diéu kién
trong trot. Viéc kham pha cac phén tir hoat tinh sinh hoc méi do cac vi sinh vét nay
tao ra da thu hut sy chu y ctia cdc nha nghién ctru. Su da dang vé hoa hoc va chire
nang cua cac san phém tu nhién tir nAm ndi sinh thé hién mot loat cac ung dung trong
y hoc, nong nghiép, cong nghiép va moi truong [28].

Trong hai thap ky qua, nhiéu hop chit tu nhién c6 hoat tinh sinh hoc cao da
dugc kham pha thanh cong tir ndm ndi sinh. Cac hop chit nay thé hién tiém ning g
dung rong rii trong néng nghiép, y hoc va cong nghiép thuc pham, nho vao cac dic
tinh nhu khang khuan, diét con trung, gay doc té bao, chong ung thu, giam thiéu oxy
hoa, khang tiéu duong, giy e ché mién dich, khang huyét khéi, khang viém, khang
lai bénh Alzheimer va mét s6 bénh 1y khac [29], [30]. Cho dén nay, hang trim loai
thuc vat da dugc nghién ctru vé nidm ndi sinh va hau hét ching déu da duoc ching
minh 13 c¢6 hé ndm ndi sinh da dang [31], [32].

Bing chimg tir cic mo hoa thach ciia thin va 14 cho thy su ton tai cta vi sinh
vat lién quan dén thuc vat tir khi thuc vat bac cao xuét hién trén trai dit hang tram
tri¢u nam trudc [33], goiy vé lich sir phat trién 1au dai cua vi sinh vat ndi sinh. Mic
du vay, cong tac phan 1ap va toi uvu cac diéu kién nudi cdy nham tim kiém céc chung
nam noi sinh c6 kha ning tong hop cac hop chat ¢ hoat tinh van con han ché. Do do,

can c6 thém cac nghién ctru chuyén sau hon trong linh vuc nay [34].
1.2.2. Moi quan hé giira vi nam ngi sinh va cay chu

Mot s6 vi sinh vat xuat hién tich cuc xam nhap vao cac mo thuc vat thong qua
xam nhap ho hoic vét thuong, cling nhu chi dong st dung cac enzym thuy phan nhu
cellulase va pectinase [35]. Trong thoi gian dai dong tién hoa, cac loai ndAm noi sinh
da dan thich nghi v&i méi truong vi mo dic biét ciia chiing bang bién thé di truyén,

bao gom ca viéc hap thu mot s6 doan DNA cua thuc vat vao bd gen cua chiing, ciing



nhu chén cac doan DNA cua ndm vao bod gen cua vat chu. biéu nay co thé dan dén
mot s6 vi sinh vat ndi sinh c6 kha ning tong hop mot sé "hoat chat thuc vat” c6 ngudn
gdc tlr cdy ky chu clia chung [35], [36].

MB3i loai thyc vat chira mt hodc nhiéu loai nAm noi sinh. Nam ni sinh la cac
nhom vi sinh vat da nganh va c6 thé phat trién ma khong c6 triéu chiing trong cac mo
khée manh khac nhau cua thuc vat séng & trén hodc dudi mat dat, bao gém ca than,
14, r&. Udc tinh c¢6 hon mot tridu loai nAm ndi sinh trong ty nhién [37]. Cac hop chét
¢6 hoat tinh sinh hoc do nim ndi sinh tao ra 14 rt quan trong dé ting kha ning thich
ung cua ca nam noi sinh va cay chu cua ching, chéng han nhu kha nang chiu dung
cac ap luc sinh hoc va phi sinh hoc. Ngoai ra, cac hop chat nay co thé tao ra viéc san
xut rat nhiéu chit chuyén hoa tht cip co hoat tinh sinh hoc méi [25], [26], [35] ma
con ngudi co thé khai thac va img dung nhu nhimg ngudn dugc lidu quan trong. Mot
s& nghién ciru cho thay cac co ché phan tir ¢ thé phét sinh thong qua qua trinh dong
tién hoa ctia VSV ndi sinh v&i vat chu thyc vat trong qua trinh thiét lap mbi quan h¢
cong sinh [38], [39]. Qua trinh tong hop cac hop chit hoat tinh sinh hoc ctia ndm nodi
sinh c6 thé dugc diéu chinh theo nhitng thay ddi vé méi truong va nhu cau cu thé
trong cac giai doan phat trién ctia nudi ciy nim [40]. Nhimng thay ddi vé cac thong sb
nudi cdy (vi du: thanh phdn méi truong, nhiét do, pH, anh sang) c6 thé anh hudng
dén dic diém chuyén hoa ctia nim ndi sinh vét [41]. Axit 3-hydroxypropionic (3-
HPA) khang khuan do néi sinh Diaphorte phaseolorum phan 1ap tir ring ngip min
Brazil tao ra cho thdy hoat tinh in vitro chéng lai ca Staphylococcus aureus va
Salmonella typhi [42]. Gan day, Rajini va cong su (2020) dd xac dinh san xuét
cellulase 14 mot trong nhimg dic diém cua nim ndi sinh Trichoderma asperellum,
Epicoccum nigrum va Alternaria longipes lién quan dén qua trinh xam chiém cua
Sorghum bicolor va e ché su phat trién in vitro ctia Fusarium thapsinum, Epicoccum
sorghinum, Alternaria alternata va Curvularia lunata bang cach thuy phan thanh té
bao [43]. Cac enzyme phan giai do ndm ndi sinh san xuat thudng on dinh hon céc
enzyme do chat xuc tic hoa hoc truyén thong san xuat va thuong hoat dong trong
diéu kién pH, nhiét 46 va ap suat vira phai [44]. Hoat tinh phan giai lignin ngoai bao
cua Ceratobasidum stevensii ndi sinh phan lap tur Bischofia polycarpa da dugc ching
minh bdi [45].

Trong nghién ctru nay, chung t6i tap trung vao viéc khao sat nam ndi sinh trén
cay Bat Giac Lién (chi Podophyllum) nham muc dich thu nhan hop chat co hoat tinh
sinh hoc PTOX va cac din xuat lién quan. Pong thoi, nghién ctru nay ciling hudng
dén viéc xac dinh mdi quan hé gitra cac loai nAm ndi sinh ndy va cdy chu, dé hiéu ro

hon va tan dung loi thé cua nam ndi sinh thuc vat va day cling 1a mdgt chién lugc dé



thic ddy san xuat mot cach hiéu qua cac hop chét hoat tinh sinh hoc nay théng qua

qua trinh 1én men.

Bang 1.1. Nam noi sinh san sinh podophyllotoxin va ciy ky chu cta chiing [32]

N4m ndi sinh | Ky hiéu | Cay chi Ham luong TLTK
chiing podophyllotoxin
Alternaria sp. | - Sinopodophyllum - [17]
hexandrum(=Podophyll
um hexandrum)
Alternaria sp. | SC13 Sabina vulgaris - [46]
Alternaria Ty Sinopodophyllum 2.4 ng/L [47]
neesex hexandrum
Fusarium JREI Sabina recurva 28 ng/L [48]
oxXysporum (=Juniperus recurva)
Monilia sp. - Dysosma veitchii - [17]
Penicillium sp. | - Sinopodophyllum - [17]
hexandrum
Penicillium sp. | - Diphylleia sinensis - [17]
Penicillium sp. | - Dysosma veitchii - [17]
Phialocephala | PPES, Sinopodophyllum 0.5-189 ng/L [4]
fortinii PPE7 peltatum
Trametes - Sinopodophyllum 30 ng/L [49]
hirsuta hexandrum

1.2.3. Pa dang vi nAm ndi sinh thue vt

Nam noi sinh (VNNS) ¢6 su phan bo rong réi trong thé gidi thuc vat, dugc cong
nhan la nguén ddi dao cac san phém hoat tinh sinh hoc dﬁy htra hen. Sy da dang sinh
hoc ciia VNNS gitip kham pha cac loai nAm mai hoic it dugce nghién ciru, tir d6 gop
phan tim kiém céc hop chat ¢ tiém ning 16n trong y hoc (khang sinh, chong ung thu,
khéng viém), ndng nghi¢p va cong nghiép.

Viéc phan 1ap VNNS tir cac cay thuéc dd mang lai nhimg két qua quan trong,
dic biét 1a cac cdy san sinh podophyllotoxin (PTOX) — mot hop chat chong ung thu

quan trong c6 trong cay Bat Gidc Lién. Cac nghién ctru da ching minh kha ning dac
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biét ctia nhidu chung nim noi sinh trong viéc tong hop hoic chuyén hoa dé san xuat
PTOX, cho thay su da dang ctia cac chi ndm lién quan.

Su phan bd rong rai cua nam ndi sinh trong thuc vat bac cao dugc cong nhan la
nguén ddi dao cac san phém hoat tinh sinh hoc déy htra hen. Nhiing loai nam nay
téng hop cac 16p ciu tric da dang cta cic chat chuyén hoa th cip 6 tiém ning diéu
tri. Nadeem (2012) d3 phan 1ap duoc mot loai nim tir ré cay Podophyllum hexandrum.
Loai nim nay c6 kha ning san xuét 29 pug g—1 podophyllotoxin dua trén trong lugng
kho theo phan tich HPLC. Viéc khuéch dai va gidi trinh ty DNA ribosome 16S da
cho thay sy ddng nhat 99% véi trinh tu rDNA 16S twong ng cta nam Fusarium
solani [14]. Ching ndm ndi sinh Fusarium oxysporum dugc tim thiy trong ciy
Juniperus recurva ciing san xuit podophyllotoxin théng qua qua trinh chuyén hoa
ctia chinh né [48]. Gan diy, mot bao cdo di dua ra bang ching vé viéc san xuit
podophyllotoxin boi cac ching ndm Fusarium ndi sinh. Hai chung nim Fusarium
phan 1ap tir Dysosma versipellis (mdt loai cdy thudc Trung Quéc) da duoc danh gia
vé san luong podophyllotoxin, chung cho thay kha ning san xuit 277 va 1,25 ug g—1
ctia hop chat trong tng [50]. Cac nha nghién ctru d3 phan tich cic chit chuyén héa
tht cdp cua mot sé loai ndm ndi sinh khiac phén 1dp tir cac cAy san sinh
podophyllotoxin. Aspergillus fumigatus, mot loai ndm ndi sinh thu duoc tur
Juniperous communis, san sinh ra deoxypodophyllotoxin, c6 thé duoc chuyén hoa
thanh podophyllotoxin hodc 6-methoxypodophyllotoxin va cac glycoside ctua chung
[15]. M6t loai ndm ndi sinh khac, cu thé 13 Phialocephala fortinii phan 1ap tir than ré
ctia cay Podophyllum peltatum, san sinh ra lugng podophyllotoxin thip hon theo béo
c4o cua [4]. Liang va cong su (2016) dd bao cdo rang ndm ndi sinh Alternaria
tenuissima phan 1ap tir r& va than ré cua cy Sinopodophyllum emodi, c6 kha ning
san sinh podophyllotoxin nhu di nghién ctru thong qua phan tich sic ky 1ong khdi
pho [16]. Mot s loai Penicillium dugc tim thay dudi dang nam ndi sinh bén trong
cay Diphylleia sinensis, dugc bao cdo la c6 kha nang san sinh podophyllotoxin [51].
Eyberger va cong su da tim thay vi ndm ndi sinh Trametes hirsuta tir mau ré kho cua
cdy Podophyllum hexandrum & Himalaya, An Do. Tuong ty, hai chung ndm
Phialocephala fortinii phan 1ap tir r& ctia cay Podophyllum peltatum ciing c6 kha ning
san xuat podophyllotoxin [52].

Céc nghién ctru da thanh cong trong viéc phan lap nhiéu chiing nam noi sinh méi
tir cac chi khac nhau, chimg minh kha ning san xuat cic hop chat hoat tinh tuong tu
thuc vat. Diéu nay dac biét quan trong vi nam ndi sinh rat phong pht va hién dién

trong gan nhu tit ca cac loai thuc vat [53]. Viéc phan lap VNNS, dic biét tir cac loai
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cay c6 ddc diém sinh hoc va sinh thai doc dao hodc cac cay thuoc quy, 1a mdt chién
lugce hi¢u qua dé tim kiém cac hoat chat mdi1 hodc nguon thay thé bén viing cho cac

hoat chét quan trong.

2. Podophyllotoxin, ciac din xuét va vi nAm ndi sinh
2.1. Tong quan vé podophyllotoxin va cac din xuit

2.1.1. Gi6i thiéu vé podophyllotoxin va cac din xuat

PTOX 132 mdt chat hoa hoc ndi tiéng trong sb hang tram chét tir thue vat, duoc
phan 1ap chu yéu tir r& va than ctia mét s6 loai thudc chi Podophyllum (hay Dysosma).
PTOX duoc sir dung lam tién chit dé tong hop thudc chdng ung thu etoposide va
teniposide va etopophose phosphate [4], [5], [48], [54]. Aryl tetralin lignans ty nhién
nay dugc st dung nhu mot tdc nhan hoéa tri li¢u cho nhiéu loai ung thu [55]. PTOX
1an dau tién dugc phan 1ap tir Podophyllum peltatum bdi Podwyssotzki vao nam 1880
[56], nhung c4u tric hod hoc cuia chit ndy méi duoc xac dinh vao nim 1951 [57].
Vao cubi nam 2010 da phan l1ap dugc PTOX tur cac loai thyc vat khac nhau nhu mot
s6 cay thudc chi Podophylum (Podophyllum hexandrum), ciy Tao ma (Podophyllum
peltatum) thanh phan chinh cta cdy 1a podophylloxin hay mét sé cdy thudc chi
Juniperus nhu Juniperus sabina, Juniperus thurifera, Juniperus chinensis...), va mgt

s6 loai thudc chi Linum [58].

5 QH
300
A DO
O 7 8 21 2V'“\<
=4 O

Hinh 1.2. Cau tric hoa hoc cta podophyllotoxin [57]
PTOX hién duoc thu nhan chu yéu tur thue vat, su téng hop hoa hoc cua PTOX
duogc coi 1a rat phtic tap va khong hiéu qua bdi vi sy c6 mit cua 4 trung tim bat ddi

cung voi mot C lactone va mire dd oxy hoa cao [9], [10], [11], [12], [49]. Pé tim kiém
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mot ngudn thay thé cho viée san xuét aryl tetralin lignans nay, vi sinh vat ndi sinh da
dugc phan 18p va nghién clru. Gan day PTOX da duoc bao cdo 1a duge san xuat boi
vi sinh vat n0i sinh tr Podophyllum hexandrum [49] va Podophyllum peltatum [4].
PTOX, cung véi cac din xuat va ddng phan khac nhau ciia né dugc céng nhan
rong rii 1a cac hop chét c6 hoat tinh dugc Iy phd rong. Etoposide 13 mot acetal mach
vong dugc diéu ché tir 4-demethylepipodophyllotoxin B-d-glucopyranoside va
acetaldehyde (dudi dang dimethyl acetal cua nd), trong khi teniposide 1a acetal mach
vong dugc diéu ché bang cach thay thé 2-thiophenecarboxaldehyde cua acetaldehyde.
Hai loai thudc nay khong hoa tan trong nuéce, nhung hoa tan trong dung méi hitu co
duogc stir dung trong bénh bach cau cép tinh, ung thu hach Hodgkin va khong Hodgkin,
ung thu phoi té bao nho, tinh hoan ung thu, ung thu biéu mé té bao gan, u nguyén

bao than kinh va Kaposi sarcoma lién quan dén AIDS [59].

HCc\o
o

H,CO OCH, H,CO OCH,
OH OH '
Etoposide Teniposide

Hinh 1.3. Ciu trac hoa hoc cua etoposide va teniposide [59]

Kha ning chuyén hoéa mét luong 1on 2,7'-cyclolignan DPTOX thanh 6-
methoxypodophyllotoxin 7-O-glucoside d& duoc chimg minh trong nudi cay té bao
Linum flavum [60]. Ngoai vai tro 1a tién chat tiém nang cia PTOX chéng ung thu,
DPTOX ban than né 1a mét lignans quan trong c6 tac dung chita bénh hiéu qua chong
lai rat nhiéu khéi u ac tinh. DPTOX da duoc chirng minh chéng lai mot sb dong té
bao khéi u bao gdbm A549, SK-OV-3, SK-MEL-2, HCT15, B16F10 va K562 [61].
Hon ntta, DPTOX da dugc ghi nhan thé hién hoat dong két tap tiéu cau [62], hoat
tinh chéng hen trong co thé séng [63] va c6 pho diét con tring rong [64], [65]. Gan
day, DPTOX di duoc béo céo 1a chéng di tng boi vi nd khong chi e ché phan tng
phéan v¢ thu dong & da (PCA) ma con c6 mét cyclooxygenase kép (COX)-2 hoat tinh
trc ché chon loc 5-lipoxygenase (LOX) [66], [67]. Thém vao d6, tiém ning sir dung
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DPTOX trong diéu trj tang sic td gay ra boi burc xa tia cyc tim hoac boi r6i loan séc
t6 da da dugc béo cdo [68].

Hién nay, nhiéu dan xuat PTOX d3 duoc phét trién bang cach cai thién cau
trac hoéa hoc hodc bang cach lién hop vai cac phan tir khac, do d6 cho phép dat duoc
céc dic tinh sinh hoc tot hon [69]. Viét Nam hién nay cac nghién cuiu vé PTOX méi
chi dimng lai & viéc phan lap vé thanh phan cac chat tir phan dudi mit dat ciia Dysosma
difformis (hemsl & E.H. Wilson) T.H.Wang [2]. Dysosma versipelle theo truyén
théng dugc ap dung phé bién dé diéu tri viém hong, mun nhot, ran cén, ap xe vu va
ung thu vaa [1]. Nhu vay, viéc kham pha san xuat hiéu qua PTOX va cac dan xuit ma
khong can thu thip cac loai cay ndy trong tu nhién 1a mot dic quyén cho viée sir dung

PTOX trong tuong lai cling nhu bao tdn loai thue vat dang bi de doa nay.

Hinh 1.4. Ciu trac hoa hoc cua (A) Deoxypodophyllotoxin;

OH

(B) Epipodophyllotoxin; (C) PTOX derivative [62], [69]

2.1.2. Hoat tinh sinh hoc ciia podophyllotoxin va cic din xuét

PTOX mdt hop chét tir Bat Giac Lién, c6 kha ning gay doc té bao va tc
ché qua trinh 1dp rap cac vi dng, da duoc chimg minh 13 hiéu qua trong diéu tri
nhiéu loai ung thu (phdi, tinh hoan, u nguyén bao than kinh, u gan) va cac khdi
u khac [6], [70].

PTOX 1a mot chat chuyén hoa thir cép quan trong vé mit y hoc cua thyc vat va
cling c6 nguoén gbc ndi sinh. N6 1a mot hop chat chéng ung thu ty nhién tiém nang
(véi mot s6 dac tinh chita bénh khac) dugc tim théy trong mot s6 loai thudc chi
Podophyllum nhu P. hexandrum, P. peltatum, P. emodi, v.v. N6 khong chi gioi han
0 chi Podophyllum ma con dugc tim théy & mot sd chi khac chéng han nhu
Jeffersonia, Diphylleia va Dysosma (Berberidaceae), Catharanthus (Apocynaceae),
Polygala (Polygalaceae), Anthriscus (Apiaceae), Linum (Linaceae), Hyptis
(Verbenaceae), Teucrium, Nepetaand Thymus (Labiaceae), Thuja, Juniperus,

Callitrisand  Thujopsis (Cupressaceae), Cassia (Fabaceae), Haplophyllum
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(Rutaceae), Commiphora (Burseraceae), Hernandia (Hernandiaceae) [71] va nhiéu
loai khac. Tuy nhién, cac bién phép canh tic & nhiing ciy san xuat PTOX phai dbi
mat vo1 nhitng han ché nhit dinh vé méi truong lam han ché viéc san xuét hop chét
vO clung quy gid ndy [72]. San xuit nong nghiép cua Podophyllum di khoéng thanh
cong vi cdy khong thé canh tac trong trudng hop khong cé diéu kién khi hau thich
hop [73], [74]. Cac phuong phap in vitro ciing da khong thé thuc hién dugc do toan
bd qué trinh sinh hoa, con dudng chuyén héa lién quan dén cac enzyme chinh, bién
thé di truyén tham gia vao qua trinh sinh tong hop PTOX, vin chua duogc biét dén.
Phuong phap nudi cdy mo ciing khong mang lai két qua mong muén [10], [12].

DPTOX mdt dan xuét cia PTOX, duoc biét dén vai kha nang khang virus,
chéng oxy héa, khang khuan, kich thich mién dich va chéng thap khdp. Céac hoat tinh
nay chi yéu duogc tim thiy ¢ cac chi Juniperus va Podophyllum [4], [17], [46], [48],
[49]. V& timg dung ctia PTOX 1am tién chat tong hop thudc chdng ung thu, mot nghién
ctru ctia Paul nam 2002 con chi ra raing DPTOX va B-peltatin ¢ hoat tinh khang virus
dbi véi virus soi (virus ARN) va virus Herpes simplex I (HSV-1, virus DNA) [75].
Ngoai ra, mot s6 dan xuit PTOX chiét xut tir mot s6 loai thudc chi Dysosma da dugc
ching minh ¢6 kha ning trc ché sy nhan 1én cta virus HIV bang cach ngin chin
enzyme sao chép nguoc [8]. Nghién ctru ctia Macrae va cong sy da danh gia hoat tinh
khang virus cua PTOX, a-peltatin, va diphyllin trén virus Cytomegalovirus murin
(MCMV, virus DNA) va virus Sindbis (virus ARN). Két qua cho thiy PTOX (241
nM) va a-peltatin (250 nM) ¢6 kha ning (rc ché MCMV mét cach hiéu qua (lan luot
13 74% va 85%), nhung lai ¢ tic dung trc ché kém d6i véi virus Sindbis (trong tmg
3% va 5%). [23].

Kha ning chdng hoat déng khdi u cia PTOX tuong ti nhu cua paclitaxel [76].
Ngoai ra, cac xét nghiém huyét hoc va thi nghiém sinh hoa kiém tra cho thdy PTOX
khong c6 doc tinh ndi tang trong mo hinh dong vat [77]. Trong mdt thr nghiém 1am
sang, anh hudng cia PTOX dbi véi mun coéc sinh duc dugc so sanh véi kem
imiquimod 5%, két qua cho thay tac dung trc ché manh d6i v6i su phat trién cia mun
coc trong nhom duoc diéu tri bﬁng PTOX so v6i nhom duoc diéu tri bﬁng kem
imiquimod [78]. Nhiéu nghién ctru 1am sang cho thay rang sy hap thu qua da cua
PTOX la giéi han va PTOX trong co thé trai qua chuyén hoa ¢ gan va than [79].

Duya trén nghién ctru ctia Sheng Hu va cong sy (2016), DPTOX cho thay tiém
ning chéng ung thu tuyén tién liét trén té bao PCa ngudi DU-145. Dit liéu chi ra rang
DPTOX lam giam dang ké su tang truong té bao va kich hoat caspase-3, mot enzyme

quan trong trong qué trinh apoptosis & t& bao DU-145. Hon nita, viéc diéu tri bang
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DPTOX con lam giam dang ké mirc phosphoryl hoa Akt va kich hoat con duong tin
hiéu XEN (Bax)/PTEN trong cic té bao nay [7].

Trong diéu tri 1am sang, cac dan xuit PTOX nhu etoposide (VP-16) va
teniposide (VM-26) dugc st dung lam tac nhan hoa tri li¢u, chéng han nhu kiém soat
ung thu phoi té bao nho [80], [81]. Tuy nhién, nhitng han ché cta cac loai thudc nay
noi bat 1a tic dung sinh hoc chua cao va khang thudc, doi hoi phai phat trién cac loai
thude chéng ung thu maéi dua trén PTOX. Hién nay, nhiéu dan xuit PTOX d3 duoc
phat trién bang cach cai thién ciu triic hoa hoc hodc bang cach lién hop véi cac phan
tor khac, do dé cho phép dat dugc céac dac tinh sinh hoc tdt hon.

Trong mot nghién ctru khac, dan xuit PTOX cho thiy kha ning giy doc té bao
day htra hen chdng lai cac dong té bao ung thu nguoi HL-60, A-549, HeLa va HCT-
8 [82].

2.1.3. Con dwong sinh tong hop podophyllotoxin trong thuc vat

PTOX la tién chét san phélm tu nhién cua etoposide hoa tri liéu, tuy nhién chi
mot phan cua con dudng sinh tong hop cia PTOX duogc biét, didu nay can trd cac
nghién clru tiép can tao cac vat chu dé san xuét chat nay. PTOX la mot hop chat quan
trong nhat cua con dudng sinh téng hop lignans, cho dén nay con dudng sinh téng
hop cua PTOX ¢ thuc vat dugc nghién ctiru ngay mat ro rang hon [33]. That vay, mot
s6 nghién ctru vé& mot sb loai Forsythia, Linum va Podophyllum d3 buéc dau tong hop
PTOX. Ngudi ta dd chimg minh ring axit ferulic va axit cinnamic thay thé
methylenedioxy 1a nhitng enzym quan trong tham gia vao qua trinh sinh tong hop
PTOX [34], [83].

D3 c6 bao cdo rang qué trinh sinh tong hop PTOX dugc bit dau tir rugu
coniferyl duoc chuyén thanh pinoresinol thong qua qua trinh dime héa mot chét trung
gian géc ddc hiéu voi su ¢ mit cia chat oxy hoéa. Sau do6, pinoresinol bi khir thanh
secoisolariciresinol thong qua chat trung gian lariciresinol nhd hoat dong cua chét
khtr pinoresinol-lariciresinol. Sericoisolariciresinol dehydrogenase xuc tac qua trinh
lacton héa secoisolariciresinol dé tao ra matairesinol, cudi cung dan dén sy hinh thanh

PTOX [84]. PTOX mang bon trung tam bét ddi lién tiép voéi bén vong hop nhat, né
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c6 mot s0 nhom churc chira oxy, trc 1a rugu, lactone, acetal va ba nhém methoxy. Su

tong hop cac dan xuat dién ra do tinh chit da dang ctia cac vong [85].
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Hinh 1.5. Con dudng sinh tong hop podophyllotoxin [86].
Céc dudng dut nét 1a cac budce sinh tong hop cac chat du kién.

Lau and Sattely (2015) da nghién cuu hé phién ma trong Podophyllum
hexandrum (mayapple) dé xac dinh cac gen sinh tong hop trong con duong PTOX la
tién chat ciia etoposide, chit trc ché topoisomerase tiém niang. Két qua da xac dinh
sdu enzyme mdi xdc tic cac bude chinh san xuat PTOX (Hinh 1.5). Trinh tu céc
enzyme gop phan vao qua trinh sinh téng hop PTOX la dirigent protein (DIR), thanh
ruou coniferyl, thanh (+)-pinoresinol, sau dé6 dudi tac dong cua pinoresinol-
lariciresinol reductase (PLR) dugc chuyén ddi thanh (-)-secoisolariciresinol, chat nay

tiép tuc duoc chuyén d6i thanh (-)- matairesinol boi tic dong cia
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sericoisolariciresinol dehydrogenase (SDH). Matairesinol s& tiép tuc dugc chuyén do6i
bdi CYP719A23 thanh (-)-pluviatolide. Pluviatolide c6 kha ning dugc chuyén doi
boi Phex13114 (OMT1) thanh (-)-yatein, tiép tuc duge chuyén doi boi Phex30848
(2-ODD) thanh (-)-deoxypodophyllotoxin [86].

Nghién cuu trén loai Dysosma versipellis (Hance) M. Chang, Palaniyandi va
Jun d3 chi ra rang phan tich biéu hién mRNA cua cic gen con dudng chuyén hoa
podophyllotoxin secoisolariciresinol dehydrogenase va pinoresionol lariciresinol
reductase mirc dd biéu hién phu thudc vao nhi¢t do [157]. Trén thuc té, cay tréng o
nhiét do thép lam ting 10 rét sy tich tu PTOX trong than ré cta D. versipellis 1én 3,49
lan so v&i nhiét d6 nha kinh. Tir két qua nay cho thdy rang sy tich tu PTOX trong
than 1& cta D. versipellis & nhiét do thip biéu hién gen trong con dudng sinh tong
hop PTOX.

2.2. Nghién ctru vé podophyllotoxin tir vi n4m ndi sinh
2.2.1. Tinh hinh nghién ciru thu nhan podophyllotoxin va cac din xuit tir vi
nAm ndi sinh trén thé giéi

PTOX 1a mot hop chit hitu co ty nhién thudc nhom lignans khong phai
alkaloid c6 ngudn gbc thuc vét duoc tim thdy trong mét sd loai Podophyllum va mot
s6 chi khac nhu Sinopodophyllum, Juniperus, Dysosma, Diphylleia, Linum,
Lithospermum v.v. Mot s6 loai ndm néi sinh tao ra PTOX nhu chét chuyén hoa thir
cap duoc nghién ctru va béo cdo trong mot sd tai liéu. Viée chiét xuit chat chuyén
hoa cua ching c6 thé dugc thuc hién bang cac phuwong phéap sic ky 16p moéng (TLC)
va sic ky mang 16ng hiéu ning cao (HPLC) [87].

PTOX, mot chét ty nhién ndi tiéng aryltetralin lignans xuét hién & mot sb loai
thuc vat duoc sur dung lam tién chit cho qué trinh téng hop hoa hoc cua thube chéng
ung thu nhu etoposide, teniposide va etopophose phosphate. Didu ndy bao cdo lan
dau tién vé viéc san xuat PTOX do mot loai nAm néi sinh Fusarium oxysporum phan
lap tir cay thudc Juniperus recva & An Do. Viéc dinh luong PTOX dugc thuc hién
bo1 HPLC, LC-MS va LC-MS / MS, theo d6 nhom tac gia da chuén hoa cac diéu kién
nudi cay dé dat duoc su tang trudng téi wu va san xuat PTOX. Thoi gian ting truong
ctia nAm duoc quan sat 1én dén 9 ngay, sinh khéi sgi nam cao nhat dugc ghi nhan vao
ngay thir 7, tuy nhién hoat chit PTOX do duoc cao nhat vao ngay thir 4 dat 28ug/g
trong lugng khé té bao [48].

Yang Xianzhi va cong sy di 1én men 92 ching ndm ndi sinh dugc phan 1ap tir
Sinopodophyllum hexandrum, Diphylleia sinensis va Dysosma veitchii, phan tich
bang TLC, HPLC. Két qua cho thdy 6 ching nAm ndi sinh c6 thé tao ra PTOX chiém
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khoang 6,5% tong sb chung da dugc phéan lap. Trong d6 7% ndm ndi sinh duge phan
lap tu S. hexandrum, 3% tix D. sinensis va 10% tu D. veitchii [17].

Eyberger va cOng su thu dugc thanh cong hai chung Phialocephala fortinii noi
sinh 1a PPE5 va PPE7 tir than ré cta Sinopodophyllum peltatum ma c6 thé tao ra
PTOX véi niang suat 0,5-189 pg /1 trong nudi cay 1én men sau 4 tuan [4].

Mot s6 nghién ctru trén thé gidi vé cach xac dinh PTOX thong qua vi ndm noi
sinh, bang k§ thuat phan tich sic ky mang long (TLC) va sac ky mang long hiéu ning
(HPLC) cac nha khoa hoc da phan 1ap va xac dinh duoc nhiéu ching vi nAm ndi sinh
trong mot s6 chi Sinopodophyllum, Juniperus, Dysosma, Diphylleia, Linum,
Lithospermum...san sinh PTOX va cac dan xuat (Bang 1.2). Pay la co s¢ cho nghién
ctru ciia NCS tap trung phan 1ap vi ndm trong hai loai Bat Giac Lién ¢ Viét Nam 1a
Dysosma difformis va Dysosma versipelle, trong cac tai liéu d6i v6i hai loai nay chua
thdy c6 cong bd viéc thu nhan PTOX thong qua vi nam ndi sinh.

Céc hop chét thtr cap c6 ngudn gde thue vat, di thuong chi duoc san xuat véi
ham lugng rat thép, lai s& hitu hoat tinh sinh hoc manh m¢€, mang y nghia to 16n ddi
v6i con ngudi trong ca nganh thuc pham va y té. Nhiéu hop chit trong sb ndy, nhu
vincristin, vinblastin, taxol, PTOX, di chimg minh hiéu qua trong diéu tri ung thu.
Tuy nhién, viéc phan tach va tinh ché cac hop chit thir cip nay gip nhiéu kho khin
va ton kém thoi gian, dic biét khi chiing chi ton tai v6i ndng d6 cuc ky nho trong té
bao thue vat. Viéc chiét xudt cac chat chuyén héa dugc thuc hién dya trén nguyén tac
chiét xuat dung méi bang cach sir dung chii yéu 1a metanol va etyl axetat lam dung
moi hitu co. Sau d6, dung méi duoc lam bay hoi véi su tro giup cua thiét bi co quay,
can thu dugc hoa tan lai trong dung méi thich hgp nhu dimethyl sulphoxide [49]. Mot
sO tac gia da str dung hon hop dung méi metanol-dichloromethane-etyl axetat theo
mot ty 16 nhat dinh [88], [89], [90]. Phat hién va dinh luong théng qua phan tich
HPLC, LC-MS, GC-MS, v.v. 1a buéc cubi cung cua xac nhan dac tinh cta cac hop
chét thu duoc.

Mot nghién ciru ciia nhom S. Kusari [15] dd thanh cong trong viéce tach chiét
thu nhan DPTOX tir Aspergillus fumigatus Fresenius, mot loai nam ndi sinh
Juniperus communis L. Horstmann bang hé dung méi CHCI13—-MeOH (4:1, v4’) (Hinh
1B, phu luc B). Tuong tu, nhom tac gia [48] dd dé xuat mot phuong phap tach chiét
va nhan biét PTOX don gian, hidu qua tr nAm Fusarium oxysporum ndi sinh
Juniperus recurva (Hinh 2B, phu luc B).
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Bang 1.2. Ham lugng cua podophyllotoxin (PTOX), demethylpodophyllotoxin (Dm
PTOX) va deoxypodophyllotoxin (DPTOX) & cac loai khac nhau cua chi Juniperus

[15]
Cay chu Dia diém liy Mo Khéi Mua Dich chiét PDT DmPDT DPDT
mau luong (thang) (ng100g1)  (ng100g") (ng100gh
(®
Juniperus Rombergpark, Twigs 10 June Organic 623 <LOQ 17 235
communis L. Germany Aqueous <LOQ <LOQ 484
Horstmann
Juniperus Rombergpark, Twigs 10 June Total 623 <LOQ 17719
communis L. Germany Organic <LOQ <LOQ 8248
M
eyer Aqueous <LOQ <LOQ 389
Juniperus Rombergpark, Twigs 10 June Total <LOQ <LOQ 8637
communis L. Germany Organic 1492 <LOQ 13 306
Wilsed:
fisedet Aqueous <LOQ <LOQ 943
Berg
Juniperus Rombergpark, Twigs 10 June Total 1492 <LOQ 14 249
communis Germany Organic <LOQ <LOQ 7886
Hiberni
Hoernica Aqueous <LOQ <LOQ 355
(irischer
Sa"ulenwachh
older)
Juniperus Rombergpark, Twigs 10 June Total <LOQ <LOQ 8241
blaaws Germany Organic <LOQ <LOQ 29
Aqueous <LOQ <LOQ 33
Juniperus Rombergpark, Twigs 10 June Total <LOQ <LOQ 62
procumbens Germany Organic <LOQ <LOQ 168
Tremonia Aqueous <LOQ <LOQ 20
Juniperus x- Rombergpark, Twigs 10 June Total <LOQ <LOQ 25 006
media ‘ Germany Organic 97030 <LOQ 2534
Pfitzeriana Aqueous 3070 <LOQ 348
Juniperus Rombergpark, Twigs 10 June Total 100100 <LOQ 25 006
squamata Germany Organic 4611 <LOQ 2534
Wilsonii Aqueous <LOQ <LOQ 348
Juniperus Yarika, ] & K, Twigs 10 June Total 4611 <LOQ 2882
recurva India Organic 819 106 1683
Aqueous <LOQ <LOQ 19
Juniperus Bonera, ] & Twigs 10 June Total 819 106 1702
recurva K, India Organic 5522 214 91
Aqueous <LOQ <LOQ 123
Juniperus Sonamarg, J Twigs 10 June Total 5522 214 214
recurva & K, India Organic 3230 288 11269
Aqueous <LOQ <LOQ 32
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Phuong phép ciia M. Yousefzadi va cong su [91] khi t6i wu hoa chiét xuat
PTOX cho thiy hé dung méi metanol chiét xuat PTOX 14 cho két qua tot nhat, két
hop véi dinh lugng HPLC c6 thé xac dinh mot luong nhé PTOX trong nudi ciy té
bao. Mot nghién cru khac [16] cling chi ra viéc chiét xuat PTOX tir vi nAm noi sinh
thong qua viéc ngdm cin té bao trong dung modi methanol, tiép d6 chiét cin véi
isopycnic chloroform va n-butyl alcohol, siéu am pha v té bao, ¢ quay bay hoi dung
moi, can con lai xac dinh PTOX bo1 TLC, HPLC...vv

Trén day 1a mot s cac phuong phap tach chiét PTOX va dan xuat tir ndm noi
sinh cho hi€u qua cao, d6 1a co s& cho nghién ctru hién tai khi lya chon h¢ dung moi
chiét xuat PTOX nhanh, an toan.

2.2.2. Cac nghién ctru vé gen va hé gen lién quan dén chuyén héa lignan & vi
nam

Céc nghién ciru vé toan bd hé gen (WGS) déng vai tro cdt 16i trong viée giai mi co
ché sinh tong hop phirc tap cta lignan, bao gdm ca PTOX, ¢ cac chiing nim noi sinh. WGS
cung cép dit liéu co so di truyén dé xac dinh cac gen tham gia vao con dudng sinh tong hop
PTOX va lignan. Lam rd tinh da dang sinh hoc: Su da dang cta cac dan Xuét lignan ma vi
nam tao ra phu thudc vao su biéu hién va hoat tinh ctia cac cum gen CYP450 va cac enzyme
khac nhu methyltransferases va reductases. Viéc phan tich hé gen chi tiét cho phép xac dinh
cac cum gen nay, tir d6 mé ra hudng nghién ctru va toi wu hoa kha nang san xuét lignan cua
vi ndm noi sinh. Theo d6, Lignan, bao gdbm ca PTOX, 14 san phim cua con dudng sinh
téng hop phirc tap, bit dau bang viéc chuyén héa céc tién chét trong con duong
Shikimate va Phenylpropanoid. Cac monolignol (nhu coniferyl alcohol) dugc tao ra
va sau do trai qua budc dimer hoa oxy hoa (oxidative coupling) quan trong, xuc tac
bo1 cac enzyme laccase hodc peroxidase, dugc ma hoa bdi cac gen tuong ing trong
hé gen ndm. Co ché hinh thanh cac lignan phtrc tap doi héi su tham gia cia cac
enzyme chuyén biét, ndi bat 1a ho gen cytochrome P450 monooxygenases (CYP450).
Céc enzyme nay chiu trach nhiém cho cac phan tng hydroxyl hoa, methylen hoa
vong, va tuan hoan (cyclization), tao nén cau tric vong methylenedioxy dic trung
cia PTOX. Su da dang cua cac dan xuét lignan ma vi nam tao ra phu thudc vao su
biéu hién va hoat tinh cia cic cum gen CYP450 va céc enzyme khac nhu
methyltransferases va reductases. Viéc phan tich hé gen chi tiét cho phép xac dinh
cac cym gen ndy, tir 46 mé ra hudng nghién ctru va toi uu hoa kha ning san xuat
lignan cua vi ndm ndi sinh. Nhiéu nghién ciru WGS di dugc thyc hién trén cac chi ndm
quan trong, déc biét 1a Penicillium va Aspergillus, mang lai cac két qua dang chu y.

Chi Penicillium, voi 536 loai dugc cong nhan, 1a mdt trong nhiing chi nam phé
bién va quan trong nhat [92], [93]. Cac loai Penicillium nbi tiéng véi kha ning san

xuat nhiéu loai chat chuyén héa thir cap da dang, bao gom céc dan xuat phenalenone
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[94], [95], polyene chudi dai [96], dan xuit acetaminophen [97] va din xuat triene
[98]. Tuy nhién, cac nghién ctru tap trung vao giai trinh ty b gen, khai thac va tim
kiém céc gen lién quan dén qué trinh sinh téng hop cac hop chat hoat tinh sinh hoc
trong Penicillium herquei van con han ché.

Cac bd gen Penicillium dugc nghién clru trudc day da udc tinh kich thudce bod
gen, dao dong tir 25 Mb dén 36 Mb [99]. Cac loai Penicillium thudng c6 tir bon dén
tam nhiém sac thé [100], [101]. Trong tuong lai, cdc phuong phap giai trinh ty b gen
bd sung nhu PacBio hoidc cac phuong phap giai trinh tu doc dai khac co thé gitp lap
rap bd gen chinh xac hon [102]. Dir liéu cia nhém Guohua Yin va cong su cho biét
kha ning trao ddi chat tht cap phuic tap cta Penicillium spp., dic biét lién quan dén
co s di truyén ciia doc té ndm mdbc [103]. Theo co sd dir liéu GenBank, cac bo gen
ty thé Penicillium thuong co kich thudc khoang 26-28 kb. Mot nghién ciru da phan
tich bo gen ty thé 161 ctia 15 b gen ty thé cua Aspergillus va Penicillium, xac dinh
dugc 14 gen mi hoa protein 13, tit ca déu nam trén mach thing [104].

Céac nghién ciru gan day di mo rong hiéu biét vé& bd gen cua chi Penicillium.
Visagie va cong su dd cong bd bd gen dur thao cta ba loai Penicillium khac nhau P.
brevicompactum 18316 (31,00 Mb), P. biforme 15300 (35,45 Mb), va P. solitum
18327 (34,18 Mb) [93]. Nhom nghién ctiru cia Huong Mai Pham da giai trinh tu bd
gen cta chung Penicillium oxalicum 11R1 phan lap tir ré cdy Ixora chinensis da duoc
giai trinh tu bang cong nghé Pacbio Sequel, Bd gen hoan chinh c6 kich thuée 30,8
Mb, duoc lap rap thanh 8 nhiém sic thé, cing v6i mot mitogenome 26 kb. Phan tich
chtrc ning d tiét 16 cac gen ma hoa cytochrome P450 va cac enzyme lién quan dén
sinh tong hop chit chuyén hoa thir cap. Phan tich so sanh cho thdy bd gen 16n va khép
kin cta P. oxalicum chtra 9.500 nhém orthologous, cung cip dit liéu gia tri cho cac
nghién ctru phat sinh loai va quan thé trong tuong lai [105].

Ngoai ra, khi nghién ctru bd gen cia Aspergillus sojae NBRC4239, str dung cong
nghé giai trinh tu pyrosequencing 454 va nghién ctru bd gen vé cic enzyme va cic
chat chuyén hoa tht cap so vdi cac loai Aspergillus khac da dugc giai trinh tu da tao
ra mdt trinh ty khong trung 13p dai 39,5 Mb. Dit li¢u bd gen 4. sojae NBRC4239 s¢
hitu ich dé mé ta cac dic diém chirc ning ctia nam nay duogc st dung trong cac nganh
cong nghié€p Nhat Ban [106]. H¢ gen cua chung Fusarium solani MC503 ni sinh cay
anh tic (Macleaya cordata), bang cach st dung phan mém BUSCO va CEGMA d¢
danh gia chat luong lip rap bo gen, kich thudc bd gen cta ching MC503 1a
61.238.035 bp, nd cung cap thong tin vé cac gen tiém ning lién quan dén qua trinh

sinh tong hop cac chat chuyén hoa thtr cip, bao gdm ca ancaloit va kha ning tuong
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tac véi cay chil. Day 1a mot vi du vé viée giai trinh tu hé gen dé kham pha tiém ning
sinh hoc ctia ndm noi sinh [107].

Nhirng két qua giai trinh ty bo gen nay 1a nén tang quan trong dé hiéu rd hon vé
tiém ning sinh tong hop cta Penicillium herquei va cic loai vi ndm khac. Ching mo
ra hudng di cho viéc khai thac cac gen lién quan dén san xuét cac hop chat hoat tinh
sinh hoc, gop phan vao phat trién duoc pham va cac Gng dung cong nghé sinh hoc
khac.

2.2.3. Cac gen chirc ning tham gia con dwong chuyén héa podophyllotoxin va
cac din xuit ¢ vi nam

Vi sinh vat ndi sinh dong vai trd quan trong trong viéc thuc day sy tang trudng,
phat trién thuc vat va bao vé vat chu khoi cac tic nhan giy bénh [108], [109]. Mdi
quan hé tuong tac sinh 1y, dinh dudng va di truyén phuc tap giita cong dong vi sinh
vat ndi sinh va vat chu cho thdy su dong tién hoa. Piéu nay cho phép chung trao doi
vat lidu di truyén théng qua chuyén gen ngang va chia sé cac con dudng tong hop
chat chuyén hoéa tht cap [110], [111].

Trong cac h¢ sinh thai tu nhién, vi sinh vat ndi sinh va vat chu cua chiung cung
ton tai trong cac mdi quan hé di truyén va sinh thai phirc tap. Cac nghién ctru trude
day d3 mo ta cac con dudng sinh tong hop cia PTOX va xac dinh cac gen, protein
lién quan & thue vat [112], [113], [114]. Cu thé, & Podophyllum hexandrum, it nhat
tam gen bao gém DIR, PLR, SDH, CYP719A13, OMT3, CYP71CU1, OMT]1 va 2-
ODD dugc cho 13 dong vai tro quan trong trong viéc chuyén d6i coniferyl alcohol
thanh DPTOX va etoposide [75]. Cac gen nay ma hoa cho cac enzyme thuc hién cac
loai phan tmg khac nhau nhu oxy hoa, khir, methyl hoa va tong hop, timg budc xay
dung nén phan tir PTOX tir c4c tién chat ban dau.

Tuy nhién, cac co ché sinh héa va phén tir chi phdi qua trinh san xudt PTOX
ctia nam van chua duge kham pha rong rai, dac biét ddi v6i cac ndm nodi sinh nhu
Penicillium herquei. Dé 1am sang t6 diéu ndy, nhiéu cong cy va phuong phap tin sinh
hoc da dugc st dung dé xac dinh, cha thich va so sanh bd gen vi khuan. Cac cong cu
nay bao gdm phan tich trinh tu khoang cach phién ma noi bo (ITS), giai trinh tu bo
gen, hé gen so sanh, mang vi md, giai trinh tu thé hé tiép theo, metagenomics va
metatranscriptomics [94]. Nhitng cong cu ndy cho phép phat hién bo gen nam ciing
nhu hiéu dugc moi lién hé chit ché giita vi sinh vat ni sinh va vét chu thuc vat ciia
chung



23

Bang 1.3. Vai trd xtc tac clia cac gen trong chuyén doi coniferyl alcohol thanh PTOX

STT

Gene

ID

Description

Vai tro

SDH

Secoisolariciresinol
dehydrogenase

Xic tac bude: Chuyén ddi
secoisolariciresinol. Cu thé hon,
trong con dudng sinh tong hop
lignan, enzyme dehydrogenase
nay thuong xuc tac qua trinh oxy
hoa secoisolariciresinol thanh
matairesinol. Pay 1a mgt budc
quan trong trong viéc chuyén doi
cac lignan.

CYP71BE54

Desmethyl-deoxy-
podophyllotoxin synthase

Xtc tac budce: Tong hop
Desmethyl-deoxy-
podophyllotoxin. La mdt enzyme
cytochrome P450, n6 tham gia
vao cac phan ung hydroxyl hoa
hoic cac bién doi oxy hoa khac dé
tao ra desmethyl-deoxy-
podophyllotoxin tir mot tién chat
nao d6 (chang han nhu
deoxypodophyllotoxin hoac mdt
lignan lién quan).

CYP82D61

Demethylepipodophyllotoxin
synthase

Xic tac bude: Tong hop
Demethylepiodophpyllotoxin.
Tuong tu nhu enzyme CYP P450
khac, n6 xuc tac mot bude chuyén
héa oxy hoa dé tao ra
demethylepipodophyllotoxin tur
mot tién chét. Epi- thuong chi mot
ddng phan cdu hinh.

CYP719A23

Pluviatolide synthase

Xic tac bude: Tong hop
Pluviatolide. Enzyme nay xuc tac
phan ung tao ra pluviatolide, mdt
lignan vong, tir cac tién chat tuyén
tinh.

CPY719A24

Pluviatolide synthase

Xdc tac budce: Tong hop
Pluviatolide. Tuong ty nhu
CYP719A23, nd ciing xuc tac
phan ng tao ra pluviatolide. Co
thé c6 su du thira chirc nang hodc
chung hoat dong & cac didu kién
khéc nhau.

CYP71CUI

Desmethylyatein synthase

Xuc tac budce: Tong hop
Desmethyllyatein. Xuc tac phan
ung tao ra lignan desmethyllyatein
tir mot tién chét

VdtD*

Inactive carboxylesterase-
like protein VdtD

Khéng truc tiép xuc tac mot budc
sinh tong hop podophyllotoxin.
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STT

Gene

ID

Description

Vai tro

Mac du c6 "carboxylesterase-
like", nhung dugc mo ta la
"inactive" (khong hoat dong). N6
¢6 thé 1a mot protein ¢ cau tric
tuong tu enzyme nhung khong co6
hoat tinh xtc tac, hoac cé vai tro
khac khong phai xtic tac truc tiép
(vi du: diéu hoa, van chuyén).

OMT3

Pluviatolide O-
methyltransferase

Xuc tac budc: O-methyl hoa
Pluviatolide. Enzyme nay xuc tac
phan tng thém mot nhém methyl
(-CH3) vao mdt nguyén tur oxy
trén phan tir pluviatolide. Pay la
mot bude bién d6i quan trong
trong nhiéu con duong sinh tong
hop.

OMTI

Desmethyl-yatein O-
methyltransferase

Xuc tac budc: O-methyl hoa
Desmethyl-yatein. Tuong tu
OMT3, enzyme nay xtc tac phan
ung thém nhém methyl vao
nguyén tir oxy trén phan tir
desmethyl-yatein.

10

2-ODD

Deoxyodophyllotoxin
spynthase

Xic tac bude: Tong hop
Deoxypodophyllotoxin. Enzyme
nay chiu trach nhi€ém xtc tac phan
ung tao ra deoxypodophyllotoxin,
mot tién chét truc tiép va rat gan
vo1 podophyllotoxin.

11

PLR

Bifunctional pinoresinol-
lariciresinol reductase

Xuc tac budce: Khir pinoresinol va
lariciresinol. Enzyme nay xuc tac
phan ung khir (thém hydro) trén
hai lignan tién chét 1a pinoresinol
va lariciresinol, chuyén chung
thanh cac dang khac trén con
duong sinh téng hop.
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3. Cac yéu t6 anh hwéng dén qua trinh sinh tong hop podophyllotoxin va cac
din xuit ciia né tir vi nam noi sinh

Hiéu suét thu nhan PTOX tr vi nAm noi sinh trong qua trinh 1én men bi chi
phéi boi nhidu yéu td nhu thoi gian, pH mai truong, nhiét do, ngudn carbon va nito.
Viéc xac dinh mot chu trinh 1én men tbi wu cho tung chung vi sinh vat 1a vo cung
quan trong dé dat duogc san lugng chét chuyén héa cao nhét, do su khac biét vé giai
doan phat trién va san xuat chit chuyén hoa giira cac ching. Piém chung ¢ hau hét
cac chung 12 kha ning san sinh cac hop chét chuyén héa tht cip chii yéu dién ra trong
giai doan giita va cudi pha can bang ctia qua trinh 1én men.

3.1. Anh huwéng ciia nhiét dd

Trong bao céo cta J.-X. Huang va nhom nghién ciru [115] vé cac chung vi
nam noi sinh sinh tong hop PTOX c6 dai nhiét d6 tir 22-32 °C, nhiét do duéi 22 °C
chuing phat trién kém va do d6 anh huong t61 ham luong PTOX sinh ra, & nhiét o
trén 35 °C- 37 °C chung khong sinh truong. Két qua nghién ciru [14], [15], [16],
[116], cho thdy nhiét d6 tdi vu sinh hoat chdt PTOX trung binh tir 26 °C- 28 °C. Nhu
vay, nhiét do 1én men cé tac dong 1o rét dén sy sinh truong va sinh téng hop PTOX.
Céc nghién ctru cho thay khoang nhiét thich hop cho san sinh PTOX 1a khong rong.

3.2. Anh hwéng cia pH

Kha ning sinh truéng cta vi nAm dién ra trong mot khoang pH rong, tir 2 dén
9, véi diéu kién tdi vu thuong 1 khoang 5 dén 7. Trong qua trinh phat trién, sy thay
d6i pH moi trudng c6 thé lam bién do6i hoat dong trao ddi chét cua vi nAm, bao gdm
viéc hap thu chat dinh dudng va bai tiét cac chat chuyén hoa. Cu thé, viéc giai phong
cac axit hitu co nhu axit oxalic c6 xu huéng lam giam pH, trong khi qué trinh dong
hoa axit hiru co hodc thuy phan uré lai lam tang pH.

D6 pH 1a mot yéu td then chdt anh hudng dén tinh thAm cua thanh va mang té
bao nam, tir d6 tac dong truc tiép dén su van chuyén ion va cac chat khac qua mang
té bao. Do d6, pH ctia moi truong nudi ciy co vai tro quyét dinh dbi véi qua trinh trao
d6i chat va dic biét 1a su sinh tong hop cac hop chat chuyén hoa, dong thoi anh huong
1o rét dén su phat trién cua vi sinh vat ndi sinh [87].

MB&i loai vi sinh vat déu c6 mot khoang pH sinh truong dic trung va mot gia
tri pH tdi uu cho su phat trién. Dua vao pH tdi wu, cac vi sinh vat duoc phan loai
thanh ua axit (pH 0-5,5), wa trung tinh (pH 5,5-8,0) va ua kiém (pH 8,5-11,5). Mot
sO loai c6 thé phat trién tot nhat & pH 10 trd 1én. Cac nghién ctru cho thay rang pH tdi
wu cho su phat trién va sinh tong hop PTOX ciia vi nAm thudng nam trong khoang
axit yéu, cu thé 1a tir 5.6-6.5 [14], [15], [16], [85]. Piéu nay cho thdy pH méi truong

nuoi cay nén dugc diéu chinh dé phu hop véi cac chiing nam ndi sinh, nham dat dugc
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san lugng mong mudn. Do d6, cac nghién ctru vé anh hudng ciia pH 1a rat can thiét
dé t6i uu héa hiéu suét sinh tong hop PTOX.
3.3. Anh huéng ciia toc dd lic va thé tich dich 1én men

Su dao dong vé tde do lac co tac dong dén sinh trudng cua soi nam trong moi
truong dich thé. Khi lic, oxy hoa tan duoc dua vao méi truong tot hon va sgi ndm
dugc dao tron déu, gitp chung tiép xuc déng déu voi méi trudng tir trén xudng dudi.
Thé tich dich 1én men trong thiét bi nudi ciy ciing rat quan trong dé cung cap du
luong oxy hoa tan va tdc do thong thoang, tao diéu kién cho vi sinh vat phat trién va
tong hop cac hop chit thir cAp quan trong.

Céc nghién ctru thudng t6i wu tée d6 lic trong khoang 100 dén 250 vong/pht,
v6i ty 18 thé tich moi trudng nudi/thé tich binh 14 5-30% (v/v). Chang han, mot bao
céo cta S. Kusari va cong su [15] d4 chi ra rang chung ndm Aspergillus fumigatus
Fresenius san sinh PTOX hiéu qua dudi diéu kién lic 200 vong/phit va thé tich dich
nudi ciy 20%. Tuong tu, mot nghién ctru khac [14] cho thay chung Fusarium solani
c6 thé san xuat PTOX khi dugc lic ¢ 100 vong/phit, voi thé tich dich nuéi ciy 40%.
Vé6i niAm Phellinus linteus ting trudng tot nhat & 150 vong/ phut, & 200 vong/ phut

mat d6 nidm giam [117].

3.4. Anh huéng ciia thoi gian

@,
Mycelial extract

6 -

Deoxypodophyllotoxin (1g)

0 24 48 72 96 120 144 168 192 216
Time (h)

Hinh 1.6. Thoi gian 1én men Aspergillus fumigatus Fresenius sinh tong hop
deoxypodophyllotoxin [15]

Nhiéu nghién ctru da ching minh kha ning san xuét thanh cong cac hop chat
¢6 hoat tinh sinh hoc tir nAm ndi sinh. Mohammad Nadeem va cong su da nudi céy
nam Fusarium solani trén moi trudng PDB trong 15 ngay, thu dugc san lugng PTOX
14 29,0 pg/g trong luong kho té bao ¢ 28 °C va pH 6,5, véi tde do lac 100 vong/phut
[14]. Twong tw, Mucor fragilis Fresen tong hop dugc 49,3 pg/g PTOX sau 7 ngay
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nuoi céy G 26 °C, pH 6,5 va 180 vong/phtt [116]. Nam 2009, S. Kusari va cong su
cling bao céo san luong DPTOX tir nAm Aspergillus fumigatus Fresenius 13 4 + 2
1g/100 g trong luong kho té bao, sau 9 ngay 1én men & 28 + 2 °C, pH 5,6 va 200
vong/phut [15]. Mot nghién ciru khac da nudi cdy chung TG9 trong 300 mL moi
truong 1ong PDA ¢ 28 °C, pH 6,0 va 120 vong/phut trong mot tuan, sau d6 xac dinh
su hién dién ciia PTOX bang phuong phap HPLC [16]. Nhitng nghién ctru ndy da
ching minh rang thoi gian t6i uu cho qua trinh sinh tong hgp PTOX va cac dan xuat
cua no6 la khéac nhau, tuy thudc vao dac tinh sinh hoc cua timg chiing nam va diéu kién
nudi cay cu thé.
3.5. Anh huéng ciia ngudn carbon va nito

Theo Gogoi va cong su, nghién ctru cia ho da di sau vao tdc dong cla cac
ngudn carbon va nito d6i voi sy phat trién va kha ning san xuat chit chuyén héa thir
cip clia chung ndm Fusarium sp. DF2. Vi nAm nay dat sinh khéi va san luong chat
chuyén héa cao nhat khi méi trudng 1én men chira 0,1% dextrose, tiép theo 1a glucose,
sucrose va glycerol. Nguoc lai, viéc sit dung tinh bot, lactose va mannitol lam gidm
dang ké ca sinh khdi va luong chit chuyén hoa

Khi nghién ctru vé ngudn nito, cic nha khoa hoc nhan thiy dich chiét nAm men
c6 kha nang thuc day sy tich liiy chat chuyén héa tht cap, trong khi dich chiét bo,
pepton va (NH4)2SO4 chu yéu 1am ting sinh khdi nhung khong hiéu qua trong viée
san xudt cac hoat chit sinh hoc [118]. Trong bdo c4o cua [29] khi bd sung 1% duong
glucose; 1% cao nam men; 0.5 % pepton; 0.5% tryton trong mdi trudng 1én men
chung Penicillium reticulisporum tsp41 sinh téng hop Huperzin A cao nhat 0,0341
mg/L dich 1én men. Phan Iap tr méi trudong nudc ¢ rung ngdp man Yung Shue O,
Hong Kong, chung vi nAm bién A. saccharicola phat trién tdi wu trong méi trudng co
bd sung 0,5% pepton va 0,5% dich chiét nAm men. Trong khi glucose khong tac dong
dén sy ting trudng, né lai 1a yéu t6 quan trong ddi v4i qua trinh sinh tong hop cac
hop chét khang khuan cta chung vi nam nay [119].
3.6. Anh huéng ciia ty 1¢ giong

Bén canh cac yéu to méi truong dinh dudng, ty 18 tiép gidng ban dau ciing 13
mot yéu té quan trong can xac dinh dé dam bao qua trinh sinh truong dién ra hiéu
qua. Ty 1é ndy anh hudng truc tiép dén su canh tranh cta vi sinh vat vé dinh dudng
va oxy. Ca khi mat do té bao qua cao hodc qua thap déu co6 thé lam giam kha ning
sinh truong [120]. Néu mat do ban dau qua thap, pha sinh truong log ¢ thé bi kéo
dai, trong khi mat d6 ban dau qua cao c6 thé nhanh chéng dan dén pha tir vong [121].
O hau hét cac nghién ctru ty 1¢ tiép gidng thuong dao dong trong khoang 1-15%, tiy

thudc vao qua trinh khao sat ban dau.
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3.7. Anh huéng ciia ngudn co chat cim ng

Mot s6 nghién ciru gan ddy da chimg minh tim quan trong cua viée toi uu hoa
qua trinh 1én men cung véi viée sir dung cac ngudn co chat cam tmg dé t6i da hoa
viéc san xudt cac hop chét ¢6 1oi ich kinh té tir nAm noi sinh. Theo nghién clru cua
[29] ngudn ethanol va methanol dugc bd sung vao mdi trudng nhu ngudn carbon dat
ndéng do cudi 0,5-2% di kich thich sy phat trién cta nim va lam ting kha ning san
xuat Huperzin A. Ciing lién quan dén viéc 1am tang cuong kha ning sinh tong hop
Huperzin A, [122] d4 b6 sung vao mdi truong 1én men mot sé chat cam tng HSE (H.
serata extracts- tach chiét tir 14 thach ting rang cwa), L-Lysine va acid acetic v4i cac
nong do 1én men khac nhau. Két qua cho thiy L-Lysine va HSE da kich thich kha
ning sinh Huperzin A va hé sgi ndm. Trén co sé d6, ching toi di bd sung cao chiét
tu cay Bat Giac Lién dé nghién ctru nang cao hoat tinh PTOX tur ndm ndi sinh. Dya
vao con duong sinh tong hop PTOX va cac dan xuét cho thdy axit ferulic va axit
cinnamic 13 nhitg enzyme quan trong tham gia vao qua trinh sinh tong hop PTOX,
phenylananine nhu mét ngudn nito va cac goc alcohol can duge xem xét dua vao

nghién cuu.
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Chuong 2. POI TUQNG VA PHUONG PHAP NGHIEN CUU
2.1. POI TUQNG NGHIEN CUU

2.1.1. Vat liéu nghién ciru

Mau cay duoc lieu Bat Giac Lién (Lodi Dysosma difformis
(hemsl.&E.H.Wilson) T.H.Wang) khoé manh duoc thu thip ngiu nhién vao thang
06/2020 tai Thon Phin Sang, Xa Minh Tan, Huyén Vi Xuyén, Tinh Ha Giang. Toa
do: 23°0'40.14"N 104°53'6.92"E, d6 cao 1074 m va Ban Ngai Thau, X4 Khun Ha,
Huyén Tam Duong, tinh Lai Chau. Toa d9: 22°132.55”N 103°350.58”E, d0 cao
1890m. Nhiét d6 trung binh dao dong khoang 18-27 °C.

Chung vi sinh vat: Gram am (Escherichia coli DHS) va Gram duong
(Staphylococcus sp., Bacillus TTM11, Bacillus 2TM6, Enterobacter 14RM7-1) dugc
lwru giit tai Phong Cong nghé té bao thuc vat, Vién Sinh hoc.

Céc dong té bao ung thu & ngudi: SK-LU-1 (t& bao ung thu phdi); HepG2 (té
bao ung thu gan); HL-60 (t& bao bach cau cip tinh) do GS. TS. J. M. Pezzuto, Truong
bai hoc Long-Island, US va GS. Jeanette Maier, truong Pai hoc Milan, Italia cung
cap.

2.1.2. Thiét bi va héa chit nghién ciru
Thiét bi, dung cu nghién ciru:

Box ciy (Esco), ti siy (Selecta 52 L), ti 4m nudi cdy trong tbi, may lic 6n
nhiét (WiseCube), may PCR, may di¢n di, may voltex, may li tam, mdy si€éu am pha
v té bao, ndi hap tiét trung (ALPMC-40DP), Kinh hién vi quang hoc (Carl Zeiss),
tu hat Streamline Class II (ESCO,Troisdorf, Buc); ELISA Plate Reader (Biotek,
USA); Tu lanh sau -20 °C, -80 °C; Tu lanh 4 °C; Binh nito long; Can ky thuat
(SHINKO GS 600G), May loc nuéc; Hé théng 1én men Bioflo 10 L (New
Brunswick); Hé thong 1én men Blue Fer 100 L(Blue Fer 100, Vilab — Viét Nam);
May do pH (Hanna); Tu lanh 4 °C giit gidng (Jeio Tech); May ¢6 quay R300 (Buchi,
Flawil, Switzerland).

Sic ky 16p mong dugc thuc hién trén ban moéng nhom trang san silicagel 60
F254 Merk (day 0,25mm) véi h¢ dung moi dichloromethane:methanol ty 1€ (9:1, v/v).
Quan sat cac vét sac ky duge thuc hién bang dén UV & budc song 365nm, tiép theo
13 hién mau bang dung dich H2SO4 10%.

Cac dung cu nhu cdi, chay su, pank, dia céy, giéy thdm, dao, kéo, dia petri,
que cdy, que trang, phién kinh, lamen, pipetman, binh tam giac 250ml, 500ml; Binh
pyrex 500ml, béng khong thadm nude, gidy bac, can ky thuat. Dung cu dugc hap tiét
trung ¢ 121 °C, latm trong 30 phut.
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Héa chat nghién ciiu

Cac héa chat sir dung: podophyllotoxin (Sigma, CAS No. 518-28-5); D-
glucose (Germany); TCA 20% (Sigma, Germany); G-spinTM Total DNA Extraction
kit (INtRON Biotechnology, Sangdaewon, Korea); Methanol hitu co (India); Ethanol
70%, Sodium thiosulfat 2,5% (MERCK), Sodium hypoclorit 5% (MERCK);
Ellipticine (Sigma, Germany); DMSO 1% (Sigma, Germany); Cefotaxime
(Invitrogen, Carlsbad, CA, My).

Mot s6 hoa chat khac: Nito 1ong, CTAB, NaCl, NaOH, Tris-HCI, EDTA, H>0
deion, Isopropanol, Ethanol, Chloroform, Isoamyl alcohol, RNase, dém rura, dém
tach, javen, con 75°,...

Ciap moi ITS1/ITS4 khuéch dai ving ITS:

ITS1 (5'-CCGTAGGTGAACCTGCGG-3') va
ITS4 (5'-TCC TCCGCTTATTGATATGC-3")

Méi truong nudi cdy ndm: Thach khoai tiy glucose (PDA): Khoai tay, 20 g/I;
glucose, 20 g/l; thach, 20 g/1; nudc cat 1 lit; pH 6,5 £0,2. Cach tién hanh, khoai tay
got vo, rira sach, cit thanh dang hat Iuru, b6 sung 500 ml nuée cat va dun soi trong 20
phut, sau d6 loc chiét Iy nudc trong, hoa tan glucose va thém nudce cat dén 1000 ml.

MBoi truong nudi cdy khuan: Méi truong thach Lysogeny Broth (LB): Peptone,
10 g/l; cao nim men, 5 g/l; NaCl, 5 g/l; thach, 20 g/l; nudc cat 1 lit; pH 7,0 £ 0,2.
Dia diém thuc hién nghién cuu

Viéc xac dinh loai Dysosma difformis (Bat Giac Lién) do Trinh Ngoc Bon,
Vién Khoa hoc LAm nghiép Viét Nam va Nguyén Thi Thanh Huong, phong Thuc vt
hoc, Vién Sinh thai va Tai nguyén sinh vat xac dinh.

Hoat tinh gay doc té bao cua miu nghién ctru di duoc thir nghiém tai Phong
thir nghiém sinh hoc, Vién Sinh hoc, Vién Han lam Khoa hoc va Cong nghé Viét
Nam.

Viéc phan lap va xéac dinh cAu trac phan tor duoc thuc hién tai Phong Duoc
liéu bién, thuéc Vién Hoéa Hoc, Vién Han 1am Khoa hoc va Cong ngh¢ Viét Nam.

Phan lap, tach chiét va nghién ctru cac diéu kién nudi céy nam ndi sinh, hoat
tinh khang khuan dugc thuc hién tai Phong Cong nghé té bao thuc vat, Vién Sinh
hoc, Vién Han l1am Khoa hoc va Cong ngh¢ Viét Nam.

2.2. PHUONG PHAP NGHIEN CUU
2.2.1. Phuong phap thu thip miu ciy dwoc li¢u

Mau cay Bat Gidc Lién thudc chi Podophyllum (Dysosma) duoc thu thap tai
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khu bao ton tu nhién tai Lai Chau, Ha Giang. Lua chon céac cay khée manh, khong
coi coc, khong bi sau hai hay biéu hién bénh nhu dom 14, vang cdy... thu thap vao thi
bong vo trung va bdo quan ¢ 8-10 °C cho t61 khi thi nghiém trong vong 24h.

2.2.2. Phuong phap dinh danh miu dugc liéu nghién ciru

- Phuong phap truyén théng: Mau sau khi thu thap duogc phéan loai dua trén
phuong phap hinh thai truyén théng phan loai thuc vat [18], [22].

- Phuong phap sinh hoc phan ti: DNA 14 non ctia mau cdy dugc liéu nghién
ctru duoc tach chiét va tinh sach theo phuong phap CTAB ciia Doyle va cs. ¢ cai
tién [123].

Kiém tra san pham DNA sau tach chiét duoc dién di trén gel agarose 1%. Nong
d6 va do tinh sach cia DNA tong s ctia mau thé hién qua thong sé A260/280 (1,6-
2,0 duoc coi 1a mau tinh sach).

Thuec hién phan iing PCR: Thanh phan phan tmg PCR bao gém
Bang 2.1. Thanh phan cta phan ing PCR/tong thé tich mau

Thanh phan Thé tich
DNA (100 ng/ul) 4ul
Moi xudi (100 pM) 2 ul
Moi nguoc (100 pM) 2 ul
Buffer (10X) Sul
MgCl2 (25mM) Sul
dNTP (2,5mM) Sul
Tag polymerase (1 U/ ul) 2ul
H>O 25 ul
Tong 50 ul

Chu trinh nhiét cho gen matK: 94°C/5 phut; 1dp lai 35 chu ki v6i (94°C/30 gidy,
50-54 °C/60 giay, 72°C /50 giay); 72°C /10 phut va giit & 4°C.
Cap moi khuéch dai gen dich matK:
matK-F 5’- CGATCTATTCATTCAATATTTC-3’
matK-R 5’- TCTAGCACACGAAAGTCGAAGT-3’
San pham PCR dugc kiém tra bang cach chay dién di trén gel agarose 1% ¢
dién &p 60-80 V trong 45 phut, sau d6 nhuém bang ethidium bromide dé hién thi cac
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bang. Kich thudc twong ddi cia cac bing dugc so sanh v&i thuéc DNA 1 kb
(GeneRuler 1kb DNA Ladder SMO0311, Thermo Scientific). Sau khi tinh sach, cac
san pham PCR dugc giai trinh tur trén hé thong ABI PRISM ® 3100 Avant Genetic
Analyzer (Applied Biosystems) theo nguyén ly cua Sanger.

Phén tich két qua: Trinh tu cac phan doan gen ctia mau thuc vat dugc so sanh
v6i trinh tu ctia cac loai tham chiéu trén ngan hang Genbank (NCBI) thong qua phan
mém Bioeddit

2.2.3. Phwong phap chiét xuét thye vat tir miu ré cAy Bat Giac Lién

Tuong tu nhu chiét xuit ndm, miu cdy Bat Gidc Lién duoc rira sach nhiéu 1an
v6i nude cat, khir tring bé mit voi ethanol 70 % trong 5 phut, cit ré thanh cac doan
nho 1 cm trong diéu kién vo tring, nghién nat va siy kho dén trong luong khong doi.
Bo6t kho sau dé dugc ngam trong 100 ml metanol trong 24 gid va si€éu am trong 1 gio,
tan s6 20 kHz, lap lai 3 lan dé thu duoc dung dich chiét xuét ré cay. Sau khi loc, dich
loc chiét xuat ré cay duogc bay hoi bang thiét bi c6 quay R300 ¢ 30 °C dé thu cao chiét
phuc vu cac nghién ctru tiép theo [16] véi mot sé bo sung.

2.2.4. Phwong phap phan l1ap va dinh loai vi nAm néi sinh
2.2.4.1. Quy trinh khir triing bé mdt mau véi mot sé bé sung [124], [125]

Nham dam bao chic chin ndm thu dugc 1a ndm ndi sinh, nhom nghién clru da
thuc hién cac budc xu ly bé mit miu cay Bat Giac Lién dé loai bo hoan toan vi nAm
va vi khuin ngoai sinh. Cac mau ré, than, 14 duoc rira sach dudi voi nudc dé loai bo
dat va sau d6 dé khé tu nhién. Tiép theo, cac mau nay duoc rira lai bang nude cét vo
trung rdi cit thanh cac doan c6 kich thudc 1 cm dit trén gidy thim vo tring, dé kho
trong box cdy vo trung. Tién hanh khir tring bé mat bang con 70% trong 3 phut (ddi
v6i mau 14) hodc 5 phit (d6i voi miu ré va thin), sau d6 rira bang natri hypochlorit
5% cho 2 phut (d6i v6i mau 13) hodc 3 phit (d6i v6i ré va than), ngdm trong dung
dich natri thiosulfat 2,5% trong 5 phut, tiép theo rira sach trong ethanol 75%. Mau
duogc trang lai bang nudc cat vo trung vai lan, thAm kho bang gidy thdm vo tring, sau
dé dat mau trén cac dia chira moi trudng thach LB. Cac dia petri duoc u ¢ 25 °C va
kiém tra hang ngay. Sau 5 ngay, mau nao khong c6 dau hiéu phat trién ciia vi khuan
hodc vi ndm xung quanh ving cay s& duoc xac nhéan 14 sach va du diéu kién cho viéc
phan 1ap vi ndm ndi sinh.
2.2.4.2. Phdn lap nam néi sinh

Budc 1. Cac mau than, 14 va ré sau khi dugc khir tring bé mat, nghién nat bang
cdi va chay st vo tring.

Budc 2. Mau nghién duge phét 1én thach dia PDA c6 bo sung chloramphenicol
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(0,2%), mdi mau duogc lap lai it nhat 3 1an va dugc 0 ¢ 2542 °C trong 1-2 tuan. Tir
mo thuc vat sau khi duoc nghién nat xuét hién cac khuén lac ndm duoc coi 1a vi nAm
ndi sinh. Nhirng loai nam nay dugc thuan khiét thém trén cac dia PDA méi dé thu
dugc cac chung nim sach.

Cac chung nam ndi sinh thu duge, duge ma hoa theo vi tri va mé ban dau (ma
hoéa HG, LC cho cic mau tir Ha Giang va Lai Chau; ma hoa L, T, R cho cac mau tir
14, than, ré twong Gmg). Cac nim ndi sinh nay dugc cdy trong cac 6ng thach nghiéng
PDA va luu trit thoi gian ngin ¢ nhiét do 4 °C, gitr 1au dai trong mdi trudng PDA
1ong c6 bd sung 40% glycerol & -80 °C tai BO suu tap vi sinh vat thudc Vién Sinh
hoc.
2.2.4.3. Binh danh vi ndm so bo bang phwong phdp truyén thong va bdo qudn

Nhan dang chung nam qua mau sic, hinh dang, kich thudc, dang mét, dang
mép khuén lac, mau sic hé sgi, mau sic mat dudi, giot tiét, sic t6 khuéch tan ra méi
truong va cac dac diém vi thé nhu vach ngan soi nam, bao tr va cuéng bao tu, ...
theo cac khoa phan loai [126], [127], [128] dé so bd nhan dang, phan loai cac ching
nam dén chi.
2.2.4.4. Binh danh vi ndm so b6 bang phwong phdp sinh hoc phan tir [129]

*Tdch chiét DNA: Nghién khoang 10-50 mg mau sinh khdi nim trong nito
16ng va tach chiét DNA tdng s theo kit tach chiét DNA genom G-spinTM Total DNA
Extraction kit (INtRON, Korea).

*Thiee hién phdn 1img PCR: DNA tong sb cta ching dugc st dung trong phan
tmg PCR nham nhén dong cic gene quan tim thong qua cip moi dic hiéu

ITS1 (forward): 5’-TCCGTAGGTGAACCTGCGG-3’

ITS4 (reverse): 5’-TCCTCCGCTTATTGATATGC-3’

Thé tich phan tng PCR (50pl) bao gdm 300 ng DNA khuén, 25 pl hén hop
Big Dye Terminator sequencing, 1,5 pmol/l méi méi va nude khir ion. Chu trinh nhiét
bao gom: 95 °C trong 1 phut; sau d6 1a 36 chu ky nhiét: 94 °C trong 30 gidy, 53 °C
trong 20 gidy, 72 °C trong 30 gidy; kéo dai & 72 °C trong 5 phut; gitt & 15 °C cho dén
khi 14y mau. Sau khuéch dai, dién di san pham PCR trén gel agaroza 1%, doan DNA
c6 kich thudc khoang 490 bp 1a phu hop.

Tiép theo, doan gen duoc xac dinh trinh ty nucleotit bang may giai trinh ty
AEI PRISM @ 3700 Genetic Analyzer. Trinh tu nucleotit di dugc phan tich bang
phan mém BioEdit sequence Alignment Editor. Sau do, trinh tu viing nay dugc so
sanh v&i co s¢ dir lidu trén Genebank (NCBI) stir dung cong cu BLAST SEARCH.
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Do dong nhat trinh ty 16n hon 99%, gitta 95% va 99%, <95% twong Gng véi phan
loai cép loai, chi, ho.
2.2.4.5. Phuong phap xay dung cdy phan loai
Tat ca cac trinh tu di duoc didu chinh bang cach loai bo cac khoang tréng va

dir liéu bi thiéu trong phan mém Chromas 2.5 truéc khi duge sir dung dé phan tich
phat sinh loai trong phan mém MEGA?7. Phuong phap Neighbor-Joining di dugc sir
dung dé suy ra lich st tién hoa. Khoang cach tién hoa di dugc chimg minh bing
phuong phap Maximum Composite Liability. Cac gia tr1 Bootstrap nhé hon 50 khong
duogc hién thi trén phat sinh loai [130].
2.2.4.6. Phuong phdp phan tich chi sé da dang

Su da dang cua nam nodi sinh d3 dugc phan tich bé“mg cach sur dung céac chi $6
khac nhau nhu chi s6 wu thé Simpson (D), chi s6 da dang Simpson (1- D), chi sb da
dang Shannon (H”), chi s giau c6 Margalef (Dmg), chi s6 gidu c6 Menhinick (Dmn),
chi s6 uu thé Camargo (1/Dmn) va chi s dong déu Pielou (P). Chi s6 twong dong cho
cac quan thé ndm noi sinh gitta cac mo duoc thir nghiém va vi tri 14y mau ciing duoc
danh gia bang cach sir dung chi s6 Sorensen (S) [131], [132], [133], [134]. Theo do,

cong thirc tinh cac chi so6 nhu sau:

Chi s0 uu thé D=Y%? (n/N)?

Simpson (D) Trong do:
ni: S6 lugng ca thé (hodc khuan lac) cua loai thi i.

N: Tong s6 ca thé (hodc khuan lac) cua tit ca cac loai trong
mau.

S: Tong s6 loai (hodc OTU) tim thiy trong mau.

Chi sb da dang 1-D=1-%7% (ni/N)?
Simpson (1- D)

Chi s6 da dang
Shannon (H”)

H'=-Y7, (pi-Inp))
Trong do:
e pi: Ty 18 c4 thé cua loai thit i trong quan xa (ni/N).

o In: Logarit tu nhién.

Chi s6 giau c6 Dmg=(S—1)/InN
Margalef (Dmg) Trong do:

o S: Tong s loai (hodc OTU) tim thay trong mau.
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e N: Tong s0 ca thé (hoac khuan lac) cua tat ca cac

loai trong mau.

Chi s6 giau c6
Menhinick (Dmn)

Dmn=2_8 _f\/i’?
Trong do:
e S: Tong s6 loai (hoic OTU) tim thiy trong mau.
« N: Tong s6 ca thé (hodc khuan lac) cua tat ca cac

loai trong mau.

Chi sb uu thé

Camargo (1/Dmn)

1/Dmn=+N/S

Chi sb ddng déu
Pielou (P)

P(hoacJ')=H'/In S
Trong do:
« H'’: Chi sb da dang Shannon.
e S: Tong s6 loai (hoic OTU) tim thiy trong mau.

Chi sb Sorensen (S)

S=2C/(A+ B)
Trong do:
e A: SO luong loai (hodc OTU) chi c¢6 trong quan
xd/mau thir nhat.
« B: S luong loai (hoic OTU) chi o trong quan
x4/mau thir hai.
« C:Sb luong loai (hoic OTU) c6 mit & ca hai quan

xa/mau.

2.2.4.7. Phuong phap xdc dinh ddc diém sinh hoc

- Phwong phdp xdc dinh cdc dic diém sinh 1y sinh hod bao gom pH, nhiét do, kha
nang sinh cdac enzyme ngoai bao [135], [136]. Khao sat dai pH tir 5-8 hoac dai nhiét
d6 22 °C - 37 °C, cac yéu td co ban khac gitt nguyén. Xac dinh hoat tinh enzyme
cellulase tac dong 1én co chét 1a cellulose 0,2% trong méi truong thach. Co chat bi
phan hity lam d6 duc ctia mdi trudng bi giam va trd nén trang duc khi nhuém bang
dung dich Lugol. B§ 16n ctia vong phan gidi phan anh hoat tinh ctia enzyme cellulase.
- Phuong phap xdc dinh hoat tinh enzyme ngoai bao chitinase [114]. Chitinase tac
dong 1én co chat 1a chitin 0,2% trong moi trudng thach. Co chat bi phan huy 1am d6

duc ciia mdi trudng bi giam va tré nén trong sudt khi nhuoém bang dung dich Lugol.

D6 16n cua vong phén gidi phan anh hoat tinh ciia enzyme chitinase.



36

2.2.5. Phwong phap sang loc cic chiing nim ndi sinh sinh hoat chit
podophyllotoxin va cac din xuit
2.2.5.1. Phwong phdap nuéi cdy chiing nam

Chung vi ndm dugc nudi cy trong binh tam giac c6 dung tich 500 ml chtra
100 ml méi truong PDA, pH 7. Qu4 trinh nudi cdy dién ra trén may lic téc do 150
vong/phit & nhiét 4o 25 °C. Sau thoi gian > 120 gid tuy ching, sinh khéi s& dugc thu
hoach.
2.2.5.2. Phwong phdp thu chiét xudt nam [16] véi mét sé bé sung

N4m noi sinh dugc nudi cdy trong 100 ml PDA, pH 7, lac 150 vong/phut ¢ 25
+ 2 °C trong 5 ngay. Sinh khéi va dich loc nuéi cdy duoc thu thap riéng biét thong
qua gidy loc. Sinh khdi twoi sau d6 duogc rira voi nudc cat hai 1an va sy kho ¢ 45 °C
—60 °C. Sinh khéi kho duoc ngdm trong 100 mL dung méi hitu co methanol trong 24
gid, siéu am pha v& té bao trong 1 gid ldp lai 3 1an dé thu duoc chiét xuat sinh khéi
nam. Sau khi loc, dich loc 1én men duogc bay hoi dé thu dugc cao chiét dich loc. Chiét
xuét sinh khdi ndm va cao chiét dich loc nuoi céy duogc tron va sau doé c6 quay ¢ 30
°C trong may bay hoi R300 loai dung méi, thu chiét xuit ndm cho cac nghién ctru
tiép theo.
2.2.5.3. Phuong phdp xdc dinh hoat chat podophyllotoxin va dan xudt

Phuwong phdp phdt hién nhanh bdng sdc ky bin méng TLC (Thin layer
Chromatography) theo [116] véi mét s bo sung: Chiét xuit ndim dugc hoa trong
metanol (néng d6 1 mg/ ml). Phan tich 5 pL dich chiét 1én men trong methanol (ndng
do 1 mg/mL) trén ban silica gel 0,25 mm va dugc thuc hién trong hé¢ dung moi
Diclomethan:methanol (9:1, v/v). Chat chuin podophyllotoxin (1 mg/ml metanol)
duogc sir dung nhu d6i chimg dwong. Ban silica gel duoc phun HaSO4 10 % dé phat
hién PTOX hodc duoc soi dudi tia UV bude song 254 nm dé phat hién cac chét trong
chiét xuat theo nghién ctru cua [137].

Phwong phdp phén tich mau bang sdc ky 1ong hiéu nding cao HPLC (High-
performance liquid chromatography) nhu mé ta cta [138] vdi mot s6 bo sung, PTOX
trong chiét xuat nAm duoc phan tich trong diéu kién sau:

Hé thong HPLC Agilent 1200 duoc trang bi dau do detector (DAD) (Agilent
Technologies, PaloAlto, CA, Hoa KY).

Pham vi budc song phat hién tir 210 nm dén 365 nm, thu thap sdc ky duoc xac
dinh ¢ 210 nm.

Cot sic ky Eclipse XDB-C18 (kich thuéc hat 250 mm x 4,6 mm, 5 pm)
(Agilent Technologies) ¢ nhiét do 25 °C.
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Pha dong 1a H,O (A)/acetonitril (B) (Merck), tbc do dong 0,5 ml/phuat
Néng d6 mau (Chiét Xuit ndm va thuc vat trong methanol): 10 mg/ml
Nong d6 chat chuan (podophyllotoxin trong metanol): 1 mg/ml
Thé tich tiém mau 10 pl.
Pha dong ACN-HO, chuong trinh rtra giai gradient dung moi:

Thoi gian (phut): 0 10 23 35 60

ACN (% thétichy: 10 20 50 90 90

Viéc xac dinh PTOX va cac dan xuat duoc thyc hién bang cach so sanh thoi
gian luu (Rt) va pho UV véi PTOX chuan.
2.2.6. Phwong phap xac dinh hoat tinh giy ddc té bao ciia chiét xuit nAm
Quy trinh nudi cdy té bdo in vitro
Dé nudi cay cac dong té bao ung thu HL-60 va SK-LU-1 theo phuong phap don
16p, chung t6i str dung méi trudng DMEM (Hyclone, Logan, UT, Hoa Ky) c6 bd sung
2 mM L-glutamine, 10 mM HEPES, 1 mM sodium pyruvate va 10% FBS (GIBCO).
Dbi v6i dong té bao HepG2, méi truong nudi cdy 14 DMEM chaa 10% FBS (Huyét
thanh bo thai nhi), 100 mg/mL penicillin, 100 mg/mL streptomycin (Sigma,
Roedermark, Puc), cung v6i 1% insulin. Té bao dugc cdy chuyén sau mdi 3 ngay véi
ty 16 1:3 va duoc U trong ti 4m CO2 ¢ diéu kién 37°C va 5% CO2.
Quy trinh thuc hién
Phuong phap thtr doc té bao in vitro, duge Vién Ung thu Quéc gia Hoa Ky (NCI)
cong nhan 1a mot xét nghiém chuin dé sang loc va nhan dién cac hop chét ¢ hoat
tinh &rc ché hodc tiéu diét té bao ung thu trong méi trudng in vitro, da dugc ap dung.
Chung t6i di danh gia doc tinh t& bao cua chiét xuit nAm bang cach st dung xét
nghiém sulforhodamine B (SRB), v&i mot sd cai tién so voi phuong phap gbe duoc
trinh bay boi [144]. Trong xét nghiém nay, ham luong protein té bao tong sd dugc
xac dinh dya trén mat do quang hoc (OD) do duoc sau khi nhuém protein béng SRB.
Vi gia tri OD ty 18 thuan vai luong SRB gén két v6i protein, OD cao hon s& phan anh
s6 luong té bao va protein 16n hon. Piéu kién thyc hién xét nghiém nhu sau:
- Chiét xuat nam (mau) duoc dua vio giéng cua khay 96 giéng dé c6 nong d6 0,032;
0,16; 0,8; 4; 20; 100 pg/mL.
- Céc té bao ung thu sau d6 duoc tach roi bang trypsin va dém dé diéu chinh mat
d6 khoang 10 té bao/ml. Céac té bao da diéu chinh mat do s& dugc cdy vao céac
giéng da chira chiét xuat nAm. Trén cung mot dia thir, bo tri mot s giéng dé lam

dbi chimg ngay 0 (khong co chiét xuit nam, chi c¢6 té bao ung thu). Sau 1h, cac
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giéng ddi ching 0 ngay s& duoc cb dinh té bao bang axit Trichloroacetic (TCA
20%) (Sigma, Deisenhofen, Pirc) trong khi cac dia con lai tiép tuc duoc nudi cdy
trong ti 4&m CO, & 37°C, 5% CO trong 72 gio.

- Sau 72 gio, té bao duogc cb dinh vao day giéng bang TCA trong 1 gid, sau d6 ria
sach va lam khé & nhiét do phong. Tt ca cac giéng tiép theo dugc nhudém bang
SRB trong 30 phut ¢ 37°C. Sau d6, chiing dugc rira 3 1an bang axit axetic va sy
kho & nhiét d6 phong. Dé hoa tan luong SRB con lai, 10 mM Tris base khong
dém duoc thém vao. Céac dia duoc lic nhe trong 10 phut trudce khi doc két qua
mat d§ quang hoc (OD) ¢ budc song 540 nm trén May doc dia ELISA (Biotek,
Hoa Ky). Kha ning trc ché té bao séng khi c6 mat chiét xuat nim s& dugc xac

dinh bang cong thic sau:

[OD (mdu) -  OD (ngay 0)] x 100

% té bao sdng sot =
OD (ddi chimg am) - OD (ngay 0)

% trc ché té bao = 100% - % té bao séng sot

DMSO 1% duoc sir dung nhu dbi chimg am.

Ellipticine (Sigma, Deisenhofen, Dtrc) & ndng d6 10 pg /ml; 2 pg /ml; 0,4 pg
/ml; 0,08 pg /ml va podophyllotoxin ¢ ndng d6 0,032 pg /ml; 0,16 ug /ml; 0,8 pug /ml;
4; 20 pg /ml; 100 pg /ml duge sir dung nhu d6i chimg duong.

Gi4 tri IC50 (ndng do trc ché 50% sy phat trién) duoc x4c dinh bang phan mém
may tinh Table Curve 2Dv4.

Pé dam béo tinh chinh x4c, cac thi nghi¢m duoc 1ap lai 3 lan. Gia tri IC50 cua
chiét xuat nim, chiét xuat D. difformis va dbi chimg dwong (podophyllotoxin va
ellipticine) dugc danh gia theo tiéu chuin cta Vién Ung thu Quéc gia Hoa Ky (NCI)
[139].

2.2.7. Phwong phap xac dinh hoat tinh khang khuan ciia chiét xuat nim

Hoat tinh khang khuan cuia chiét xuat nam dugc danh gia bang phuong phap
khuéch tan trén dia thach [15] véi mot s6 bo sung. Chiét xuat nAm hoa trong methanol
dé c6 néng 6 1 mg/mL. Vi khuan Gram am va Gram duong dugc nudi long trong
moi truong LB ¢ 37 °C trong 24-48 gid sao cho mat do dat khoang 107-10® cfu/mL.
St dung 100 pL vi khuan trai déu bé mit dia thach. Gidy tham vo tring c6 duong
kinh 6 mm dugc nhiung vao 40 uL chiét xuat ndm, dé kho va dat 1én dia thach. Pia
thach dugc dit trong 4 'C, 2 gid, sau d6 chuyén vao ta 37 °C trong 48 gio. Sur dung
04 d6i ching, trong d6 01 gidy tham v tring tam moi truong, 01 gidy tham vo tring

tam dung moi methanol, 01 gidy thAm v6 tring tim khang sinh Cefotaxime (1
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mg/mL), 01 gidy thdm vo tring tAm cao chiét ré cay Bat Giac Lién. Puong kinh khang
khuan dugc do bang mm, thi nghiém duoc lap lai 3 lan.

2.2.8. Phwong phap nghién ciru h¢ gen ciia nAm ngi sinh cé kha niing sinh tong
hop podophyllotoxin

Chiét xuit DNA by gen, chudn bj thuw vi¢n va gidi trinh tu bj gen

DNA bd gen nim dugc chiét xuit bang bo kit DNA ndm E.Z.N.A.® Fungal
DNA Mini (OMEGA, Hoa Ky) theo huéng dan cta nha san xuit. S6 lugng va chat
luong san pham DNA dugc danh gia bang bo kit xét nghiém Qubit™ dsDNA HS
(May do huynh quang QUBIT 3.0) va dién di gel agarose 0,8%. DNA bd gen nim
dugc pha lodng dén nong do 4 ng pL-1 v6i dém EB, sau d6 duoc cit thanh cac doan
nho khoang 10 kb bang g-TUBE™ (Covaris), va dugc kiém tra bing may Bioanalyzer
Agilent 2100 véi B kit Agilent DNA 12000 (5067-1508-Agilent).

Viéc chuan bi thu vién duoc thuc hién bé“mg B6 dung cu Chuén bj MAau
SMRTbell Express 2.0 (100-938-900-PacBio), sau d6 gin polymerase va tinh sach
bing bd dung cu Lién két Sequel va Kiém soat Noi bd 3.0 (101626-600-PacBio).
Trudce khi nap vao bia Mau (000-448-888-PacBio), néng do DNA bo gen da duoc
xac dinh (9 pM) va thiét 1ap bang phan mém thiét 14p mau trong cbng thong tin
SMRTLink, phién ban 9.0.

Cudi cung, bd gen HGN12.1R duoc giai trinh ty bang PacBio SEQUEL véi
chip Khay Sequel SMRT Cell 1M v3 (101-531-001—PacBio) va B0 dung cu Giai
trinh ty Sequel 3.0 (101-597-900—PacBio).

Lip rdp De novo, danh gid chit lwong va chii thich gen chirc ning

Ldp rdp De novo

Céc trinh tir thd (raw reads) tir bd gen nam da duoc lip rap de novo bang cach
st dung quy trinh Hierarchical Genome-Assembly Process (HGAP) phién ban 4
(Chin et al., 2013). Céc trinh tu 13p lai trong bd gen HGN12.1R da dugc che (masked)
bang cong cu RepeatMasker trén nén tang tryc tuyén Galaxy (https://usegalaxy.eu/)
dé tao diéu kién thuan loi cho céc phan tich tiép theo (The Galaxy Community, 2022).
Viéc du doan cac gen tRNA va rRNA duogc thyc hién béng cach sir dung tRNAscan-
SE (phién ban 2.0, http://lowelab.ucsc.edu/tRNAscan-SE/, truy cdp ngay 22 thang 7
nam 2023) va cong cu barrnap trén may chu Galaxy Australia
(https://usegalaxy.org.au/, truy cap ngay 6 thang 9 nam 2023).

Xdac dinh va danh gia gen

Viéc xac dinh gen ab initio cho trinh ty bd gen HGN12.1R di duoc tién hanh
bang AUGUSTUS (phién ban 3.4.0) trong OmicsBox phién ban 3.0


https://usegalaxy.eu/
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(https://www.biobam.com/omicsbox/), v&1 Penicillium chrysogenum dong vai tro la
loai tham chiéu c6 quan hé gan giii. Mtic d6 hoan chinh cta qu4 trinh lap rap bo gen
HGN12.1R sau d6 duge danh gia bang chuong trinh BUSCO (phién ban 5) duoc trién
khai trén may chu web gVolante (https://gvolante.riken.jp/analysis.html, truy céap
ngdy 7 thang 9 nam 2023) so v&i co s& dir liéu nam.

Chu thich churc nang gen
Céc chu thich chure ndang gen dugce thyc hién véi OmicsBox (phién ban 3.0) st dung
Blast2GO so v6i cac co s¢ dir liéu nonredundant (Nr) cua NCBI, Gene Ontology
(GO) va Kyoto Encyclopedia of Genes and Genomes (KEGG), v41 ngudng gia tri E
l1a e—05. InterProScan5 trong OmicsBox dugc st dung dé xac dinh cac trinh tu c6 su
tuong dong dang ké véi cac trinh tu protein da biét (gid tri E-value duoc dat 1a e—10).
Sau d6, phan loai thtr bac cua cac thuit ngit Gene Ontology (GO), bao gdm thanh
phan té bao (CC), chirc ning phan tir (MF) va qua trinh sinh hoc (BP), dd dugc phan
tich va truc quan hoa bang cong cu OmicsBox.
Xdc dinh cdc gen lién quan dén qud trinh sinh tong hop PTOX 6 Penicillium
herquei

Dé xac dinh cac gen twong dong & ndm ndi sinh, chung t6i da str dung 10 gen
tham gia vao con duong san xuit PTOX & Podophyllum hexandrum. Trinh tu protein
ctia chiing dugc 14y tir co s& dit liéu UniProtKB (https://www.uniprot.org) bang cach
st dung cac mi sb sau: DIR (Q1ZZU9), PLR (BOLL23), SDH (A3F5F0), 2-ODD
(AOAON9HQ36), OMTI1 (AOAON9HTAT), OMT3 (AOAON9HMNG6), CYP719A23
(L7T8H2), CYP71BE54 (AOAON9HT29), CYP71CUl1 (AOAON9HTUI) va
CYP82D61 (AOAON7E297). Déi véi gen VdtD, mot trong nhirng gen tham gia vao
qua trinh sinh tong hop viriditoxin & nim, protein cia gen nay di duoc tai xudng tir
https://www.uniprot.org v&i s6 hiéu truy cap A0A443HK52. Sau dé, cac protein ndy
duoc st dung dé BLAST so sanh cac trinh tu protein Penicillium herquei da dugc
chu thich day du bang cong cu BLASTP (sap xép hai hodc nhiéu trinh ty) trén NCBI
v6i ngudng gia tri E 1a e—05. Cudi cung, cac protein c6 gia tri E nho hon e—10 da
duoc chon dé phan tich sau hon béng co s6 dir liéu UniProtKB
(https://www.uniprot.org) va Pfam (http://pfam-legacy.xfam.org/).
2.2.9. Phwong phap xac dinh diéu kién 1én men thich hop cho niam sinh tong
hop podophyllotoxin va cac din xuat [140]


https://www.biobam.com/omicsbox/
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2.2.9.1. Phwong phdp hoat héa giong

Giéng dugc bao quan ¢ 4 °C can duge hoat hoa lai truge khi st dung cho cac
thi nghiém tiép theo. Cdy mot miéng ndm kich thudc khoang 1x1 cm trén dia thach
PDA va i & ti 4m 25-28 °C. Sau 5-7 ngay, khi sgi nam lan déu, moc tdt thi dugc céy
chuyén tir méi truong thach sang méi truong 1ong cho cac muyc dich tiép theo. Voi
gidng duogc cit gitt & -20 °C hay nito 16ng ciing dugc hoat hoa theo phuwong phap
tuong tu.
2.2.9.2. Phuong phdp xdc dinh khéi lwong sinh khéi té bao
Sinh khéi twoi: Tién hanh thu nhan sinh khéi té bao ndm sau thoi gian nudi cdy 3-5
ngay tuy muyc dich thi nghiém bang cach ly tim & toc d6 6.000 vong/phit trong 10
phut. Sau d6, dich néi duoc loai bo va thu sinh khdi nim lang & day ong ly tam.
Sinh khéi khé: Sdy kho sinh khdi ndm tuoi dén khéi lwong khong doi & 50°C va can
xéac dinh khéi luong kho cua sinh khéi nim.
2.2.9.3. Phuong phdp khao sat moi truong lén men

Nghién ctru anh huéng cua méi trudng 1én men chung t6i tién hanh trén 05
moi truong c6 thanh phan dinh dudng khac nhau: PDA, YMA, PGA, Sabouraud
broth, Zhao, Czapek-Dox duoc tham khao tir nhidu tac gia khac nhau, tir d6 danh gia
sinh truéng ctia nAm va sy san sinh PTOX va cac dan xuit.

e MOoi truong 16n men PDA (g/1): Khoai tay 200 g, dextrose 20 g, nudc ct 1
lit; pH= 6.

e Moi truong 1én men YMA (Yeast Malt Agar) (g/1): Peptone 5g; Yeast extract
3g; Malt extract 3g; Dextrose 10g; Agar 20g; nuée cat 1 lit; pH= 6 — 6,5.

e MOoi truong 16n men PGA (g/1): Khoai tay 200 g, glucose 20 g, nudc cat 1 lit;
pH=6.

e Moi truong Sabouraud broth (g/1): Dextrose 40 g/I; peptone 10g/1, pH= 6,5.

e Czapek-Dox (g/l): Saccharose 30g; NaNOsz 3g; KoHPO4 1g; KCl 0.05g;
MgS04.7H,0; FeS04.7H,0 0.1g; Nudc cét 1 lit; pH= 6.

e Moi trudong 1én men cua Zhao (Zhao et al., 2013) (g/1): Potato (soup extract)
200 g/l1; peptone 5 g/l; glucose or sucrose 10 g/l; KoHPO4 1 g/l; KC1 0.5 g/l;
MgS04.7H,0 1 g/l; pH=6.

2.2.9.4. Phirong phdp khdo sdt anh hwéng cia thoi gian nhdn giong va ty 1é giong
Thoi gian va ty 18 tiép gidng 1 hai yéu t thiét yéu anh huong dén hiéu suat

clia qua trinh 1én men, boi 18 ching tac dong truc tiép dén su phat trién cua vi sinh

vat, tor do quyét dinh hi¢u qua Ién men. Dé t6i wu hoa qué trinh nay, can xac dinh

chinh x4c thoi gian va ty 18 tiép gidng phu hop. Trong nghién ciru hién tai, sau khi
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nhan gidng trong moi trudng long PDA ¢ 25 °C, 48h ching t6i di khao sat cac ty 1¢
tiép giéng 1%, 3%, 5%, 7%, 9% sau va cac moc thoi gian nhan giéng tai 24, 36, 48,
60, va 72 gio.

2.2.9.5. Phuong phap khao sat anh huong cua pH va nhiét do

Trén co s& lya chon dugce moi trudng thich hop, ty 1é gidng phi hop, cac binh
nhan sinh khéi dugc nuéi lic 150 vong/phut trong thoi gian 3-5 ngay. Panh gia toc
do sinh trudng & dai nhiét do 22-32 °C, pH tur 5-8
2.2.9.6. Phuong phdp khao sdt anh hudng ciia do thong khi (toc do lac va thé tich
méi trwong/ thé tich binh)

Thé tich dich 1én men trong thiét bi nudi cdy ciing rat quan trong dé cung cap
ham lugng oxi hoa tan, toc do lic giup cho VSV tiép xuc duoc cac chit dinh dudng
day du hon va téng hop duoc nhiéu hop chat thtr cip co gia tri kinh té cao. Thong
thuong cac nghién ctru véi ndm da s6 tdi vu toc do lac trong khoang 100, 120, 150,
180, 200 va 220 vong/phit, thé tich moi truong nudi/ thé tich binh 1a 5; 10; 15; 20;
25 va 30 % (v/v).
2.2.9.7. Phuong phdp khao sét anh huwéng nguéon cacbon, nito, mudi khodng

Dé nghién ctru anh hudng ngudn cacbon, nito, mudi khoang dbi voi ching
nam nghién ctru, sau khi lwa chon duge méi trudong 1én men phu hop tir nghién ctiru
trude s& duge bd sung thay ddi cac ngudn dinh dudng cacbon gdm tinh bot tan,
dextrose, sucrose, D-maltose, mannitol, inositol [141]. Cac nguén dinh dudng nito
khao sat gdbm cao nAm men, peptone, cao thit, cao thit bd, NHsNO3 (NH4)2SO4 [142]
va c6 bd sung mot trong 03 loai mudi khoang MgSO.. 7TH,0, KoHPO4 va KCI [141]
dugc dung dé khao sat theo phuong phap mot bién mot luc [143].
2.2.9.8. Phuong phdp khdo sdt anh hueéng cia tién chdt dén sinh tong hop Chdt/tién
chat podophyllotoxin

Muc dich dé tim ra tién chét c6 thé lam ting kha ning sinh tong hop Chat/tién
chat PTOX, céc chat duoc sit dung trong nghién ciru gdm phenylalanine [144] va
chiét xuat ré cay Bat Giac Lién [145].
2.2.9.9. Nghién ciru dong thdi qud trinh 1én men sinh tong hop Chdt/tién chat
podophyllotoxin va cdc dan xudt

Tir cac két qua nghién ctru vé diéu kién, thanh phan méi truong 1én men chiing
t6i tién hanh nghién ctru dong thai 1én men sinh tong hop Chat/tién chat PTOX trén
thiét bi 1én men 5-10 lit/mé dé xac dinh thoi diém thu hoi san pham. Pay 1a giai doan

quan trong can xac dinh dugc dang thoi diém két thuc 1én men trude khi vi nAm bi
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phan hay lam giam ham luong Chat/tién chat PTOX tao thanh. Thi nghiém duoc tién
hanh trong 192h va clr sau mdi 12 gio 1én men, tién hanh 1dy mau xac dinh pH, sinh
khdi ndm va sy hinh thanh Chat/tién chat PTOX thong qua phuong phap TLC, HPLC.
2.2.10. Phwong phap phén lap chit podyphyllotoxin bing sic ky cot (Colum
chromatography - CC)

Dich chiét metanol kho tir cic ching ndm duoc phan bd déu trong nudce (500
mL) va duogc chiét xuat lién tiép 1an luot v6i n-hexan, methylene clorua va etyl axetat
(3 x 500 mL cho mdi dung méi) dé thu duogc dich chiét twong tmg va 16p nudc con
lai. Phan methylene clorua duoc dua vao cot silica-gel pha dao (ODS-A, YMC), rira
giai voi gradient MeOH-H,O (1/2, v/v) 1én dén 100% MeOH dé thu duoc cac phan
doan. Cac phan doan cho thiy c6 bang tuong tu trén tim TLC duoc két hop sau do
dugc tinh ché thém bang HPLC (Agilent 1260 Infinity IT). Rira giai bang cac hdn hop
acetonitril-H,O  66/34, acetonitril-H O 65/35v/v) va Prep-HPLC (ddng phan
acetonitril-H,O 57/43, v/v) dé thu duoc cac hop chat tiép theo [146].

2.2.11. Phuong phap xac dinh ciu tric héa hoc

CAu trac hoa hoc cua cac hop chat duge xac dinh b'fmg cach két hop cac
phuong phap phd hién dai, bao gdm phd khéi (ESI-, HR-ESI-MS) va phé cong hudng
tir hat nhan (NMR) mét chiéu (‘H-, 3 C-NMR, DEPT) va hai chiéu (HSQC, HMBC,
'H-'H-COSY). Cu thé nhu sau:

Sau khi tinh ché bing cac phuong phép sic ky, cac hop chat thu duogc s& duoc
do pho proton NMR (H1-NMR) dé xac dinh d¢ tinh sach. Tiép theo, cdu trac hoa hoc
ctia chiing s& dugc xac dinh théng qua phd C13-NMR va cac phd NMR hai chiéu nhu
HSQC, HMBC va COSY. Céng thirc phan tir ctia hop chit sau d6 s& dugc khang dinh
bang pho khéi (MS). Cudi cung, dua trén ciu trac da xac dinh, tén va tinh mdi cia
cac hop chat s& dugc kiém tra bﬁng cach ddi chiéu véi cac co so dir liéu hoéa hoc
chuyén nganh, vi du nhu SciFinder cua Chemical Abstracts Service (CAS) [146].
2.2.12. Phwong phap danh gia tic dung chong oxy hoa

Hoat tinh chéng oxy hoa cta cao chiét di dugc xac dinh bang cach do kha
nang trung hoa gbc tu do DPPH theo phuong phap cua [147] c¢6 chinh sira.

Mau thir dugc pha stock trong DMSO ¢ nong do 2 mg/ml. Sau d6, pha loang
bung nudc cat khir ion dé tao dai ndng do thar gom: 100; 20; 4; 0,8 pg/ml. DPPH
pha trong methanol (100%) ndng d6 0,25 pM. Hat 1ml mau nghién ctru & timg nong
do vao cac 6ng thay tinh. Moi néng do duoc 1ap lai 3 lan. Thém 1ml dung dich DPPH
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da chuan vao mdi dng c6 mau nghién ciru.

Ong d6i ching am: Chira 1ml DMSO 2 mg/ml va 1ml dung dich DPPH.

Ong d6i chimg duwong: Chi chra Iml nudc va Iml DPPH. Khong c6 mau thir
Sau khi u & nhiét d6 phong trong 30 phut, d hap thu quang dugc do & budc séng 517
nm trén may doc ELISA.

Kha nang trung hoa gbc tu do dugc tinh theo cong thirc:

DPPH (%) — ODdé'i chitng duwong ~ (ODmﬁu thr = ODdé'i chirng ém) < 100

ODd6i chirng duong

Trong d6:OD i chimg diong: D hdp thu tai giéng khéng chiva chat thir
ODéi ching im: PO hdp thy tai giéng chira dung méi DMSO
ODiu i PO hdp thu tai giéng chira chdt thir
Gia trj ECso (Effective Concentration at 50% - ndng d6 dich chiét cho kha
ning trung hoa 50% gbc ty do DPPH) s& duoc xac dinh theo phan mém TableCurve.
Mau nao c6 gia tri ECso cang thap thi hoat tinh chdng oxy hoéa cang cao.
2.2.13. Phwong phap xir 1y so liéu
Dé dam bao tinh tin cdy, cac sd lidu phan tich trong nghién ctru nay dugc thu
thap it nhat ba lan. Sau d6, phuong phap phan tich phwong sai hai chiéu (two-way
ANOVA) va so sanh nhiéu nhém (Tukey's multiple comparisons test) da duoc st dung

dé xir 1y thong ké cac dit liéu nay tai mirc y nghia P <0,05.
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2.2.14. So' @6 nghién ciru tong quat trong luin 4n

THU THAP MAU CAY VA PHAN
LAP CAC CHUNG NAM NOI SINH

A

DINH DANH CAC CHUNG NAM NOI SINH DUA
TREN HiNH THAI VA SINH HQOC PHAN TU

A

| DUNG CAY PHAT SINH CHUNG LOAI |

v

| PHAN TICH CHi SO DADANG |

l

SANG LOC, KHU TRU CAC CHUNG NAM CO KHA NANG
SINH HOAT CHAT PODOPHYLLOTOXIN VA CAC DAN XUAT

—— Sang loc hoat tinh khang té bao ung thw

Sang loc chat dwa trén TLC , (sk-lu-1, hl 60 va hepg2)
va HPLC

TUYEN CHON 01 CHUNG NAM
HGN12.1R

. < Xac dinh dac diém
Xac dinh dac diem hé gen sinh hoc

va dw doan con dwdng > |

chuyén hoa - n ——
XAC DINH DIEU KIEN LEN MEN
THICH HOP

A 4

LEN MEN O’ QUY MO PHONG THi
NGHIEM TREN HE THONG 10 LiT

ThuHéi |
J Phan tach trén sac ky cot
St dung cac ) va HPLC
phwong phap phé >
MS va NMR

|\ TINH CHE TIEN CHAT \|

DANH GIA HOAT TiNH CHONG OXY HOA,
HOAT TiNH GAY BQC TE BAO

Hinh 2.1. So d6 nghién ciru tong quat trong luan an
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Chuwong 3. KET QUA
3.1. Phin lap, dinh danh va sang loc chiing naim ndi sinh sin sinh hoat chat
podophyllotoxin
3.1.1. Thu thip miu ciy Bat Giac Lién
Mau cay khoé¢ manh dugc thu thép tai 2 dia diém: (1) thon Phin Sang, xa Minh
Tan, Huyén Vi Xuyén, tinh Ha Giang, (2) ban Ngai Thau, xa Khun Ha, huyén Tam
Duong, tinh Lai Chau.

Lai Chau

Hinh 3.1. Than va ré cdy Bat Giac Lién, mau thu tai Ha Giang va Lai Chau
Cac mau thu dugc moc dudi tan rimg nguyén sinh, bi tic dong manh vi trong
thao qua. Tang ciy gd bao gdm cac loai: Dé gai trung qudc, Dé mac, Soi dia, Ro de
qua to, M@, Khao nham, L4 duong do. Tang cay bui: Khong c6, do bi phat hang nam.
Tham tuoi: Thao qua, Cao hung, Mua ngudn, nhyc thap, Quyén ba. Tang dat day
>1,2m.
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Bang 3.1. Thong tin s lugng mau ciy thu nhan dugc
X So cay
Tén khoa 2 x
STT b Dia diém thu mau GPS thu
oc
) dugc
Thon Phin Sang, xa
_ .| 23°0'40.14"N 104°53'
Dysosma Minh Tan, huyén Vi
1 o . 6.92"E, Do cao 1 30
difformis Xuyeén, tinh Ha
' 074m.
Giang.
Béan Ngai Thau, Xa | 22°13'2.55"N 103°35'
Dysosma ) )
2 Khun H4, huyén Tam 0.58"E, D0 cao: 11
difformis . o
buong, Lai Chau 1890m

Két qua so sanh trinh ty ving gen rbcL ctia miu nghién ctru véi 5 trinh tu gen

rbeL cta cac loai trong chi Dysoma da cong bd trén Genbank cho thay d6 tuong dong
rat cao dao dong tir 98,25% dén 99,77% (Bang 3.2). Mirc do sai khac chi tir 0,23%
dén 1,75%. Cu thé, trinh tu vung gen rbcL cua mau nghién ctru c6 do tuong déng
99,77% so véi trinh ty ma s6 NC_037906.1 (Dysoma difformis). Két qua nay da

khing dinh ddi trong nghién ctru chinh 1a loai Dysoma difformis.

Béang 3.2. Mtc do tuong dong cua vung rbel cia mau nghién ctru véi mot s6 trinh

tu trén Genbank

Mai s6 tra ciru Loai Gia tri E Py twong dong
trén Genbank

NC 037906.1 Dysosma difformis 0 99,77
MG593056.1 Dysosma difformis 0 99,51
MWO927475.1 Dysosma difformis 0 99,39
MN604379.1 Dysoma versipellis 0 98,28

NC 037898.1 Dysoma versipellis 0 98,25

3.1.2. Phan lap, dinh danh, xay dung ciy phat sinh chiing loai va phéan tich chi

s0 da dang ciia cac chiing nam ndi sinh

3.1.2.1. Phan lgp ndm ngi sinh

Ttr hai mau vat liéu Dysosma difformis duoc thu tir Ha Giang va Lai Chau, nhom

nghién ciru da phan 1ap dugc 53 chiing vi ndm ndi sinh trén moi trudng PDA, & 25°C
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Hinh 3.3. Phan lap vi nam noi sinh

Trong d6 28 ching duoc phan lap tir mau cay Bat Giac Lién thu duoc tai Ha
Giang, 25 chung tir miu Lai Chau. O Ha Giang, phan 16n ndm ndi sinh dugc phén 1ap
tir & (hodc ct) voi 82% (23 chiing), tiép theo 14 14 voi gan 11% (3 chiing) va than 7%
(2 chung). Nguoc lai, tir cic miu ¢ Lai Chau, chi ¢6 bon ching dugc tim thiy & ré
(hodc cit) (14%) trong khi s6 liéu ¢ 14 va than lan luot 1a muoi mot va mudi (44% va
40%). Toéng cong, ty 1& phan 1ap cao nhat 13 tir r&, chiém 50,94%, trong khi 14 va than
vGi 26,42% va 22,64% (Bang 3.3). Vi vi ndm noi sinh duoc phan 1ap tir cu ky hiéu
(C), vi nAm ndi sinh duwoc phan 1ap tir r& ky hiéu (R). Dé thuan tién cho viéc nhan biét
va quan 1y, nhém quy uéc chuyén ky hiéu (C) thanh ky hiéu (R) va ky hiéu (R) thanh
ky hiéu (.1R), vi du: HGN3C — HGN3R; HGN3R — HGN3.1R (chi tiét giai trinh
tai phu luc A).

Bang 3.3. Két qua phan lap vi ndm ndi sinh trén cdy BGL theo khu vuc 1dy mau

Khu vue Loai cay Ki hi¢u vi | S0 lwgng Ti 1é (%)
thu mau BGL nimndi | vinam 8
sinh La Than |Ré (Cu)
Ha Giang | Dysosma HGN 28 11% 7% 82%
difformis
Lai Chau Dysosma LCN 25 44% | 40% | 14%
difformis

Ca nam muoi ba ching phéan lap déu duoc xac dinh bang quan sat hinh thai
duoc néu chi tiét & (Bang 3.4, Hinh 3.4, Hinh 3.5). Sau khi quan sat cac dac diém
hinh théi, cac ching ndm da duoc dinh danh loai bang phwong phap giai trinh tyr gen
ITS.
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Bang 3.4. M6 ta hinh thai ciia ndm noi sinh phan 1ap tir cac mé khac nhau ctia cdy BGL (Dysosmis difformis)

tai Ha Giang va Lai Chau

STT Tén ching Vi tri mo Pic diém hinh thai

phan l1ap Khuén lac Soi dinh duéng Soi co chat
1 HGN6.1R Ré Khong can d6i, mép lién Tring vang Vang nhat
2 HGN6.2R RE Can ddi, mép lién Trang sita, soi li nhu nhung Tring
3 HGNI3R RE Can d6i, long bong Tring, tAim vang Vang nhat
4 LCNO9R Ré Tréang tinh, soi dai manh Tréng sita Tring sita
5 LCN21T Than Can ddi, mép lién Xanh dam Xanh 14 cay
6 HGNIR Ré So1 ngén khong can dbi Xanh réu dam, vién cam Xanh 14 cay, cam
7 LCN7L La Can ddi, soi dai voi cac vong tron . L . \ A
A oA Do, trang, vang Vang hong
dong tam
8 HGN8R Ré Khong can 691, mép rang cua Vi Xanh I4 cay Vang nhat
cac vong dong tam
9 LCNIR Ré Can ddi, soi dai manh véi cac vong . . .
s aX A Vang nau Vang
tron dong tam
10  HGNI1.1R Ré Can ddi, soi ndm lan toa Vang nhat Vang nhat
11 LCN3L La Can d6i, soi nAm dai Tam xanh 14, vién tring Tring xanh 14 cay
12 LCNI19T Than Tron, soi nam’ mong dai, tAm mau Xam, tim nhat Xam, tim nhat
tim nhat
13 LCNS.3L La Tron déu can doi Bot min nhu phén mau xam Xam
14 HGN7.1R RéE Can d6i, soi li mat thach, xép nép ‘ N ‘ -
. Trang stra Trang stra
kin dia
15 HGN7R Ré Can d6i, mép lién Trang x6p Trang
16 HGNS5L La Can d6i, bui phan ban ra nhu tia t o
. Trang stra Trang stra

nang

61
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STT Tén ching Vi tri mo Pic diém hinh thai

phan lap Khuén lac Soi dinh duéng Soi co chat

17 LCNIL La Khéng déu, khong c6 vién, tAm Tréng xanh Tréng xanh
dang bot, vién xanh
18 LCN3T Than Tron, soi ndm ngan tir tAm toa ra L oo
nhu mat troi. Trang stra Trang stra
19 LCNIT Thén Khong can dbi X4m nhat X4am
20 LCNST Than Can d6i, soi nAm ngin min Tréng sita Tring sita
21 HGN2.1R Ré Khong déu, khong ¢ vién Xanh 14 cay, dang bot Xanh 14 cay
22 HGN3R Ré Can d6i, mép lién Tréng trong sudt Tring sita
23 HGN7.2R Ré Can d6i, soi nAm dai. Tring Tring
24  LCNI6L La Can ddi, soi nfim dai, c6 cic vong Tréng do Hong dam
dong tam
25 HGN14R Ré Can d6i, mép lién Tring vang Vang nhat
26 HGNS5R Ré Can d6i, mép lién Tring do, soi dai bong Hong
27 LCN7R RéE Can ddi, mép lién Tréng vang Vang nhat
28 HGN6R Ré Khéng can ddi, vién xé Tring Tréing
29  HGNI3.IR Ré Can dbi, soi nAm ngin min Xanh 14 cay Xanh 14 cay
30 HGNI2.1IR Ré Khong can ddi, khong vién Xanh 14 cdy, mép trang Vang be
31 LCNISL La Tron, soi ndm cé do xop ngan Trang, vang Vang nhat
32 LCNI2.IL L4 Vién lién, bot min Ghi Ghi
33 HGNIT Than Khong can ddi, khong vién Nal} d?p, Nau den
so1 dai

34 LCNI2T Théan Vién lién, cac vanh tron dong tim Trang duc Trang duc
35  HGNI4.1R e Can d6i, soi ndm sat mit thach Ghi Ghi
36 HGN3L La Can ddi, tim mau ghi Ghi Ghi
37 HGNIL La Can d6i Trang duc Trang duc

0S
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STT Tén ching Vi tri mo Pic diém hinh thai
phan lap Khuén lac Soi dinh duéng Soi co chat
38 LCNSL La Cén d.61, 1t.>§')ng 11: be 1;115‘[ xuat hién Xanh den Xanh den
giot ti€t. Vién trang trong
39 HGN3T Than Can ddi, mép lién Trang bong Tring
40  LCNI14L La Can d6i, Qi ngin day Xép: 14m tAm Xanh 14, tring ——
trang xanh xen k€
41 LCN6T Than Can ddi, sgi dai manh Ghi nhat Ghi nhat
42 LCNI13T Théan Can ddi, mép lién Xanh den, trang x6p Xanh tring
43  LCNI17T Than Can d6i, soi dai manh Tréng tim nhat Tring tim nhat
44  LCN4T Than Can ddi, soi manh sat mt thach,
16p 16p trong veo. Tam tim nhat. Tring, tAm tim nhat Tim tring
Bé mat 1am tam hat trang
45 HGNI11R Ré Khéng can dbi, khong vién Tring Tréing
46 HGNI12.2R Ré Can d6i, bong xbp Tring Tréing
47 HGN3.1R Ré Can d6i, xoi nim xép nép Tring Tréing
48  LCNIIL La Khong can ddi, khong vién Trang duc, soi li Tring
49  LCNI3L La Can d6i, soi ngin toa déu, co cac L .
vanh d 6ng Am bé, vang nhat Hoéng vang
50 HGN2R Ré Khong can dbi, mép lién Xanh tring Xanh 14 nhat
51  HGNS.1R Ré Hé soi dai Pen Pen
52 LCN3R RE Cén doi, soi manh dai lan toa mép , ,
khuan lac: Bé mat lam tém cac hat Trang duc Trang duc
trang nhu bui phan
53 HGNIOR RE Khong can doi, khong vién Den vang Den

IS
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HGNI4.IR  HGNI2.I

e
T L

HGNIL HGN3.IR

N\

HGNIL.IR HGN6.2R HGNG6.1IR

HGN2R HGNS.IR HGNI10R

Hinh 3.4. Hinh thai khuén lac cta 28 chung dugc phan 1ap tir cdy BGL (Dysosma
difformis) thu thap tai Ha Giang
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=/
S

LCN7R LCN21T LCNS8

LCNS3L. LONI6L LCNI5L LCNI4L LCN6T
Hinh 3.5. Hinh thai khuan lac cta 25 ching duoc phan 1ap tir cdy BGL
(Dysosma difformis) thu thap tai Lai Chau

3.1.2.2. Két qua gidi trinh tw cdc chiing vi ndm duwa trén viing ITS

53 chuing nam da duoc xac dinh thudc 27 chi khac nhau, dua trén két qua phan
tich trinh tu cac mau nam (Bang 1C, phy luc C), trong d6 hau hét cic mau phan lap
thudc nganh ndm Ascomycota, cing voi ba nganh ndm Basidiomycota, mot nganh
nam Mucormyccota va mdt nganh nam chua xac dinh. Tan suat xam chiém ctia mdi
loai nAm phan 1ap dd duoc tinh toan, cho théy Fusarium 1a chi phd bién nhat
(11,11%), tiép theo 13 Trametes (9,26%) va Penicillium (7,41%). Trinh ty gen cia
cac chung vi nim di dugc so sanh vdi cac trinh ty trong tng trén Ngan hang Gen
(Genebank) thong qua cong cu BLAST ctia NCBI dugc thé hién ¢ (Phy lyc D).

3.1.2.3. Xdy dung cdy phat sinh loai vi sinh vt

Cay phat sinh loai da dugc xay dung tir dir li¢u phan tich BLAST thong qua
phuong phap maximum Composite Liability.
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Hinh 3.6. Cay phat sinh loai ctia cac ndm ndi sinh phan 1ap tir mau ciy
Dysosma difformis_ Ha Giang.

Lich sir tién hoa duoc suy ra bang phuong phap Neighbor-Joining. Gia tri tin cay cho
timg nhanh riéng 1¢ dugc xac dinh bang phép kiém tra bootstrap v6i 1000 lan 1ap lai. Gia tri
bootstrap nho hon 50 khéng duoc hién thi trén cay phat sinh loai. Khoang cach tién hoa dugc
tinh toan bang phuong phap Maximum Composite Likelihood. Phan tich phat sinh loai durgc
thyc hién trong MEGA 7.
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Hinh 3.7. Cay phat sinh loai ctia cac nAm ndi sinh phéan lap tir miu cay
Dysosma difformis_ Lai Chau.

Cay phat sinh loai dugc suy ra bang phuong phap Neighbor-Joining. Gia tri tin cay
cho timg nhéanh riéng 1¢ duoc xac dinh bang phép kiém tra bootstrap voi 1000 1an lap lai.
Gié tri bootstrap nho hon 50 khong duoc hién thi trén cay phat sinh loai. Khoang cach tién
hoa duogc tinh toan bang phuong phap Maximum Composite Likelihood. Phén tich phét sinh
loai dugc thuc hién trong MEGA 7.

Phan tich phat sinh chung loai sir dung phén mém MEGA 7 dugc thuc hién
nham xac nhan danh tinh va danh gia tinh da dang cta cac ching nim néi sinh dugc
phan lap. Cay phat sinh loai dugc xay dung tir dit lidu trinh tu DNA (Hinh 3.6 va 3.7)
da phan loai thanh cong cc chung nim vao cac nganh va chi khac nhau. Két qua cho
théy cac chung nam ndi sinh thu dugc c6 muc do da dang rat cao, phan bd trén ca ba
nganh ndm 16n 13 Ascomycota, Basidiomycota, va Mucoromycota. Cac ching ndm tir
Ha Giang (Hinh 3.6) dugc phan chia thanh hai nhanh chinh (nhanh 1 va nhanh 2).
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Nhanh 1 bao gém phan 16n cac chi thudc nganh Ascomycota (nhu Fusarium,
Penicillium, Trichoderma, Colletotrichum, Aspergillus), trong khi Nhanh 2 chi yéu
bao gdm céc chi thudc nganh Basidiomycota (Trametes) va Mucoromycota (Mucor).
Céc ching nam tir Lai Chau (Hinh 3.7) cho thdy ciu trac phan b twong tw. Nhanh 1
chu yéu 1a cac chi Ascomycota, nhanh 2 13 cac chi Mucoromycota va Basidiomycota.
bac biét, chung Penicillium herquei 50SG10 (LCN12.1L) thudc nganh Ascomycota
lai nam trong mdt cum riéng biét (Nhanh 3). Gia tri bootstrap nho hon 50 khong dugc
hién thi trén cdy phat sinh chiing loai cho thiy tinh chinh x4c cao cua viéc gan tén
chi/loai cho cac chung nim phan 1ap, phuc vu muyc dich phan loai dé tién hanh céc

nghién ctru chirc ning tiép theo.
3.1.2.4. Phaén tich chi sé da dang VSV

Khi phan tich cac chi sé da dang, birc tranh nim noi sinh phan b thong qua
céc chi sb da dang khac nhau da duogc lam 1. Cu thé, chi s6 Shannon cho théy tinh
da dang cao nhit & ré (H' = 2,673), tiép theo 1 than (H' = 2,162) va 1a (H' = 2,054).
Tuong tu nhu vay, tinh da dang loai cao nhét & ré (Dmg =4,551; Dmn = 3,079) va
than (Dmg = 4,024; Dmn = 3,175) va thip nhat ¢ 1a (Dmg = 3,41; Dmn = 2,405). Tuy
nhién, chi sb da dang Simpson cho thiy quin thé nim ndi sinh c6 nhiéu nhét & 14 (1-
D=0,911), tiép theo la than (1-D = 0,897) va r& (1-D = 0,867) (Bang 3.5). Cudi cung,
chi s6 twong ty 14 cao nhét (S = 0,538) ddi véi so sanh 14 so voi 1&, diéu nay cho thiy
) luong cac loai nam ndi sinh duoc phan bd & 14 va ré cao hon so véi 14 va than
(0,286) hodc than va r& (0,148) (Bang 3.6). Ngoai ra, chi sb Sorensen 1a 0,615 cho
thiy mirc do twong dong trung binh vé thanh phan loai giita hai dia diém, Ha Giang
va Lai Chau (Bang 3.7). Pay 1a bao cdo dau tién vé su da dang cia nAm ndi sinh dugc
phan 1ap tir D. difformis tai Viét Nam, mé ra mot huéng di tiém ning dé sang loc cac

ching nam ndi sinh cé kha nang san xuat cac hop chat thir cap quan trong.

Bang 3.5. Céc chi s6 da dang dic trung ctia ndm ndi sinh phan lap tir cac mo
cua D. difformis.

Chi s6 da dang Ré L4 Théan

Chi s6 vu thé Simpson (D) 0,133 0,089 0,103
Chi s6 da dang Simpson (1-D) 0,867 0,911 0,897
Chi sb da dang Shannon (H') 2,673 2,054 2,162
Chi s6 do giau Margalef (Dmg) 4,551 3,410 4,024
Chi sb do giau Menhinnick (Dmn) 3,079 2,405 3,175
Chi s6 vu thé Carmago (Cm) 0,325 0,416 0,315

Chi s6 d6 dong déu Pielou (P) 0,964 0,892 0,902
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Bang 3.6. Chi s6 twong tu Sorenson cho nim so6i sinh cta D. difformis.

Chi s6 twong tw Sorenson

S) Ré La Than
Ré 1,000 0,538 0,148
La 0,538 1,000 0,286
Théan 0,148 0,286 1,000

Bang 3.7. Céc chi s6 da dang dic trung cho vi tri iy miu cua cac loai

nam noi sinh phan lap tir D. difformis.

Chi s6 da dang Ha Giang Lai Chau
Chi sb vu thé Simpson (D) 0,064 0,059
Chi sb da dang Simpson (1-D) 0,936 0,941
Chi sb da dang Shannon (H') 2,849 2,921
Chi sb d6 giau Margalef (Dmg) 5,402 5,903
Chi sb d6 giau Menhinnick (Dmn) 3,591 4,000
Chi sb vu thé Carmago (Cm) 0,279 0,250
Chi sb d6 déng déu Pielou (P) 0,968 0,975
Chi sb tuong t Sorenson (S) 0,615 0,615

3.1.3. Sang loc va tuyén chon chiing Penicillium herquei HGN12.1R ¢6 kha

niing sinh hoat chit podophyllotoxin va din xuat
3.1.3.1. Chiét xuit nim

Trong nghién ctru ndy, cac ching ndm duoc nudi lic trong 100 mL moi trudng
PDA, pH 7 véi tbc @6 150 vong/phut, 2542 °C trong 5 ngay. Sau khi két thuc nuoi
cdy, sinh kh6i nam va dich 1én men duoc thu bang phuong phap loc. Khdi lugng sinh
khéi tuoi (SKT): 23,12 + 0,11 g, sinh khéi kho (SKK): 0,86 + 0,06 g. Tiép theo, SKK
duoc ngdm trong 100 ml dung méi methanol dé tién hanh chiét rat cac chat co hoat

tinh. Cac budc chiét xuat dugc thuc hién theo phuong phap cua [16]. Két qua thu
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dugc chiét xuat ndm tho véi khéi luong xap xi 0,03 g. Chiét xuat nay duoc sir dung

cho céc nghién ctru tiép theo vé kha ning sinh hoat chat podophyllotoxin va din xuat.

Hinh 3.8. Lén men va chiét xuit nAm (1: 1én men; 2: loc thu sinh khdi ndm tuoi; 3:
sinh khoi kho; 4: dich chiét methanol tong; 5: chiét xuat nam)

3.1.3.2. Bdnh gid kha nang gdy déc té bao ciia cdc chiét xudt nam ngi sinh

Hoat tinh gay doc té bao in vitro cua chiét xuat nAim d3 duoc khao sat trén ba
dong té bao ung thu gdbm SK-LU1, HL 60 va Hep2. Dé so sanh, cac nha nghién ctru
da str dung chiét xuat D. difformis va cac dbi chimg dwong nhu PTOX va ellipticine.
Két qua chi ra rang 28 chiét xuat c6 hoat tinh gdy doc té bao trén té bao SK-LU-1,
v6i gia tri ICso ndm trong khoang tir 0,036 dén 80,23 pg/ml. Pang cha y, c6 21 chiét
xuét thé hién doc tinh té biao manh véi ICs tir 0,036 dén 18,75 pg/ml. (Bang 3.8).

Nham danh gia sau hon tiém ning chéng ung thu, hai muoi mdt chiét xuat co
hoat tinh manh trén SK-LU-1 nay tiép tuc dugc thur hoat tinh trén HL-60 (Bénh bach
cau cip tinh ¢ ngudi) va HepG2 (ung thu biéu mo té bao gan & ngudi). Tuy nhién,
trong s6 21 chiét xuit dugc thir nghiém chi c6 su chiét xuat ndm cho thay hoat dong
gay doc té bao rat manh dang ké trén ca HL-60 va HepG2 vé6i ICso tir 0,073 dén 0,31
ng /ml va tir 1,60 dén 10,84 pg /ml, twong tmg (Bang 3.9). Cac chiét xuat nay thudc
vé cac chi Penicillium (hai chung), Trametes, Purpureocillium, Aspergillus, va
Ganoderma. Céc chiét xuat con lai (15 chiét xuat) da khong cho thay hoat tinh gay
doc té bao dang ké trén cac dong té bao HL-60 va HepG2 (dix liéu chi tiét vé 15 chiét

xuat nay khong duoc hién thi trong tai lidu).
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Bang 3.8. Hoat tinh gy doc té bao ICsp ctia 53 chiét xuat ndm gay doc trén dong té
bao SK-LU-1

Chiét xuat Hoat tinh giy doc Hoat tinh giy doc té

STT nam té bao ICs (ug/ml) STT  Chiét xuat nim bao ICso (ng/ml)
1 HGNG6.1R >100 29 HGN13.1R 4,030 + 0,600
2 HGN6.2R 80,230 + 2,420 30 HGNI12.1R 1,190 + 0,110
3 HGNI13R 0,036 + 0,001 31 LCNI15L 80,220 + 1,740
4 LCN9R 0,163 £0,012 32 LCNI12.1L 0,195 + 0,027
5 LCN2IT 1,770 + 0,150 33 HGNIT >100
6 HGNIR 75,29 £ 2,580 34 LCNI12T 2,230 £ 0,290
7 LCN7L 6,440 + 0,410 35 HGN14.1R >100
8 HGNS8.IR 3,030 + 0,300 36 HGN3L >100
9 LCNIR >100 37 HGNIL >100
10 HGNII1.IR >100 38 LCNSL >100
11 LCN3L >100 39 HGN3T >100
12 LCNI19T 5,580 £ 0,450 40 LCNI14L >100
13 LCNS8.3L >100 41 LCN3T 2,040 £ 0,190
14  HGN7.1IR >100 42 LCNI13T 28,660 + 1,500
15 HGN7R >100 43 LCNI7T 3,900 + 0,260
16 HGNSL >100 44 LCN4T >100
17 LCNIL 1,370 + 0,140 45 HGNI1IR 63,320 £ 6,410
18 LCN6T >100 46 HGN12.2R 2,060 £ 0,310
19 LCNIT 18,750 = 1,110 47 HGN3.1R 9,590 + 0,150
20 LCN8T 2,490 £ 0,220 48 LCNI1IL 0,110 + 0,036
21  HGN2.IR 0,550 £ 0,050 49 LCNI13L >100
22 HGN3R >100 50 HGN2R 0,069 + 0,004
23 HGN7.2R >100 51 HGNS5.1R 76,670 £ 2,680
24 LCNI1e6T >100 52 LCN3R 72,010 £ 6,430
25  HGNI14R >100 53 HGN10R >100
26 HGNS5R >100 54  D. difformis extract 0,160 + 0,020
27 LCN7R >100 55 Podophyllotoxin 0,054 + 0,006
28 HGN6R 2,090 £ 0,120 56 Ellipticine 0,430 + 0,040

Podophyllotoxin, Ellipticine dugc str dung lam dbi ching duong



Bang 3.9. Hoat tinh gay ddc té bao ICs ctia cac chiét xuat nam trén hai dong té

bao ung thu HL-60 va HepG2

STT Chiét xudt nam  Chi phan loai

Hoat tinh giy ddc té bao ICso (ng/ml)

HL-60 HepG2
1 HGNI2.1R Penicillium 0,013 £ 0,004 0,071 £ 0,011
2 HGN12.2R Trametes 0,056 £ 0,009 0,200 + 0,030
3 HGNI13R Aspergillus 0,310+ 0,030 1,600 + 0,150
4 HGNI13.1R Penicillium 0,073 + 0,006 10,840 +£1,190
5 LCN3T Purpureocillium 0,028 + 0,005 0,013 £+ 0,003
6 LCNST Ganoderma 0,046 £ 0,007 2,020 £ 0,160
g D difformis i 0,840 = 0,0800 1,110 0,150
extract
8 Podophyllotoxin - 0,008 + 0,001 0,180 £+ 0,020
9 Ellipticine - 0,280 + 0,030 0,370 £+ 0,040

Podophyllotoxin, Ellipticine duoc sir dung lam dbi ching duwong
3.1.3.3. Phat hién podophylplotoxin trong chiét xudt nam néi sinh bang phirong
phdp TLC (sdc ky ban méng) va HPLC (sdc ky Iong hiéu sudt cao)
Dua trén két qua sang loc, sau chiét xuit nAm da duoc xac dinh c6 hoat tinh
gay doc té bao rat manh trén ca ba dong té bao ung thu, nhém nghién ctru da tién
hanh phan tich sy hién dién ctia PTOX.

p  HGN HGN HGN
12.1R 12.2R 13.1R

HGN13R LCN8T LCN3T

Hinh 3.9. Phan tich TLC cta chiét xuat nAm ndi sinh

HGN13R, LCN8T, LCN3T, HGN12.1R, HGN12.2R va HGN13.1R;
podophyllotoxin dugc str dung 1am chuan, di chirng duwong (P); méi truong khong

¢6 ndm duoc sir dung 1am ddi chting 4m (N)
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Két qua phan tich sic ky 16p mong (TLC) cho thiy sy hién dién cua PTOX
trong sau chiét xuat nAm: HGN13R, LCN8T, LCN3T, HGN12.1R, HGNI12.2R va
HGN13.1R. Piéu nay duogc xac nhan khi so sanh vdi PTOX chuan (d6i chimg duong)
va moi truong khoéng chira nim (dbi chimg 4m) (Hinh 3.9). Do d6, cic ching nim
nay sé& tiép tuc duoc chon dé nghién ctru thém.

Sau chiét xuat nam va dich chiét Bat Giac Lién da duoc thir nghiém dé tim sy
hién dién ctia PTOX béng cach str dung phan tich HPLC, thoi gian luu ctia chat chuin
PTOX (Sigma) di dugc st dung dé so sanh.

Trong lan phan tich HPLC dau tién, cac pic sic ky cta chiét xudt HGN13R,
HGNI12.2R, LCN3T va LCNS8T cho thiy dinh c6 thoi gian luu (Rt) twong tGng 1a
37.164, 37.209, 37.197 va 37.202 phut twong ty nhu cua chat chuin (Rt = 37.130
phut). Trong lan phéan tich HPLC thtr hai, cic chiét xuat tir HGN12.1R, HGN13.1R,
chiét xuét thue vat cho théy thot gian luu lan luot 14 37,359; 37,378; 37,353 cling co
thoi gian lvu gan véi PTOX chuan (Rt = 37.365 phut) (Bang 3.10).

Bang 3.10. Dit liéu HPLC dé xac dinh PTOX

Tén hop chit Thoi gian lru (Rt) (phut)
Podophyllotoxin' (Tiéu chuén) 37.13
HGNI13R 37.164
HGN12.2R 37.209
LCN3T 37.197
LCNST 37.202
Podophyllotoxin? (Tiéu chuén) 37.365
HGNI12.1R 37.359
HGN13.1R 37.378

Chiét xuat thuc vat (Chiét xuat D.difformis) 37.353
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Hinh 3.10. Xac dinh PTOX bang HPLC-DAD
Quan sat phd UV cua cac chiét xuat HGN13R, HGN12.2R, LCN3T, LCN8T

cho thiy cac pic thu dugc rd rang va c6 thé tach chung khoi cac loai hop chit khac.
Ngoai ra, viéc so sanh phdé UV cua cac pic sic ky d6 HPLC néi trén voi phd UV cua
PTOX chuén cho thdy su tring khdp, didu nay x4c nhan su hién dién ciia PTOX trong
dich chiét nAm (Hinh 3.10) va (Hinh 1E, phu lyc E). Tuong ty, phd UV cua dich chiét
HGN12.1R, HGN13.1R va dich chiét thyc vat thé hién mé hinh twong tw nhu PTOX
chuan.

Céc phan tich dugc thuc hién hai 1an véi hai PTOX chuan tach biét. 1. Sic ky
dd (A, C, E, G) va ph6é UV (B, D, F, H) lan lugt cia PTOX1 chuan (Sigma); dich
chiét HGN12.2R; dich chiét LCN3T; dich chiét LCNST; 2. Sic ky d6 (I, K, M, O) va
ph6é UV (J, L, N, P) lan luot cia PTOX2 chuan; dich chiét HGN12.1R; dich chiét
HGN13.1R; va dich chiét BGL.
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Sau qué trinh sang loc dit liéu, ching Penicillium herquei HGN12.1R nbi bat
v6i hoat tinh gdy doc té bao tuong d6i manh trén ca ba dong té bao ung thu, phd UV
trung khdp v6i pho cta hop chat PTOX chuan trong phan tich HPLC. Piéu d6 cung
cép béng ching manh mé vé su hién dién cua hop chit hoat tinh muc tiéu va
Penicillium herquei HGN12.1R dugc chon dé khai thac cac hoat chét sinh hoc trong
cac nghién ctu tiép theo.

3.1.4. Pic diém sinh hoc ciia chiing Penicillium herquei HGN12.1R di tuyén
chon
3.1.4.1. Bdc diém hinh thdi, dinh danh chung tuyén chon

Pic diém hinh thai nhu hé soi, bao ti, cuéng bao tr va vach ngan la nhiing
yéu td quan trong trong viéc phan loai vi nAm theo phuwong phép truyén thong. Ching
nam HGN12.1R, sau khi nudi cdy trén méi trudng PDA & 25°C trong 5 ngay, da duoc
quan sat va ghi nhan cac dic diém sau: khuan lac c6 mau xanh réu, vién tring, dang
tron khong déu. Bé mit sgi nam khi sinh min, ngén, phan nhanh, moc day dac sat mat
thach. Khi quan sat dudi kinh hién vi quang hoc, chung nim nay cho thiy cudng sinh
bao tir thé binh ¢ nhiéu tang. Bao tir khi con non cé hinh cau, nhung khi gia di s& bi
xé rach va tao thanh cac chudi dai (Bang 3.11).

Bang 3.11. Bic diém hinh thai chang HGN12.1R

Pic diém hinh thai dai thé Pic diém hinh thai vi thé

- Mau xanh réu, tron khong d€u, - Bao tir dugc san xuét véi sb luong 16n, tao
duong kinh 6-8 mm thanh cac cot co ciu tric dang "chéi" dic
-Bé mat sqi,khuén ti khi sjnh m‘jn trung cua Penicillium
nhu bui phan, tdm hoi 101, vién - Cudng sinh bao tir phan nhanh. Bé mit
lién trang dyc. cubng rap. C6 té bao sinh san thé binh nhiéu
- Khong tiét sac t6 hoa tan tang.
- Bao tir lac non hinh cau, xé rach tao dang
chudi bao tir dai khi gia.

Dua trén nhiing déac diém hinh thai dai thé va vi thé nay, viéc nhan dang so bd
theo cac khoa phan loai [126], [127] cho thdy ching HGNI2.IR thudc chi
Penicillium. Két hop phan tich va so sanh trinh ty gen viing ITS/18S rRNA ctia ching
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vi ndm véi cac trinh ty trén Ngan hang Gen thong qua cong cu BLAST cua NCBI,
két qua cho thiy ching HGN12.1R ¢6 d6 tuong dong cao (99,80%) véi trinh tir gen
cta ching Penicillium herquei BCC, mi sé MF537646.1 (Bang 1C, phuy luc C) da
dua dén két qua dinh danh HGN12.1R 1a Penicillium herquei HGN12.1R. Chiing
Penicillium herquei HGN12.1R duoc ding ky trén ngan hang gen v6i ma sb
MZ462047.
3.1.4.2. Bdc diém sinh Iy, sinh hod ciia chiing ndam tuyén chon

Nghién ctru 4nh huong cta nhiét d6 ddi véi kha nang sinh truéng cua chung
nam Penicillium herquei HGN12.1R. da chi ra su thay dbi rd rét trong toc do sinh
truong cua hé soi nam. Hé sgi ndm sinh truong tot nhét & 25 °C véi 0,87 + 0,07 g
SKK/100 ml) sau 72h nudi cay. Tuy nhién, khi nhiét d6 tang, toc do sinh truong giam
dan, xudng con 0,28 + 0,02 g SKK /100 ml ¢ 35°C va ¢ 37 °C chung nam khong phat
trién.

Bang 3.12. Bic diém sinh hoc cta Penicillium herquei HGN12.1R

Toc d¢ sinh truwédng ctiia nam

Piéu kién thich hop pH (6-7) Nhiét dj (25 °C)
Pon vi g/100 ml g/100 ml
. 0,79 + 0,02 + 0,75 £
Chi so 0,04 0,87 £ 0,07

Hoat tinh enzyme ngoai bao (D-d)mm

Chitinase Cellulase

Vé anh hudng cta pH, ching P. herquei HGN12.1R c6 kha nang sinh truong
& tat ca 6 thang pH thir nghiém. Tc do sinh truong hé sgi ndm cao nhat sau 72h nudi
cay 0 pH 6 (0,79 + 0,02 g SKK/100 ml) va pH 7 (0,75 + 0,04 g SKK/100 ml). Téc d6
sinh truéng cham nhat duoc ghi nhan & pH 4 (0,16 + 0,04 g SKK/100 ml).

Khao sat hoat tinh enzyme ngoai bao cua chung P. herquei HGN12.1R cho
thidy kha nang phan giai chitinase, cellulase. Vong phan giai trung binh dbi véi
chitinase 12 6,3 + 0,08 mm va ddi véi cellulase 14 8,5 + 0,05 mm (Bang 3.12)
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3.1.4.3. Khao sat hoat tinh khang vi sinh vat kiém dinh cia chung nam tuyén chon

Hoat tinh khang khuan in vitro cua chiét xuat nim HGN12.1R duogc khdo sat
bang phuong phap khuéch tan trén dia thach ddi véi cac chung Escherichia coli DHS,
Staphylococcus sp., Bacillus TTM11, Bacillus 2TM6, Enterobacter 14RM7-1. Cac
chung vi sinh vat nay dai dién cho nhom vi khuan Gram 4m, Gram duong. Két qua
khang khuén cua chiét xuat nAam HGN12.1R duoc trinh bay trong (Bang 3.13).

Bang 3.13. Hoat tinh khang khuan cta chiét xuat nAm HGN12.1R

Puong kinh ving e ché (mm)

Yéu td Staphylococcus | Bacillus | Escherichia | Enterobacter | Bacillus
khao sat sp. 7TM11 coli DH5 14RM7-1 2TM6
HGNI12.1R | 10,67+0,58 | 14,33+0,58 | 2,33+0,29 | 12,83+0,76 | 12,37+0,6

Methanol - - - - -
Cefotaxime 35+0,37 33,3+0,25 | 31,3+0,17 | 26,3+0,29 | 31,7+0,33
Chiét xuat |  7,7%0,12 9,0£0,08 | 3,4+0,05 | 7,7%0,17 | 6,7+0,21
BGL

Ving ¢ ché (mm)

16.00
14.00
12.00
10.00
8.00
6.

o
<)

4.

=3
S

2.00
0.00

Eschenchla coli

Enterobacter
14RM7-1

Staphylococcus sp.  Bacillus 7TM11

Bacillus 2TM6

Hinh 3.11. Biéu d hoat tinh khang khuan ctia chiét xuat nAm HGN12.1R

Hinh 3.12. Hoat tinh khang khuén trén dia thach cua chiét xudt nAm HGN12.1R (a:
Bacillus 2TM6; b: Bacillus TTM11; c: Enterobacter 14RM7-1; d: Staphylococcus
sp; e: Escherichia coli DH5; 1: Chiét xuat nam HGN12.1R; 2: M6i truong; 3: Dung

moi methanol; 4: Khang sinh Cefotaxime; 5: Chiét xuét ré Bat Giac Lién)
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Két qua cho thay chiét xudt nAm HGN12.1R c6 tac dung {rc ché cac ching vi
khuan Gram 4m va Gram duong. Ving tc ché dao dong tir 2-14 mm. Chiét xuét thé
hién hoat tinh khang khuan rd rét trén Bacillus 7TTM11, Enterobacter 14RM7-1, va
Bacillus 2TM6, tac dung giam dan trén Staphylococcus sp., va khong c6 hodc rat it
tac dung trén Escherichia coli DHS. Tuong tu nhu vay hoat chit cao chiét tir ré cling
cho két qua khang khuan twrong d6i dong nhat voi cao chiét nAam HGN12.1R.

3.2. Pic diém hé gen ciia chiing Penicillium herquei HGN12.1R
3.2.1. Két qua tach chiét DNA
DNA tong s cta ching Penicillium herquei HGN12.1R d duoc tach chiét.
Kiém tra bang dién di trén gel agarose 1% cho thdy DNA c6 bang kich thudc 16n
va 16 rang (Hinh 3.13). Nong d6 va do tinh sach cuia DNA duoc trinh bay trong
(Bang 3.14). Két qua thu dugoc DNA c6 ndng do kha cao va do tinh sach rat tét,

tiép tuc str dung cho nhimg nghién ciru tiép theo.

PC() HGNIZIR M

Hinh 3.13. Két qua dién di kiém tra san pham tach DNA tong s6
(M: Marker 1kb, Thermo Scientific)

Bang 3.14. Nong d6 va d¢ tinh sach mau DNA tong sb clia nam

Mau Nong dd D¢ tinh sach

HGNI12.1R 89,8 ng/ul 1,91

3.2.2. Gidi trinh tu va phan tich h¢ gen

Bo gen cta nam Penicillium herquei HGN12.1R da duoc 1ap rap va chi thich
(Bang 3.15). Tong kich thudce bo gen dat 34.960.991 bp, v6i sé lugng contig (kich
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thude >1000 bp) 1a 8. Gid tri N50 cua b gen 13 6.172.464 bp va ti 1€ GC 1a 46.38%.
Téng sb gen dy doan trong bo gen 14 12.871, trong d6 ¢6 12.593 gen ma hdéa mRNA,
263 gen tRNA va 15 gen rRNA.

Panh gia mtc d6 hoan chinh ctia b gen bang BUSCOs cho thiy bd gen hoan
chinh va c6 mot ban sao duy nhét 1 98.9%, v&i 0.4% gen tring 1ap, 1.1% gen bi phan
manh, va 0.6% gen bi thiéu.

Bang 3.15. Pic diém hé gen va s6 liéu lap rap hé gen cta Penicillium herquei
HGNI2.1R

Genome Assembly Values
Total assembly size (Mb) 34,960,691
Number of chromosomes (> 1000 bp) 8
Number of chromosomes (> 5000 bp) 7
Number of organelles 1
Largest chromosomes (Mb) 8,398,835
GC-content (%) 46.38
N50 (Mb) 6,172,464
L50 3
Total predicted genes 12,871
Genome coverage 195.0x%
Completeness evaluation (%)
Completeness 98.3
Complete and single-copy BUSCOs 97.9
Complete and duplicated BUSCOs 0.4
Fragmented BUSCOs 1.1
Missing BUSCOs 0.6
Repeat annotation
Unclassified (%) 0
Simple repeat (%) 0.59
Low complexity (%) 0.14
Total repeat length (bp) 254,455
RNA gene annotation
mRNA 12,593
tRNA 263
rRNA 15
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3.2.3. Két qua chu giai h¢ gen

Muc tiéu x4c dinh vi tri va chirc ning ctia cac gen va cac yéu té di truyén khac
trong hé gen. Cung cip thong tin chi tiét vé cic gen tham gia vao qua trinh sinh tong
hop PTOX.

Chu giai hé gen chung HGN12.1R da dugc thuc hién st dung nhiéu co s& dit
lidu. Két qua chu giai cho thiy tong s6 7401 gen duy nhit dugc chu giai (tic 13 tong
s6 tat ca cac gen xuét hién trong it nhat mét co s¢ dit li¢u).

Cu thé, s6 lugng gen dugc chu giai boi cac co so dit ligu riéng 1€ nhu sau: 7.452
gen qua Uniprot, 11.201 gen qua RefSeq, 3.852 gen qua Gene Ontology, 4.464 gen
qua KEGG va 9.491 gen qua PFAM.

Biéu d6 Venn (Hinh 3.14) biéu dién sy giao nhau giita cac tip hop gen duoc

chu giai. Két qua chi ra ring c6 2474 gen dugc chu giai bai ca Refseq va Uniprot;
1789 gen boi1 Refseq va PFAM; va 1467 gen chi dugc chu giai béi Refseq. Chi c6 2

Hinh 3.14. Biéu d6 Venn chu giai gen chic ning trén cac CSDL RefSeq, Uniprot,
Gene Onology, Pfam va KEGG cua ndm Penicillium herquei HGN12.1R

3.2.4. Dy do4n cac nhom gen lién quan dén sinh tong hop podophyllotoxin &
chung Penicillium herquei HGN12.1R

Mac du PTOX da dugc tim théy & nhiéu loai thuc vat, con duong sinh téng hop
ctia n6 van chua duoc kham pha mot cach day du. Theo [148] c6 it nhat 26 gen lién
quan dén 69 budc phan tng tong hop PTOX bt dau tir D-erythrose-4-phos-phate dén
PTOX. Tuy nhién phan 16n cac nghién ciru déu cho thay chi ¢ 33 budc phan tng véi

su tham gia ctia 26 gen/enzyme dugc phan tich, nhan dién mét cach ro rang.



69

Trong giai doan dau tién chit chinh 1a coniferyl alcohol duoc hinh thanh tir
phenylalanine qua 9 budce phan tng. Giai doan sau tur coniferyl alcohol trai qua mot
s6 phan tmg dimer hod, dehyro hoa va methyl hoa dé hinh thanh mét sé chat trung
gian chuyén hod quan trong nhu pluviatolid va yatein. Cudi ciing tir chét trung gian
yatein dugc chuyén hoa thanh deoxypodophyllotoxin va sau cing 1a PTOX [149],
[150]. Trong nghién ctru nay, cic enzyme lién quan téi giai doan dau hinh thanh
coniferyl alcohol (monolignol) tir phenylalanine dugc x4c nhan bang con dudng sinh
téng hop phenylpropanoid (KEGG) (Hinh 1F, phu luc F) va duoc tom tit bang so d6
sau (Hinh 3.15)
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| * ;
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2.1.1.68 caffeic acid 3-O-methyltransferase
/ acetylserotonin O-
methyltransferase

Hinh 3.15. Cac enzyme lién quan t&i giai doan dau hinh thanh coniferyl alcohol

Giai doan sau ctia phan tmg sinh tong hop PTOX dugc xem la quan trong nhét
boi phan 16n cac chét trung gian quan trong, cac dan xuét c6 hoat tinh twong tu nhu
PTOX déu dugc hinh thanh & giai doan nay. C6 it nhat 9 gen tham gia vao qua trinh
chuyén hoa tir coniferyl alcohol dén PTOX bao g@)m: DIR, PLR, SDH, CYP719A23,
OMT3, CYP71CU1, OMTI, 2-ODD va DOP7H [86], [151] (Bang 1H, phu luc H).
Dua trén cac gen tuong déng o thuc vat (Hinh 2F, phu luc F) nhu PLR, SDH, 2-ODD,
CYP719A23, OMT3, CYP71CU1 va OMTI ¢6 lién quan dén co ché sinh téng hop


https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/phenylalanine
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/phenylalanine
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PTOX [86], nghién ctru ndy tién hanh tim kiém mot s gen twong dong tim dugc &

nam dé dy doan su c6 mit ciia chung trong hé gen nim (Hinh 3.16).

MO 4’7/\(\ - HL C ,(j, '\A | “/’T/\A :
v LY \ 4. /
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Hinh 3.16. Cac gen tham gia vao qua trinh chuyén ho4 tir coniferyl alcohol dén
podophyllotoxin

Dé xac dinh cac gen chinh lién quan dén con duong tong hop PTOX &
Penicillium herquei HGN12.1R, ching t6i dd sang loc va tim kiém cac gen tng vién
trong hé gen bang cach sir dung tim kiém BLASTP (v6i gi6i han gid tri E 13 1e-05)
v6i 10 gen trong thuc vat va 01 gen tir nAm (gen VdtD) sir dung lam gen tham chiéu
(Phy luc H). VdtD, mot gen duy nhat duoc tim thiy & ndm, c6 chiic ning tuong tu
nhu gen dirigent (DIR) & thuc vat. Lya chon céac lan truy cap BLASTP c6 gia tri
ngudng E <le-10 va két qua duoc xac minh bang co sé dir liéu Pfam, két qua phat
hién tong cong 517 gen twong dong tir hé gen HGN12.1R, trong d6 c¢6 91 gen SDH,
79 gen CYP71BES54, 73 gen CYP82D61, 70 gen CYP719A23, 54 gen CYP71CUI,
48 gen VdtD, 22 gen OMT3, 19 gen OMT1, 4 gen 2-ODD va 1 gen PLR. Théng ké

két qua tim kiém cac gen twong dong duoc néu trong Bang 3.16.
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Bang 3.16. Thong ké két qua dy doan cac gen lién quan dén con dudng sinh tong hop
podophyllotoxin & Penicillium herquei HGN12.1R giai doan tir coniferyl alcohol t&i
podophylotoxin (E-value <1¢™'9)

Gen trong thire vat va nAm H¢ gen HGN12.1R

S6 lwegng | % twong

STT i . ban sao gen | dong (toi
Ma Ky hiéu Mo ta gen L 2.
c6 trinh tw | thiéu- toi
twong dong da)
Secoisolariciresinol
1 SDH 91 23.7-35.6
dehydrogenase

Desmethyl-deoxy-
2 | CYP71BE54 _ 79 20.1-32.6
podophyllotoxin synthase

Demethylepipodophyllotoxi

3 CYP82D61 73 22.9-35.2
n synthase
4 | CYP719A23 Pluviatolide synthase 70 20.7-33.9
5 | CPY719A24 Pluviatolide synthase 66 20.2-30.9
6 CYP71CU1 | Desmethylyatein synthase 54 20.3-31.2
. Inactive carboxylesterase-
7 VdtD , , 48 23.2-38.9
like protein VdtD
Pluviatolide O-
8 OMT3 19 22.0-32.1
methyltransferase

Desmethyl-yatein O-

9 OMT1 12 25.7-31.9
methyltransferase
10 »-ODD Deoxypodophyllotoxin 4 26.9
synthase

Bifunctional pinoresinol-
11 PLR L 1 26.7
lariciresinol reductase
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3.3. Xdc dinh diéu kién thich hop cho sin sinh podophyllotoxin va cic din xuat
tir Penicillium herquei HGN12.1R bang cong ngh¢ 1én men

3.3.1. Anh hwéng ciia méi truong

Qua trinh 1én men dugc tiép giéng dau vao 1a 5%, tudi giéng tir 48-60h, nhiét
d6 25 °C trén méi trudng PDA. Quan sat sy sinh truong ctia ndm cho thiy trong 2-3
ngay dau, cic chung nim ¢ giai doan pha log va sinh truéng ting dan. Bit dau tir
ngay thir 4, cac hat pelet nam xudt hién véi toe do tang vot, ban dau tron nho li ti, sau
kich thudc tang dan. Trén cac moi truong khac nhau, mau sic dich va kich thudc hat

nam cling khac nhau.

Két qua néu trong Bang 3.17 chi ra khi thay d6i thanh phan mai truong, so voi
d6i chimg PGA, ham lugng sinh khéi nAm thay d6i rd rét. Sinh khéi ting manh & moi
truong PDA. Chung ndm nay cho thay su thich nghi t6t v6i ngudn dudng dextrose,
dan dén viéc khi diéu chinh thanh phin dudng trong méi trudng (so véi ddi chimg),
sinh trudng di ting dang ké tir 9,45+ 0,08 g/11én 14,09+ 0,06 /1. Hinh anh TLC ciing
cho thiy qua trinh 1én men sinh tong hgp PTOX va cac dan xuét kha quan vé6i da dang
bing vach so voi chit chuan PTOX (Hinh 3.17).

Chung t6i d3 lya chon mai truong 1én men PDA cho cc nghién ciru tiép theo.
Céc hinh anh sinh khéi twoi (Hinh 1G, phu luc G) va sinh khdi khé (Hinh 2G, phu
luc G) duoc thé hién trong nghién ctru nay.

Bang 3.17. Vai trd cia méi trudng nudi cdy téi sinh trudng cua Penicillium herquei
HGN12.1R

Mau sic dich nudi Sinh trudéng cua nim
Moi trwong R ’ .
o cay, hinh dang sinh
nudi cay .z
khoi nam SKT (g/1) SKK (g/1)

PGA Cam vang, hat nhé 265,61+ 0,06 9,45+ 0,08

Zhao Xanh, hat nho 1i ti 220,04+ 0,07 11,48+ 0,09

PDA Cam vang, hat nho 350,09+ 0,08 14,09+ 0,06

YMA Vang, hat to 140,06+ 0,05 6,07+ 0,02

Sabouraud broth Vang, hat to 125,32+ 0,07 5,59+ 0,03

Czapek-Dox Cam vang, hat nhé 27,82+ 0,09 0,87+ 0,06
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-

99
P » 9 w93
Hinh 3.17. TLC xé4c dinh sy ¢6 mit ctia Chat/tién chat & cac méi truc‘rng khac nhau
anh hudng to1 sinh trudng cua Penicillium herquei HGN12.1R (duong so 3: Czapek-
Dox, duong s6 4: PDA, duong so6 5: Zhao, duong s6 6: YMA, duong s6 7: PGA, duong
s0 8: Sabouraud broth, duong s6 9: Chat chuan PTOX, duong s6 10: BC-)
3.3.2. Anh huéng ciia pH va nhiét do

Nhiét d6 déng vai trd quan trong trong viéc anh huong dén qua trinh sinh
trudng, sinh san va phat trién cta vi ndm [152]. Qua trinh 1én men duoc tiép gidng
dau vao 1a 5%, tudi gidng tir 48-60h, nhiét 46 25 °C trén moi trudng PDA. Céc két
qua tir Bang 3.18 cho thiy cac ching phat trién t6t nhat & 25 °C, ddy ciing 13 nhiét do
t61 wu dé san sinh PTOX va céc dan xut cia no.

Bang 3.18. Anh hudng ctua nhiét do dén kha ning sinh truéng cuia nAm HGN12.1R

Nhhiét do Sinh khéi twoi (g/1) Sinh khéi khé (g/1)
22 °C 266,50 + 0,15 10,06 + 0,10
25 °C 332,37 + 0,12 13,04 + 0,04
28 °C 301,66 + 0,07 12,96 + 0,11
32°C 270,35 + 0,17 11,22 + 0,01

-

22°C 25°C 28°C 32°C

Hinh 3.18. Anh hudng cia nhiét do toi sinh trudng, mau sdc cia nam HGN12.1R
Trén co so d6, moi truong duge diéu chinh pH lan lugt tir 5 dén 8, qua trinh

1én men duoc tiép gidng dau vao 1a 5%, tudi gidng tir 48-60h, nhiét do 25 °C trén moi
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truong PDA két qua cho thay pH thich hop cho ching HGN12.1R 1a 7,0 va ham
luong sinh khdi kho dat 13,76 + 0,05 g/l. Pay ciing 13 pH tét nhat cho sinh tong hop
chat/tién chat PTOX cua Penicillium herquei HGN12.1R (Bang 3.19)

Bang 3.19. Anh hudng ctia pH dén kha ning sinh trudng cua Penicillium herquei
HGNI2.1R

pH Sinh khdi twoi (g/1) Sinh khdéi khé (g/1)
pH 5 253,58 £ 0,05 10,08 + 0,01
pH 6 298,74 + 0,12 12,34 £ 0,19
pH7 340,36 + 0,08 13,76 + 0,05
pH 8 300,55 + 0,05 12,52 + 0,15

Hinh 3.19. Anh huéng cua pH t6i sinh trudng, mau sic cia nam HGN12.1R

3.3.3. Anh huéng ciia thoi gian nhan gidng va ty 18 gidng

Téc d6 sinh truong cua ndm trong méi truong dich thé phu thudc nhiéu vao
thoi gian nhan gibng va ty 1& gibng gdc duoc ciy vao. Cac yéu td nay tac dong truc
tiép dén mat do va kich thudc ciia nim, tir d6 anh hudng dén toc d6 sinh truong téng
thé. Trong thi nghiém nay nim duogc dinh ky thu & cac mdc 24, 36, 48, 60 va 72 gio
trude khi chuyén vao méi trudng nudi cdy.

Bang 3.20. Anh hudng cia thoi gian nhan giéng dén kha nang sinh trudng cia
Penicillium herquei HGN12.1R

Chi tiéu

. 24 h 36 h 48 h 60 h 72 h
theo doi

SKT (g/1) (119,48 +0,05|195,95 +0,12{290,08 + 0,04|318,93 £+ 0,06(239,23 = 0,10

SKK (g/l) | 4,45+0,07 | 6,90+ 0,03 | 10,03 £+ 0,06 | 12,95+ 0,08 | 8,09 + 0,10
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Két qua & (Bang 3.20) cho thy ching Penicillium herquei HGN 12.1R c6 thoi
gian nhéan giéng thich hop & thoi diém 48-60 gid, néu ngan hon hodc dai hon déu anh
hudng t6i kha nang sinh trudng ciia cac chung nam, Trudc 48 gio, sinh khéi tao thanh
chua nhiéu, vi nAm vira qua giai doan thich nghi véi méi trudng, néu chuyén vao binh
1én men thi gidng phai mat mot khoang thoi gian thich nghi, bén canh d6 lwong sinh
khéi qua it c6 thé 1am giam hiéu sut 1én men, ting nguy co tap nhiém. Sau 72 gid
nudi cdy, cac té bao vi nAm da phat trién gan hét pha logarit va chuan bj bt dau pha
can bang, lic nay chuyén giéng vao méi trudng 1én men, giéng s& khong phat trién
manh, vi vy viéc tich liy sinh khbi va PTOX s& kém. Vi vdy, gidng ¢ giai doan 48-
60 gid da phat trién va tao sinh khoi nhiéu, khi chuyén sang méi trudng 1én men giong
s€ tiép tuc phat trién manh tao diéu kién cho sinh téng hop PTOX tdt hon.

Hinh 3.20. Luong sinh khéi ndm hinh thanh & cac thoi gian nhan giéng
khac nhau ctua chung Penicillium herquei HGN12.1R

Bén canh d6, ty 18 giéng gdc cAy vao méi truong dich thé ludn 1a mot trong nhitng
yéu td quan trong anh huong dén téc do sinh truong cua gidng, t6i mat do va kich
thude cia hat nAm. Trong nghién ctru nay, ty 1& gidng duogc cdy tinh theo ty 1& voi
moi truong nudi cdy, cac mirc do gidng cay cho méi trudong bao gom: 1%; 3%, 5%,

7%, 9% giéng cap 1 so vdi moi trudng nudi cay.
Bang 3.21. Anh hudng cia ty 1é giong dén kha nang sinh truong va sinh tong hop
cua Penicillium herquei HGN12.1R

Chi tiéu
theo doi

1% 3% 5% 7% 9%

SKT (g/1) (200,52 + 0,06 |244,45 + 0,07| 335,07+ 0,09 |261,1 = 0,08| 174,1 + 0,09

SKK (g/l) | 7,45+0,07 | 8,05+0,08 | 13,12 +0,08 | 14,53 £0,04| 8,55=+0,10
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Tir két qua & (Bang 3.21) cho thay, ty 1& giong thich hop nhat 1a 5% khi d6 ham
luong sinh khdi kho ctia ndm 16n nhat, khi ning ty 18 giéng 1én 7% thi ham lugng
sinh khéi kho ctia ndm ciing chi cho su tich liy sinh khéi twong dwong, bén canh d6
vé mit kinh té thi 5% vira tiét kiém lai hiéu qua. Khi 1én men & quy mé 16n hon thi

% nhan giong co6 thé cao hon va can c6 budc khao sat thém.

< pphnnt,

7 5 Tinhkbad
‘ (o b !

2. Tirdiiu
- en

1% 3% 5% 7% 9%

Hinh 3.21. Anh huong % nhan gidng tdi kha ning sinh trudng cta ching
Penicillium herquei HGN12.1R

3.3.4. Anh huéng ciia d9 thong khi dén kha ning sinh trudng ciia cic chiing nim

Trong nghién ctru ndy chiing t6i khao sat s6 vong lic 1an luot 1a 100, 120, 150,
200 vong/phut ciia dong ndm trén PDA 16ng, pH 7, nhiét d6 25 °C, thoi gian 5 ngay,
tudi giéng 48-60h, ty 1é tiép gidng 5%, két thiic qua trinh 1én men 1y mau ra can va
sdy kho sinh khéi dén trong lwong khong ddi. Két qua thu duoc cho thdy & (Bang
3.22), sinh khdi ndm tao thanh ting dan khi tdc d6 lic ting dan tir 100-150 vong/pht,
khi d6 céc hat pillet ddng déu, Sau d6 khi 1én dén 200 vong/phit thi luvong sinh khéi
thu duoc tiép tuc ting nhung chénh khong dang ké so véi tée do lic & 150 vong/phut
cho lugng sinh khéi kho 14,02+ 0,03 g/l.

Bang 3.22. Anh hudng cia téc d6 lac dén kha niang sinh truong ciia Penicillium
herquei HGN12.1R

Chi tidu theo Toc do lic (vong/phut)

doi 100 120 150 200
Sinh $?)1 WO | 916,85+ 0,08 | 309,45+ 0,11 | 345,37 £ 0,08 | 350,23 + 0,07
Smh(lg/ll‘)” KhO | 6932011 | 12,75£0,06 | 14,02£0,03 | 14,18+ 0,09

Song song v&i do6, thé tich moi truong nudi/ thé tich binh dugc khao sat cy thé 1a
5; 10; 15; 20; 25 va 30 % (v/v) dé xac dinh dugc diéu kién cung cap ham lugng oxi

hoa tan, toc d6 thong thoang cho nam phat trién va san xuat cac hop chat thir cap co




77

gia tri kinh té cao. Tirkét qua (Bang 3.23) cho thay % thé tich dich 1én men anh hudng
dang ké toi su sinh truong ciia nam, véi 5-15% lugng sinh khdi ting dan tuy nhién
khi thé tich 20% thi sinh truéng cua nam dat cuc dai, khi tang lugng dich 1én 25%,
30% thi toc d6 sinh truong ciia nAm gan nhu khong thay doi.

Bang 3.23. Anh hudng cta thé tich méi truong nudi/thé tich binh dén kha nang

sinh trudng cua Penicillium herquei HGN12.1R

Chi ticu Thé tich méi truwong nudi/ thé tich binh % (v/v)

theo doi 5 10 15 20 25 30
Sinh khéi | 289,37+ | 309,42+ | 332,40+ | 341,23 + | 346,24 + | 339,55 +
twoi (g/1) 0,07 0,10 0,07 0,07 0,02 0,07
Sinh khéi | 7,92 + 11,74+ | 12,02+ | 1436+ | 14,78+ | 14,48+
khé (g/) 0,05 0,04 0,07 0,08 0,07 0,10

3.3.5. Anh hwéng ngudn cacbon, nito, mudi khoing téi sinh truéng cia
Penicillium herquei HGN12.1R

Trong nghién ctru ndy, sau khi Iyra chon dugc moi truong 1én men & trén, ching
to1 thay doi nguén cacbon (Tinh bot, dextrose, D-maltose, sucrose, mannitol, inositol)
va nito (Cao nAm men (CNM), Cao thit, cao thit bo, pepton, NH4sNOs, (NH4)2SO04),
ngudn mudi khoang (MgSOs. 7TH,0, KoHPO4 va KCI) véi ham luong twong tu va
danh gia s anh hudng cua ching t6i sinh truéng cua hé soi ndm. Két qua duogc thé

hién & cac bang sau day.

Bang 3.24. Anh hudng ciia ngudn cacbon tdi sinh trudng cua Penicillium herquei
HGN12.1R

o Anh hwéng ciia ngudn cacbon (g/1)
Chi tieu b
theo doi Tinh bt | Dextrose - Sucrose | Mannitol | Inositol
maltose

Sinh khéi 302,23+ | 352,89+ | 270,17+ | 280,08 | 265,43 + | 268,15
tuoi (g/1) 0,05 0,03 0,09 +0,13 0,08 + 0,07
Sinh khoi 13,68+ | 1545+ | 12,12+ [12,46+ | 11,89+ [11,95+
kho (g/1) 0,07 0,04 0,11 0,09 0,06 0,12
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Hinh 3.22. Sic ky 16p mong (TLC) cta chiét xuit ndm trén cic mdi truong co
ngudn dudng khac nhau (Pudng sb 1: Inositol, duong s6 2: Mannitol, dudng sb 3:
Tinh bot tan, duong s6 4: Sucrose, duong s6 5: D-maltose, duong 6 6: Chat chuan-
PTOX, duong s6 7: BC (-), duong sd 8: Dextrose)

Carbon 1a mot thanh phan thiét yéu cdu tao nén cac loai dudng nhu
monosaccharide, disaccharide va polysaccharide, dong vai tro 1a ngudn ning luong
chinh cho sy sinh truéng cua té bao [153]. Tir Bang 3.24 cho thiy, chung ndm lén
men tot trén ca 6 ngudn duong thay thé, tuy nhién voi ngudn dudng 1a dextrose hé
SO1 nam phat trién tot hon, sinh khdi kho dat 15,45+ 0,04 g/l cao nhét, sau d6 dén tinh
bot, 04 ngudn dudng con lai hé soi ndm sinh tredng mong hon va trong ddi nhu nhau.
Céc két qua dinh tinh trén ban TLC ciing cho két qua tuong tmg, so voi chat chuan
PTOX ¢ dudng sb 6 thi ngudn dudng dextrose cho vach rd rang, dam nét va clng
nhiéu san phdm phuy c6 thé 1a cac dan xuat cia PTOX. Do d6, ngudn dextrose duoc

Ira chon 1am ngudn dudng thich hop nhit cho nAm Penicillium herquei HGN12.1R.

Bang 3.25. Anh huéng ctia ngudn nito téi sinh trudng cua Penicillium herquei
HGNI2.1R

Anh hwéng ciia ngudn nito (g/1)

Chi tiéu Cao thi

theo ddi | CNM | Cao thit ag; it Pepton | NH4sNO;s; | (NH4)2SO4
Sinh khéi | 223,15 | 340,11+ | 345,05+ | 305,52+ | 150,23+ | 121,49+
tuoi (g/1) + 0,05 0,03 0,09 0,10 0,17 0,08

Sinh khéi | 9,86+ | 1521+ | 1535+ | 13,55+ 6,95 + 5,78 +
khé (g/1) 0,07 0,09 0,05 0,06 0,04 0,10
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Cao nim men NH,NO, (NH,),SO,

Hinh 3.23. Anh hudng cua cic ngudn nito khac nhau téi sinh trudng cua ching
Penicillium herquei HGN12.1R

(=

.Q A &“{Qf:?

Hinh 3.24. Sic ky 16p mong (TLC) cta chiét xuat nam trén cac ngudn nito khac

nhau (Pudng s6 4: CNM, dudng sd 5: Cao thit, dudng sé 6: Chat chuan-PTOX,

duong s6 7: BC (-), dudng sb 8: Cao thit bo, dudng sd 9: Pepton, dudng sb 10:
NH4NOs;, duong s6 11: (NH4)2SO4)

Nito dong vai trd c¢dt yéu, cung cap nguyén liéu cho té bao nim dé téng hop
cac amino acid, protein va chitin- thanh phan chinh cua cua thanh té bao sgi ndm.
Néam c6 kha ning sir dung da dang cac ngudn nito, bao gdm ca nito v6 co va hiru co.
Céc nghién ctru di chi ra rang ngudn nito hitu co va vo co tao ra sy khac biét dang ké
trong viéc hd tro phat trién cua hé sgi ndm [154]. Pang chu ¥, hau hét cac loai ndm
déu tan dung t6t cac ngudn nito phirc tap nhur cao nAm men va peptone (cao chiét xuat

tir thit bo). Peptone dugc ghi nhan 1a ngudn nito tdi wu cho sinh truéng ciia nAm
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nhong trang ha thao [155]. Trong nghién ctru cta chung t6i, két qua ciing cho thiy
ngudn nito hitu co thich hop vdi sinh trudng va sinh tong hop Chat/tién chat PTOX
cua chung nam. Thay thé nguén CNM bﬁng 1 trong 3 loai cao thit, cao thit bo va
pepton déu cho két qua tot.

Mudi khoang 1a mot phan quan trong cua té bao, chiém khoang 2-5% khdi
luong kho. Chung ton tai dudi dang cac mudi nhu sunfat, phosphat, cacbonat, va
clorua, nhung trong té bao lai chu yéu & dang cac ion. Céc ion nay luén duy tri mot
ty 1é can bang dé dam bao do pH va ap suat tham thau on dinh, tao diéu kién thich
hop cho su sdng cua vi sinh vat. Trong nghién ctru ndy ching toi lya chon b sung

0,25g/1 cho mdi ngudn khoang theo [141]

MgSO4. 7TH20 K,HPO, KCl

Hinh 3.25. Anh huéng cta ngudén mudi khodng t6i sinh trudng cta Penicillium
herquei HGN12.1R
Bang 3.26. Anh huong ctia ngudn mudi khoang tdi sinh trudng ctia Penicillium
herquei HGN12.1R

Anh huéng ciia ngudn mudi khoang (g/1)
Chi tiéu theo doi
MgSO4. TH20 K>2HPO4 KCl
Sinh khéi tuoi (g/1) 330,16 = 0,05 287 + 0,06 273 £0,15
Sinh khéi khé (g/1) 15,05 £ 0,05 13,66 + 0,04 12,89 £ 0,08

T s6 liéu trén cho thiy chung Penicillium herquei HGN12.1R thich hop véi
ngudn dudng dextrose, ngudn nito hitu co nhu cao thit bo (c6 thé thay thé cao thit
hoic pepton) va nguén mudi khoang MgSOa. 7H,0.

3.3.6. Anh huwéng cia tién chit dén sinh trudng ciia cic chiing nim

Trong nghién ctu ctia [156] dd nghién ciru anh hudng cia tién chat
Phenylalanine va chiét xuat thyc vat 1én sinh truong va sinh tong hop PTOX cua 1
chung ndm ndi sinh F. proliferatum TQN5T. Theo d6 ham luong PTOX va sinh khéi

nam tang dang ke so voi moi truong 1én men ban dau. Trong nghién ctru nay, chiét


https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=948311
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xuat BGL hoic Phenylalanine duogc bd sung voi ham luong 10 pg/ml sau 3 ngay nudi
cy nam. Két thuc thoi gian 1én men ham lugng sinh khdi ndm duoc kiém tra va xac
dinh sy san sinh PTOX bang phuong phap TLC. Két qua dugc néu & (Bang 3.27) va
(Hinh 3.26).

Bang 3.27. Anh hudng cta tién chat téi sinh trudng cta Penicillium herquei
HGN12.1R

Anh hwéng ciia tién chat (ng/ml)
Chi tiéu theo doi —
Phenylalanine Chiet xuat BGL
Sinh khéi kho (g/1) 14,96 £ 0,05 15,58 + 0,14
Sinh khéi tuoi (g/1) 339,31+ 0,07 356,86 + 0,09

So sanh tac dung lam ting sinh truéng cua 2 tién chat trén, chung toi thiy ring
C4 hai tién chat déu cho théy tac dung tich cuc 1én tdc do sinh trudng cia ching nam
trong qué trinh 1én men. Mic du vy, chiét xuit BGL van cho hiéu qua hon. Tuy
nhién, chiét xudt BGL khong phai liic nao ciing san, hon nira loai thyc vat nay hién
dang nam trong sach do dang can dugc bao ton. Vi vay viéc bo sung tién chit kich

thich ting trudng va sinh tong hop PTOX uu tién v6i lwa chon Phenylalanine.

1 2 3 4

Hinh 3.26. Sic ky 16p mong (TLC) anh hudng cua tién chét téi 1én men ching
Penicillium herquei HGN12.1R (Puong s6 1: Chiét xuat thyc vat, dudng so 2:
Phenylalanine, duong s6 3: Chat chuan-PTOX, dudng s6 4: DC (-))
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3.4. Lén men, thu héi, xac dinh cau tric va dinh gia hoat tinh sinh hoc ciia cac
hop chat tir Penicillium herquei HGN12.1R

3.4.1. Dong thai qua trinh lIén men

Sau qué trinh nhan gidng 5% vao moi truong 1én men bang bom nhu dong.

Diéu kién 1én men ban dau: pH 7,0; nhiét do 25 °C; toc do khudy 120 vong/phit; toc

d6 thoi khi 1vvm. Theo ddi qué trinh 1én men va xac dinh cac thong s sinh khdi twoi,
sinh khdi kho, sy thay doi pH va su san sinh Chét/tién chat PTOX. Két qua cho thay,
sinh khéi ndm tang tir 12h — 120h va dat dinh diém tai mdc 144h. Phuong phap TLC
cho thiy sau 72h 1én men ching ndm bét dau sinh PTOX va & thoi diém 144h-168h

su tich iy PTOX dugc cho 1a t6i wu khi chiét xuat ndm c6 mau gan tuong tu véi miu

chuan PTOX, lugng sinh khéi ¢ thoi diém nay ciing dat ngudng 6n dinh, sau 168h
sinh khéi ndm 6n dinh va két qua TLC khong cho thiy c6 sy thay doi ¢ 192h. Chi s

pH cta méi trudng giam dan trong 48h dau va téi 72h dat pH= 5,5 sau d6 duy tri 6n

dinh.

Bang 3.28. Dong thai 1én men cua chung Penicillium herquei HGN12.1R

trén thiét bj 1én men 5-10 lit/mé.

T'l‘n":f‘(ag‘l’;)e“ pH Sinh khéi twoi (g/) | Sinh khéi kho (g/1)
12h 7,0 91,09 + 1,83 4,05 + 0,12
24h 6,5 130,14 + 1,47 6,03 £ 0,53
48h 6,0 199,35 + 1,24 8,85 + 0,86
72h 5,5 222,07 + 1,14 10,65 + 0,73
96h 5,5 284,05 + 1,64 12,60 + 0,84
120h 5,5 310,08 + 1,35 14,80 + 0,94
144h 5,5 365,36 + 1,60 16,19 = 0,73
168h 5,5 366,45 + 0,54 16,05+ 0,10
192h 5,5 365,98 + 1,14 15,99 + 0,17
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m Sinh khdi khé trung binh (g) = pH

12k 24h 48h 72h S5h 120k 144h

16Eh 152h

B G

Sinh khdi khd (g/)
[ ] [ £ - o [E=] E F;

Thii gian [én men (h)

Hinh 3.27. Biéu d6 dong thai 1én men Penicillium herquei HGN12.1R

Hinh 3.28. Sic ky 16p mong (TLC) cta chiét xudt ndm theo thoi gian 1én men trén
hé théng 5-10 lit/mé (Ban 5: dudng sb 1-8: twong tng 12h -168h, dudng s 9:
PTOX, duong s6 10: BC (-), dudng s6 11: cao chiét BGL; Ban 6: duong s6 3: 192h,
duong sé 4: PTOX, dudng s6 5: BC (-))

Duya trén két qua cho thay luong hoat chét tich lily twong duwong nhau & thoi
diém 144h va 168h, chiing t6i da quyét dinh chon 144h 1a thoi gian 1én men t6i uu.
Lua chon nay gitp tiét kiém dang ké dién nang, thoi gian va cong sirc lao dong ma

van dam bao hi€u qua san xuat.
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Hinh 3.29. Cac cong doan 1én men, thu hdi san pham va chiét xuit nAm
Penicillium herquei HGN12.1R
(1: Vao mau; 2: Tiép gidng; 3: Diéu chinh céc thong s6 1én men; 4 va 5: Thoi
gian 1én men 12-24h va 144-168h; 6,7: Thu hdi; 8,9: Sinh khdi nim siy kho;
10: Chiét methanol; 11: Cao chiét)

3.4.2. Tach chiét, tinh sach va x4c dinh cAu triic cic hop chit

Str dung 45 g chiét xuat methanol kho tir Penicillium herquei HGN12.1R (ky
hiéu: VN12C) duoc phan bd déu trong nude (500 ml) va chiét phan 16p lan lugt véi
cac dung moi hitu co n-hexane, ethyl acetate va methylene chloride (3 x 500 ml cho
mdi dung méi) dé thu duoc cac chiét xuit tuong tmg (195 mg, 1,143 g va 2,577 g
twrong tmg) va phan dich nudc (Hinh 3.30). Phan doan methylene chloride VN-12C -
D (2,577 g) dugc dua qua cot silica gel pha ddo (ODS-A, YMC) véi hé dung méi rira
giai gradient MeOH-H,O (1/2, v/v) dén 100% MeOH dé thu duoc tam phan doan (ky
hiéu: D1 — D8) (Hinh 3.31).
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[ Cian MeOH ]
45p

| Chict phan bo Hexan/H,0: 1/1, 3 lan

¥

Cin Hexan
VIN-12C — H (195mg)

[C_:_'Jn chiet mrt'r_c_]

Chiét phin bo CHLCly / Hy0 2 171, 3 lin

Cin EloAc Ci hi .-t .
VN-12C — E (1.143 g) 4n cliet mroe

Chiét phin béd CHLCls AHs0: 171, 3 lin

Cén Diclomethan Cin chiét .
VN-12C - D (2.577 g) an chiet nuoc

l diaion
100% H.0 WL 050 100 M
£ 3
sl

Hinh 3.30. So do chiét phan 16p cua mau VN-12C

VN-12C-D

(2577

%ilicage] RP-18,00
Sokvent: MW(1/2-1/1-100%:0D

l | |

D1-D4 D5-Da D7-D3
S0mg 60mg
HPLC, W HPLC, &W
aai54 B335
VIN-12C-03 D7C
(5 mg) {15 mg)
HPLC, LW
545
VIN-12C-06
{6 mg)

Hinh 3.31. So d6 chiét phan lap hop chat tir phan doan VN-12C-D

Céc phan doan D5 va D6 cho théiy cac vét tuwong tu trén ban TLC va dugc két
hop cling nhau chay HPLC (Agilent 1260 Infinity IT) v&i hé dung moi rira giai dang
dong acetonitrile-H>0 (66/34, v/v) thu duogc hop chat VN12C - 03 (5 mg).

Cac phan doan D7 va D8 dugc két hop dua trén két qua TLC va dugc chay
HPLC hé dung moi rira giai acetonitrile- H.O 65/35 (v/v) dé thu dugc phan doan
D7C. Tl phan doan D7C duoc tiép tuc chay HPLC hé dung méi rira gidi acetonitrile-
H>0 57/43 (v/v) dé thu dugc hop chat VN-12C - 06 (6 mg).
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Cac hop chat duoc do trén may quang phd FT-NMR AVANCE NEO 600
(Bruker, Buc), Vién Hoa hoc, Vién Han 1am Khoa hoc va Cong ngh¢ Viét Nam xac
dinh hop chat tinh khiét VN-12C-03, VN-12C-06 tuong tw nhu PTOX.

Phan dich nuéc duoc tién hanh sic ky cot diaion HP-20 thu dugc 3 phén ki
hiéu 1a W1, W2, W3. Tuy nhién, sir dung cac phuong phap sic ky két hop nhu TLC,
CC, HPLC ddi voi cac phan doan dich nudc cling nhu cac phan doan khac khong thu
duoc hop chét sach.
3.4.2.1. Xdc dinh cau triic phan tir ciia hop chdt VN-12C-03

Chung t6i da phan lap thanh cong hop chit VN-12C-03 duéi dang bot tring.
Pé xac dinh cau trac ctia nd, chung toi sir dung cac ky thuat phd cong hudng tir hat
nhan (NMR), bao gdm 'H NMR, *C NMR va céac ph hai chiéu nhu HSQC, HMBC
(Hinh 11, 21, 31, phu luc I).

Dua trén két qua phan tich phd va dbi chiéu véi cac tai liéu tham khéo, ching
t6i xac dinh VN-12C-03 chinh 13 a-Peltatin, mot din xuét da biét ciia hop chat muc
tiéu PTOX. Hop chat nay c6 cong thirc phén tir 1a Co1H200s va khdi luong phén tir 14
400 g/mol.

1'é H O

HsCO 7~ “OCHs
OH

Hinh 3.32. Ciu tric phan tir ciia hop chat VN-12C-03
3.4.2.2. Xdc dinh cdu triic phan tir ciia hop chdt VN-12C-06

Hop chat VN-12C-06 dugc thu nhan dudi dang bdt mau tréng. DPé lam sang to
cAu tric phan tir ctia nd, chung toi da tién hanh cac phan tich phd cong hudng tir hat
nhan (NMR), bao gdm pho 'H va *C NMR cuing véi cac thi nghiém tuong téc 2 chiéu
nhu HSQC va HMBC (Hinh 41, 51, 61, phu luc I).
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Céc dit liéu phd nay da duogc so sanh can than v6i phod cia cac lignans di biét,
dic biét 1a B-Peltatin. Tir cac phén tich siu va d6i chiéu véi tai liéu tham khéo, hop
chat VN-12C-06 di duoc xac nhan 13 B-Peltatin, véi cong thirc phan tir C22H220s va
khéi luong phan tir 414 g/mol. Viée xac dinh B-Peltatin 12 quan trong, boi hop chat

nay ciing 12 mot dan xuat cia PTOX, mot thanh phan muc tiéu trong nghién ctru nay.

OH

H

H,CO 7 “OCH;
OCHs

Hinh 3.33. Céu tric phan tir ciia hop chat VN-12C-06

3.4.3. Panh gia hoat tinh sinh hoc ciia cac hop chit
3.4.3.1. Két qua déanh gid hoat tinh chong oxy héa theo phirong phdp loai goc tir do
DPPH

Mau thtr dugc pha stock trong DMSO 6 ndng d6 2 mg/ml. Sau d6 duoc pha
thanh dai néng d6 thtr mau nhu sau: 0,8; 4; 20 va 100 pg/ml véi nude cat khir ion.
DPPH pha trong methanol (100%) nong d6 0,25 pM. Hat 1ml mau nghién ctru da pha
& cac nong do vao 6ng thuy tinh. Mdi nong do thir chat duoc lap lai 3 1an. Thém 1ml
dung dich DPPH d4 chuan bi & trén vao cac dng di c¢6 san mau nghién ctiru. Ong ddi
chtng, khong c¢6 mau thir chi ¢6 Iml nudc va Iml DPPH. U & nhiét do phong trong
30 phut. Cac két qua vé gia tri ECso (ndng d6 mau thir can thiét dé trc ché 50% gdc
tu do DPPH) ctia cic phan doan chiét duoc trinh bay & (Bang 3.29).
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Bang 3.29. Gia tri ECso ctia cac chat phan lap tir chung HGN12.1R

Néng db % oxi héa goc tw do DPPH
(ng/ml) VN12C.03 VN12C.06 Resvetrol
100 76,98+0.05 69.130.07 70,610.005
20 70,19+1.05 68,42:0.05 68.96+0.015
4 38,24+0.05 12,6140.25 67,430,025
0,8 14,29+0.35 7,88+0.12 66.60:0.008
ECso 6,44+0,41 18,75+1,11 0.0540,006

Kha ning trung hoa gdc tuw do DPPH cta mau thir thé hién qua viéc 1am giam
mau DPPH, duoc xac dinh bang phép do d6 hip thu quang & bude séng 517 nm trén
may doc ELISA. Thi nghiém duoc tién hanh vé&i cac ndng do chat thir thay doi tir 0,8;
4; 20 va 100 pg/ml. Resvetrol (hop chat polyphenol) chiét xuat tir qua Nho duoc st
dung 1am d6i chting cho thi nghiém. Nhin chung, dbi véi tit ca cac phan doan
(VN12C.03, VN12C.06) va Resveratrol, phan trim tc ché gbc tr do DPPH ting 1én
khi ndng d¢ ting 1én. Didu nay 1a phi hop v6i co ché hoat dong cta cac chat chong

oxy hoa, khi ndng do cao hon s& c6 nhiéu phan tir hon dé trung hoa gdc tu do.
3.4.3.2. Két qua thir nghiém hoat tinh gdy doc té bao

Két qua gay doc voi dong té bao SK-LU-1: Ung thu phéi ¢ ngudi (human lung
carcinoma) dugc trinh bay & (Bang 3.30). Bang trinh bay phan trim tc ché té bao
trung binh (TB) va sai s6 twong (mg & cac nong d6 khac nhau (20; 4; 0,8; 0,16; 0,032
ng/ml) cho timg mau nghién ctru. Két qua cho thay cac mau nghién ciru da thé hién
hoat tinh gy doc té bao SK-LU-1 véi gia tri ICso tir 0,04 -18,61 pg/mL. Chat dbi
chtng duong Ellipticine hoat dong 6n dinh trong thi nghiém. Nhin chung, phan trim

uc ché c6 xu hudng giam khi nong do giam.
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Bang 3.30. Kha ning giy doc té bao ctia mau nghién ctru

Néng db Cao chiét Néng do Ellipticine
(ng/mL) TB Saisé | (ne/mL) TB Sai s6
20 55.10 1.43 10 95,27 2.14
4 53,46 0,32 2 76,18 1,10
0,8 51,67 1,17 0.4 49.16 1,08
0,16 49 45 0,09 0,08 22.42 0,98
0,032 17.05 1,78
ICso 0,2140,02 ICso 0,45+0,02
. Phén trim tc ché (%)
Nong d6 (ug/ml
ong d9 (ug/m) VN12C-03 VN12C-06
TB Sai sb B Sai sb
20 52.25 1,71 54,62 132
4 19.95 0,40 48,51 12,62
0.8 7.76 1,17 45,69 0,76
0,16 423 0,48 11,41 1,10
0,032 3,02 0,27 5.15 0,55
ICso 18.61+1,10 5.99+0,44
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Chuwong 4. THAO LUAN

4.1. Phan lap, dinh danh, sang loc va nghién ciru dic diém sinh hoc ciia chiing
nidm ndi sinh Penicillium herquei HGN12.1R tir cAy Bat Giac Lién sin sinh
PTOX va cac din xuit.

Trong nhiéu thap ky qua, ndm ndi sinh da tré thanh mot ngudn tai nguyén hia
hen cho viéc kham pha céac hop chét co hoat tinh sinh hoc méi, dic biét 1a cac loai
thudc diéu tri c6 ngudn gdc tir thuc vat. Kha ning tong hop cac hop chat gin giéng
vGi cac chat chuyén hoa cua vat chii khién chung trd thanh ngudn nguyén liéu tho
quan trong cho nganh cong nghiép dugc pham [157], [158]. Do dé, viéc nghién ctru
su da dang cua cac loai ndm lién quan dén cay thude 1a mot cach tiép can tuyét voi
dé kham phé cac ngudn vi sinh vat méi c6 kha ning san xuit cac hop chat cé gid tri
y hoc tir 1& cay Dysosma difformis [1], viéc khao sat ndm ndi sinh cu tra trong loai

thuc vat nay tré nén dac biét quan trong.

O nghién ctru hién tai, chung t6i da phan 1ap duoc 53 chung nidm ndi sinh tir
D. difformis tai hai dia diém Ha Giang va Lai Chau. Céc chung nay duoc dinh danh
dua trén quan sat hinh thai va giai trinh tu gen rDNA vung ITS, sau d6 xay dung cay

phat sinh loai bang phan mém MEGA 7 dé mé ta mdi quan hé phan loai.

Két qua dinh danh ban dau di ghi nhan sy hién dién cta hai chi Apiochitrum
va Ganoderma thudc nganh Basidiomycota trén cay than thao — day la nhiing phat
hién méi la ddi véi loai thuc vat nay. Pac biét, chung t6i phan loai Mucor sp. vao
nganh Mucoromycota thay vi Zygomycota nhu mo ta ctia Tan va cong su [13] phu
hop v6i hé théng phan loai gn day nhat di xép cac loai nAm Zygomycota vao céac
nganh Zoopagomycota, Mucoromycota va Glomeromycota [159]. Két qua phan tich
phat sinh loai da chiimg minh su thich nghi chuyén biét ctia cac loai ndm véi timg loai
mo va mdi trudng séng. Picu nay hoan toan nhat quan véi nghién ctru ciia Gupta va
cong su, khi ho chi ra réng dia diém thu thap, kich thuéc mau (doan mod céy), va vi
tri ctia nAm ndi sinh trong mo thyc vat déu 1 nhimg yéu t6 then chét dinh hinh quan
x3 nam noi sinh [160]. Piéu thu vi 13 cac chung Fusarium duoc phan 1ap trong 14 va
ré nam & cac nhanh khac nhau, diéu nay c6 thé dua ra gia thuyét 1a do su thich nghi
ctia vi sinh vat ndi sinh v6i cac mo khac nhau. Su khéc biét trong cdu tric cia ciy
phat sinh loai giita hai dia diém thu thap ciing chi ra ring cac moi trudong song khac
nhau c6 thé anh huong dén su tién hoa di truyén va da dang cua cac loai VSV noi

sinh séng trong D. difformis.
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Dé ¢6 cai nhin toan dién vé quﬁn x4 ndm ndi sinh va xac dinh cac nguén tiem
nang san sinh hop chat thir cap, viéc dénh gia cac chi s6 da dang sinh hoc 1a can thiét.
Cac mé hoidc dia diém c6 d6 da dang vi ndm ndi sinh cao c6 thé chira nhiéu loai ndm
doc dao voi kha ning san xuét cac hop chit co gia tri dugc lidu [161]. Cac nghién
ctru trude ddy da chi ra sy da dang cao ctia ndm noi sinh lién quan dén Catharanthus
roseus v6i chi s da dang Shannon va Simpson ciing nhu chi s6 gidu c¢6 Menhinick
dbi voi vo cay 1an luot 1a 1,47; 0,85 va 1,89 [162]. Katoch va cong sy dd bao céo cac
chi s6 da dang ctia quan thé ndm noi sinh dugc phan 1ap tir Monarda citriodora, cho
thdy su da dang cao va su phong phu vé loai trong 14 v6i chi sb phong pht Shannon,
Simpson, Margalef va Menhinick lan luot 1a 2,89; 0,944; 5,882 va 4,243 [132].

Trong nghién ctru nay, chung t6i ciing di danh gia cac chi sé da dang sinh hoc
ctia cong déng ndm ndi sinh lién quan dén D. difformis thong qua bay chi sé khac
nhau. Két qua cho thiy tinh da dang cua cac chung phan lap twong ti nhu quan thé
nam ndi sinh trong mé cua D. difformis & Ha Giang va Lai Chau. Cu thé, 27 chung
(50,94%) dugc phan lap tir ré, 12 ching (22,64%) tir than ciy va 14 chung (26,42%)
tir 14. Khi xem xét cac chi s da dang theo mé thyc vat, ré cdy cho thiy chi s da dang
Shannon (H) cao nhit (2,673), tiép theo 14 14 (2,162) va than (2,056) dugc néu trong
Bang 3.5. Tuong tu, chi sé giau Margalef (Dmn) ciing cao nhat ¢ ré (3,70), 14 (3,41)
va than (3,175). So véi cac nghién ctru trude ddy, két qua cua ching toi cho thay cac
gia tri cao dbi v6i chi sb da dang Simpson, chi sé da dang Shannon, chi sé gidu
Margalef va chi sd giau Menhinick, khang dinh tinh da dang cao ctia ndm noi sinh
lién quan dén D. difformis. Gia tri cao cua chi sb dong déu Pielou va gia tri thap cta
chi s6 théng tri Camargo va chi s6 da dang Shannon cho thiy cac mé hinh khac nhau
vé tinh dic hiéu mo. Mic du chi sb Simpson chi thé hién su théng tri cia mot sb loai,
chi s6 Shannon dugc danh gia cao hon vi xem xét ca tinh phong phu va tinh déng déu
ctia loai [161], [163]. Hé sb tuong dong ctia Sorensen, véi gia tri thip va gia tri trung
binh, biéu thi mic d6 twong dong thap va trung binh trong thanh phan loai ddi voi
cac mo va vi tri khic nhau, twong tng. Nhiing két qua nay ngu y rang: (i) Noi sinh
thé hién su hdp din khac nhau ddi voi cac mé khac nhau; va (ii) Su khéac biét & khu
vuc thu thap thuc vat co thé dan dén su khac biét trong cOng d@)ng vi sinh vat. Diéu
nay phi hop voi két luan ciia Gupta va cong su vé anh huong cua vi tri thu thap va vi
tri ciia nAm noi sinh trong mo thuc vat dén cong déng nam ndi sinh [160]. bay la bao
céo dau tién vé sy da dang ctia nAm ndi sinh cu tra trén D. difformis tai Viét Nam,

mang lai gia tri to 16n vé da dang sinh hoc va tiém niang duoc liéu tir ngudn gen dia
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phuong. Nghién ctru nay cung cap cai nhin toan dién hon vé hé vi sinh vat cia cdy
chu, khac biét v6i cac nghién ciru trude day von chi tap trung vao mot hodc hai chung
nam cu thé, chang han nhu F. solani dugc phan lap tit Podophyllum hexandrum san
xuat PTOX tai An D6 boi Nadeem [14] hay 4. fumigatus duogc phan lap tir Juniperus

communis san xuat DPTOX tai Dtrc bai S. Kusari [15].

Tir d6, chiing t6i tap trung kham pha tiém ning cua cac ching nim nay dé san
XUAt céc hop chit ¢6 hoat tinh sinh hoc. Cu thé, ching t61 da sang loc hoat tinh ctua
ching v&i muc tiéu tim ra ching wu viét nhat ¢6 kha niang san sinh PTOX va céc hop
chat twong ty cdy chi. Theo Tan va Zou nghién ciru, tir mot cay duy nhat phan lap
dugc hang tram loai VNNS va trong s6 do, it nhat mot loai thuong biéu hién tinh dic
hiéu véi vat chi [38]. Thtr nghiém doc tinh té bao cho thdy hoat tinh manh mé cua
sau chung phan 1ap bao gdm Penicillium sp. (HGN 12.1R), Penicillium sp. (HGN
13.1R), Trametes sp., Purpureocillium sp., Aspergillus sp. va Ganoderma sp. chong
lai ca ba dong té bao ung thu (SK-LU-1, HL-60 va HepG2). Hoat tinh giy doc té bao
trén dong té bao SK-LU-1 cua 53 chiét xuat ndm duoc trinh bay trong Bang 3.8, trong
d6 28 chiét xuit cho thdy hoat tinh tir 0,036 dén 80,23 pg/MI. Pic biét, chung
HGN12.1R thé hién hoat tinh gay doc té bao tuong ddi manh mé trén SK-LU-1. Khi
thir nghiém sau hon trén HL-60 va HepG2 thi HGN12.1R tiép tuc cho thiy hoat tinh
manh ddng thoi trén HL-60 voi IC50 130,013 + 0,004 pg/mL va 0,071 + 0,011 pg/mL
trén HepG2 duoc néu trong Bang 3.9, diéu d6 khang dinh doc tinh cao cia HGN12.1R
trén ca ba dong té bao ung thu. Nghién ctru nay chua timg duoc bao cdo rong rii trong
cac nghién ctru trude ddy vé ndm nodi sinh, khang dinh tiém ning 16n trong viée sang
loc cac ching ndm c6 doc tinh cao d6i voi té bao ung thu dé nghién ciru sau hon vé
cac hop chét hoat tinh sinh hoc va co ché hoat dong cua chiing. So sanh véi cac nghién
ctru khac, dich chiét cua chuang t6i cho théy hoat tinh twong duong hodc manh hon
mot s6 hop chat/dich chiét da duge bao cao: vi du, cyclo (L-[4-hydroxyprolinyl]-L-
leucine) va cyclo (L-Phe-trans-4-hydroxy-L-Pro) tir Streptomyces griseus véi 1C50
lan luot 1a 115,7 va >200 pg/mL trén té bao HL-60 [164]. Dich chiét CH>Cl, cia
Artemisia turanica v&i ICso 1a 104 pg/mL [165] hodc dich chiét methanol ciia nam
Chaga Inonotus obliquus thé hién doc tinh té bao vira phai dbi véi HL-60, LU-1,
SW480 va HepG2 véi cac gia tri 1an luot 14 32,2 pg/mL, 38,0 pg/mL, 41,3 pg/mL va
51,3 pg/mL [166]. Rahaman va cong su di bao cdo hoat tinh gay doc té bao ciia 80
loai VNNS phan 1ap tir cAy ngap min Sundarbans trén té bao MCF-7 va SK-LU-1,

trong d6 chi ¢6 Talaromyces harzianum (HFSF-1) c6 kha ning tc ché su phét trién
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té bao hiéu qua trén ca hai dong té bao (ICso < 20 pg/mL). Talaromyces sp. va
Aspergillus oryzae cho thiy tic dung doc hai dang ké trén té bao MCF-7 (ICso < 20
ng/mL) trong khi Penicillium chrysogenum chi cho thiy hoat tinh tdt trén té bao SK-
LU-1[167].

Pé x4c nhan sy hién dién cia PTOX trong cac chiét xuat nAm c6 kha ning gay
doc té bao cao, chung toi di tién hanh phén tich bang sic ky 16p mong (TLC) va sic
ky 1ong hiéu ning cao (HPLC). Két qua phén tich TLC cho thdy su hién dién cua
PTOX trong céc chiét xuast HGN13R, LCN8T, LCN3T, HGN12.1R, HGN12.2R va
HGN13.1R dugc néu & Hinh 3.9. Piéu nay duoc khang dinh bang viéc so sanh véi
PTOX chuin va méi trudong khong c6 ndm (d6i chimg 4m). Phan tich HPLC-DAD &
Hinh 3.10 va Bang 3.10 cung cép bang chtng dinh tinh manh mé& hon. Trong 1an phan
tich HPLC dau tién, céac pic sic ky cta chiét xudt HGN13R (thoi gian luu Rt = 37,164
phut), HGN12.2R (Rt = 37,209 phut), LCN3T (Rt = 37,197 phut) va LCNST (Rt =
37,202 phiit) twong tmg v6i thoi gian luu ctia chat chuan PTOX1 (Rt = 37,13 phat).
Trong 1an phan tich HPLC thir hai, cac chiét xuit tir HGN12.1R (Rt = 37,359 phut),
HGN13.1R (Rt = 37,378 phut) va dich chiét thyc vat (Rt = 37,353 phut) ciing c6 thoi
gian luu gan v6i PTOX2 chuén (Rt = 37,365 phit). Hon nita, quan sat phd UV cua
cac pic sic ky HPLC ndy va so sanh chiing v6i phd UV ctia PTOX chuan cho thy sy
trung khép, diéu nay cang cing c¢b su hién dién ctia PTOX trong dich chiét nAm. Mic
du sic ky db va phd UV cia HGN12.1R, HGN13.1R va dich chiét thuc vat thé hién
mo hinh tuong tr PTOX chuan nhung chwa hoan toan rd rang, diéu nay c6 thé do sy
phuc tap cia cac chit chuyén hoa khac cung ton tai trong chiét xuit, mo ra co hoi
tiém ning dé tim ra nhiéu hop chit th cdp quan trong khac duoc néu trong Hinh
3.10. Nhitng két qua nay phu hop véi két qua TLC va khang dinh thém ring chiét

xuat nim c6 chira PTOX.

Tir cac dir lidu sang loc, chung nam Penicillium herquei HGN12.1R n6i 1én
nhu mot ing vién day tiém nang dé khai thac cac hop chat c6 nguodn gdc tir thuc vat
cht. Dua trén hoat tinh gy doc té bao manh mé nhat d6i vdi ca ba dong té bao ung
thu cting véi phd UV tring khép v6i phd ciia hop chat PTOX chuan trong phan tich
HPLC, HGN12.1R khong chi mé ra co hdi 10n dé tim kiém cac hop chit thir cap khac

ngoai PTOX ma con mang lai gia tri tng dung cao.

Nghién ctru cta chung t6i ciing ¢ thém cho nhiing phét hién trudc day, khi

cac chi nam ndi sinh nhu Aspergillus, Penicillium, va Trametes déu dugc chung minh
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c6 kha ning san xuat PTOX. Pang chu ¥, Penicillium phan 1ap tit Dysosma veitchii
va Trametes hirsuta ciing 3 dugc ghi nhan san xuat hop chat nay [168]. Pang cha y,
Penicillium phan 1ap tir Dysosma veitchii dd duoc ghi nhan san xuat hop chit nay
[169]. Puri va cong su di phan 1ap va mé ta dic diém cta Trametes hirsuta c6 kha
nang san xuat PTOX [49]. Ngoai ra, trong nghién ctru ctia chiing t6i 1an dau tién cho
thdy su hién dién ctia PTOX d3 dugc phat hién trong Ganoderma sp., diéu ndy co thé
1a két qua cua sy cong sinh vo1 D. difformis. Pac bi¢t, nghién ctru nay lan dau tién
ghi nhan sy hi¢n dién ctia PTOX trong nam Ganoderma sp., cO thé 1a két qua cua mbi
quan hé cong sinh v&i D. difformis. Pay 1a mot phat hién quan trong, vi Ganoderma
lucidum (ném Linh chi) von 12 mot loai nAm duoc liéu nbdi tiéng da dugc sir dung dé
diéu tri nhiéu bénh khac nhau nhu ung thu va tiéu dudng [170], [171], kha ning san
xudt PTOX ctia nd s& mé ra mot tiém ning Gng dung méi. Tuwong tu, ddy ciing 14 bao
c4o dau tién vé kha ning san xuit PTOX & Purpureocillium lilacinum, mot loai nAm
dd duoc nghién ctru ki ludng vé hoat tinh sinh hoc va thanh phan hoéa hoc [172]

nhung chua tirng ghi nhan kha ning nay.

Toém lai, nhitng két qua nay da cung c¢6 manh mé gia thuyét cho ring ndm noi
sinh c6 thé san xuét cac hop chét c6 ngudn gde tir thue vat chu. Cac nghién ctru sau
hon vé dinh luong PTOX va cac gen lién quan dén qua trinh sinh tong hop hop chit
nay & ndm ndi sinh s& gitip mé dudng cho viée san xuit PTOX & quy md 16m, tao ra

nhimg tmg dung tiém ning trong y hoc va dugc pham.

Nghién ctru dic diém sinh hoc cua Penicillium herquei HGN12.1R cho thiy,
vé dic diém hinh thai dai thé c6 khuan lac mau xanh réu, tron déu, duong kinh 6-8
mm, bé mit soi khudn to min nhu bui phén. o) cép dd vi thé, quan sat cho théy bao tir
duoc san xuit véi sb luong 16n tao thanh cAu trac chdi dic trung cua chi Penicillium,
bao tir hinh bau duc, phan nhanh nhiéu) duoc néu trong Bang 3.11, cac dic diém nay
cling phit hop v&i mé ta vé chi Penicillium [127], [126]. Bé xac nhan dinh danh nay,
trinh tu rDNA cuta vung ITS da duoc giai trinh tu va so sanh voi co sé dir liéu gen.
Két qua cho thdy chung ndm nay c6 do tuong dong cao (99,80%) véi trinh tu gen clia
Penicillium herquei culture BCC (ma sb MF537646.1), tir 6 khang dinh viéc dinh
danh 1& Penicillium herquei HGN12.1R (Bang 1C, phu luc C). Phat hién nay dac biét
¢ y nghia khi xét dén tiém ning sinh hoc cta chi Penicillium. Cac nghién ciru trude

day da ching minh chi ndy 13 mot nguén san xuat PTOX va nhiéu hop chét chuyén
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hoéa thir cap co ciu triic méi cing hoat tinh sinh hoc da dugc phan lap tir cac ching

nam thudc chi nay [173].

Nghién ciru vé anh huéng cua nhiét do va pH dén kha ning sinh truong cta
chang Penicillium herquei HGN12.1R cho thay nhiing dic diém sinh 1y quan trong
duogc néu trong Bang 3.12. HE so1 nam sinh truong tdt nhat & nhiét do 25 °C, dat 0,87
+ 0,07 g SKK/100 ml. Mat do nam giam dang ké khi nhiét do tang 1én 35 °C va 37
°C, tai d6 nAm khong phat trién. Piéu nay chi ra ré‘mg 25 °C 1a nhiét do toi wu cho su
phat trién cta ching. V& anh hudng cua pH, ching P. herquei HGN12.1R ¢6 kha
nang sinh trudng & tit ca 6 thang pH thir nghiém. Tdc d6 sinh truong hé sgi ndm cao
nhit & pH 6 (0,79 + 0,02 g SKK/100 ml) va pH 7 (0,75 + 0,04 g SKK/100 ml). Tdc
d6 sinh trudong chdm nhat duoc ghi nhan ¢ pH 4 (0,16 + 0,04 g SKK/100 ml). Két
qua cho thiy ching nim sinh trudng t6t & méi trudng pH trung binh va hoi kiém,
sinh truong cham lai khi méi truong co tinh axit ting, diéu nay ciing cho thdy nim

t6n tai dugc & hau hét cac ving thd nhudng khac nhau tai Viét Nam.

Khao sat hoat tinh enzyme ngoai bao ctia ching P. herquei HGN12.1R cho thiy
kha ning phan giai chitin va cellulose. Vong phan giai trung binh d6i véi chitinase 1a
6,3 + 0,08 mm va ddi vai cellulase 14 8,5 + 0,05 mm (Bang 3.12). Hoat tinh cua cac
enzyme ndy goi y vé vai trd cta chung nim trong viéc phan giai cac thanh phan cau
trac cta thyuce vat (vi dy: chitin trong thanh t& bao ndm hoic con tring, cellulose trong
thanh té bao thuc vat), tir d6 ho tro qua trinh xAm nhiém va thiét lap mbi quan hé noi
sinh v6i vt chu. Hoat tinh enzyme ngoai bao ciing c¢6 thé dong vai tro trong viéc canh

tranh sinh hoc hoic thich nghi v6i moéi truong séng.

V& hoat tinh khang khudn, chiét xuit methanol ctia chung Penicillium herquei
HGNI12.1R dugc khao sat bang phuong phap khuéch tan trén dia thach d6i véi cac
chung vi khuan Gram am (Escherichia coli DHS, Enterobacter 14RM7-1) va Gram
duong (Staphylococcus sp., Bacillus TTM11, Bacillus 2TM6). Két qua cho thay chiét
xuat HGN12.1R c¢6 hoat tinh khang khuan rd rét trén cac chung Gram duwong nhu
Bacillus 7TTM11 (duong kinh vong trc ché 14,33 £ 0,58 mm) va Bacillus 2TM6 (12,37
+ 0,6 mm). DPdi voi vi khuan Gram am, hoat tinh tc ché cling dugc ghi nhan trén
Enterobacter 14RM7-1 (12,83 £ 0,76 mm), trong khi hoat tinh trén Staphylococcus
sp. (10,67 + 0,58 mm) va Escherichia coli DH5 (2,33 + 0,29 mm) giam dan hodc rat
it. Piéu nay chi ra rang chiét xuat nAm ndi sinh HGN12.1R tit Dysosma difformis c6

kha nang trc ché ca vi khuan Gram dm va Gram duong, nhung véi mac dd khac nhau,
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phu hop v61 nhan dinh vé su khac biét ciu trac té bao cua vi khuan Gram duong so
v6i vi khuan Gram 4m anh hudng dén d6 nhay voi khang sinh [174]. Khi so sanh véi
khang sinh ddi chimg Cefotaxime, hoat tinh cia HGN12.1R thap hon déng ké trén
Bacillus TTM11 (33,13 + 0,24 mm) va Enterobacter 14RM7-1 (26,33 £+ 0,29 mm),
nhung van thé hién tiém ning. Cac nghién ctu true day ciing da bao cdo hoat tinh
khang khuan ctia ndm ndi sinh: A. fumigatus san xuat deoxypodophyllotoxin va c6
hoat tinh khang khuén [15], [133]. Shobha va nhom nghién ctru d xac dinh dich chiét
ctia F. oxysporum va Aspergillus spp. thé hién hoat tinh khang khuan day hira hen voi
vung tc ché Bacillus cereus twong ung véi 1,2 cm va 0,8 cm [175]. Nhu vay
Penicillium herquei HGN12.1R so hitu ca hai hoat tinh chéng ung thu va khang
khuan, két qua cho thay sy trong dong voi cac nghién ciru khac khi mot chung nim
6 thé s¢ hitu ca hai dic tinh nay, vi du nhu nam ndi sinh Dysosma versipellis [13].
Nhitng két qua nhan duoc mé ra hudng nghién ctru sang loc cic phan tir c6 hoat tinh
sinh hoc mdi. Diéu nay ung hd manh mé& gia thuyét vé sy twong tac sinh 1y, dinh
dudng va di truyén gitta cong dong ndi sinh vat va vat chu [111], cho thiy sy dong
tién hoa giira thuc vat va ndm noi sinh cua ching. Diéu nay co thé bao gom viéc trao
dbi vat liéu di truyén thong qua chuyén gen ngang va chia sé cac con dudng tong hop
chat chuyén hoa tht cip [110]. Kham pha nay tng ho gia thuyét ring nim noi sinh
va cay ky chu trai qua qua trinh cong sinh 1au dai chia sé con duong trao doi chit,
dan dén kha ning vi sinh vt tao ra cic hop chét trong ty nhu cdy ky chii va mot
trong nhitng wu diém cla viéc san xuét cac hop chat ty nhién tir vi sinh vat 1a ching
c6 thé dé dang dugc san xudt trén quy mo 16n trong moi truong 1én men nhan tao
[176].

4.2. Nghién ciru dic diém va chi giai hé gen ciia chiing nim néi sinh Penicillium
herquei HGN12.1R

Trong cac hé sinh thai ty nhién, vi sinh vat ndi sinh va vat chu ctia chiing cung
ton tai trong cac mdi quan hé di truyén va sinh thai phirc tap. Cac nghién ctru trudc
day da mo ta cac con dudng sinh tong hop ctia PTOX va xac dinh cac gen va protein
lién quan dén qua trinh nay ¢ thuc vat [149], [177]. Cac nghién ctru khac bao cdo
rang, & Podophyllum hexandrum, it nhat tam gen (DIR, PLR, SDH, CYP719A13,
OMT3, CYP71CUI1, OMTI1 va 2-ODD) duogc cho la dong vai trdo quan trong trong
viéc chuyén ddi coniferyl alcohol thanh deoxypodophyllotoxin va etoposide ctia nd

[86], [178]. Tuy nhién, cac co ché sinh hoa va phan tir chi phdi qua trinh san xut
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PTOX ctia nAm van chwa dugc kham pha nhiéu, dic biét 1a d6i voi vi ndm ndi sinh
nhu Penicillium herquei. Gan day, nhiéu cong cu va phuong phap khac nhau da duoc
su dung dé xac dinh, chu thich va so sanh bd gen vi sinh vit, ch'fmg han nhu phan tich
trinh ty khoang cach phién ma ndi bg (ITS), giai trinh tu bo gen, h¢ gen so sanh, mang
vi mo, giai trinh ty thé hé tiép theo, metagenomics va metatranscriptomics [179],
[180]. Cac cong cu nay cho phép phat hién b gen ndm ciing nhu hiéu duge mdi lién
hé chat ché giira ndm noi sinh va vat chi ctia ching. Nhin chung, céac lignans chii yéu
dugc tim thiy trong thuc vat bao gdm deoxypodophyllotoxin, yatein, PTOX,

nemerosin, guayadequiol, matairesinol, peltatin va podophyllotoxone [181].

Penicillium herquei, mot thanh vién cua chi Penicillium, dugc biét dén vai kha
ning san xudt da dang cac chit chuyén hoa thtr cip nhu dan xuit phenalenone,
polyene mach dai, ddn xuat acetaminophen va din xuat triene phenalenone [94], [95],
[96] [97], [98]. Tuy nhién, c6 rat it nghién ctru tap trung vao giai trinh t bo gen, khai
thac va tim kiém céac gen lién quan dén qua trinh sinh tong hop cac hop chat hoat tinh
sinh hoc & Penicillium herquei. Nghién ctru ctia chung t6i 13 mot trong sb it nghién
ciru da giai trinh ty va chu thich toan bd bd gen cua chung Penicillium herquei
HGN12.1R thudc chi Penicillium v&i chit luong cao. Trinh ty h¢ gen cua chung
HGN12.1R dugc giai toan bo va doc trinh ty doan dai trén hé¢ may PacBio Sequel &
do sau bao phu la 195,0%. Sau khi tap hop dit li¢u giai trinh ty denovo, ching t61 da
xac dinh dugc toan bd bg gen cua Penicillium herquei HGN12.1R véi kich thude xép
xi 34,96 Mb v61 ham lugng GC 1a 46,38%. Kich thudc nay 16n hon so véi cac chung
dugc bao cao khac trong cung chi Penicillium, ching han nhu P. chrysogenum KF-
25 (29,92 Mb) [182], P. chrysogenum NCPC10086 (32,2 Mb) [183], Penicillium
chrysogenum HKF-25 (31,48 Mb) [184], P. oxalicum 11R1 (30,8 Mb) [105]. Theo
tim hiéu ciia chiing toi, chi c6 mot bd gen cua loai P. herquei (40,24 Mb) [185] da
duogc lap rap va chu thich va bd gen nay 16n hon bo gen cila chiing t6i. Su khac biét
vé kich thudc bo gen nay co thé 1a do su khéac biét trong cong nghé giai trinh tu, anh
hudng 16n dén kich thudc bd gen va s6 luong contig dugc tao ra sau khi lap rap [186].
H¢ gen cua chung HGN12.1R da duoc lép rap véi do hoan chinh dat 98,3%, voi
12.871 gen dy doan. Tong s6 7.401 gen da duoc chu giai chirc ning thong qua cac co
so dit liéu nhu RefSeq, Uniprot, Gene Ontology va Pfam. Chung t6i da tim thay hé
gen HGN12.1R chira 1 gen twong dong véi PLR (26,7% tuong ddng) va 91 gen twong
dong voi SDH (23,7-35,6% tuong ddng). Su hién dién ciia cic gen nay cung cap bang

ching di truyén thuyét phuc, cho thdy nam c6 kha nang thuc hién cac phan ung khir
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va oxy hoa quan trong dé chuyén hoa pinoresinol thanh cac tién chat nhu
secoisolariciresinol va matairesinol, tir do tao ra PTOX. Su khac biét nay co thé 1a do
su khac biét trong qua trinh sinh tong hgp PTOX gitta thuc vat va nam. Ciing c6 thé
¢6 cac bude chuyén hoa trung gian chua duoc xac dinh trong con dudng sinh tong
hop ctia ndm véan chwa duoc lam sang t6. Chung toi tim thay 10 gen twong dong véi
OMT1, 4 gen v6i OMT3 va 79 gen v6i CYP82D61. Su da dang vé sd luong gen nay
cho thiy ndm c6 kha ning thyc hién nhiéu phan tng hydroxyl hoa va methyl hoa, tir
d6 tao ra nhiéu san pham trung gian va cac dan xuét khac nhau cia PTOX. Hé gen
nay c6 day du cac gen can thiét cho qua trinh sinh tong hop protein va cé thé dugc st
dung cho cac nghién ctru tiép theo vé sinh hoc phan tir va tmg dung cong nghé sinh
hoc. Hé gen ching P. herquei HGN12.1R di duoc ky giri tai GenBank mi s
GCA _039634405.1.

Dé chu giai hé gen, biéu dd Venn (Hinh 3.14) 1a mot cong cu truc quan manh
m&, cho phép chiing ta danh gid mirc d tin ciy va sy da dang cua cac chi giai bang
cach so sanh két qua tir nhiéu co so dit liéu khac nhau RefSeq Nonredundant (Nr),
Uniprot, Gene Onology, Pfam va KEGG. Tong sé gen duoc cha giai duy nhit 1a 7401
gen, chiém mot ty 1& dang ké trong tong s6 12.871 gen du doan cua chung Penicillium
herquei HGN12.1R. Phan tich su chong l4n giita cac vong tron trong biéu dd Venn
cho thiy cac ving giao thoa thé hién muc d6 tin cdy cta cha giai. Mot gen dugc chi
giai boi nhiéu co so dit lidu s& c6 do tin cdy cao hon. Ving giao thoa giita RefSeq va
Uniprot v6i s6 luong gen duogc chi giai 1a 2474, cho thay mot lwong 16m gen c6 chudi
protein dugc xac nhan trong ca hai co s& dit liéu chinh ndy, cung ¢ thém tinh chinh
xac trong viéc xac dinh danh tinh ctia gen. Vung giao thoa gitra RefSeq va Pfam co
1789 gen nam trong vung giao thoa nay. Didu ndy c6 nghia la cac gen nay khong chi
c¢6 chudi protein dugc xac dinh ma con chita cac domain chirc ning da biét. Ving
giao thoa gitra RefSeq, Uniprot va Pfam véi 1467 gen dugc chu giai boi cd ba co sd
dir lidu nay. Pay 1a nhiing gen ¢ chu giai c6 do tin cdy cao nhat, v4i thong tin vé

chuoi, domain chirc nang va danh tinh dugc xac nhan tir nhiéu nguon.

Cac gen chi dugc chu giai boi mét co so dir liéu nhu KEGG v6i 9.491 gen, diéu
nay cho thdy nim P. herquei HGN12.1R c6 nhiéu gen tham gia vao cac con dudng
trao d6i chat nhung chudi protein hodc domain cila chiing c6 thé chua duoc nghién
ctru rong rai hoac cd tinh doc ddo. Hay nhu Pfam, sb lugng 16n gen dugc chu giai

cling rat dang chu y. Diéu nay chi ra rang nhiéu gen ctia nam c6 cadc domain churc
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ning da biét nhung chudi protein tong thé cta ching c6 thé khong cé sy twong dong
cao vdi cac protein hoan chinh da dugc chu thich trong Uniprot hay RefSeq. Nhu vay
biéu dd Venn khong chi 1a mot hinh anh don thuan ma 13 bang chimg cho thiy qua
trinh cht gidi h¢ gen cua P. herquei HGN12.1R da dugc thuc hi¢n mdt cach toan dién
va chit ché. Cac ving giao thoa cung cép cac chi giai co do tin ciy cao, trong khi
cac vung khong giao thoa cho thay sy da dang ctia cac gen, tir cic gen c6 chirc ning
dd duoc xac dinh 16 rang dén cac gen tham gia vao cac con dudng trao ddi chét dic
trung ctia ndm. Két qua nay 13 nén tang vitng chic dé tiép tuc phan tich sau hon vé

cac gen lién quan dén sinh tong hgp PTOX.

Cho dén nay, birc tranh tong thé vé con dudng sinh tong hop PTOX & thuc vat
van chua dugc 1lam sang t0 mot cach toan dién. Tuy nhién, mot s6 budc quan trong
da dugc xéac dinh, trong do hau hét céc tac gia tap trung vao viéc kham phé cac gen
va enzyme chiu trach nhiém chuyén dbi phenylalanine thanh deoxypodophyllotoxin
va din xuét cta nd [86], [177], [187]. Trong nghién ctru nay, chung t6i da nhan ra 10
gen tiém ning trong b gen HGN12.1R, lién quan dén qua trinh san xudt PTOX tir
ruou coniferyl bang cach cha thich va giai trinh tu bd gen nim duoc néu trong Bang
3.16.

Trong giai doan dau cuia qua trinh sinh tong hop PTOX, céc protein ddn hudng
(DIR) déng vai tro chu chét trong viéc chi dao qua trinh hinh thanh pinoresinol c6
chon loc theo ving va 1ap thé tir hai phan tir archiral ctia ruou coniferyl [188], [189].
Trong nghién ctru cta chiing t6i, protein thyuc vat DIR khong dugc tim thiy trong bo
gen HGN12.1R. Thay vao do, chung t61 da phat hién ra mdt loai protein khéac, VdtD,
c6 vé nhu co6 chirc nang tuwong ty nhu DIR & thuc vat. Mot nghién ctru da chi ra VdtD
hoat dong nhu mét protein chi thi dé thuc ddy kha ning chon loc lap thé ghép nbi
[190]. Viéc phat hién ra protein VdtD tir bd gen HGN12.1R c6 thé cung cép nhiing
hiéu biét mdi vé con dudng tong hop PTOX & nam, cho thay su khac biét dang ké so

v&i cac con duong thuc vat (Hinh 3.15).

Trong cac budc tiép theo (Hinh 3.16), pinoresinol trai qua qua trinh chuyén
d6i hai budc thanh matairesinol. Pau tién, pinoresinol duoc chuyén d6i thanh
lariciresinol va secoisolariciresinol bdi PLR. Sau d6, SDH oxy hoa
secoisolariciresinol thanh matairesinol. Qua trinh nay da dugc quan sat thiy ¢ nhiéu
loai thuc vat, bao gdm Forsythia intermedia, Podophyllum peltatum, Linum

corymbulosum, Sinopodophyllum hexandrum va Isatis indigotica [86], [191], [192].
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Phén tich phién ma di lam sang to nhimg khac biét dang ké trong qua trinh
sinh téng hop PTOX gitra thuc vat va nam, duogc thé hién qua su phan bd céc gen
dong dang PLR va SDH. Trong khi céc loai thuc vat nhu Schisandra chinensis biéu
hién 4 gen PLR va 11 gen SDH, va Anthriscus sylvestris c6 14 gen PLR va 8 gen
SDH, thi chiing ndm HGN12.1R lai cho théy mdt su khac biét rd rét. Cu thé, sd lugng
gen SDH chiém vu thé véi 91 gen dugc xac dinh, trong khi cadc gen PLR chi c6 mot
gen don c6 gia tri E < e—10. Su khéc biét nay co thé 1a do nhiing con duong sinh tong
hop PTOX khac nhau giira hai gi¢i hodc do su ton tai ciia cac bude chuyén hoa trung

gian chua dugc lam sang to ¢ nam.

Tuong tu, cac enzyme thudoc ho Cytochrome P450 (CYP) cling dong vai tro
quan trong trong qua trinh nay. O thuc vat, CYP719A23 va CYP719A24 chiu trach
nhiém hinh thanh cau néi methylenedioxy trong qua trinh chuyén hoa tir matairesinol
sang pluviatolide. Cac enzyme nhu OMT3, CYP71CU1, CYP71BE54, CYP82D61,
OMT1 va 2-ODD sau d6 xtc tc qua trinh chuyén déi pluviatolide thanh cac hop chat
khac [86]. Trong chuing HGN12.1R, bon enzyme thudc ho CYP da duoc xac dinh co
mat d6 cao nhat. Enzyme 2-ODD, c6 thé dong vai trd quan trong trong viéc chuyén
dbi yatein thanh deoxypodophyllotoxin, tién chét cia a-peltatin va B-peltatin. Phat
hién nay dugc cing cd bai két qua phan tich NMR, da x4c nhan sy hi¢n dién cua a-
peltatin va B-peltatin trong dich chiét cia nAm HGN12.1R, lam cho nghién ctru nay
tré thanh mot trong sb it nhitng cong trinh x4ac nhan bang thuc nghiém ciu trac héa
hoc ctia cac hop chét nay trong nim. DPiéu nay cho thiy su twong dong vé ciu tric
gifta cac hop chat duoc tim thiy & ndm va thyc vat, tir d6 mo ra tiém ning 16n cho

viéc khai thac nam trong san xuat cac hop chat cé gia tri nay.

4.3. X4c dinh diéu kién thich hop cho qua trinh 1én men, tich chiét, tinh sach va

xac dinh cu tric cac hop chat tir Penicillium herquei HGN12.1R

Qua trinh 1én men dé thu nhan PTOX va cac dan xuét tir vi nAm noi sinh bi
anh hudéng bai nhiéu yéu to nhu thoi gian, pH méi trudng, nhiét do, ngudn carbon
va nito. Viée xac dinh chu trinh 1én men t5i wu cho tirng chuing vi sinh vat 1a vo
cung can thiét dé dat duoc lugng san pham chuyén hoa tdi da, bai 18 mdi ching co
giai doan phat trién va san sinh chat chuyén héa riéng biét. Piém chung ciia hau hét
cac chung vi sinh vat 1 chiing thudng san sinh cac hop chat chuyén héa thir cap vao

gilra va cudi pha can bang cua chu trinh 1én men.
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4.3.1. Xac dinh diéu kién 1én men thich hop

Cong nghé 1én men st dung VNNS duoc coi 13 cach tiép can tiém ning dé
san xudt cac hgp chat dugc pham nhu PTOX. Cac nghién ciru ciing d chimg minh
nhiéu nhom gen lién quan dén qua trinh sinh tong hop cac hoat chit sinh hoc khong
hoat dong hodc chua dugc biéu hién khi chung vi nam duogc nudi céy dudi diéu
kién thi nghiém [193]. Vi vay, can ¢ nhiing khdo sat cu thé cac yéu td tac dong
dén qua trinh 1én men chang Penicillium herquei HGN12.1R dé thu nhan hoat tinh
sinh hoc va hiéu sut 1én men cao nhat. Trong nghién ciru ctia chung t6i, ching
HGN12.1R phat trién tSt nhat trén méi trudng PDA véi ngudn duong dextrose va
cho ham luong sinh khdi kho cao nhit 14,09 + 0,06 g/, dextrose (glucose) c6 vai
tro then chdt 1a ngudn cung cip carbon va ning luong chinh, thic diy qué trinh
chuyén héa dé tao ra cac tién chat nhu phosphoenolpyruvate (PEP) va erythrose-4-
phosphate (E4P). Hai hop chit nay 1a diém khéi dau cia con dudng shikimate, din
dén viéc tong hop phenylalanine — tién chat khéi diu cua con dudng
phenylpropanoid, con duong sinh tong hop chinh cho céc ligan nhu PTOX. Nghién
ctru trudc day da chi ra dinh dudng 13 nhan t6 quan trong anh hudng dén toan bd qua

trinh sinh trudng cla gidng nim [194].

Thoi gian 1én men thich hop ciia mdi ching VSV 1a khac nhau dé san sinh céc
hop chat chuyén hoa tht cip, tuy nhién phan 16n cac qua trinh déu dién ra ¢ thoi diém
gitta hodc cudi pha can bang [195]. Chung Penicillium herquei HGN12.1R ¢6 xu
huéng ting trudng ca SKT va SKK trong khoang thoi gian tir 24 gid dén 60 gio. Sau
60 gio, ca SKT va SKK déu bit dau giam, cho thdy nim di budc vao giai doan suy
giam. Mat d6 ban dau thdp c6 thé dan dén kéo dai pha sinh truéng log, trong khi d6

néu mat do té bao ban dau cao hon c6 thé nhanh chéng din dén pha tir vong [121].

Két hop phan tich ty 1& gidng dugc cdy vao moi trudng 13 1%; 3%, 5%, 7%,
9% cho théy vé mat kinh té thi 5% vira tiét kiém lai hiéu qua véi ham luong SKK
tang 1&€n 15.89 £ 0,08 g/l. Trong nghién cru cia Narayanaswamy (1994) chi ra khi
mat do té bao trong binh nudi cdy quéa cao hodc qua thip déu lam cho té bao sinh
truong kém [120]. Mbi loai c¢6 nhiét do t6i wu dé phét trién va sinh tong hop chat
chuyén hoa khac nhau [196]. Trong nghién ciru ciia ching t6i chung Penicillium
herquei HGN12.1R sinh trudng tot nhat & 25 °C cho lugng SKK 14 13,04 + 0,04
Vi nhiét d6 nay kha dong nhat véi cac nghién ciru cua [14], [15], [16], [116] cho
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théy nhiét do tdi wu sinh hoat chiat PTOX cua cac chung nam ndi sinh trung binh tur
26 °C - 28 °C.

Gia tri pH ctia moi truong 1én men anh huong truc tiép dén su ting truong va
cac qua trinh chuyén hoa cta vi ndm [197]. Trong sudt qua trinh 1én men, vi ndm tiéu
thu chat dinh dudng va san sinh chat chuyén hoa, ddn dén sy thay doi pH cua moi
truong. Bac biét, viéc tiét ra cac axit hiru co, nhu axit oxalic, s& 1am giam dang ké do
pH méi truong [198]. Chung vi nAm Penicillium herquei HGN12.1R cho thiy sinh
truong tot trong dai pH tir 5,0 dén 8,0 va dat 13,76 + 0,05 (/1) sinh khéi kho tai pH
7. Trong cac nghién ctru cua [14], [15], [16], [116] cho thiy pH ctia vi ndm phat trién
va sinh tong hop PTOX hau hét 1a ¢ diéu kién axit yéu 5.6-6.5.

Luong oxy hoa tan trong mdi truong nudi cay 1ong 1a yéu té then chdt cho sy
phat trién cua nAm. Trong qua trinh 1én men, ndm lién tuc tiéu thu ca oxy va dinh
dudng, 1am cho ndng do oxy hoa tan c6 xu huéng giam. Dé khic phuc diéu nay va
tang cuong hi¢u suét 1én men, viéc diéu chinh téc do 1ic va thé tich dich 1én men phu
hop 14 rat quan trong. Nhiing yéu td nay gitip oxy hoa tan tot hon vao méi truong,
dam bao du luong oxy cho qua trinh trao doi chit ciia ndm. Nghién ctru trudce ddy chi
ra ching vi nAm Aspergillus fumigatus Fresenius san sinh PTOX dudi diéu kién lac
200 vong/ phut, thé tich dich nudi 20% [15]. Ching Fusarium solani dugc lic & 100
vong/ phit, thé tich dich nudi 40% san sinh PTOX [14]. NAm Phellinus linteus ting
trudng tdt nhit & 150 vong/ phut, & 200 vong/ phit mat do nidm giam [117]. Nghién
ctru ching Penicillium herquei HGN12.1R khi lic & 150 vong/ phuat va thé tich dich
nudi 20% cho thay sinh trudng tot nhat, két qua nay cho thay ciing phu hop véi cac
nghién clru ctia cac tac gia trude do.

Su thay d6i nong d6 cac ngudn carbon va nito - nhitng thanh phan dinh dudng
thiét yéu trong qua trinh 1én men - da dugc chtimg minh 1a ¢6 tac dong truc tiép dén
sinh khéi va ham luong khang sinh cta cac ching ndm [199]. Trong bao cdo cia Lé
Thi Minh Thanh va cong su khi b6 sung 1% dudng glucose; 1% cao nam men; 0.5 %
pepton; 0.5% tryton trong moi truong 1én men chung Penicillium reticulisporum
tsp41 sinh tong hop Huperzin A cao nhat 0,0341 mg/L dich 1én men [29]. Mot nghién
ctru chi tiét ctia Gogoi va cong su di chi ra anh huong ciia ngudn carbon va
nito dén qua trinh sinh tong hop sinh khéi va cac chat chuyén hoa thir cap cua
chung vi ndm Fusarium sp. DF2 [118]. Chung vi nAm nay tao ra lugng sinh khoi va

chat chuyén hoa cao nhat trong méi truong 1én men c¢6 bo sung 0,1% dextrose. Lugng
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sinh khdi va chét chuyén hoa giam dang ké khi 1én men trong méi truong chira tinh
bot, lactose va mannitol. Khi khao sat anh hudng ctia ngudn nito, dich chiét nAm men
lam gia ting ham hugng chat chuyén hoa thir cip trong khi dich chiét bo, pepton va
(NH4)2804 chi 1am ting sinh khéi nhung khong hiéu qua cho san sinh cic hoat chét
sinh hoc [118].

Nghién ctru ctia ching t61 chi ra, chung Penicillium herquei HGN12.1R thich
nghi nhat véi ngudn duong dextrose, ngudn nito sir dung da dang. Phan tich ndy cho
thdy rang trong khi cac ngudn nito vo co nhu ammonium sulfate c6 thé hiéu qua cho
viéc tang sinh khéi va tong hop cic enzyme co ban, thi cac ngudn nito hiru co phirc
tap c6 thé cung cép cac yéu t6 kich thich hodc cac tién chit sin co, gitp "bat" cac
cum gen lién quan dén sinh tong hop cac chat chuyén héa thir cdp nhu PTOX mot
cach hiéu qua hon. Dit liéu ching t6i thu dugc cho thay MgS04.7H,O 13 ngudn
khoang phul hop nhat v6i luong sinh khéi kho dat 15,05 + 0,05 g/1.

Nghién ctru anh hudng ctia ngudn co chit cam tng tdi sinh truong va kha ning
kich hoat san sinh cac san pham trao doi chat thir cap dung huéng, mot sb nghién ciru
gan day di chimg minh tAm quan trong cta viéc toi wu héa qua trinh 1én men cing
v6i viée str dung cac ngudn co chat cam Gng dé toi da héa viée san xuét cac hop chit
¢6 loi ich kinh té tir nAm ndi sinh. Viéc bd sung cac hop chit nhu chét kich thich, tién
chat hodc chiét xuit dugc coi 1a mot phuong phap don gian, hiéu qua dé kich thich
san xuit cac hop chit mong mubn [145], [158], [200]. Theo Yan va cong su béo cdo
nghién ctru 1am ting kha ning sinh tong hop Huperzin A, nhém tac gia d bd sung
vao moi truong 1én men mot s6 chét cam ung HSE (dich chiét thuc vat H. serata -
tach chiét tir 14 thach tung ring cua), L-Lysine va acid acetic vi cac ndng do 1én men
khac nhau. Két qua cho thiy L-Lysine va HSE di kich thich kha ning sinh Huperzin
A va hé sgi ndm [122]. Trong nghién ctru cua ching to1, chiét xuat thuc vat hodc
Phenylalanine dugc bo sung véi ham lwong 10 pg/ml da 1am ting kha ning sinh
truéng trong 1én men cia ching ndm nghién ctru. Phenylalanine duoc xem 1a lya
chon hiéu qua trong nghién ctru nay vi tinh bén viing.

4.3.2. Lén men va tach chiét, tinh sach va xdc dinh cau triic cic hop chit tir
Penicillium herquei HGN12.1R

San xuat cac chat chuyén héa ty nhién tir qua trinh 1én men ndm ndi sinh mang
lai nhiéu loi thé rd rét. Phuong phap nay c6 thé thuc hién trong méi truong don gian

va chi phi thap. Hon nita, n6 giup tiét kiém thoi gian va giam thiéu nguy co 6 nhiém,
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tao diéu kién thudn loi cho viéc san xuit & quy mé cong nghiép [201] [157]. Vi dy,
taxol, camptothecin, PTOX va vinca alkaloid d& duoc san xuat thanh cong bang cach
1én men nam noi sinh [36], [116], [157]. Tuy nhién, khong thé pha nhan ring mot sb
han ché nhit dinh ctia qué trinh 1én men d3 can trd viée san xuét thuong mai cac hop
chat ti nhién trong ndm noi sinh, chang han nhu san luong cac chat chuyén hoa mong
mudn thip do nudi cdy trong moi trudng vo trung, kho khin trong viée tdi wu hoa
moi trudng nudi cdy khi mé rong quy md, va su phirc tap cta quy trinh tinh ché cac
hop chat [125], [201], [202]. Mot s6 chién lugce dd duge thuc hién dé cai thién san
luong cac chat chuyén héa mong mudn, bao gdm céc ky thuat bién ddi gen, toi wu

hoa méi trudng nudi cdy va bd sung elicitor [144], [201], [202].

Nghién ciru dong thai qua trinh 1én men trén hé thong 5-10 lit/mé da cung cap
mot b tranh toan dién vé mdi lién hé giira cac yéu td sinh 1y ctia chung ndm va qua
trinh sinh tong hgp PTOX, gitip xac dinh thoi diém thu hoach tdi wu mot cach khoa

hoc va chinh xac.

Qua trinh 1én men thé hién mot sy chuyén dich trao doi chét rd rét. Trong giai
doan dau, tir 12 gio dén 72 gio, ndm tap trung vao trao doi chit so cip (primary
metabolism), vu tién tiéu thu ngudn dudng dextrose dé ting trudng sinh khdi. Pidu
nay duoc minh ching bang sy gia ting manh mé& cta sinh khéi tuoi va khé, tir 91,09
g/l va 4,05 g/l & 12 gid 1én dén 222,27 g/l va 10,65 g/l & 72 gid. Trong giai doan nay,
hoat dong trao d6i cht manh mé ciing din dén sy sut giam pH méi truong, tir 7,0

xuong 5,5, do su san sinh céc axit hiru co.

Sau 72 gid, nAm chuyén sang giai doan 6n dinh, noi toc do ting trudng sinh
khéi cham lai va dat dinh diém tai 144 gio v6i sinh khéi kho 1a 16,19 + 0,73 g/l. Su
6n dinh cta sinh khdi va pH & muc 5,5 cho thdy nim da chuyén hudng ning luong
sang trao do6i chat thir cap (secondary metabolism). Pay chinh 1a thoi diém cac gen
lién quan dén sinh tong hop PTOX (nhu VdtD, PLR, SDH, OMT, CYP) c¢6 kha ning
duoc biéu hién manh mé va hoat dong tich cuc dé téng hop céc hop chét chuyén biét.
Phén tich TLC da cing c6 manh mé& méi lién hé nay, khi cho thay sy tich lily PTOX
bat dau tir 72 gio va dat dinh trong khoang thoi gian tir 144 gio dén 168 gio. Két qua
nay cho thay viéc t6i vu hoa diéu kién 1én men khong chi giup ndm ting trudng tot
ma con tao ra cac tin hiéu mdi truong (nhu su thay d6i nong do chat dinh dudng va
pH 6n dinh) dé kich hoat qua trinh sinh téng hop PTOX. Do d6, thoi diém 144 gid

duoc xac dinh 1a t6i vu nhét cho viéc thu hoach, vi tai day nam khong chi dat sinh
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khdi tdi da ma con tich liy ham lugng PTOX doi dao. Nghién ctru 1én men ching
Fusarium sp. LDL 4.4 san sinh Huperzin A, & thoi diém 108h 1a thich hop dé thu hoi
1én men, gia tri pH ciing thay doi twong tu Penicillium herquei HGN12.1R [29]. Ham
luong PTOX va sinh khoi kho lién quan dén Fusarium solani bao cao vao 192-240h
ctia 1én men 13 thoi diém thich hop dé thu hoi PTOX [48].

Sau khi da xac dinh dugc thoi diém thu hoach t6i wu 13 144 gio, sinh khdi nAm
Penicillium herquei HGN12.1R d3 duoc thu hoi va tiép tuc trai qua quy trinh chiét
tach, tinh sach dé phan 13p va xac dinh cAu tric cac hop chat chuyén biét, bao gém
VN-12C-03 va VN-12C-06. Dya trén Cac tin hiéu phd 'H va *C NMR, cac hop chit
nay duoc xac dinh 1a a-peltatin, B-peltatin voi cong thirc phan tir 1an luot 13 Ca1HaoOs
(400 g/mol), C2oH20s (414 g/mol). Pay 1a mot trong sb it nghién ctru xac nhan bang
thue nghiém cdu trac héa hoc ciia a-peltatin va B-peltatin trong ndm bang cach st
dung phan tich NMR.

Hop chat VN-12C-03 thu dugc c6 dang bot mau tring. Trén phd "H NMR xuét
hién tin hiéu don cua 3 proton thom tai 6 6.13 (1H, s, H-8) va 6.36 (2H, s, H-2’ va H-
6’), cung voi tin hiéu cua 2 nhom methoxy tai 6 3.74 (6H, s, 3°,5’-OCH3). Phan tich
phd cong hudng tir 3C NMR va phd 2 chiéu HSQC cho thiy su xudt hién tin hiéu
ctia 21 nguyén tir carbon, trong d6 c6 cac tin hiéu cia mot vong benzene thé 5 vj tri
[0 119.8 (C-4a), 138.7 (C-5), 134.1 (C-6), 148.2 (C-7), 103.1 (C-8), 132.5 (C-8a)],
mot vong benzene thé cac vi tri 1,3,4,5 [8 132.8 (C-1°), 108.9 (C-2’ va C-6), 148.0
(C-3° va C-5°), va 135.0 (C-4’)], mdt nhom carbonyl tai & 177.6 (C-2a), 3 nhom
oxymethylene tai & 73.6 (C-3a), 27.0 (C-4), va 101.9 (OCH-0), cung véi 3 nhom
methine tai & 44.6 (C-1), 48.2 (C-2), va 33.4 (C-3). Cac tin hiéu ph6 'H va '3C NMR
nay cho goi ¥ hop chat VN-12C-03 c¢6 dang khung lignans — mot dang phenolic kha
phd bién & thuc vat. Khi so sanh s liéu ph6 'H va 3C NMR cua hop chat VN-12C-
03 v6i hop chat lignans da biét 1a a-Peltatin cho két qua hoan toan tuong dong, goi y
su dong nhat vé cdu tric cia ca 2 hop chat [203].

Dé xac dinh thém su quy két cac vi tri va cdu trac caa hop chat VN-12C-03,
phan tich cac tuong tac trén phd HMBC dugc thuc hién. Trén phd HMBC, tuong tac
gilt 8 5.89 v C-6 va C-7 gitp xac dinh 6 vi tri cia nhom OCHO 6 vi tri C-6/C/7.
Céc vi tri ctia vong thom 5 vi tri dugc xac dinh thong qua twong taic HMBC tir H-8
toi C-4a, C-5, C-6, C-7, va C-8a. Vi tri ciia vong benzen thé 1,3,4,5 cling dugc xac
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dinh tai C-1 béi cac tuong tac HMBC tur H-1 t61 C-1°, tor H-2” va H-6’ t61 C-1. Ngoai
ra, tuong tac HMBC tu H-3a dén C-2, C-2a, C-3, va C-4 giip khrflng dinh sy hop chét
cua vong gamma-lactone véi vong cyclohexane cua khung lignans & vi tri C-2/C-3.
Vi tri ctia 2 nhém methoxy tai C-3’ va 5 duoc khang dinh boi twong tac HMBC tir &
3.74 dén C3’ va C-5’.

Nhu vay, v6i cac két qua phan tich phd va so sanh véi tai liéu tham khao, hop
chat VN-12C-03 di duoc xé4c dinh 1a o-Peltatin, v6i cong thure phan tr C21H200s, khdi
luong phan tir 400 g/mol. a-Peltatin duoc xem 1a mot dan xuat cia PTOX [149].

Hop chat VN-12C-06 thu dugc c6 dang bot mau tring. Trén phd "H NMR xuét
hién tin hiéu don cua 3 proton thom tai 6 6.12 (1H, s, H-8) va 6.42 (2H, s, H-2’ va H-
6’), cung voi tin hi¢u cia 3 nhém methoxy tai 6 3.73 (9H, s, 3°,4°,5’-OCH3). Phan
tich phd 1*C NMR va phd HSQC cho thiy sy xuit hién tin hiéu cua 22 nguyén tir
carbon, trong d6 c6 cac tin hi¢u ciia mot vong benzene thé 5 vi tri & 120.5 (C-4a),
139.4 (C-5), 134.6 (C-6), 148.7 (C-7), 103.2 (C-8), 132.8 (C-8a)], mdt vong benzene
thé cac vi tri 1,3,4,5 [5 138.7 (C-1°), 109.5 (C-2’ va C-6"), 153.7 (C-3’ va C-5), va
138.9 (C-4’)], mOt nhém carbonyl tai 6 177.9 (C-2a), 3 nhom oxymethylene tai 6 74.0
(C-3a), 27.8 (C-4), va 102.4 (OCH:0), cung v61 3 nhém methine tai 6 45.2 (C-1),
48.3 (C-2), va 34.0 (C-3). Céc tin hiéu phd 'H va *C NMR nay cho goi y hop chat
VN-12C-06 c6 dang khung lignans, tuong tu véi hop chit VN-12C-03

Khi so sanh sé liéu phé 'H va '3C NMR ciia hop chat VN-12C-06 véi hop chét
lignans da biét 1 B-Peltatin cho két qua hoan toan tuong dong, goi y sy dong nhit vé
ciu triic cta ca 2 hop chit [204].

Dé xac dinh thém su quy két cac vi tri va céu tric cua hop chat VN-12C-06,
phan tich cac twong tac trén pho HMBC dugc thyc hién. Twong ty nhu v6i hop chat
VN-12C-03, trén phd HMBC, tuong tac gitta § 5.90 va 5.89 véi C-6 va C-7 gilip xac
dinh r6 vi tri cua nhom OCHO ¢ vi tri C-6/C/7. Cac vi tri ciia vong thom thé 5 vi tri
duoc xac dinh thong qua tuong taic HMBC tir H-8 to1 C-4a, C-5, C-6, C-7, va C-8a.
Vi tri ciia vong benzen thé 1,3,4,5 cling dugc xac dinh tai C-1 boi cac tuong tac
HMBC tuir H-1 t61 C-1°, tr H-2> va H-6’ té1 C-1. Ngoai ra, tuong tic HMBC tir H-3a
dén C-2, C-2a, C-3, va C-4 giup khang dinh su hop chit ciia vong gamma-lactone véi

vong cyclohexane cua khung lignans & vi tri C-2/C-3. Vi tri ciia 3 nhém methoxy tai
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C-3°, C-4’, va C-5" dugc khang dinh boi twong tic HMBC tir & 3.73 dén C3° C-4,
va C-5’.

Két qua phan tich phd va so sanh voi tai liéu tham khao cho thay hop chat VN-
12C-06 duogc xac dinh 1a B-Peltatin, v6i cong thic phan tir 1a C22H220s va khéi luong
phan tir 414 g/mol. B-Peltatin cling duoc cong nhan 12 mot din xuat ciia PTOX [149].

Céac hop chat nay thé hién sy twong dong vé cau triic v6i a-peltatin va p-
peltatin dugc tim thiy trong thuc vat. Dir liéu cdu trac nay phu hop véi cac nghién
ctru trude day trén thuc vat [149], [203], [204] Trong mot nghién ctru khac, da chiét
xuét va dinh luong deoxypodophyllotoxin tir Aspergillus fumigatus nudi ciy bang
phuong phap LC-MS, ho dé xuit gia thuyét rang sy chuyén gen theo chiéu ngang (tir
cdy chi sang nidm ndi sinh) c6 thé lién quan dén qua trinh san xuét
deoxypodophyllotoxin [15]. Theo Arroo va cong su cho rang deoxypodophyllotoxin
dugc coi 1a tién chét trong qué trinh tong hop sinh hoc cua B-peltatin va PTOX [205].

Trong nghién ctiru cia Germaine va cong sy da bao cdo viéc san xuit PTOX
ctia Fusarium oxysporum tng ho cho 1y thuyét ring trong qua trinh tién héa lau dai
cua cac loai ngi sinh va cay chu ctia chung, cac loai ndi sinh da ty thich nghi véi méi
truong vi mé dic biét ciia chung bang bién dbi di truyén, bao gém viéc hap thu mot
s6 DNA thuc vat vao bd gen cta chinh ching [206]. Gan day, Penicillium herquei,
mot thanh vién cta chi Penicillium, dugc biét dén véi tiém nang san xuét nhiéu chat

chuyén hoa thir cip nhu dan xuit phenalenone [94], [95] .

Trong nghién ciru nay, ca alpha-peltatin va beta-peltatin déu la din xuat PTOX
dugc tao ra bang cach bién doi vong B trong cAu trac hop chit PTOX. Trong mot s6
nghién ctru da cho rang chiing thé hién hoat dong khang vi-rat va chong khéi u dang
ké [149], [150]. Do d6, phat hién cuia ching t6i cung cap su hd tro quan trong cho gia
thuyét vé con duong téng hop PTOX trong ndm ndi sinh.

4.3.3. Panh gia hoat tinh chdng oxy héa va hoat tinh gy ddc té bao ciia cac
hop chit tir Penicillium herquei HGN12.1R

Gbc tv do DPPH, duoc sir dung rong rai dé danh gia kha nang hoat dong cua
céc hop chat nhu chat don goc tu do va cung cép hydro, 13 mot phuong phap nhanh
chong, don gian va khong tén kém dé kiém tra kha ning chéng oxy hoa. Thir nghiém
DPPH dua trén viéc loai b6 DPPH, mot géc tu do 6n dinh. Gé¢ DPPH c6 mau tim

sam trong dung dich va hp thu manh & budc séng khoang 517 nm, khi da khir va



108

chuyén thanh DPPH-H n6 chuyén sang khong mau hodc vang nhat [207]. Trong
nghién ciru cua chung t6i hoat tinh chong oxy héa ctia hai hop chat VN12C.03 va
VN12C.06 so véi chat chuan Resveratrol thong qua kha nang trc ché gdc tu do DPPH

¢ cac nong dg khac nhau va gia tri ECso.

Nhin chung, gi tri ICso cang thap thi hoat tinh chdng oxy hoa cang manh, so
v6i d6i chimg Resveratrol hop chat VN12C.03 c6 gid tri ICso 1a 6,44 + 0,41 mg/ml.
Hop chat VN12C.03 cho thdy kha ning tc ché gbc tir do DPPH, véi gid tri ICso 1a
6,44+0,41 mg/ml. Mac du hoat tinh nay yéu hon so v&i chit chuin Resveratrol, no
van thé hién tiém nang nhit dinh. VN12C.03 van c6 thé dugc nghién ctru dé str dung
nhu mot chat chdng oxy hoa trong cac san pham thue pham chire ning hodc thube hd
trg, ddc biét khi két hop v6i cac chat khac dé tao ra hiéu tng hiép dong [208].
VN12C.03 c6 thé 1a mdt ing vién tiém ning trong cac cong thirc m§ pham tu nhién.
Viéc tim thdy mot hop chét c6 hoat tinh tir nguén ndm ndi sinh 1a mot két qua dang

khich 18, mé ra huéng nghién ctru va phat trién trong twong lai.

Hop chat VN12C.06 c6 gia tri 1Cs50=18,75+1,11 mg/ml, day la gia tri ICso cao
nhét trong s6 cac hop chét da duoc thir nghiém (bao gdm ca VN12C.03 va chit chuan
Resveratrol). Gia tri ICso cao ndy cho thay hoat tinh chdng oxy hoa ctia VN12C.06 1a
thap. Dé dat dugc hiéu qua tc ché 50% gbc tu do DPPH, can phai st dung mot ndng
d6 hop chat rt cao, diéu nay lam giam dang ké tinh kha thi cua viéc tng dung hop
chat nay nhu mot chat chdng oxy hoa hiéu qua. Mic du vy, nghién ciru van s& tap
trung vao cac hoat tinh sinh hoc khac ctia hop chét nay. Viéc né 1a mot dan xuét cla
PTOX cho thdy tiém ning c6 cac hoat tinh quan trong nhu chdng ung thu, khang
khuan va chdng viém (Gordaliza et al, 2004).

Trong nghién ctru kha ning gay doc té bao, ca hai hop chat déu dugc thir nghiém
trén dong té bao ung thu phéi nguoi SK-LU-1. Pang chi y, VN12C.06 cho thay kha
nang gy doc té bao manh hon dang ké so vi VN12C.03. Gia tri ICso cia VN12C.06
14 5,990,41 pg/ml, thip hon nhiéu so véi VN12C.03 (18,61+0,41 pg/ml), diéu nay
cho thdy VN12C.06 hiéu qua hon trong viéc trc ché 50% té bao ung thu & nong do
thap hon. Tir d6 cho thay tiém ning Gng dung Phét trién thubc chong ung thu cia
VN12C.06 13 mot phat hién cuc ky quan trong. Hop chat ndy, véi gia tri ICso thap, co
thé dugc xem xét 1am chét chi dao dé phat trién céac loai thuéc chéng ung thu méi.
Trong nghién ctru cia Oktriawan va cong sy da chtig minh nAm noi sinh cu tra trong

cay chu cua ching ma khong c¢6 tri¢u chung ro rang. Chiing da dugc chimg minh la
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ngudn doi dao cac hop chat hoat tinh sinh hoc méi véi cau triic da dang, 01 hop chat
moi la 5,7-dihydroxy-3(R)-methylphthalide (1), da dugc phan 1ap th Xylaria brevipes
PGRI1, va ba hop chét di biét, (-)-altenuene (2), alternariol (3) va altertoxin I (4), da
dugc phén 1ap tir Alternaria alternata D-8. Cac hop chit ndy duoc ching minh ¢

kha ning gy doc té bao [209].

Céc hop chat VN12C.03 va VN12C.06 tir nam ndi sinh Penicillium herquei
HGN12.1R 14 ngudn tiém ning cho viéc phat trién cac ing dung duoc 1y. Trong khi
VN12C.03 ¢6 thé dugc khai thac trong linh vic chong oxy hoa (dac biét 1a trong my
pham va thuc pham chirc ning), thi VN12C.06 lai thé hién tiém ning vuot trdi trong
linh vuc chéng ung thu, mé ra huéng nghién ctru ddy hira hen cho viéc phat trién
thudc méi.

4.4. Nhirng han ché va hwéng nghién ciru tiép theo

Mic du da thu dugc nhimg két qua ban dau day hira hen, nghién ctru van con
mot s6 han ché can duoc giai quyét dé t6i da hoa tiém ning tng dung cua cac hop
chat tir chung ndm Penicillium herquei HGN12.1R. Dudi dy 1a nhitng han ché va

cac hudng nghién ctru tiép theo dugc dé xuit.
Nhitng han ché

- Ham luwong PTOX va cac dan xuat nhu VN12C.03 va VN12C.06 thu duoc thip va
tir quy mo 1én men nhé 5-10 lit, hién tai chua dap tmg duoc nhu cau san xuét thuong

mai.

- C4c thir nghiém hoat tinh chdng oxy hoa va giy doc t& bao méi chi dimg lai & mo
hinh in vitro (trén té bao). Cac danh gia ndy chwa du dé két luan vé hiéu qua thyuc sy

va do an toan ctia hop chit trén co thé song.
Huwéng nghién ciru tiép theo

- Can thyc hién cac nghién ciru dé t6i wu hoa méi trudng nudi cay (thanh phan dinh
dudng, pH, nhiét do), diéu kién 1én men va thoi gian thu hoach trén quy mé 16n hon
(vi du: 1én men trong bioreactor) nham ting dang ké san luong ctia cac hop chat mong
mudn.

- Nghién ctru sau hon vé co ché sinh téng hop PTOX c6 thé cho phép sir dung cac k§
thuat bién d6i gen (nhu chinh stra gen CRISPR-Cas9) hoidc bo sung cac elicitor dé

kich thich nam san xuat cac chat chuyén hoa thir cap nay véi nang suat cao hon.
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- Can mo rong cac nghién ciru hon nhu thir nghiém in vivo trén dong vat. Diéu nay
s€ giup xac dinh tinh hi¢u qua, dugc dong hoc va doc tinh toan than cia VN12C.03
va VN12C.06.

- Panh gia hoat tinh giy doc té bao cia VN12C.06 trén nhiéu dong té bao ung thu

khéac nhau dé xac dinh tinh chon loc va phé hoat tinh cua né.

- Phén tich chi tiét sy khac biét vé cdu trac gitta VN12C.03 va VN12C.06 (nhu su
hién dién cua nhom methoxy ¢ vi tri C4') va lién hé véi sy khac biét vé hoat tinh. Tir
két qua phan tich d6, co thé thuc hién cac bién d6i héa hoc ddi voi VN12C.03 dé tao
ra cac dan xuét moi co hoat tinh chéng ung thu manh hon. Ngugc lai, co thé tbi wu
hoa ciu tric cia VN12C.06 dé ting tinh chon loc ddi v6i té bao ung thu va giam thiéu

tac dung phu.

- Dua vao tiém nang da dugc xac dinh cia 2 hop chit, nghién ctru co thé tap trung
phat trién VN12C.03 thanh san pham m§ pham hodc thuc pham chtic ning chdng oxy
hoa, trong khi VN12C.06 c6 thé duoc nghién ctru chuyén sdu hon cho muc tiéu phat

trién thudc diéu tri ung thu.
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KET LUAN VA KIEN NGHI

KET LUAN

1. Pa phan lap duoc 53 chung vi ndm ndi sinh tr 2 mau vat liéu Dysosma
difformis dugc thu thap tr Ha Giang va Lai Chau. Tu d6 da danh gi4 duoc tinh da
dang loai VNNS thong qua phan tich céc chi s6 da dang Shannon, Simpson. Pa tuyén
chon dugc 06/53 ching c6 hoat dong gay doc té bao rat manh ddi voi 3 dong té bao
SK-LU-1 (Ung thu phoi & nguoi), HL-60 (Bénh bach cau cap tinh ¢ nguoi) va HepG2
(Ung thu biéu mé té bao gan & nguoi). Két hop cac phwong phap phan tich TLC,
HPLC xac dinh kha nang sinh tong hop PTOX da Iya chon duge chung HGN12.1R
tiém nang voi day di cac ddc diém sinh hoc cho cac nghién ctru tiép theo.

2. Da giai trinh ty va lap rap hé gen chung vi ndm Penicillium herquei HGN12.1R
bang cong nghé PacBio. B6 gen ching Penicillium herquei HGN12.1R c6 kich thude
khoang 35,0 Mb tuong ting v61 do hoan thién 98,3%. Pa chu giai hé gen va dy doan
cac nhom gen lién quan dén con dudng sinh téng hop PTOX va cic dan xuét.

3. Pi xac dinh diéu kién thich hop cho san sinh PTOX va cac din xuit cua ching
Penicillium herquei HGN12.1R bang cong nghé 1én men & quy md phong thi nghiém.
4. P tach chiét, tinh sach va xac dinh duoc ciu tric ctia 02 hop chit o-peltatin va p-
peltatin 1 din xuét cia PTOX. Ca hai hop chat déu thé hién hoat tinh chdng oxy hoa
va hoat tinh gay doc té bao.

KIEN NGHI

- Tiép tuc nghién ctru tdi vu didu kién 1én men va cic nghién ctru su hon dé ting
hiéu suit sinh tong hop PTOX va cic dan xudt cta chung Penicillium herquei
HGNI2.1R.

- Panh gi4 chirc ning cac gen du doan con duong sinh tong hop PTOX va cac dan
xuat ctia chung ndm nghién ctu.

- Nghién ctru thtr nghiém in vivo hoat tinh cua VN12C.03 va VN12C.06.

- Panh gia hoat tinh gy doc té bao ciia VN12C.06 trén nhiéu dong té bao ung thu

khéc nhau dé xac dinh tinh chon loc va phé) hoat tinh cua n6
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PHU LUC A

CONG HOA XA HOI CHU NGHIA VIET NAM
DPéc 1ap - Tu do - Hanh phic

Ha Noi, ngay 29 thang 10 nam 2025
BAN GIAI TRINH VA CAM KET
Vé viée ky hi¢u tén chiing nAm ndi sinh HGN12.1C va HGN12.1R Ia mét

Tén toi la: Tran Thi Hoa, nghién ctru sinh (NCS) theo Quyét dinh céng nhan
nghién ctru sinh s6 2019/QD-HVKHCN, ngay 10/12/2020 cua Giam déc Hoc vién
Khoa hoc va Céng nghé.

Thuce hién Luén an: “Nghién cieu phdn ldp vi nam néi sinh tir cay duoe liéu
Bdt Gidc Lién va danh gia kha ndng sinh hoat chdt Podophyllotoxin va cdc dan
xuat” theo Quyét dinh cong nhan dé tai va ngudi hudng dan: S6 2554/QP-
HVKHCN, ngay 31/12/2020 cta Giam déc Hoc vién Khoa hoc va Cong nghé.

Luén an la san phém cua dé tai Trong diém Cong nghé sinh hoc cép Vién Han
lam Khoa hoc va Cong nghé Viét Nam, ma s6 TPCN.01/20-22 do TS. Tran Hb
Quang lam chu nhiém.

1. Giai trinh vé su thay dbi ky hiéu

- Ky hiéu ban dau: Trong qua trinh thuc hién dé tai, ban dau viéc ky hiéu cac
chung vi nam néi sinh dugc ma hod theo cac by phan phan Idp cua cay Bat Giac Lién
nhu: ré (R), cti (C), than (T), la (L) & céc dia diém thu mau Ha Giang va Lai Chau,
do d6 c6 ky hiéu HGN12.1C (ndm phan lap & cu tai Ha Giang). Tir d6 NCS va nhém
dé tai viét Giai phép hitu ich, giai trinh tu toan hé gen va dang ky trén Ngan hang
Genbank duéi tén nim 1a HGN12.1C.

- Tuy nhién, do cdy Bét Giac Lién la cdy than ré, cu va ré ciia khong cé su
tach biét rd rang. Dé thuan tién cho viéc nhan biét va quan 1y, sau nay nhom nghién
ctru da phan loai, quy udc va diéu chinh lai nhu sau:

+ Néu vi ndm ndi sinh dugc phan lap tir cti ky hiéu (C), quy ude chuyén thanh
ré ky hiéu R, vi du: HGN3C -» HGN3R

+ Néu vi ndm néi sinh duge phan 1ap tir ré ky hiéu R, quy uéc chuyén thanh
(.1R), vi du: HGN3R — HGN3.1R

- Do so suat, NCS va nhém nghién ciu Dé tai da khong ra soat lai tén
chiing/gidng vi ndm trong céc cong trinh céng bd sau nay dan dén su khong thong
nhat nhu da néu.

2. Cam két va cong nhin

- Véi gidi trinh trén, trong qua trinh viét luan dn NCS va tap thé huéng dén
xin phép dugc thong nhat diéu chinh HGN12.1C thanh HGN12.1R.




- Viéc giai trinh ky hiéu ching nam nhu trén da duoc nhat tri tai Hoi déng
bao vé cp co so.

- Nghién ctru sinh va tap thé huéng dan cam két chung vi nAm néi sinh ky hiéu
trong céc cong bd 1a HGN12.1C va HGN12.1R 1a mét chung va dé xuat sir dung
thong nhat ky hiéu HGN12.1R trong toan b nd dung Luan an.

Chting t6i cam két ban giai trinh trén day la ding su thét.

Xdc nhin ciia tap th¢ hwong din Nghién ciru sinh
TS. Trin H6 Quang  PGS. TS. Pham Bich Ngoc Tran Thi Hoa

Chii nhiém dé tai
TPCN.01/20-22

PHO VIEN TRUONG
Phi Quyét Tién s
TS. Tran H6 Quang
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PHU LUC B

Dich Ién men chira
sinh kho1 nam

S S— Ly tam, loc

Sinh khdi nim

<—— Séy kho 60 °C, nghién bang nito 1ong

Bo6t nam kho

Tach chiét

Trich ly vo1 dung moéi hitu co
<— (Chloroform: Methanol =4:1) x 4 lan.
Co dac bay hoi dung moi

\

Cao chiét PTOX
tho

HPLC, LC, LC-MS
Podophyllotoxin

Hinh 1B. Téch chiét xac dinh PTOX béi TCL, HPLC [35]
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Dich 1én men chira
sinh kho1 nam

Dich loc sinh khdi ndm f¢—— Ly tam, loc

Sinh khoi nam

Trich ly v61 dung X A

méi hitu co CHCI3— hog izz ﬁﬂzc .

MeOH (4:1, v/v) x 3

lan. C6 bay hoi dung Sidu am, 4 °C

moi & 30 °C
Tach chict Trich ly v&i dung
moi hitu co CHCI3-
MeOH (4:1, v/v) x 3
lan. C6 bay hoi dung
Cao chiét hiru co moi & 30 °C
kho

Hoa lai cao chiét
bang dung moi hitu
co MeOH

HPLC
Deoxypodophyllotocx

Hinh 2B. Téch chiét, tinh sach thu nhan deoxyPodophyllotoxin (DPTOX) [15]
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PHU LUC C
Bang 1C. Két qua BLAST trinh tu gen ITS ctia cac mau ndm véi cac trinh tu trong dong trén NCBI
Tz‘?t,n xXuat
Chiing vi » MO b sé ding ky Tén chiing so sinh Pj twon xuat hi¢n
TT o hgV Dia diem  thuc a 50 ¢ang Ky i ching 20 5a g trong Chi, Nganh cuia cac
nam ndi sinh N Ngan hang Gen (Ma s0) dong(%) . X
vat chi nam
(CF, %)
N x Apiotrichum dehoogii culture Apiotrichum,
1 HGNG6.1R Ha Giang Ré MZ461976 CBS8686 (KY101656.1) 99.80 Basidiomycota 1.85
NP x Aspergillus sp. 151304 Aspergillus,
2 HGNG6.2R Ha Giang Re MZ468130 (MT371256.1) 91.94 Ascomycota 5.56
NP x Aspergillus flavus GFRSS
3 HGNI13R Ha Giang Re MZ462046 (MT447477.1) 100
A x Aspergillus nomius IXX-FS31
4 LCNOR Lai Chau Re MZ470737 (KR296870.1) 99.82
A . Cercospora citrullina C2015 Cercospora,
5 LCN21T Lai Chau  Than MZ470733 (KY593165.1) 100 Ascomycota 1.85
6 HGNIR Ha Gian RE ON142327 Cladosporium sphaerospermum 99 82 Cladosporium, 370
& SCAU177 (MH464425.1) ' Ascomycota '
A , Cladosporium sp. XHMEA3
7 LCN7L Lai Chau La MZ470614 (MHO85344.1) 100
N Clonostachys rogersoniana Clonostachvs
8 HGNS8R Ha Giang Re MZ469934 voucher IFRD500-015 100 Ascom co)t}a’ 3.70
(MT559105.1) Y
N Clonostachys rosea 197 WS
9 LCNIR Lai Chau Re MZ477226 (MG396999.1) 100

-0
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T?\’n xXuat
) . Mo ~ A s , A . , n xuat hién
TT ;Chm:.g \.’l Dia didm thue MaA ) f‘iang ky Tén chur:g 20 sanh Dg twong Chi, Nganh ciia cc
nam ndi sinh N Ngan hang Gen (Ma so) dong(%) . A
vat chi nam
(CF, %)
N x Colletotrichum gloeosporioides Colletotrichum,
10 HGNI1I1.1IR  Ha Giang Re MZ461968 Y35 (MT729915.1) 100 Ascomycota 5.56
. . Colletotrichum kohawee WZ-135
11 LCN3L Lai Chau La MZ470466 (MN856281.1) 100
A . Colletotrichum acutatum WZ-298
12 LCNI9T Lai Chau  Théan MZ470465 (MN856415.1) 99.27
13 LCNS8.3L Lai Chau La MZ470419 Fungal sp. 1.85
N x Fusarium oxysporum LZ070103 Fusarium,
14  HGN7.1R Ha Giang Re MZ461980 (FT157216.1) 99.80 Ascomycota 11.11
N x Fusarium oxysporum LZ070103
15 HGN7R Ha Giang Ré MZ461979 (FT157216.1) 99.6
NP , Fusarium solani LJ02
16 HGNSL Ha Giang La MZ461981 (MT579853.1) 99.81
A , Fusarium sp. 2 IM-2014
17 LCNIL Lai Chau La MZ470447 (KJ920732.1) 88.71
A R Fusarium sp. 2 IM-2014
18 LCN6T Lai Chau  Than MZ472087 (KJ920732.1) 88.74
A R Fusarium sp. 2 IM-2014
19 LCNIT Lai Chau  Than MZ470445 (KJ920732.1) 92.48
A N Ganoderma lucidum AL BS Ganoderma,
20 LCNST Lai Chau  Than MZ470735 (MH160076.1) 100 Basidiomycota 1.85

(49
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T?\’n xXuat
) . Mo ~ A s , A . , n xuat hién
TT AChllI:'g \.’l Dia didm thue MaA ) f‘iang ky Tén chur:g 20 sanh Dg tu’(zng Chi, Nganh ciia cc
nam ndi sinh N Ngan hang Gen (Ma so) dong(%) . A
vat chi nam
(CF, %)
N x Guignardia sp. voucher HQU PLO08 Guignardia,
21 HGN2R Ha Giang Ré MZ461975 (MK640597.1) 99.83 Ascomycota 1.85
N x Ilyonectria destructans Ilyonectria,
22 HGN3R Ha Giang Ré MZ461966 (MK403674.1) 100 Ascomycota 5.56
NP x Ilyonectria robusta JJHHD-6
23 HGN7.2R Ha Giang Ré MZ461985 (MN091953.1) 99
24  LCNI16L Lai Chau La MZ470426 Ilyonectria sp. HB 5 (KP761761.1)  99.80
N x Lasiodiplodia venezuelensis CBS Lasiodiplodia,
25 HGNI14.1R  Ha Giang Ré MZ462039 129753 (MH865369.1) 100 Ascomycota 1.85
26 HGN5R  HaGiang  R& MZ469936 Mucor sp. RL288 (MT557384.1)  99.29 Mucor, 3.70
Mucoromycota
A x Mucor circinelloides M
27 LCN7R Lai Chau Re MZ470734 (MK791718.1) 99.47
N x Neurospora intermedia WS11JB14 Neurospora,
28 HGN6R Ha Giang Re MZ461978 (KT844672.1) 99.45 Ascomycota 1.85
< e x Penicillium citrinum JBGC3.4 Penicillium,
29 HGNI13.1R  Ha Giang Re MZ468131 (MG554246.1) 100 Ascomycota 7.41
P x Penicillium herquei BCC
30 HGNI12.1R  Ha Giang Re MZ462047 (THA):84323 (MF537646.1) 99.80
31 LCNISL  LaiChau L MZ470422 Penicillium herquei LTL319 99.81

(MF663569.1)

190
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; Yan xuit
tr P b e MEG SR Tendingeinh o DOtRE oy e cic
vat chi nam
(CF, %)
32 LCNI2IL  LaiChau L4 MZ470423 P emc”gﬁﬁ;;ggggff)omm 100
33 HGNIT  HaGiang Than  MZ461977 P es“ggfg;sg?g 1sz)c24c 9980 © o tc"(fgf;zfzftf 185
34 LCNI2T  LaiChiu Than  MZz470448 | haeoac(r&"gl’izig’ggz?i)l\dRHflo 0 F ni’“zosacf;ﬁ’;:o’i’a” 1.85
35 HGNI4R  HaGiang  RE Mz46l983  Thaeosp }(’I‘f{;’sofgsézg”l‘;ae AL g0 P ?“ZOSZ{) i’;’;ﬁf{f" 37
36 HGN3L  HaGiang L4 Mza6log2  Thaeosp }(’I‘f{;’sofgézg”l‘;"e AT31 100
37  HGNIL  HaGiang L4 MZ461986 Phy lloggf\fg fjf;;‘flf)”m H 99.49 iﬁi gfrf;’(f(ffa 3.70
33 LONSL  LaiChau  La  Mza7ogos | 0lostc X‘l’p(’k“’Tlgq‘ggfﬂ')zom' 99.83
39  HGN3T  HaGiang Thin  MZ462053 Cgﬁéoépiﬁzge;é“ (?\Tliffig%pgg;ll) 9942 T li;‘;f)fﬁ;’fgff“ 3.70
40 LCNI4L  LaiChau L4 MZ470459 P lelftcog g’ge(ﬁg"zjg%’ge{)’”a 99.60
41 LCN3T  LaiChau Than  MZ470446 g‘;ﬁ‘ﬁgg’%’g 4%13"70;”6“;“; 9953 T p ‘C‘gfr‘l’;lé’;m 1.85
42 LCNI3T  LaiChau  Than MZ470584 Smf&?\’g&;%ﬁ SII){F 38 100 ii%p rf’;’gz)‘za 1.85

-0
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; Yan xuit
T i e NGl Toncmgsesinh B0t o i aacic
vat chi nam
(CF, %)
43 LCNI7T  LaiChau Than  MZ470424 Simp licéﬁ;ﬁ”;%%%;f)lzzj 01 99.81 Sli”;f é’é’;lc’zz 1.85
44 LCNAT Lai Chau  Than MZ471623 4 al“g’%cseiég;;g‘ﬁ;‘f)CBs 100 ﬁ’slé’g;”;yc Z‘z : 1.85
45 HGNIIR  HaGiang  R& MZ469933 d mmete&‘{é Sci’é’lezsll; 118-25 99.83 Bafl rdal’:ritsio o 926
46 HGNI22R  HaGiang  R& MZ461967 d mmete&‘{é Sci’é’lezsll; 118-25 100
47 HGN3.IR  HaGiang  R& MZ461984 d mmete&g; ;‘é’fzsl’; 118-25 100
48 LCNIIL  LaiChau L4 MZ470263 d mmete&g; ;‘é’fzsl’; 118-25 99.83
49 LCNI3L  LaiChau L4 MZ470264 d mmete&‘}; Sci’é’lezsll; 118-25 99.5
50 HGN2.IR  HaGiang  R3 MZ469935 d ric”(’de(q\’j[”‘gjéflr Z’So()v.ilr)ide 5C2¢ 9701 YZ’SZ}(’)‘ZZ’;"; 5.56
51 HGN5.IR  HaGiang  R3 MZ462050 4 ric}"’de(q\’j["gjétlr g’gfz)v."lr)"de 5C2¢ 9701
52 LCN3R  LaiChau  R& MZ477227 4 ”cﬁ’gg&gﬂi\m 99.82
53  HGNIOR  HaGiang  R3 MZ469932 Xy l“riﬁgéggg{ﬁ)w'% 99.24 As)g) Ir‘r‘lry’go . 1.85

S0
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PHU LUCD

1. >Apiotrichum HGN6.1R_MZ461976

CTTCCGTAGGGTGAACCTGCGGAAGGATCATTAGTGATTGCCCTAGTGGCTTAAACTATATCCATATACACCTGTGAACC
GTTTGATTGACACTCTGTGTTGATTTTACAAACAATGTGTAATGAACGTCTAGTTATTATAACAAAAAATAACTTTCAACA
ACGGATCTCTTGGCTCTCGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAATGTGAATTGCAGAATTCAGTGAATCA
TCGAATCTTTGAACGCAACTTGCGCTCTCTGGTATTCCGGAGAGCATGCCTGTTTGAGTGTCATGAAATCTCAACCATTAG
GGTTTCTTAATGGCTTGGATTTGGGTGTTGCCAGTCTCTTGGCTCACCTTAAAGGAGTTAGCGAGTTTAACAATGTCGTCT
GGCGTAATAAGTTTCGCTGGTAAGACTTGTGAAGTTTGCTTCTAATCGTCTTCGGACAATTACTTTGACTCTGGCCTCAAA
TCAGGTAG

2. > Aspergillus HGN6.2R  MZ468130

TGCTTCGGCGGGCCCGCCGTTCGCGCGGCCGCCGGGGGGGAACCCCTCCCCCCGGGCGAGCGCCCGCCGGAGACCCCAA
CGTGAACACTGTCTGAAGTTTTGTCGTCTGAGTTCGATTGTATCGCAATCACTTAAAACTTTCAACAATGGATCTCTTGGT
TCCGGCATCGATGAAAAACGCAGCGAAATGCGATAATTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTCTTTGAAC
GTACATTGCACCCCCTGGTATTCCGGGGGGTATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCCCGGCTTGTGTGTTGGG
TCCTCGACCCCAAACTTCAGACAGTGTTCACGTTGGGGTCTCCGGCGGGCGCTCGCCCGGGGGGAGGGGTTTGTCCCCCG
CTCTCGTAGGCCCGGCCGGCGCTGGCCGACGCTGAAAAACAACCATTATTTCTCCAAGGTGACCTCGGATCAGGTAGGGA
TACCCGCTGAACTTAATCATATCAATAAGC

3. > Aspergillus HGN13R_ MZ468131

GGGTTCTAGCGAGCCCAACCTCCCACCCGTGTTTACTGTACCTTAGTTGCTTCGGCGGGCCCGCCATTCATGGCCGCCGGG
GGCTCTCAGCCCCGGGCCCGCGCCCGCCGGAGACACCACGAACTCTGTCTGATCTAGTGAAGTCTGAGTTGATTGTATCG
CAATCAGTTAAAACTTTCAACAATGGATCTCTTGGTTCCGGCATCGATGAAGAACGCAGCGAAATGCGATAACTAGTGTG
AATTGCAGAATTCCGTGAATCATCGAGTCTTTGAACGCACATTGCGCCCCCTGGTATTCCGGGGGGCATGCCTGTCCGAG
CGTCATTGCTGCCCATCAAGCACGGCTTGTGTGTTGGGTCGTCGTCCCCTCTCCGGGGGGGACGGGCCCCAAAGGCAGCG
GCGGCACCGCGTCCGATCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCCGGCCGGCGCTTGCCGAACGCAAA
TCAATCTTTTTCCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAACTTAAGCATATCAATAAGCGGAGGAA

4. >Aspergillus LCNIR MZ470737

I-d
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GTAGGATTCCTAGCGAGCCCAACCTCCCACCCGTGTTTACTGTACCTTAGTTGCTTCGGCGGGCCCGCCGCAAGGCCGCCG
GGGGGCATCCGCCCCCGGGCCCGCGCCCGCCGGAGACACCACGAACTCTGAACGATCTAGTGAAGTCTGAGTTGATTGTA
TCGCAATCAGTTAAAACTTTCAACAATGGATCTCTTGGTTCCGGCATCGATGAAGAACGCAGCGAAATGCGATAACTAGT
GTGAATTGCAGAATTCCGTGAATCATCGAGTCTTTGAACGCACATTGCGCCCCCTGGTATTCCGGGGGGCATGCCTGTCCG
AGCGTCATTGCTGCCCATCAAGCACGGCTTGTGTGTTGGGTCGTCGTCCCCCCCCTCCGGGGGGGGACGGGCCCTAAAGG
CAGCGGCGGCACCGCGTCCGATCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCCGGCCGGCGCTTGCCGAAC
GCAAAACAACCATTCTTTCCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAACTTAAGCATATCAATAAGCGGAGG
AA

5.>Cercospora LCN21T MZ470733

CTCCGTAGGTGAACCTGCGGAGGGATCATTACTGAGTGAGGGCCTTCGGGCTCGACCTCCAACCCTTTGTGAACACAACT
TGTTGCTTCGGGGGCGACCCTGCCGTTTCGACGGCGAGCGCCCCCGGAGGCCTTCAAACACTGCATCTTTGCGTCGGAGTT
TAAGTAAATTAAACAAAACTTTCAACAACGGATCTCTTGGTTCTGGCATCGATGAAGAACGCAGCGAAATGCGATAAGTA
ATGTGAATTGCAGAATTCAGTGAATCATCGAATCTTTGAACGCACATTGCGCCCCTTGGTATTCCGAGGGGCATGCCTGTT
CGAGCGTCATTTCACCACTCAAGCCTCGCTTGGTATTGGGCGCCGCGGTGTTCCGCGCGCCTCAAAGTCTCCGGCTGAGCT
GTCCGTCTCTAAGCGTTGTGATTTCATTAATCGCTTCGGAGCGCGGGCGGTCGCGGCCGTTAAATCTTTCACAAGGTGACC
TCGGATCAG

6. >Cladosporium_HGNIR ON142327

GCTGGCTCGGGCGGGAGTTCACACCCTTTGTTGTCCGACTCTGTTGCCTCCGGGGCGACCCTGCCTCCAGGCGGGGGCCCC
GGGTGGACATTTCAAACTCTTGCGTAACTTTGCAGTCTGAGTAAATTTAATTAATAAATTAAAACTTTCAACAACGGATCT
CTTGGTTCTGGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAATCT
TTGAACGCACATTGCGCCCCCTGGTATTCCGGGGGGCATGCCTGTTCGAGCGTCATTTCACCACTCAAGCCTCGCTTGGTA
TTGGGCGACGCGGTCCGCCGCGCGCCTCAAATCGACCGGCTGGGTCTTTCGTCCCCTCAGCGTTGTGGAAACTATTCGCTA
AAGGGTGCCGCGGGGGGCCACGCCGTGAAACAACCCCATTTCTAAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGA
ACTTAAGCATATCAATAAAGCGGAGGAAAAGCATATCAATAGAGCGGGAGGACCTGGCCGGGGAAAGTTAGAACAATTT
TGATTGTACGATTC

7. >Cladosporium LCNTL MZ470614

(4!
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TTCCGTAGGGGTGAACCTGCGGAGGGATCATTACAAGTGACCCCGGTCTAACCACCGGGATGTTCATAACCCTTTGTTGT
CCGACTCTGTTGCCTCCGGGGCGACCCTGCCTTCGGGCGGGGGCTCCGGGTGGACACTTCAAACTCTTGCGTAACTTTGCA
GTCTGAGTAAACTTAATTAATAAATTAAAACTTTTAACAACGGATCTCTTGGTTCTGGCATCGATGAAGAACGCAGCGAA
ATGCGATAAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAATCTTTGAACGCACATTGCGCCCCCTGGTATTCCGGG
GGGCATGCCTGTTCGAGCGTCATTTCACCACTCAAGCCTCGCTTGGTATTGGGCAACGCGGTCCGCCGCGTGCCTCAAATC
GACCGGCTGGGTCTTCTGTCCCCTAAGCGTTGTGGAAACTATTCGCTAAAGGGTGCTCGGGAGGCTACGCCGTAAAACAA
ACCCATTTCTAAGGTGACCTCGGATCAGGA

8. >Clonostachys HGNSR MZ469934

CCTTGTGTGCCCCGGATCCAGGCACCCGCCGGGGGACCTTAACTCTTGTTTTATTTAGAATCTTCTGAGTAGTTTTTACAA
ATAAATAAAAACTTTCAACAACGGATCTCTTGGTTCTGGCATCGATGAAGAACGCAGCGAAATGCGAAAAGTAATGTGA
ATTGCAGAATTCAGTGAATCATCGAATCTTTGAACGCACATTGCGCCCGCCAGTATTCTGGCGGGCATGCCTGTCTGAGC
GTCATTTCAACCCTCATACCCCTAGGGTGTGGTGTTGGGGATCGGCCAAGGCCCGCAAGGGACGGCCGGCCCCTAAATCT
AGTGGCGGACCCGTCGTGGCCTCCTCTGCGAAGTAGTAATATTCCGCATCGGAGAAGCGACGAGCCCCTGCCGTTAAACC
CCCAACTTTCTAAGGTTGACCTCAGATCAGGTAGGAATACCCGCTGAACTTAAGCATATCAATAAGCGGAGG

9. >Clonostachys LCN1R MZ477226

CCAGCCCATGTGAACATACCTATCGTTGCTTCGGCGGGATCGCCCCGGGCGCCTCGTGTGCCCCGGATCCGGCGCCCGCC
TAGGAACCTTAACTCTTGTTTTATTTTGGAATCTTCTGAGTAGTTTTTACAAATAAATAAAAACTTTCAACAACGGATCTCT
TGGTTCTGGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAATCTTT
GAACGCACATTGCGCCCGCCAGTATTCTGGCGGGCATGCCTGTCTGAGCGTCATTTCAACCCTCATGCCCCTAGGGCGTG
GTGTTGGGGATCGGCCAAGGCCCGCAAGGGACGGCCGGCCCCTAAATCTAGTGGCGGACCCGTCGTGGCCTCCTCTGCGA
AGTAGTGATATTCCGCATCGGAGAGCGACGAGCCCCTGCCGTTAAACCCCCAACTTTCCAAGGTTGACCTCAGATCAGGT
AGGAATACCCGCTGAACTTAAGCATATCAATAAGCGGAGGAA

10. >Colletotrichum HGNI11.1R _MZ469933

GCGGGTAGGGTCTCCGTGACCCTCCCGGCCTCCCGCCCCCGGGCGGGTCGGCGCCCGCCGGAGGATAACCAAACTCTGAT
TTAACGACGTTTCTTCTGAGTGGTACAAGCAAATAATCAAAACTTTTAACAACGGATCTCTTGGTTCTGGCATCGATGAAG
AACGCAGCGAAATGCGATAAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAATCTTTGAACGCACATTGCGCCCGCC
AGCATTCTGGCGGGCATGCCTGTTCGAGCGTCATTTCAACCCTCAAGCTCTGCTTGGTGTTGGGGCCCTACAGCTGATGTA
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GGCCCTCAAAGGTAGTGGCGGACCCTCCCGGAGCCTCCTTTGCGTAGTAACTTTACGTCTCGCACTGGGATCCGGAGGGA
CTCTTGCCGTAAAACCCCCCAATTTTCCAAAGGTTGACCTCGGATCAGGTAGGAATACCCGCTGAACTTAAGCATATCAA
TAACCGAAGG

11. >Fungal sp. LCN8.3L_MZ470419

GCCTGCGGAAGGATCATTACTGAGTGCGGGTCCCTCGTGGACCTAACCTCCCACCCTTGTCTCTTGTATACCCTGTTGCTT
TGGCGGGCCCACTGGGGATCCCCCAGTCGCCGAGGGGCCCTGTGCCCCTGGGCCCGTGTCCGCCAGAGCGCCCTGGAACC
CTCATGAAGATGGACTGTCTGAGCATGATTGATAATAATCAAAACTTTCAACAATGGATCTCTTGGTTCCGGCATCGATG
AAGAACGCAGCGAAATGCGATAAGTAATGTGAATTGCAGAATTCCGTGAATCATCGAATCTTTGAACGCACATTGCGCCC
CCTGGCATTCCGGGGGGCATGCCTGTCCGAGCGTCATTTCTGCCCTCAAGCACGGCTTGTGTGTTGGGTGTGGTCCCCCCG
TGATACGGGGGACCTGCCTGAAAGGCAGTGGCGACGCCCGCCTAGGTCCTCGAGCGTATGGGGCTTTGTCACCCGCTCGG
GAAGGGTCTACGGGTGTTGGTCATCCACGATAATTTTTTCCACGGTTGACCTCGGATCAGTAGA

12. >Colletotrichum LCN19T MZA470465

TCCGTAGGGGGAACCTGCGGAGGGATCATTACTGAGTTACCGCTCTATAACCCTTTGTGAACGTACCTAACCGTTGCTTCG
GCGGGCAGGGGAAGCCTCTCGCGGGCCTCCCCTCCCGGCGCCGGCCCCCACCACGGGGACGGGGLCGCCCGCCGGAGGAA
ACCAAACTCTATTTACACGACGTCTCTTCTGAGTGGCACAAGCAAATAATTAAAACTTTTAACAACGGATCTCTTGGTTCT
GGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAATCTTTGAACGC
ACATTGCGCTCGCCAGCATTCTGGCGAGCATGCCTGTTCGAGCGTCATTTCAACCCTCAAGCACCGCTTGGTTTTGGGGCC
CCACGGCCGACGTGGGCCCTTAAAGGTAGTGGCGGACCCTCCCGGAGCCTCCTTTGCGTAGTAACTAACGTCTCGCACTG
GGATCCGGAGGGACTCTTGCCGTTAAACCCCCAAATTCTTACAGGTGACCTCGGATCAGGTACGATC

13. >Fungal sp. LCN8.3L_MZ470419

GCCTGCGGAAGGATCATTACTGAGTGCGGGTCCCTCGTGGACCTAACCTCCCACCCTTGTCTCTTGTATACCCTGTTGCTT
TGGCGGGCCCACTGGGGATCCCCCAGTCGCCGAGGGGCCCTGTGCCCCTGGGCCCGTGTCCGCCAGAGCGCCCTGGAACC
CTCATGAAGATGGACTGTCTGAGCATGATTGATAATAATCAAAACTTTCAACAATGGATCTCTTGGTTCCGGCATCGATG
AAGAACGCAGCGAAATGCGATAAGTAATGTGAATTGCAGAATTCCGTGAATCATCGAATCTTTGAACGCACATTGCGCCC
CCTGGCATTCCGGGGGGCATGCCTGTCCGAGCGTCATTTCTGCCCTCAAGCACGGCTTGTGTGTTGGGTGTGGTCCCCCCG
TGATACGGGGGACCTGCCTGAAAGGCAGTGGCGACGCCCGCCTAGGTCCTCGAGCGTATGGGGCTTTGTCACCCGCTCGG
GAAGGGTCTACGGGTGTTGGTCATCCACGATAATTTTTTCCACGGTTGACCTCGGATCAGTAGA
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14. >Fusarium_HGN7.1R_MZ461980

TCCGTAGGGTGAACCTGCGGAGGGATCATTACCGAGTTTACAACTCCCAAACCCCTGTGAACATACCACTTGTTGCCTCG
GCGGATCAGCCCGCTCCCGGTAAAACGGGACGGCCCGCCAGAGGACCCCTAAACTCTGTTTCTATATGTAACTTCTGAGT
AAAACCATAAATAAATCAAAACTTTCAACAACGGATCTCTTGGTTCTGGCATCGATGAAGAACGCAGCAAAATGCGATA
AGTAATGTGAATTGCAGAATTCAGTGAATCATCGAATCTTTGAACGCACATTGCGCCCGCCAGTATTCTGGCGGGCATGC
CTGTTCGAGCGTCATTTCAACCCTCAAGCACAGCTTGGTGTTGGGACTCGCGTTAATTCGCGTTCCTCAAATTGATTGGCG
GTCACGTCGAGCTTCCATAGCGTAGTAGTAAAACCCTCGTTACTGGTAATCGTCGCGGCCACGCCGTTAAACCCCAACTTC
TGAATGTGACCTCGGATCAT

15. >Fusarium_ HGN7R_ MZ461979

TTCCGTAGGGGTGACCTGCGGAGGGATCATTACCGAGTTTACAACTCCCAAACCCCTGTGAACATACCACTTGTTGCCTCG
GCGGATCAGCCCGCTCCCGGTAAAACGGGACGGCCCGCCAGAGGACCCCTAAACTCTGTTTCTATATGTAACTTCTGAGT
AAAACCATAAATAAATCAAAACTTTCAACAACGGATCTCTTGGTTCTGGCATCGATGAAGAACGCAGCAAAATGCGATA
AGTAATGTGAATTGCAGAATTCAGTGAATCATCGAATCTTTGAACGCACATTGCGCCCGCCAGTATTCTGGCGGGCATGC
CTGTTCGAGCGTCATTTCAACCCTCAAGCACAGCTTGGTGTTGGGACTCGCGTTAATTCGCGTTCCTCAAATTGATTGGCG
GTCACGTCGAGCTTCCATAGCGTAGTAGTAAAACCCTCGTTACTGGTAATCGTCGCGGCCACGCCGTTAAACCCCAACTTC
TGAATGTGACCTCGGATCAGG

16. >Fusarium_ HGNSL MZ461981

CTATTCACTCATCACCCTGTGACATACCTAAACGTTGCTTCGGCGGGAATAGACGGCCCCGTGAAACGGGCCGCCCCCGC
CAGAGGACCCTTAACTCTGTTTCTATAATGTTTCTTCTGAGTAAAACAAGCAAATAAATTAAAACTTTCAACAACGGATCT
CTTGGCTCTGGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAATCT
TTGAACGCACATTGCGCCCGCCAGTATTCTGGCGGGCATGCCTGTTCGAGCGTCATTACAACCCTCAGGCCCCCGGGCCT
GGCGTTGGGGATCGGCGGAGCCCTTTGTGGGCACACGCCGTCCCCCAAATACAGTGGCGGTCCCGCCGCAGCTTCCATCG
CGTAGTAGCTAACACCTCGCGACTGGAGAGCGGCGCGGCCACGCCGTAAAACACCCAACTCTTCTGAAGTTGACCTCGAA
TCAGGTAGGAATACCCGCTGAACTTAAGCATATCAATAAGGCG

17. >Fusarium_LCNI1L MZ470447

CTTCCGTAGGTGAACCTGCGGAGGGATCATTACCGAGTTTACAACTCCCAAACCCCTGTGAACATACCAATTGTTGCCTCG
GCGGATCAGCCCGCTCCCGGTAAAACGGGACGGCCCGCCAGAGGACCCCTAAACTCTGTTTCTATATGTAACTTCTGAGT
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AAAACCATAAATAAATCAAAACTTTCAACAACGGATCTCTTGGTTCTGGCATCGATGAAGAACGCAGCAAAATGCGATA
AGTAATGTGAATTGCAGAATTCAGTGAATCATCGAATCTTTGAACGCACATTGCGCCCGCCAGTATTCTGGCGGGCATGC
CTGTTCGAGCGTCATTTCAACCCTCAAGCCCCCGGGTTTGGTGTTGGGGATCGGCGAGCCCTCGCGGCAAGCCGGCCCCG
AAATCTAGTGGCGGTCTCGCTGCAGCTTCCATTGCGTAGTAGTAAAACCCTCGCAACTGGTACGCGGCGCGGCCAAGCCG
TTAAACCCCCAACTTCTGAATGTTGACCTCGGATCAC

18. >Purpureocillium LCN3T MZ472087

TCCCAACCCACTGTGACCTTACCTCAGTTGCCTCGGCGGGAACGCCCCGGCCGCCTGCCCCCGCGECCGGECGCCGGACCCA
GGCGCCCGCCGCAGGGATCCCAAACTCTCTTGCATTACGCCCAGCGGGCGGAATTTCTTCTCTGAGTTGCACAAGCAAAA
ACAAATGAATCAAAACTTTCAACAACGGATCTCTTGGTTCTGGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAATG
TGAATTGCAGAATTCAGTGAATCATCGAATCTTTGAACGCACATTGCGCCCGCCAGCATTCTGGCGGGCATGCCTGTTCG
AGCGTCATTTCAACCCTCGAGCCCCCCCGGGGGCCTCGGTGTTGGGGGACGGTACACCAGCCGCCCCCGAAATGCAGTGG
CGACCCCGCCGCAGCCTCCCCT

19. >Fusarium LCNIT MZ470445

TCCGTAGGGTGAACCTGCGGAGGGATCATTACCGAGTTTACAACTCCCAAACCCCTGTGAACATACCACTTGTTGCCTCG
GCGGATCAGCCCGCTCCCGGTAAAACGGGACGGCCCGCCAGAGGACCCCTAAACTCTGTTTCTATATGTAACTTCTGAGT
AAAACCATAAATAAATCAAAACTTTCAACAACGGATCTCTTGGTTCTGGCATCGATGAAGAACGCAGCAAAATGCGATA
AGTAATGTGAATTGCAGAATTCAGTGAATCATCGAATCTTTGAACGCACATTGCGCCCGCCAGTATTCTGGCGGGCATGC
CTGTTCGAGCGTCATTTCAACCCTCAAGCACAGCTTGGTGTTGGGACTCGCGTTAATTCGCGTTCCTCAAATTGATTGGCG
GTCACGTCGAGCTTCCATAGCGTAGTAGTAAAACCCTCGTTACTGGTAATCGTCGCGGCCACGCCGTTAAACCCCAACTTC
TGAATGTGACCTCGGATCAT

20. >Ganoderma_ LLCN8T _MZ470735

CTTTGACCGGGTTGTAGCTGGCCTTCCGAGGCATGTGCACGCCCTGCTCATCCACTCTACACCTGTGCACTTACTGTGGGC
TTCAGATTGCGAGGCACGCTCTTTACCGGGCTTGCGGAGCATATCTGTGCCTGCGTTTATCACAAACTCTATAAAGTAACA
GAATGTGTATTGCGATGTAACACATCTATATACAACTTTCAGCAACGGATCTCTTGGCTCTCGCATCGATGAAGAACGCA
GCGAAATGCGATAAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAATCTTTGAACGCACCTTGCGCTCCTTGGTATTC
CGAGGAGCATGCCTGTTTGAGTGTCATGAAATCTTCAACCTACAAGCTTTTGTGGTTTGTAGGCTTGGACTTGGAGGCTTG
TCGGCCGTTATCGGTCGGCTCCTCTTAAATGCATTAGCTTGGTTCCTTGCGGATCGGCTCTCGGTGTGATAATGTCTACGC
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CGCGACCGTGAAGCGTTTGGCGAGCTTCTAACCGTCTTATAAGACAGCTTTATGACCTCTGACCTCAAATCAGGTAGGAC
TACCCGCTGAACTTAAGCATATCAATAAGCGGAGGAAAAT

21. >Trichoderma_HGN2.1R _ MZ469935

GTCAACTCCAAACCCAATGTGAACGTTACCAAACTGTTGCCTCGGCGGGATCTCTGCCCCGGGTGCGTCGCAGCCCCGGA
CCAAGGCGCCCGCCGGAGGACCAACCAAAACTCTTATTGTATACCCCCTCGCGGGTTTTTTACTATCTGAGCCATCTCGGC
GCCCCTCGTGGGCGTTTCGAAAATGAATCAAAACTTTCAACAACGGATCTCTTGGTTCTGGCATCGATGAAGAACGCAGC
GAAATGCGATAAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAATCTTTGAACGCACATTGCGCCCGCCAGTATTCT
GGCGGGCATGCCTGTCCGAGCGTCATTTCAACCCTCGAACCCCTCCGGGGGGTCGGCGTTGGGGATCGGCCCTTTACGGG
GCCGGCCCCGAAATACAGTGGCGGTCTCGCCGCAGCCTCTCCTGCGCAGTAGTTTGCACACTCGCATCGGGAGCGCGGCG
CGTCCACAGCCGTTAAACACCCCAAACTTCTGAAATGTTGACCTCGGATCAGGTAGGAATACCCGCTGAACTTAAGCATA
TCAAAAGCCGGAGGAA

22. >Ilyonectria HGN3R MZ461984

TTCCGTAGGTGAACCTGCGGAGGGATCATTACCGAGTTTACAACTCCCAAACCCCTGTGAACATACCATATCGTTGCCTCG
GCGGTGCCCATTTCGGCGGCCCGCCAGAGGACCCAAACCCTGTATTAAAGTATTCTTCTGAGTAAATGATTAAATCAATC
AAAACTTTCAACAACGGATCTCTTGGCTCTGGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAATGTGAATTGCAGA
ATTCAGTGAATCATCGAATCTTTGAACGCACATTGCGCCCGCCAGTATTCTGGCGGGCATGCCTGTCCGAGCGTCATTTCA
ACCCTCAAGCCCCCGGGCTTGGTGTTGGAGACCGGCGAGCCCTCCGGGGCACGCCGCCTCCCAAATTTAGTGGCGGTCTC
GCTGTAGCTTCCTCTGCGTAGTAGCACACCTCGCACTGGGAAACAGCGTGGCCACGCCGTAAAACCCCCCACTTCTGAAA
GGTTGACCTCGGATCA

23. >Ilyonectria HGN7.2R _MZ461985

GGTGAACCTGCGGAGGGATCATTACCGAGTTTACAACTCCCAAACCCCTGTGAACATACCATATTGTTGCCTCGGCGGTG
CCTGTTTCGGCAGCCCGCCAGAGGACCCAAACCCTAGATTACATTAAAGCATTTTCTGAGTCAATGATTAAATCAATCAA
AACTTTCAACAACGGATCTCTTGGTTCTGGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAATGTGAATTGCAGAAT
TCAGTGAATCATCGAATCTTTGAACGCACATTGCGCCCGCCAGTATTCTGGCGGGCATGCCTGTCCGAGCGTCATTTCAAC
CCTCAAGCCCCCGGGCTTGGTGTTGGAGATCGGCGAGCCCCCCGGGGCGCGCCATCTCCCAAATATAGTGGCGGTCCCGC
TGTAGCTTCCTCTGCGTAGTAGCACACCTCGCACTGGGAAACAGCGTGGCCACGCCGTAAAACCCCCCACTTCTGAAAGG
TGACCTCGGATG
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24. >Ilyonectria LCN16L MZ470426

TCCGTAGGGGTGACCTGCGGAGGGATCATTACCGAGTTTACAACTCCCAAACCCCTGTGAACATACCATATTGTTGCCTC
GGCGGTGCCTGTTTCGGCAGCCCGCCAGAGGACCCAAACCCTAGATTACATTAAAGCATTTTCTGAGTCAATGATTAAAT
CAATCAAAACTTTCAACAACGGATCTCTTGGTTCTGGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAATGTGAATT
GCAGAATTCAGTGAATCATCGAATCTTTGAACGCACATTGCGCCCGCCAGTATTCTGGCGGGCATGCCTGTCCGAGCGTC
ATTTCAACCCTCAAGCCCCCGGGCTTGGTGTTGGAGATCGGCGAGCCCCCCGGGGCGCGCCGTCTCCCAAATATAGTGGC
GGTCCCGCTGTAGCTTCCTCTGCGTAGTAGCACACCTCGCACTGGGAAACAGCGTGGCCACGCCGTAAAACCCCCCACTT
CTGAAAGGTGACCTCGGATGCA

25. >Phaeosphaeriopsis HGN14R MZ461983

CTTCCGTAGGTGAACCTGCGGAAGGATCATTACATTCAGTAGCCCAGCTACTTGTTTACACCCTTGTCTTTTTGCGTACTTA
TCGTTTCCTCGGCGGGCTTGCCTGCCGGTTGGACAACTTTATAACCTTTTTAAATCTTCAATCAGCGTCTGAATAATATAC
AATAATTACAACTTTCAACAACGGATCTCTTGGTTCTGGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAGTGTGAA
TTGCAGAATTCAGTGAATCATCGAATCTTTGAACGCACATTGCGCCCCTTGGTATTCCATGGGGCATGCCTGTTCGAGCGT
CATTTGTACCTTCAAGCTTTGCTTGGTGTTGGGTGCTTGTCTTTTTGTTAAGACTCACCTCAAAGTCATTGGCAGCCAGTGT
TTTGGTAGTAAGCGCAGCACATTTTGCGTCTTGGTCCCTTAACAGCAGCATCCATCAAGCCATTTTCTCACTTTGACCTCG
GATCAGGT

26. >Mucor HGNSR MZ462050

TTTTCATAATTTTGGCTTGTCCATCATTATCTATTTACTGTGAAACGTATTATTACTTGACGCCTGAGGGATGTTCCAYTGC
TATAAGGATAGGCAGCGGAAATGTTAACCGAGTCATAATCAAGCTTAGGCTTGGTATCCTATTATTATTTACCAAAAGAA
TTCAGAATTAATATTGTAACATAGACGTAAAAAATCTATAAAACAACTTTTAACAACGGATCTCTTGGTTCTCGCATCGAT
GAAGAACGTAGCAAAGTGCGATAACTAGTGTGAATTGCATATTCAGTGAATCATCGAGTCTTTGAACGCAACTTGCGCTC
ATTGGTATTCCAATGAGCACGCCTGTTTCAGTATCAAAACAAACCCTCTATCCAACTTTTGTTGAATAGGATGACTGAGAG
TCTCTTGATCGTCAGATCTCGAACCTCTTGAAATGTACAAAGGCCTGATCTTGTTTGAATGCCTGAACTTTTTTTTAATATA
AAGAGAAGCTCTTGCGGTAAACTGTGCTGGGGCCTCCCAAATAACACTTTTTTAAATTTGATCTGAAATCAGGTGGGATT
ACCCGCTGAACTTAAGCATATCAATAAGCCGGAGGAAA

27. >Mucor LCNTR_MZ470734
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CATTATTTTGGCTTGTCCATCATTATCTATTTACTGTGAAACGTATTATTACTTGACGCCTGAGGGATGTTCCATTGCTATA
AGGATAGGCAGCGGAAATGTTAACCGAGTCATAATCAAGCTTAGGCTTGGTATCCTATTATTATTTACCAAAAGAATTCA
GAATTAATATTGTAACATAGACGTAAAAAATCTATAAAACAACTTTTAACAACGGATCTCTTGGTTCTCGCATCGATGAA
GAACGTAGCAAAGTGCGATAACTAGTGTGAATTGCATATTCAGTGAATCATCGAGTCTTTGAACGCAACTTGCGCTCATT
GGTATTCCAATGAGCACGCCTGTTTCAGTATCAAAACAAACCCTCTATCCAACTTTTGTTGAATAGGATGACTGAGAGTCT
CTTGATCGTCAGATCTCGAACCTCTTGAAATGTACAAAGGCCTGATCTTGTTTGAATGCCTGAATTTTTTTTTAATATAAA
AAAAACTTCTGGCGGAAAATGGGGTTGGGGCCTCCCAAATACCCTTTTTTTAATTTTAATCTAAAATCAGGGGGAATACC
C

28. >Neurospora HGN6R MZ461978

TTCCGTAGGTGAACCTGCGGAGGGATCATTACAGAGTTGCAAAACTCCCACAAACCATCGCGAATCTTACCCGTACGGTT
GCCTCGGCGCTGGCGGETCCGGAAAGGCCCTCGGGCCCTCCCGGATCCTCGGGTCTCCCGCTCGCGGGAGGCTGCCCGCCG
GAGTGCCGAAACTAAACTCTGGATATTTTATGTCTCTCTGAGTAAACTTTTAAATAAGTCAAAACTTTCAACAACGGATCT
CTTGGTTCTGGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAATCT
TTGAACGCACATTGCGCTCGCCAGTATTCTGGCGAGCATGCCTGTTCGAGCGTCATTTCAACCATCAAGCTCTGCTTGCGT
TGGGGATCCGCGGCTGTCCGCGGTCCCTCAAAATCAGTGGCGGGCTCGCTAGTCACACCGAGCGTAGTAACTCTACATCG
CTATGGTCGTGCGGCGGGTTCTTGCCGTAAAACCCCCCATTTCTAAGGTTGACCTCGGATCAGG

29. >Penicillium citrinum HGN13.1R _ MZ462046

CTTCCGTAGGTGAACCTGCGGAAGGATCATTACCGAGTGCGGGCCCCTCGGGGCCCAACCTCCCACCCGTGTTGCCCGAA
CCTATGTTGCCTCGGCGGGCCCCGCGCCCGCCGACGGCCCCCCTGAACGCTGTCTGAAGTTGCAGTCTGAGACCTATAAC
GAAATTAGTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCAGCGAAATGCGATAACTAATGT
GAATTGCAGAATTCAGTGAATCATCGAGTCTTTGAACGCACATTGCGCCCTCTGGTATTCCGGAGGGCATGCCTGTCCGA
GCGTCATTGCTGCCCTCAAGCCCGGCTTGTGTGTTGGGCCCCGTCCCCCCCGCCGGGGGGACGGGCCCGAAAGGCAGCGG
CGGCACCGCGTCCGGTCCTCGAGCGTATGGGGCTTCGTCACCCGCTCTAGTAGGCCCGGCCGGCGCCAGCCGACCCCCAA
CCTTTAATTATCTCAGGTGACCTCGGATCA

30. >Penicillium herquei HGN12.1R _MZ462047

TCATTAACGAGTTCTGACACTTCCGTAGGTTTCCGTAGGTGAACCTGCGGAAGGATCATTACTGAGTGAGGGCCCTCTGG
GTCCAACCTCCCACCCGTGTTTATTGTACCTTGTTGCTTCGGCAGGCCCGCCTCACGGCCGCCGGGGGGCTTCTCGCCCCC
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GGGCCCGCGCCTGCCGGAGACACCTTTGAACGCTGTCTGAAGTTTGCAGTCTGAGCGATTAGCTAAATTAGTTAAAACTT
TCAACAACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCAGCGAAATGCGATAATTAATGTGAATTGCAGAATTCAGT
GAATCATCGAGTCTTTGAACGCACATTGCGCCCCCTGGTATTCCGGGGGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCA
AGCCCGGCTTGTGTGTTGGGCCTCGTCCCCCCTCTGCGGGGGACGGGCCCGAAAGGCAGCGGCGGCACCGTGTCCGGTCC
TCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCCGGCCGGCGCTTTAGCAGGAAACACAAGGAGGAGCATATCAAT
AAGCGGAGACGATGATAATCCTTA

31. >Penicillium_ LCNI15L_MZA470422

CGTAGCTTTCCGTAGGTGAACCTGCGGAAGGATCATTACTGAGTGAGGACCCTCTGGGTCCAACCTCCCACCCGTGTTTAT
TGTACCTTGTTGCTTCGGCAGGCCCGCCTCACGGCCGCCGGGGGGCTTCTCGCCCCCGGGCCCGCGCCTGCCAGAGACAC
CTTTGAACGCTGTCTGAAGTTTGCAGTCTGAGCGATTAGCTAAATTAGTTAAAACTTTCAACAACGGATCTCTTGGTTCCG
GCATAGGTGAAGAACACAGCGAAATGCGATAATTAATGTGAATTGCAGAATTCAGCGAATCATCGAGTCTTTGAACGCA
CATTGCGCCCCCTGGTATTCCGGGGGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGCCCGGCTTGTGTGTTGGGCCT
CGTCCCCCCTCTGCGGGGGACGGGCCCGAAAGGCAGCGGCGGCACCGTGTCCGGTCCTCGAGCGTATGGGGCTTTGTCAC
CCGCTCTGTAGGCCCGGCCGGCGCCTTAGCAGGAAACACAAGGAGGAGCATATCAATAAGCGGAGACGATGATAATCCT
TA

32. >Penicillium LCN12.1L_ MZ470423

CGACTGATCGAGGTCACCTGAAAAAAAGATTGTGTCGTCGGCTAAGGCGCCGGCCGGGCCTACAGAGCGGGTGACAAAG
CCCCATACGCTCGAGGACCGGACACGGTGCCGCCGCTGCCTTTCGGGCCCGTCCCCCGCAGAGGGGGACGAGGCCCAAC
ACACAAGCCGGGCTTGAGGGCAGCAATGACGCTCGGACAGGCATGCCCCCCGGAATACCAGGGGGCGCAATGTGCGTTC
AAAGACTCGATGATTCACTGAATTCTGCAATTCACATTAATTATCGCATTTCGCTGCGTTCTTCATCGATGCCGGAACCAA
GAGATCCGTTGTTGAAAGTTTTAACTAATTTAGCTAATCGCTCAGACTGCAAACTTCAGACAGCGTTCAAAGGTGTCTCCG
GCAGGCGCGGGCCCGGGGGCGAGAAGCCLCCCCGGLCGGCCGTGAGGCGGGCCTGCCGAAGCAACAAGGTACAATAAACA
CGGGTGGGAGGTTGGACCCAGAGGGCCCTCACTCAGTAATGATCCTTCCGCAGGC

33. >Pestalotiopsis HGN1T MZ461977

TTCCGTAGGTGAACCTGCGGAGGGATCATTATAGAGTTTTCTAAACTCCCAACCCATGTGAACTTACCTTTTGTTGCCTCG
GCAGAAGTTATAGGTCTTCTTATAGCTGCTGCCGGTGGACCATTAAACTCTTGTTATTTTATGTAATCTGAGCGTCTTATTT
TAATAAGTCAAAACTTTCAACAACGGATCTCTTGGTTCTGGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAATGTG

0r-da



D-11

AATTGCAGAATTCAGTGAATCATCGAATCTTTGAACGCACATTGCGCCCATTAGTATTCTAGTGGGCATGCCTGTTCGAGC
GTCATTTCAACCCTTAAGCCTAGCTTAGTGTTGGGAATCTACTTCTTTATAGTTGTAGTTCCTGAAATACAACGGCGGATT
TGTAGTATCCTCTGAGCGTAGTAATTTTTTTCTCGCTTTTGTTAGGTGCTATAACTCCCAGCCGCTAAACCCCCAATTTTTT
GTGGTGACCTCGGATCAG

34. >Phaeoacremonium LCNI12T MZ470448

CTTCCGTAGGTGAACCTGCGGAGGGATCATTAACGAGTTTCGTACTCCAAACCCTTTGTGAACATACCTGTTTTCGTTGCT

TCGGCAGGTGAAGGCGGACGGCCTCCGGGCCTGAAGCCGCCGCCGGGECGGACCCCTCGCGGGGECGCTGCCGGETGGGECC
TGCCGGAGGGCACAGACTCTGTATTACAACGTACCTCTCTGAGTTATATTTTACAAACAAGTAAAAACTTTCAACAACGG

ATCTCTTGGTTCTGGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAATGTGAATTGCAGAATTCAGTGAATCATCGA
ATCTTTGAACGCACATTGCGCCCGCCAGTATTCTGGCGGGCATGCCTGTCCGAGCGTCATTTCAACCCTCAGGCCCTGGTT
GCCTGGTGTTGGGGCGCCGCGCACCCTCAGCGGGCGCGGGCCCCGAAAGTCAGTGGCGGGCTCGCCAGGACTCCGAGCG

CAGTAATTTTCTCTCGCTGTGGAGCGCCTGGTGGGTTACCGGCCGTAAAACACCCCAAATTCTAAAGGTTGACCTCC

35. >Lasiodiplodia HGN14.1R_ MZ462039

CTTCCGTAGGTGAACCTGCGGAAGGATCATTACCGAGTTTTCGAGCTCCGGCTCGACTCTCCCACCCTTTGTGAACGTACC
TCTGTTGCTTTGGCGGCTCCGGCCGCCAAAGGACCTTCAAACTCCAGTCAGTAAACGCAGACGTCTGATAAACAAGTTAA
TAAACTAAAACTTTCAACAACGGATCTCTTGGTTCTGGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAATGTGAAT
TGCAGAATTCAGTGAATCATCGAATCTTTGAACGCACATTGCGCCCCTTGGTATTCCGGGGGGCATGCCTGTTCGAGCGTC
ATTACAACCCTCAAGCTCTGCTTGGAATTGGGCACCGTCCTCACTGCGGACGCGCCTCAAAGACCTCGGCGGTGGCTGTT
CAGCCCTCAAGCGTAGTAGAATACACCTCGCTTTGGAGCGGTTGGCGTCGCCCGCCGGACGAACCTTCTGAACTTTCTCA
AGGTTGACCTCGGATCA

36. >Phaeosphaeriopsis HGN3L MZ461982

TTCCGTAGGTGAACCTGCGGAAGGATCATTACATTCAGTAGCCCAGCTACTTGTTTACACCCTTGTCTTTTTGCGTACTTAT
CGTTTCCTCGGCGGGCTTGCCTGCCGGTTGGACAACTTTATAACCTTTTTAAATCTTCAATCAGCGTCTGAATAATATACA
ATAATTACAACTTTCAACAACGGATCTCTTGGTTCTGGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAGTGTGAAT
TGCAGAATTCAGTGAATCATCGAATCTTTGAACGCACATTGCGCCCCTTGGTATTCCATGGGGCATGCCTGTTCGAGCGTC
ATTTGTACCTTCAAGCTTTGCTTGGTGTTGGGTGCTTGTCTTTTTGTTAAGACTCACCTCAAAGTCATTGGCAGCCAGTGTT
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TTGGTAGTAAGCGCAGCACATTTTGCGTCTTGGTCCCTTAACAGCAGCATCCATCAAGCCATTTTCTCACTTTGACCTCGG
ATCAGGTATG

37. >Phyllosticta HGN1L MZ461986

TTCCGTAGGTGAACCTGCGGAAGGATCATTACTGAAATGTAATAACTTCTATTGAAAGGTTCCAGAGTAGGCGCTACAAC
GCCGAAATGACCTTCTCACCCTTGTGTACTCACTATGTTGCTTTGGCGGGTCGACCTGGTTCCGACCCAGGCGGCCGGCGC
CCCCAGCCTTAACTGGACAGGACGCCCGGCTAAGTGCCCGCCAGTATACAAAACTCAAGAATTCATTTTGTGAAGTCCTG
ATATATCATTTAATTGATTAAAACTTTCAACAACGGATCTCTTGGTTCTGGCATCGATGAAGAACGCAGCGAAATGCGAT
AAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAATCTTTGAACGCACATTGCGCCCTCTGGTATTCCGGAGGGCATG
CCTGTTCGAGCGTCATTTCAACCATCAAGCTCTGCTTGGTATTGGGCAACGTCCGCTGCCGGACGGGCCTTGAAGACCTCG
GCGACGGCGTCCTAGCCTCGAGCGTAGTAGTAAAATATCTCGCTTTGGAGTGCTGGGCGACGGCCGCCGGACAATCGACC
TTCGGTCTATTTTTCAAGGTGACCTCGGATCATG

38. >Phyllosticta LCNSL MZ470604

CTTCCGTAGGGGAACCTGCGGAAGGATCATTACTGAAATGTAACAACTTCTATTGAAAGGTTCCAGAGTAGGCGCTACAA
CGCCGAAATGACCTTCTCACCCTTGTGTACTCACTATGTTGCTTTGGCGGGTCGACCTGGTTCCGACCCAGGCGGCCGGCG
CCCCCAGCCTTAACTGGCCAGGACGCCCGGCTAAGTGCCCGCCAGTATACAAAACTCAAGAATTCATTTTGTGAAGTCCT
GATATATCATTTAATTGATTAAAACTTTCAACAACGGATCTCTTGGTTCTGGCATCGATGAAGAACGCAGCGAAATGCGA
TAAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAATCTTTGAACGCACATTGCGCCCTCTGGTATTCCGGAGGGCAT
GCCTGTTCGAGCGTCATTTCAACCCTCAAGCTCTGCTTGGTATTGGGCAACGTCCGCTGCCGGACGTGCCTTGAAGACCTC
GGCGACGGCGTCCTAGCCTCGAGCGTAGTAGTAAAATATCTCGCTTTGGAGTGCTGGGCGACGGCCGCCGGACAATCGAC
CTTCGGTCTATTTTCCAAGGTGACCTCGATCAGGTAATGCA

39. >Plectosphaerella HGN3T MZ462053

CTCTCTACTCTTTGTGAACTATTATAGCTGTTGCTTCGGCGGCGCCCGCGAGGGTGCCCGCCGGTCTCATCAGAATCTCTG
TTTTCGAACCCGACGATACTTCTGAGTGTTCTTAGCGAACTGTCAAAACTTTTAACAACGGATCTCTTGGCTCCAGCATCG
ATGAAGAACGCAGCGAAACGCGATATGTAATGTGAATTGCAGAATTCAGTGAATCATCGAATCTTTGAACGCACATGGC
GCCTTCCAGTATCCTGGGAGGCATGTCTGTCCGAGCGTCGTTTCAACCCTCGAGCCCCTGTGGCCCGGCGTTGGGGATCTG
CCACGGCAGGCCCCTAAAACCAGTGGCGGACCCGACGGGCCCTCTCCTTTACGTAGTAGCATTCGCCTCGTATTGGGAGT
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CCTCGGCGTCCTGCCTCTAAACCCCCCACAAGCCCGCTCCGGCGGCACCAAGGTTGACCTCGGATCAGGTAGGAATACCC
GCTGAACTTAAGCATATCAATAAGCGGAGGAA

40. >Plectosphaerella LCN14L_MZ470459

TCCTTCCGTAGGTGAACCTGCGGAGGGATCATTACTGAGTACTATACTCTCTACCCTTTGTGAACTATTATACCTGTTGCTT
CGGCGGCGCCCGATAGGGTGCCCGCCGGTCTCATCAGAATCTCTGTTTTCGAACCCGACGATACTTCTGAGTGTTCTTAGC
GAACTGTCAAAACTTTTAACAACGGATCTCTTGGCTCCAGCATCGATGAAGAACGCAGCGAAACGCGATATGTAATGTGA
ATTGCAGAATTCAGTGAATCATCGAATCTTTGAACGCACATGGCGCCTTCCAGTATCCTGGGAGGCATGCCTGTCCGAGC
GTCGTTTCAACCCTCGAGCCCCTGTGGCCCGGCGTTGGGGATCTGCCACGGCAGGCCCCTAAAACCAGTGGCGGACCCGA
TGGGCCCTCTCCTTTACGTAGTAGCATTCGCCTCGTATTGGGAGTCCTCGGCGTCCTGCCTCTAAACCCCCCACAAGCCCG
CTTCGGCGGCACCAAAGGT

41. >Fusarium LCN6T MZ470446

CTTCCGTAGGTGAACCTGCGGAAGGATCATTACCGAGTGAGGGTCCCTCGGGGCTTCCGTAGGGGTAACCTGCGGAGGGA
TCATTACCGAGTTTACAACTCCCAAACCCCTGTGAACATACCAATTGTTGCCTCGGCGGATCAGCCCGCTCCCGGTAAAAC
GGGACGGCCCGCCAGAGGACCCCTAAACTCTGTTTCTATATGTAACTTCTGAGTAAAACCATAAATAAATCAAAACTTTC
AACAACGGATCTCTTGGTTCTGGCATCGATGAAGAACGCAGCAAAATGCGATAAGTAATGTGAATTGCAGAATTCAGTGA
ATCATCGAATCTTTGAACGCACATTGCGCCCGCCAGTATTCTGGCGGGCATGCCTGTTCGAGCGTCATTTCAACCCTCAAG
CCCCCGGGTTTGGTGTTGGGGATCGGCGAGCCCTCGCGGCAAGCCGGCCCCGAAATCTAGTGGCGGTCTCGCTGCAGCTT
CCATTGCGTAGTAGTAAAACCCTCGCAACTGGTACGCGGCGCGGCCAAGCCGTTAAACCCCCAACTTCTGAATGTTGACC
TCGGATCAGGTAGATGC

42 >Setophoma LLCNI13T_ MZ470584

CTTTCCGTAGGTGAACCTGCGGAAGGATCATTATCAAAAGTCAAGTCGGGGGCTGTAAAGCTCTCGTCTACACCCATGTC
TTTTGCGTACTCTTGTTTCCTCGGTGGCGCAAGCTGCCGATTGGACAAACCAAAACCTTTTTTGTAATTGCAATCAGCGTC
TGAAAATAATCTAATTATTTACAACTTTCAACAACGGATCTCTTGGTTCTGGCATCGATGAAGAACGCAGCGAAATGCGA
TAAGTAGTGTGAATTGCAGAATTCAGTGAATCATCGAATCTTTGAACGCACATTGCGCCCCTTGGTATTCCATGGGGCATG
CCTGTTCGAGCGTCATTTGTACCCTCAAGCTTTGCTTGGTGTTGGGCGTCTTGTCGTATTACGACTCGCCTTAAATTCATTG
GCAGCCGGCACTTTGGCCTAGGAGCGCAGCACATTTTGCGATCGTAGCCCGTTGCACTGGCGTCCATCAAGAACATTTAC
CACGTTTGACCTCGGATCA
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43. >Simplicillium LCN17T_MZ470424

GGGCTGCGGAGGGATCATTATCGAGTTTATTCAACTCCCAAACCCTATGTGAACTTACCACTTGTTGCTTCGGCGGCGCTC
TGGCGCTGCCGGGGGTATCAAACTCTTATTGTTTTTACAGCATTATCTGAGTGGCCGAAAGGCAAAAAACAAATGAATCA
AAACTTTCAACAACGGATCTCTTGGTTCTGGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAATGTGAATTGCAGAA
TTCAGTGAATCATCGAATCTTTGAACGCACATTGCGCCCGCCAGCATTCTGGCGGGCATGCCTGTTCGAGCGTCATTTCAA
CCCTCGAGCCCGACTCTTCGGAGGACGGCCCGGCGTTGGGGACCGGCAGACTGCCCCGCGCLCTCCGGGCGTGGGACGCC
GCCCCCGAAATTTAGTGGCGGCCCTTCGAGGCGACCTCTGCGTAGTAACTTACCTCGCACTGGGAAAATCGAAGCGGCCA
CGCCGTAAAACACCCAACTATTTTAAGGTGACCTCGAATCAGTACG

44. >Talaromyces LCNAT MZA471623

GGGGACTCGTGGCACCTCCCACCCTTGTCTCTATACACCTGTTGCTTTGGCGGGCCCACCGGGGCCACCTGGTCGCCGGGG
GACATCTGTCCCCGGGCCCGCGCCCGCCGAAGCGCTCTGTGAACCCTGATGAAGATGGGCTGTCTGAGTACTATGAAAAT
TGTCAAAACTTTCAACAATGGATCTCTTGGTTCCGGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAATGTGAATTG
CAGAATTCCGTGAATCATCGAATCTTTGAACGCACATTGCGCCCCCTGGCATTCCGGGGGGCATGCCTGTCCGAGCGTCA
TTTCTGCCCTCAAGCACGG

45. >Trametes HGNI11R MZ461968

CTTCCGTAGGTGAACCTGCGGAAGGATCATTAACGAGTTCTGACATGGGTTGTAGCTGGCCTCACGAGGCATGTGCACGC
CCTGCTCATCCACTCTACACCTGTGCACTTACTGTAGGTTTGGCGTGGGCTTCGAGGGCCTTCACGGGCTTTTGAGGCATT
CTGCCTGCCTATGTATCACTACAAACACTATAAAGTAACAGAATGTAATCGCGTCTAACGCATCTTAATACAACTTTCAGC
AACGGATCTCTTGGCTCTCGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAATGTGAATTGCAGAATTCAGTGAATC
ATCGAATCTTTGAACGCACCTTGCGCTCCTTGGTATTCCGAGGAGCATGCCTGTTTGAGTGTCATGGTATTCTCAACCCAC
ACATCCTTGCGATGCTTGTGAGGCTTGGACTTGGAGGCTTGCTGGCCCGTCGCGGTCGGCTCCTCTTGAATGCATTAGCTT
GGTTCCTTGCGGATCGGCTCTCAGTGTGATAATTGTCTACGCTGTGACCGTGAAGCGTTTGGCGAGCTTCTAACCGTCCTG
CTAGGGACAACTTACTTGACATCTGACCTCAAATCAGGTAGG

46. >Trametes HGN12.2R MZ461967

TTCCGTAGGTGAACCTGCGGAAGGATCATTAACGAGTTCTGACATGGGTTGTAGCTGGCCTCACGAGGCATGTGCACGCC
CTGCTCATCCACTCTACACCTGTGCACTTACTGTAGGTTTGGCGTGGGCTTCGAGGGCCTTCACGGGCTTTTGAGGCATTC
TGCCTGCCTATGTATCACTACAAACACTATAAAGTAACAGAATGTAATCGCGTCTAACGCATCTTAATACAACTTTCAGCA
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ACGGATCTCTTGGCTCTCGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAATGTGAATTGCAGAATTCAGTGAATCA
TCGAATCTTTGAACGCACCTTGCGCTCCTTGGTATTCCGAGGAGCATGCCTGTTTGAGTGTCATGGTATTCTCAACCCACA
CATCCTTGTGATGCTTGTGAGGCTTGGACTTGGAGGCTTGCTGGCCCGTCGCGGTCGGCTCCTCTTGAATGCATTAGCTTG
GTTCCTTGCGGATCGGCTCTCAGTGTGATAATTGTCTACGCTGTGACCGTGAAGCGTTTGGCGAGCTTCTAACCGTCCTGC
TAGGGACAACTTACTTGACATCTGACCTCAAATCAG

47. >Trametes HGN3.1R MZ461966

CTTCCGTAGGTGAACCTGCGGAAGGATCATTAACGAGTTCTGACATGGGTTGTAGCTGGCCTCACGAGGCATGTGCACGC
CCTGCTCATCCACTCTACACCTGTGCACTTACTGTAGGTTTGGCGTGGGCTTCGAGGGCCTTCACGGGCTTTTGAGGCATT
CTGCCTGCCTATGTATCACTACAAACACTATAAAGTAACAGAATGTAATCGCGTCTAACGCATCTTAATACAACTTTCAGC
AACGGATCTCTTGGCTCTCGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAATGTGAATTGCAGAATTCAGTGAATC
ATCGAATCTTTGAACGCACCTTGCGCTCCTTGGTATTCCGAGGAGCATGCCTGTTTGAGTGTCATGGTATTCTCAACCCAC
ACATCCTTGTGATGCTTGTGAGGCTTGGACTTGGAGGCTTGCTGGCCCGTCGCGGTCGGCTCCTCTTGAATGCATTAGCTT
GGTTCCTTGCGGATCGGCTCTCAGTGTGATAATTGTCTACGCTGTGACCGTGAAGCGTTTGGCGAGCTTCTAACCGTCCTG
CTAGGGACAACTTACTTGACATCTGACCTCAAATCAGGTAG

48. >Trametes LCNI11L MZ470263

CTTCCGTAGGTGAACCTGCGGAAGGATCATTAACGAGTTCTGACATGGGTTGTAGCTGGCCTCACGAGGCATGTGCACGC
CCTGCTCATCCACTCTACACCTGTGCACTTACTGTAGGTTTGGCGTGGGCTTCGAGGGCCTTCACGGGCTTTTGAGGCATT
CTGCCTGCCTATGTATCACTACAAACACTATAAAGTAACAGAATGTAATCGCGTCTAACGCATCTTAATACAACTTTCAGC
AACGGATCTCTTGGCTCTCGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAATGTGAATTGCAGAATTCAGTGAATC
ATCGAATCTTTGAACGCACCTTGCGCTCCTTGGTATTCCGAGGAGCATGCCTGTTTGAGTGTCATGGTATTCTCAACCCAC
ACATCCTTGCGATGCTTGTGAGGCTTGGACTTGGAGGCTTGCTGGCCCGTCGCGGTCGGCTCCTCTTGAATGCATTAGCTT
GGTTCCTTGCGGATCGGCTCTCAGTGTGATAATTGTCTACGCTGTGACCGTGAAGCGTTTGGCGAGCTTCTAACCGTCCTG
CTAGGGACAACTTACTTGACATCTGACCTCAAATCAGTACGA

49. >Trametes LCN13L_MZ470264

TTCCGTAGGTGAACCTGCGGAAGGATCATTAACGAGTTCTGACATGGGTTGTAGCTGGCCTCACGAGGCATGTGCACGCC
CTGCTCATCCACTCTACACCTGTGCACTTACTGTAGGTTTGGCGTGGGCTTCGAGGGCCTTCACGGGCCTTTGAGGCATTC
TGCCTGCCTATGTATCACTACGAACACTATAAAGTAACAGAATGTAATCGCGTCTAACGCATCTTAATACAACTTTCAGCA
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ACGGATCTCTTGGCTCTCGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAATGTGAATTGCAGAATTCAGTGAATCA
TCGAATCTTTGAACGCACCTTGCGCTCCTTGGTATTCCGAGGAGCATGCCTGTTTGAGTGTCATGGTATTCTCAACCCACA
CATCCTTGCGATGCTTGTGAGGCTTGGACTTGGAGGCTTGCTGGCCCGTCGCGGTCGGCTCCTCTTGAATGCATTAGCTTG
GTTCCTTGCGGATCGGCTCTCAGTGTGATAATTGTCTACGCTGTGACCGTGAAGCGTTTGGCGAGCTTCTAACCGTCCTGC
TAGGGACAACTTACTTGACATCTGACCTCAAATCA

50. >Guignardia HGN2R MZ461975

CTTCCGTAGGGTGAACCTGCGGAAGGATCATTACTGAAATGTAACAACTTCTATTGAAAGGTTCCAGAGTAGGCGCTACA
ACGCCGAAATGACCTTCTCACCCTTGTGTACTCACTATGTTGCTTTGGCGGGTCGACCTGGTTCCGACCCAGGCGGCCGGC
GCCCCCAGCCTTAACTGGCCAGGACGCCCGGCTAAGTGCCCGCCAGTATACAAAACTCAAGAATTCATTTTGTGAAGTCC
TGATATATCATTTAATTGATTAAAACTTTCAACAACGGATCTCTTGGTTCTGGCATCGATGAAGAACGCAGCGAAATGCG
ATAAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAATCTTTGAACGCACATTGCGCCCTCTGGTATTCCGGAGGGCA
TGCCTGTTCGAGCGTCATTTCAACCCTCAAGCTCTGCTTGGTATTGGGCAACGTCCGCTGCCGGACGTGCCTTGAAGACCT
CGGCGACGGCGTCCTAGCCTCGAGCGTAGTAGTAAAATATCTCGCTTTGGAGTGCTGGGCGACGGCCGCCGGACAATCGA
CCTTCGGTCTATTTTCCAAGGTTGACCTCGGATCAGAT

51. >Trichoderma HGNS5.1R = MZ469936
AACTCCAAACCCAATGTGAACGTTACCAAACTGTTGCCTCGGCGGGATCTCTGCCCCGGGTGCGTCGCAGC

CCCGGACCAAGGCGCCCGCCGGAGGACCAACCAAAACTCTTATTGTATACCCCCTCGCGGGTTTTTTACTATCTGAGCCAT
CTCGGCGCCCCTCGTGGGCGTTTCGAAAATGAATCAAAACTTTCAACAACGGATCTCTTGGTTCTGGCATCGATGAAGAA
CGCAGCGAAATGCGATAAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAATCTTTGAACGCACATTGCGCCCGCCAG
TATTCTGGCGGGCATGCCTGTCCGAGCGTCATTTCAACCCTCGAACCCCTCCGGGGGGTCGGCGTTGGGGATCGGCCCTTT
ACGGGGCCGGCCCCGAAATACAGTGGCGGTCTCGCCGCAGCCTCTCCTGCGCAGTAGTTTGCACACTCGCATCGGGAGCG
CGGCGCGTCCACAGCCGTTAAACACCCCAAACTTCTGAAATGTTGACCTCGGATCAGGTAGGAATACCCGCTGAACTTAA
GCATATCAATAAGGCGGAGGAA

52. >Trichoderma LLCN3R MZ477227

CACGTTACCAAACTGTTGCCTCGGCGGGATCTCTGCCCCGGGTGCGTCGCAGCCCCGGACCAAGGCGCCCGCCGGAGGAC
CAACCAAAACTCTTTTTGTATACCCCCTCGCGGGTTTTTTATAATCTGAGCCTTCTCGGCGCCTCTCGTAGGCGTTTCGAAA
ATGAATCAAAACTTTCAACAACGGATCTCTTGGTTCTGGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAATGTGAA
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TTGCAGAATTCAGTGAATCATCGAATCTTTGAACGCACATTGCGCCCGCCAGTATTCTGGCGGGCATGCCTGTCCGAGCGT
CATTTCAACCCTCGAACCCCTCCGGGGGGTCGGCGTTGGGGATCGGCCCTCCCTCTGCGGGTGGCCGTCTCCGAAATACA
GTGGCGGTCTCGCCGCAGCCTCTCCTGCGCAGTAGTTTGCACACTCGCATCGGGAGCGCGGCGCGTCCACAGCCGTTAAA
CACCCAACTTCTGAAATGTTGACCTCGGATCAGGTAGGAATACCCGCTGAACTTAAGCATATCTAGGTGGGG

53. >Xylaria HGN10R MZ469932

GCAGACTCCTRATCCCTGTGACATACCTTCTGTTGCCTCGGCAGGCCCTGGCCTACCCTGTAGCGCCCCTACRCTGTAGGG
CTTGCTTTAGGGGGAGCGCTGGGGGCACCTGCCGGCGGCTCGCAAAACTCTGTTTAGCATTGAATTCTGAACATATAACT
AAATAAATTGAAACTTTCAACAACGGATCTCTTGGTTCTGGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAATGTG
AATTGCAGAATTCAGTGAATCATCGAATCTTTGAACGCACATTGCGCCCATTAGTATTCTAGTGGGCATGCCTGTTCGAGC
GTCATTTCAACCCTTAAGCCCCTGTTGCTTAGCGTTGGGAGCCTACGGCAGCGTAGCTCCCTAAAGTTAGTGGCGTGGTCG
GTTCACACTCCAGACGTAGTAGATTTTCACCTCGCCTGTAGATGGATCGGTCCCCTGCCGTAAAACACCCCAATTTTTAAA
GGTTGACCTCGGATCAGGTAGGAATACCCGCTGAACTTAAGCATATCATAAACCCGGAGGAAA
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| PHENYLPROPANOID BIOSYNTHESIS |
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BIOSYNTHESIS OF VARIOUS PLANT SECONDARY METAB OLITES I

Crocin biosynihesis D-Gentiobiosyl
Crocetin -D-Gl D-Gentiok :
Acetyl-Coh  Famesyl-PP Zeaxanthin B-Citraurin dialdehyde B o oy ticblosy] E D-glucosyl crocetin
Elicehoetiol: 11311 84] O—{1.131184 O— — 241271 o 241271 24137 OCrocin
el Geranylgeranyl-FP Crocetin
(3530 - Hyrdroxy- Picrocrocin o 241330
oO—®»0O0——» 5
O Safranal Bis(p-D-glucosyl)
Seivalens [ Terpengid backbons ] cmeshn,
p—— Lo yafesls G CK 241364 241365 241.314] O Ginsenoside Rb1
Glucorieogenesis Ginsenosides hiosynthesis
Proto- [< Ginsenoside Rh2
Oxaloacetate 11414120 ES O——([241365}——»O Ginsenoside Rg3
o) diol IT
Ginsenoside Rhl O Ginsenoside Rgl
A . Protopanaxatriol
Cannahinoid hiosynthesis o o i
23.1206] o—{44126} 251102 121338} O ¢
Malongl-Cok 3,5,7-Trioxodo- 2,4 Dihyrdroxy- £9-Tetrahyrro-
decanoyi-Coks & pentylenzaate cannabino!
12137 - »O0
Mugineic acid biosynthesis .
§-Adenosyl. SR, 2-Deox;
> - {26.1.80 111285 o 3 Epihydoxs:
Methionine L Nicotianamine b
Cysteine and rethionine
ra tabolisra Pentagalloylglucose biosynthesis
3D iki 3,5-D Gallate f-Glucogallin
Shikimate {11125} >~ > 24110 > 231148 O Pentagalloylglucose
Benzoxazinoid hiosynthesis
(3-Indolsl)- Syn 3.H
Anthranilate glyceml Indolin-2-one indotin 2. D‘BOA' DIMBOA-glucoside
c 4128 I—>0—|1 1414153—»-O— 114141 57— 1 1414109) o—h mauol—»o—lz 41202 I—»o—h 1411 59—w»0—{211241—»0
Pheny}alamne gzm TRIBOA-glucoside
phan biosynthesis m&};mﬂmemyl) %H -Indo]-3- gl)- :
Tryptophan O— — —————— {21134] {21134} #O Gramine
c in hiosynthesi
oumatin blogyiitiesis trans 2-Hydroxy- B-D-Glusosyl- B-D-Glucosy- A ——
P

Tyrosine

S ETRTY B Sl Yooy 32121

Osthenol  (+)-Colurdbianetin Angelicin
o »Oo—{l1a4B—»O

Furanocoumarinb iosynthesis

‘oumarin
o o 3.1.135 O Melilotate

Dihydrocourarin

6°7"-Dihydroxy-
Marme sin Psoralen Bergaptol) bergaraottin
1141466 O—{L1a14—wo—{ 114130 1.1 O——»O——»O

Bergamottin  Epoxy-
suberosin 8 bigamottin
,,,,,,,,,,, E———{CvPaz—»0 75T
Isossopolstin Olsoplmplmllm
211 -»O—] 211 —#OScoparone
1141160
»- 11414164 o
raloyl-Cok CYFTLAZ]  Frayetin Sideretin
64
R Kanthotoxin
agraatine O Scopolin
Gonfersl  Podophyliotoxinbiosynthesis ()-Matairesinol (-)-Bursehemin (-)-Yatein ( R Deox otoxin
¢—————»o—{1z11}—»o—{{2512 |-»o—{LL1 33011972} —»-0—{211 323} —»-0—{141L31 0211330 Ep L e i
. | (+)-Pinoresinol  (H)-Lariciresinol  (-)-Secoisolariciresinol ()-Phrviatolide (-)-5'Deme thylyatein Podophylotoxin
L
o - o " —————»0- (12313} 12314} O (+)-Secoisolariciresinol
()-Fi @b Lam:uesmnl

00999 6717722
{c) Kanehisa Laboratories

Hinh 2F.

Chu giai cac gen lién quan con duong sinh tong hop céc chat thir cap tir thuc vt

4



G-1

PHU LUC G

Hinh 2G. Sinh khoéi khé cua nam & cac moi truong 1én men

-



H-1

PHU LUC H

CO SO DU LIEU CHU GIAI CAC GEN LIEN QUAN CON PUONG SINH
TONG HQP PODOPHYLOTOXIN

CHUNG HGN12.1R

Bang 1H. Két qua du doan cac gen lién quan dén con dudng sinh tong hop

podophyllotoxin & vi nAm giai doan tir coniferyl alcohol t6i podophylotoxin

(E-value <le™)

STT query_id subject_id I:(eile.:li:ltty_ ahlgel::g:l:l L evalue
Gene 2- ODD
1 | 2-ODD g9213.t1 26.761 284 6.34E-18
2 | 2-ODD g10191.t1 25.784 287 2.76E-13
3| 2-ODD g10175.t1 24.845 322 9.50E-12
4 | 2-ODD g4336.t1 24.296 284 9.90E-11
5| 2-ODD 210284.t1 27.143 210 1.17E-08
6 | 2-ODD 29838.t1 28.671 143 1.88E-06
7 | 2-ODD g3875.t1 30.693 101 5.20E-06
Gene CYP719A23
1 | CYP719A23 | gl641.t1 25.331 529 6.84E-40
2 | CYP719A23 | gl042.t1 23.222 478 2.10E-36
3| CYP719A23 | g1576.t1 25.527 474 7.30E-32
4| CYP719A23 | g12300.t1 25.051 491 7.04E-31
5| CYP719A23 | g2994.t1 22.851 477 5.52E-30
6 | CYP719A23 | g3057.t1 24.131 518 8.41E-27
7| CYP719A23 | g11336.t1 25.47 479 1.71E-25
8 | CYP719A23 | g107.t1 22.245 481 9.69E-23
9| CYP719A23 | g3234.t1 23.218 435 6.41E-21
10 | CYP719A23 | g292.t1 32 200 3.28E-20
11 | CYP719A23 | g8745.t1 27.854 219 9.88E-20
12 | CYP719A23 | g3440.t1 33.14 172 1.54E-19
13 | CYP719A23 | g5094.t1 22.475 396 5.99E-19
14 | CYP719A23 | g1566.t1 25.246 305 2.17E-18
15 | CYP719A23 | g12085.t1 24.119 369 3.25E-18
16 | CYP719A23 | g7591.t1 32.796 186 4.50E-18
17 | CYP719A23 | g1914.t1 24.638 276 9.29E-18
18 | CYP719A23 | g12010.t1 27.66 188 7.85E-17
19 | CYP719A23 | g710.t1 28.641 206 9.13E-17
20 | CYP719A23 | g9823.t1 24.481 241 1.06E-16
21 | CYP719A23 | gl1816.t1 27.928 222 1.36E-16
22 | CYP719A23 | g5676.t1 29.012 162 1.65E-16
23 | CYP719A23 | g4487.t1 25.51 196 1.19E-15
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STT query_id subject_id [:((;l(:l?lltty_ ah’lgel::;fl:l L evalue
24 | CYP719A23 | g9667.t1 27.826 230 1.41E-15
25| CYP719A23 | g3216.t1 21.839 435 2.00E-15
26 | CYP719A23 | 28992.t1 21.739 460 3.39E-15
27 | CYP719A23 | g7324.t1 24.775 222 5.19E-15
28 | CYP719A23 | g2644.t1 26.54 211 7.93E-15
29 | CYP719A23 | g5792.t1 26.609 233 8.60E-15
30 | CYP719A23 | gl371.t1 24.545 220 1.01E-14
31 | CYP719A23 | g9194.t1 23.385 449 1.09E-14
32 | CYP719A23 | g858.t1 23 400 3.25E-14
33 | CYP719A23 | g6023.t1 27.473 182 3.60E-14
34 | CYP719A23 | g1039.t11 24.855 346 6.59E-14
35 | CYP719A23 | g395.t1 27.604 192 6.63E-14
36 | CYP719A23 | g5581.t1 28.313 166 6.74E-14
37 | CYP719A23 | gl418.t1 25.843 178 9.39E-14
38 | CYP719A23 | g8102.t1 22.936 436 1.10E-13
39 | CYP719A23 | gl2171.t1 26.21 248 1.13E-13
40 | CYP719A23 | 210909.t1 25.439 228 1.65E-13
41 | CYP719A23 | g231.t1 25.681 257 2.88E-13
42 | CYP719A23 | g2266.t1 23.457 243 3.02E-13
43 | CYP719A23 | g10542.t1 23.131 428 3.08E-13
44 | CYP719A23 | g10178.t1 25 160 5.36E-13
45 | CYP719A23 | g11871.t1 26.512 215 8.18E-13
46 | CYP719A23 | g6273.t1 28.188 149 1.31E-12
47 | CYP719A23 | g9719.t1 26.344 186 1.46E-12
48 | CYP719A23 | g9175.t1 25.967 181 2.14E-12
49 | CYP719A23 | g3725.t1 29.518 166 2.95E-12
50 | CYP719A23 | g973.t1 22.479 476 2.97E-12
51 | CYP719A23 | g1801.t1 24.737 190 3.14E-12
52 | CYP719A23 | g9074.t1 33.871 124 3.61E-12
53 | CYP719A23 | g363.t1 20.721 333 3.83E-12
54 | CYP719A23 | g10866.t1 27.381 168 3.99E-12
55 | CYP719A23 | g6374.t1 26.695 236 4.59E-12
56 | CYP719A23 | g6982.t1 22.892 166 4.88E-12
57 | CYP719A23 | g2649.t1 27.206 136 9.24E-12
58 | CYP719A23 | g2691.t1 26.471 170 1.16E-11
59 | CYP719A23 | g11356.t1 25 248 1.46E-11
60 | CYP719A23 | g3335.t1 22.642 265 1.52E-11
61 | CYP719A23 | gl10108.t1 28.492 179 1.59E-11
62 | CYP719A23 | g2470.t1 26.776 183 1.72E-11
63 | CYP719A23 | g6773.11 29.609 179 2.76E-11
64 | CYP719A23 | g2973.t1 21.236 518 2.79E-11
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65 | CYP719A23 | g10080.t1 23.313 163 3.46E-11
66 | CYP719A23 | g3215.t1 22.323 439 3.68E-11
67 | CYP719A23 | g7830.t1 25.61 164 5.96E-11
68 | CYP719A23 | gl10543.t1 25.652 230 7.67E-11
69 | CYP719A23 | g10504.t1 28.426 197 8.47E-11
70 | CYP719A23 | g1833.t1 28.302 159 8.48E-11
71 | CYP719A23 | g9783.t1 22.5 160 1.59E-10
72 | CYP719A23 | g3009.t1 23.81 168 1.95E-10
73 | CYP719A23 | g9537.11 22.727 198 3.52E-10
74 | CYP719A23 | g10001.t1 29.008 131 4.10E-10
75 | CYP719A23 | g2128.t1 23.837 172 4.38E-10
76 | CYP719A23 | g10059.t1 27.778 162 8.85E-10
77 | CYP719A23 | g583.t1 24.084 191 9.05E-10
78 | CYP719A23 | g7269.t1 25.381 197 9.73E-10
79 | CYP719A23 | g3509.t1 24.737 190 1.01E-09
80 | CYP719A23 | g4564.t1 23.113 212 1.40E-09
81 | CYP719A23 | g10914.t1 23.81 189 1.61E-09
82 | CYP719A23 | gl1837.t1 26.708 161 2.42E-09
83 | CYP719A23 | gl2343.tl 26 200 3.79E-09
84 | CYP719A23 | g9196.t1 25.166 151 5.67E-09
85 | CYP719A23 | g8657.t1 23.204 181 6.06E-09
86 | CYP719A23 | g8868.t1 25.714 175 7.70E-09
87 | CYP719A23 | g9568.t1 24.503 151 8.60E-09
88 | CYP719A23 | g9015.t1 22.013 159 8.75E-09
89 | CYP719A23 | g2512.t1 21.505 186 9.84E-09
90 | CYP719A23 | g611.t1 22.951 183 1.25E-08
91 | CYP719A23 | g9768.t1 21.875 160 1.57E-08
92 | CYP719A23 | g7296.t1 21.858 183 1.71E-08
93 | CYP719A23 | g7828.t1 28.824 170 1.97E-08
94 | CYP719A23 | g5670.t1 26.316 171 2.31E-08
95 | CYP719A23 | gl1373.t1 27.966 118 4.09E-08
96 | CYP719A23 | g2825.t1 29.752 121 4.91E-08
97 | CYP719A23 | g9071.t1 27.451 153 6.40E-08
98 | CYP719A23 | gl10566.t1 20.561 321 7.76E-08
99 | CYP719A23 | g326.t1 28.022 182 9.91E-08

100 | CYP719A23 | g2823.t1 28.834 163 3.68E-07
101 | CYP719A23 | g11633.t1 26.22 164 4.87E-07
102 | CYP719A23 | gl1512.t1 30.216 139 7.45E-07
103 | CYP719A23 | g11958.t1 24.859 177 1.41E-06
104 | CYP719A23 | g2826.t1 24.444 180 1.68E-06
105 | CYP719A23 | g11337.t1 27.273 99 1.87E-06
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106 | CYP719A23 | g3287.t1 20.988 162 2.06E-06
107 | CYP719A23 | g267.t1 24.859 177 2.95E-06
108 | CYP719A23 | g1534.t1 24.257 202 3.79E-06
109 | CYP719A23 | g9531.t1 19.795 293 4.65E-06

Gene CYP71BE54

1 | CYP71BES4 | g1042.t1 25.161 465 1.02E-37

2 | CYP71BES4 | gl641.t1 24.319 477 3.19E-35

3| CYP71BE54 | g12300.t1 23.077 481 1.79E-28

4 | CYP71BES4 | g5094.t1 26.179 424 2.90E-27

5| CYP71BES54 | g3057.t1 24.173 393 1.07E-26

6 | CYP71BES54 | gl1816.t1 28.716 296 1.64E-23

7| CYP71BE54 | g10554.t1 24.503 453 1.72E-23

8 | CYP71BES4 | gl1576.t1 24.508 457 8.00E-22

9| CYP71BE54 | g8992.t1 24.565 460 8.55E-22
10 | CYP71BES4 | g3234.t1 25.25 400 1.32E-21
11 | CYP71BES4 | g9531.t1 28.669 293 2.21E-21
12 | CYP71BES54 | gl0178.t1 24.518 363 8.05E-21
13 | CYP7IBES4 | g3725.t1 26.523 279 1.50E-20
14 | CYP7IBES4 | g11336.t1 23.061 477 2.62E-20
15 | CYP7IBES4 | gl418.tl 30.052 193 9.20E-20
16 | CYP7IBES4 | g292.t1 21.778 450 1.14E-19
17 | CYP7IBES4 | g1833.tl 24.925 333 2.68E-19
18 | CYP7IBES4 | g3440.t1 31.844 179 6.36E-19
19 | CYP7IBES4 | g7269.t1 25.543 368 1.00E-18
20 | CYP71BES4 | g6273.t1 23.077 468 1.73E-18
21 | CYP71BES4 | g9719.t1 25.484 310 2.28E-18
22 | CYP71BES4 | g2128.t1 26.524 328 2.59E-18
23 | CYP71BES4 | g2994.t1 23.094 446 3.31E-18
24 | CYP71BE5S4 | g5792.t1 30.049 203 4.03E-18
25 | CYP71BE54 | g6982.t1 31.25 176 6.01E-18
26 | CYP71BE5S4 | g2644.t1 23.481 362 8.58E-18
27 | CYP71BE5S4 | g1534.t1 23.546 361 8.89E-18
28 | CYP71BE54 | g1039.t1 30 170 9.73E-18
29 | CYP71BES54 | g9194.t1 22.749 422 1.11E-17
30 | CYP71BES4 | g12085.t1 30.864 162 1.74E-17
31 | CYP7IBES4 | g10909.t1 31.928 166 2.50E-17
32 | CYP71IBES4 | g7591.t1 32.768 177 2.64E-17
33 | CYP71BES4 | g858.t1 24.194 310 4.33E-17
34 | CYP71BES4 | g11871.t1 28.326 233 5.71E-17
35| CYP71BES4 | g231.t1 22.406 424 7.48E-17
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36 | CYP71BES4 | g8745.t1 28.652 178 8.58E-17
37 | CYP7IBES4 | gl0542.t1 24.276 449 1.02E-16
38 | CYP71BES4 | g1837.t1 24.214 318 1.56E-16
39 | CYP7IBES4 | g1371.tl 21.674 466 2.87E-16
40 | CYP71BES4 | g12343.t1 28.689 244 5.09E-16
41 | CYP71BES4 | g9568.t1 23.028 317 6.38E-16
42 | CYP71BES4 | gl07.t1 28.324 173 2.00E-15
43 | CYP71BES4 | g5581.t1 25.749 334 2.37E-15
44 | CYP71BES4 | g3009.t1 21.457 508 2.97E-15
45 | CYP71BES4 | g6374.t1 30.409 171 3.02E-15
46 | CYP71BES4 | gl2171.t1 30.698 215 3.91E-15
47 | CYP71BES4 | g9074.t1 30.556 180 4.69E-15
48 | CYP71BES4 | g8102.t1 26.486 185 5.50E-15
49 | CYP71BES4 | g3215.t1 28.085 235 1.55E-14
50 | CYP71BES4 | g7324.t1 29.586 169 2.02E-14
51 | CYP71IBE54 | g5676.t1 28.655 171 6.47E-14
52 | CYP71BES4 | g12010.t1 21.978 364 7.10E-14
53 | CYP71IBE54 | gl10866.t1 24.859 177 8.59E-14
54 | CYP71BE54 | gl0566.t1 23.558 208 1.19E-13
55 | CYP7IBE54 | gl11356.t1 29.714 175 1.33E-13
56 | CYP71BE54 | g8657.t1 24.082 245 2.44E-13
57 | CYP7IBE54 | gl1373.t1 25.697 323 3.40E-13
58 | CYP71BE5S4 | gl0543.t1 24.648 426 3.68E-13
59 | CYP71BE54 | g4487.t1 28.994 169 3.75E-13
60 | CYP71BES4 | g6023.t1 24.839 310 3.82E-13
61 | CYP71BES4 | gl0914.t1 25.946 185 3.94E-13
62 | CYP71BE54 | g973.t1 22.422 223 6.64E-13
63 | CYP71BES4 | g3509.t1 25.688 218 1.14E-12
64 | CYP71BES4 | g3287.t1 23.899 318 1.20E-12
65 | CYP7IBES4 | g9783.t1 21.013 395 1.31E-12
66 | CYP7IBES4 | g1566.t1 29.885 174 1.62E-12
67 | CYP7IBES4 | g9015.t1 29.412 170 2.19E-12
68 | CYP7IBES4 | g267.t1 24.082 490 2.46E-12
69 | CYP7IBES4 | g11483.t1 22 350 3.67E-12
70 | CYP71BES4 | g9667.t1 23.741 278 3.96E-12
71 | CYP7IBES4 | g2691.t1 24.468 188 6.01E-12
72 | CYP7IBES4 | g8868.t1 23.355 304 7.34E-12
73 | CYP71BES4 | g7828.t1 24.125 257 9.06E-12
74 | CYP7IBES4 | g710.t1 25.806 217 1.21E-11
75 | CYP71BES4 | g9823.t1 26.752 157 3.83E-11
76 | CYP7IBES4 | g1801.t1 25.789 190 4.21E-11
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77 | CYP7IBES4 | g2512.t1 23.394 218 6.03E-11
78 | CYP71BES4 | g2266.t1 26.415 212 6.59E-11
79 | CYP7IBES4 | g611.t1 25.592 211 8.05E-11
80 | CYP71BE54 | g9768.t1 22.343 367 1.22E-10
81 | CYP71IBES54 | g6773.t1 26.291 213 1.26E-10
82 | CYP71BE54 | g6839.t1 20.144 417 4.93E-10
83 | CYP71BES4 | g1914.t1 26.154 195 5.40E-10
84 | CYP71BES54 | g3335.t1 26.257 179 1.21E-09
85 | CYP71BE54 | g583.t1 20.604 364 1.25E-09
86 | CYP7IBES54 | g10080.t1 22.167 406 1.50E-09
87 | CYP7IBES54 | gl10001.t1 27.604 192 1.91E-09
88 | CYP7IBES54 | g10504.t1 23.097 381 2.43E-09
89 | CYP71BES4 | g2470.t1 25.49 204 4.08E-09
90 | CYP71BE54 | g10200.t1 23.423 222 5.28E-09
91 | CYP71BE54 | g5670.t1 27.326 172 6.48E-09
92 | CYP7IBES4 | g9196.t1 24.18 244 6.61E-09
93 | CYP71BE54 | g10059.t1 2291 323 7.59E-09
94 | CYP7IBES4 | gl1252.t1 21.408 341 9.60E-09
95 | CYP71BE54 | g9175.11 26.425 193 1.08E-08
96 | CYP71BES4 | gl10108.t1 27.647 170 2.27E-08
97 | CYP71BES4 | gl512.t1 26.042 192 2.35E-08
98 | CYP71BES4 | g9071.t1 24.878 205 2.75E-08
99 | CYP71BES4 | gl11958.t1 27.778 180 3.68E-08

100 | CYP71BES54 | g2973.t1 19.315 409 4.76E-08
101 | CYP71BES54 | g3216.t1 21.798 445 6.86E-08
102 | CYP71BES54 | g395.t1 23.858 197 7.54E-08
103 | CYP71BES4 | g4564.t1 24.022 179 8.28E-08
104 | CYP71BES54 | g11510.t1 20.048 414 1.51E-07
105 | CYP71BES54 | g2825.t1 23.316 193 2.06E-07
106 | CYP71BES5S4 | g9537.t1 24.737 190 3.30E-07
107 | CYP71BE54 | g363.t1 24.54 163 4.46E-07
108 | CYP71BES5S4 | g7296.t1 23.958 192 8.58E-07
109 | CYP71BE54 | g11337.t1 24.107 224 8.63E-07
110 | CYP71BES54 | g11633.t1 25.62 242 9.91E-07
111 | CYP71BES4 | g9472.t1 22.273 220 1.16E-06
112 | CYP71BE54 | g2649.t1 26.163 172 1.29E-06
113 | CYP71BE54 | g12573.t1 23.757 181 1.38E-06
114 | CYP71BES4 | g7830.t1 23.116 199 1.60E-06
115 | CYP71BE54 | g11629.t1 22.917 288 2.65E-06
116 | CYP71BE54 | g9536.t1 23.894 226 2.91E-06
117 | CYP71BE54 | g11213.t1 30.337 89 4.06E-06
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118 | CYP71BE54 | g9098.t1 21.935 155 4.35E-06
119 | CYP71BE5S4 | g5149.t1 24.084 191 8.76E-06

Gene CYP71CU1

1| CYP71CULl | gl042.t1 23.679 473 1.25E-26
2 | CYP71CUL | gl641.t1 22.474 485 8.09E-26
3| CYP71CU1 | g12300.t1 22.5 480 9.18E-23
4 | CYP71CUL | g8992.t1 23.702 443 1.45E-22

5| CYP71CU1 | g5094.t1 24.793 363 3.72E-20
6 | CYP71CU1 | g3234.t1 24.51 408 4.18E-19
7| CYP71CU1 | g2994.t1 22.803 421 8.26E-19

8 | CYP71CU1 | g8745.t1 31.138 167 3.31E-18
9| CYP71CU1 | gl10178.t1 29.586 169 5.69E-18
10 | CYP71CU1 | gl1816.t1 26.042 192 3.41E-16
11 | CYP71CU1 | gl07.t1 25.221 226 1.36E-15
12 | CYP71CU1 | g3057.t1 31.944 144 1.38E-15
13 | CYP71CU1 | gl0566.t1 20.728 357 1.57E-15
14 | CYP71CU1 | g3440.t1 28.155 206 1.73E-15
15 | CYP71CU1 | gl1252.t1 21.93 342 5.49E-15
16 | CYP7ICUI | g8102.t1 21.556 450 7.05E-15
17 | CYP71CUL | g3009.t1 22.961 466 7.93E-15
18 | CYP7ICUI | g5670.t1 22.488 418 2.24E-14
19 | CYP7ICUL | g2266.t1 22.957 257 2.39E-14
20 | CYP71CUl | g11336.t1 21.457 494 2.99E-14
21 | CYP71CUl | g10554.t1 27.711 166 6.65E-14
22 | CYP71CU1 | gl1418.t1 22.857 210 6.72E-14
23 | CYP71CUl | g292.t1 21.396 444 1.43E-13
24 | CYP71CU1 | g9074.t1 27.717 184 1.64E-13
25 | CYP71CU1 | g8868.t1 27.451 306 2.22E-13
26 | CYP71CUl | g11373.t1 28.91 211 2.53E-13
27 | CYP71CU1 | g9015.t1 21.716 373 2.95E-13
28 | CYP71CU1 | g8657.t1 25.403 248 5.11E-13
29 | CYP71CU1 | g7828.t1 25.764 229 6.47E-13
30 | CYP7ICU1 | g9719.t1 24.324 259 7.94E-13
31 | CYP7ICU1 | g2644.t1 21.509 265 8.09E-13
32 | CYP7ICU1 | g6273.t1 22.803 421 9.05E-13
33 | CYP7ICU1 | g9568.t1 25.098 255 9.58E-13
34 | CYP7ICU1 | g3725.t1 26.54 211 1.88E-12
35 | CYP7ICU1 | gl914.t1 26.809 235 1.95E-12
36 | CYP7ICU1 | g231.t1 23.013 239 1.98E-12
37 | CYP7ICU1 | g1576.t1 20.852 446 3.63E-12
38 | CYP7ICU1 | g4487.t1 23.622 254 3.91E-12
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39 | CYP7ICU1 | g7324.t1 23.684 228 4.88E-12
40 | CYP71CU1 | g5581.t1 28.485 165 5.74E-12
41 | CYP71CU1 | g5792.t1 22.628 274 5.90E-12
42 | CYP71CU1 | g9823.t1 21.862 247 6.54E-12
43 | CYP71CU1 | g2826.t1 21.343 417 6.94E-12
44 | CYP71CU1 | gl534.t1 22.177 487 8.97E-12
45 | CYP71CU1 | g3216.t1 23.039 408 9.47E-12
46 | CYP71CU1 | g6374.t1 30.508 118 1.03E-11
47 | CYP71CU1 | g5676.t1 23.361 244 1.07E-11
48 | CYP71CU1 | g3215.t1 26.667 225 1.23E-11
49 | CYP71CU1 | g9768.t1 20.69 377 1.83E-11
50 | CYP71CUI | g11510.t1 21.581 468 2.32E-11
51 | CYP71ICUI | g11483.t1 26.163 172 2.81E-11
52 | CYP71CUL | g7591.t1 25.1 251 2.98E-11
53 | CYP7ICU1 | g267.t1 24.67 227 3.37E-11
54 | CYP71CUI | g12010.t1 24.607 191 5.51E-11
55 | CYP71CUIL | g4564.t1 28.959 221 1.26E-10
56 | CYP71ICUI | g10914.t1 21.958 378 1.33E-10
57 | CYP71CUIL | g12085.t1 21.084 332 2.55E-10
58 | CYP71CUI | g6982.t1 24.444 180 3.68E-10
59 | CYP7ICUIL | gl0542.t1 25.301 332 4.04E-10
60 | CYP7ICU1 | g9531.tl 26.38 163 4.46E-10
61 | CYP7ICU1 | g2973.tl 19.86 428 7.86E-10
62 | CYP7ICU1 | g7269.t1 20.617 519 1.43E-09
63 | CYP7ICU1 | gl1871.t1 22.41 415 1.52E-09
64 | CYP7ICU1 | g1039.t1 25.907 193 1.53E-09
65 | CYP7ICU1 | g2128.tl 21.923 260 1.64E-09
66 | CYP7ICU1 | gl566.t1 23.077 182 2.05E-09
67 | CYP7ICU1 | g583.t1 20.8 250 3.30E-09
68 | CYP7ICU1 | g9196.t1 25.14 179 4.22E-09
69 | CYP7ICU1 | g10909.t1 20.541 185 4.71E-09
70 | CYP71CU1 | g3335.t1 25.105 239 6.53E-09
71 | CYP71ICU1 | g6839.t1 22.177 248 9.61E-09
72 | CYP71CU1 | g9071.t1 25 172 2.36E-08
73 | CYP71CU1 | g1833.t1 24.39 164 2.59E-08
74 | CYP7ICU1 | g9194.t1 20.428 421 2.84E-08
75 | CYP71CU1 | g710.t1 20.661 242 3.09E-08
76 | CYP7ICU1 | g2649.t1 24.691 162 3.12E-08
77 | CYP7ICU1 | g10080.t1 25.989 177 3.61E-08
78 | CYP7ICU1 | gl1356.t1 25 164 5.40E-08
79 | CYP7ICU1 | g1371.t1 20.576 243 7.81E-08
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80 | CYP7ICUI | g11296.t1 25 176 8.88E-08
81 | CYP7ICU1 | g395.t1 21.287 202 1.21E-07
82 | CYP71CUI | g9537.t1 22.648 287 2.23E-07
83 | CYP7ICU1 | g858.tl 20.741 270 2.56E-07
84 | CYP71CUI | g2825.t1 21.081 185 3.17E-07
85 | CYP7ICU1 | g6023.t1 19.184 245 3.32E-07
86 | CYP71CUI | g2691.t1 23.729 177 3.85E-07
87 | CYP7ICU1 | g3287.t1 23.95 238 4.24E-07
88 | CYP71ICUI | g2512.t1 20.553 253 6.70E-07
89 | CYP71CUI | g10200.t1 23.464 179 6.78E-07
90 | CYP7ICU1 | g2823.tl 27.273 165 8.81E-07
91 | CYP7ICU1 | gl2343.t1 22.167 203 9.00E-07
92 | CYP7ICU1 | g9783.tl 22.148 149 1.01E-06
93 | CYP7ICU1 | gl1801.t1 21.898 274 1.16E-06
94 | CYP7ICU1 | g363.t1 21.739 161 1.78E-06
95 | CYP7ICU1 | gl2573.t1 25.373 134 2.15E-06
96 | CYP7ICUIl | gl10866.t1 22.01 209 2.94E-06
97 | CYP7ICU1 | g5149.t1 21.604 449 4.65E-06
98 | CYP7ICUL | gl0543.t1 23.476 443 4.96E-06
99 | CYP7ICUI | g7296.t1 20.968 248 5.57E-06

100 | CYP71CU1 | g326.t1 23.27 159 9.11E-06
101 | CYP71CU1 | g2470.t1 21.028 214 9.56E-06

Gene CYP82D61

1 | CYP82D61 £12300.t1 23.669 507 1.14E-31

2 | CYP82D61 g1641.t1 25 500 1.97E-31

3 | CYP82D61 23057.t1 25.786 477 5.79E-28

4 | CYP82D61 21042.t1 24.593 492 4.59E-27

5| CYP82D61 25094 .t1 25.754 431 2.40E-26

6 | CYP82D61 22994 t1 24.118 510 1.66E-25

7| CYP82D61 g8745.t1 23.297 455 4.44E-23

8 | CYP82D61 23440.t1 32.381 210 1.33E-22

9| CYP82D61 £1039.t1 31.076 251 7.54E-21
10 | CYP82D61 g11336.t1 24.089 494 2.36E-20
11 | CYP82D61 g3234.t1 32.941 170 4.02E-20
12 | CYP82D61 28992.t1 24.078 401 4.15E-19
13 | CYP82D61 g25676.t1 31.222 221 1.15E-18
14 | CYP82D61 g107.t1 30 190 1.33E-18
15 | CYP82D61 g7591.t1 35.87 184 1.75E-18
16 | CYP82D61 g29074.t1 28.679 265 2.12E-18
17 | CYP82D61 £9194.t1 24.194 434 3.63E-18
18 | CYP82D61 g10178.t1 32.164 171 7.15E-18
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19 | CYP82D61 g1833.t1 23.292 322 1.31E-17
20 | CYP82D61 g4487.t1 28.755 233 2.30E-17
21 | CYP82D61 g3215.t1 31.674 221 3.15E-17
22 | CYP82D61 2858.t1 27.966 236 3.42E-17
23 | CYP82D61 gl1914.t1 31.214 173 1.31E-16
24 | CYP82D61 gl418.t1 29.341 167 1.36E-16
25 | CYP82D61 29667.t1 27.895 190 6.85E-16
26 | CYP82D61 g12085.t1 22.126 461 8.12E-16
27 | CYP82D61 g9783.t1 29.762 168 9.15E-16
28 | CYP82D61 g5792.t1 27.027 259 1.28E-15
29 | CYP82D61 g6374.t1 32.353 170 1.82E-15
30 | CYP82D61 g2973.t1 24.146 439 1.86E-15
31 | CYP82D61 g9531.t1 29.388 245 2.08E-15
32 | CYP82D61 22266.t1 27.451 255 2.28E-15
33 | CYP82D61 g3725.t1 31.138 167 3.08E-15
34 | CYP82D61 g26982.t1 28.814 177 5.01E-15
35 | CYP82D61 gl11816.t1 29.94 167 6.71E-15
36 | CYP82D61 gl11373.t1 26.46 291 2.06E-14
37 | CYP82D61 29823.t1 27.67 206 2.17E-14
38 | CYP82D61 g8102.t1 26.538 260 2.67E-14
39 | CYP82D61 22644 .t1 26.57 207 4.50E-14
40 | CYP82D61 g10914.t1 32.639 144 5.05E-14
41 | CYP82D61 g25670.t1 25.974 308 5.24E-14
42 | CYP82D61 g6273.t1 29.744 195 5.84E-14
43 | CYP82D61 g7324.t1 28.507 221 1.02E-13
44 | CYP82D61 2292 t1 26.429 280 1.60E-13
45 | CYP82D61 g3287.t1 29.358 218 2.04E-13
46 | CYP82D61 g583.t1 26.471 204 2.64E-13
47 | CYP82D61 210909.t1 25.444 169 4.00E-13
48 | CYP82D61 g10059.t1 26.636 214 4.08E-13
49 | CYP82D61 g611.t1 29.508 183 4.36E-13
50 | CYP82D61 g1837.t1 24.401 459 5.08E-13
51 | CYP82D61 g1576.t1 26.238 202 7.99E-13
52 | CYP82D61 g28868.t1 26.54 211 1.15E-12
53 | CYP82D61 g2128.t1 27.723 202 1.32E-12
54 | CYP82D61 g9719.t1 27.624 181 2.37E-12
55 | CYP82D61 £9568.t1 26.102 295 4.73E-12
56 | CYP82D61 g12343.t1 25.703 249 5.16E-12
57 | CYP82D61 g231.t1 23.353 334 5.67E-12
58 | CYP82D61 £3009.t1 21.368 468 6.17E-12
59 | CYP82D61 g1801.t1 23.35 394 7.03E-12
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60 | CYP82D61 g12010.t1 27.746 173 1.19E-11
61 | CYP82D61 g10080.t1 27.807 187 1.96E-11
62 | CYP82D61 29196.t1 25.592 211 2.11E-11
63 | CYP82D61 £9098.t1 25.362 276 2.63E-11
64 | CYP82D61 g6839.t1 26.519 181 2.87E-11
65 | CYP82D61 g6023.t1 23.024 291 3.11E-11
66 | CYP82D61 g2691.t1 27.32 194 3.18E-11
67 | CYP82D61 28657.t1 26.087 184 4.42E-11
68 | CYP82D61 22826.t1 29.609 179 5.04E-11
69 | CYP82D61 g973.t1 25.904 166 5.59E-11
70 | CYP82D61 g1566.t1 28.251 223 5.88E-11
71 | CYP82D61 gl11510.t1 25 244 6.04E-11
72 | CYP82D61 g3335.t1 27.184 206 6.89E-11
73 | CYP82D61 g9175.t1 27.807 187 9.91E-11
74 | CYP82D61 29015.t1 29.412 170 1.19E-10
75 | CYP82D61 gl11871.t1 25.957 235 1.41E-10
76 | CYP82D61 210542.t1 23.896 385 2.15E-10
77 | CYP82D61 g10554.t1 25.628 199 2.27E-10
78 | CYP82D61 210866.t1 28.859 149 5.30E-10
79 | CYP82D61 gl12171.t1 28.44 218 8.40E-10
80 | CYP82D61 210566.t1 22.822 241 8.89E-10
81 | CYP82D61 g10108.t1 31.737 167 9.42E-10
82 | CYP82D61 g11356.t1 25.888 197 1.12E-09
83 | CYP82D61 g3216.t1 27.976 168 2.07E-09
84 | CYP82D61 23509.t1 27.826 230 8.71E-09
85 | CYP82D61 29768.t1 24.581 179 9.22E-09
86 | CYP82D61 g11958.t1 28.492 179 1.13E-08
87 | CYP82D61 g1371.t1 23.622 254 1.15E-08
88 | CYP82D61 g10001.t1 26.042 192 1.22E-08
89 | CYP82D61 gl11252.t1 23.209 349 1.73E-08
90 | CYP82D61 gl11337.t1 25.217 230 1.81E-08
91 | CYP82D61 g2512.t1 26.374 182 2.24E-08
92 | CYP82D61 g5581.t1 27.368 190 2.37E-08
93 | CYP82D61 g2649.t1 24277 173 3.06E-08
94 | CYP82D61 g7828.t1 23.276 232 3.28E-08
95 | CYP82D61 g363.t1 28.144 167 4.15E-08
96 | CYP82D61 g11296.t1 25.49 204 6.37E-08
97 | CYP82D61 £10200.t1 27.647 170 7.17E-08
98 | CYP82D61 g6773.t1 24.645 211 7.52E-08
99 | CYP82D61 g9071.t1 27.174 184 1.91E-07

100 | CYP82D61 g11483.t1 24.731 186 3.12E-07
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101 | CYP82D61 £9537.t1 23.593 462 4.08E-07
102 | CYP82D61 g12573.t1 25.134 187 5.40E-07
103 | CYP82D61 £9390.t1 22.727 396 5.94E-07
104 | CYP82D61 g2470.t1 26.63 184 9.43E-07
105 | CYP82D61 g10504.t1 25.641 195 9.89E-07
106 | CYP82D61 g4564.t1 26.627 169 1.23E-06
107 | CYP82D61 g5149.t1 22.676 441 2.35E-06
108 | CYP82D61 g4899.t1 25.381 197 4.77E-06
109 | CYP82D61 g9472.t1 24.561 228 5.19E-06
110 | CYP82D61 g2823.t1 27.895 190 5.89E-06
111 | CYP82D61 g10543.t1 21.081 370 6.60E-06

Gene OMT1
1 | OMTI g3739.t1 25 348 4.35E-15
2 | OMTI g10850.t1 27.119 295 5.47E-15
3| OMTI1 g2616.t1 25.074 339 6.09E-15
4 | OMTI 25203.t1 26.444 329 3.30E-13
5| OMTI1 27989.t1 32.143 168 5.65E-13
6 | OMTI1 gl1911.t1 24.09 357 5.90E-13
7 | OMT]1 g7374.t1 32.468 154 2.20E-12
8 | OMTI1 23329.t1 31.788 151 4.42E-12
9| OMT1 23378.t1 26.648 349 4.86E-12
10 | OMT1 £8000.t1 27.027 222 5.21E-12
11 | OMT1 g3951.t1 29.94 167 7.72E-12
12 | OMTI1 24872.t1 30.508 177 5.57E-11
13 | OMT1 28859.t1 27.607 163 1.59E-10
14 | OMTI1 22421 .t1 29.762 168 1.88E-10
15 | OMTI1 g3574.t1 29.139 151 6.17E-09
16 | OMT1 £1099.t1 30 160 6.56E-09
17 | OMTI1 g7087.t1 27.333 150 9.58E-09
18 | OMT1 g7168.t1 28.571 147 3.06E-08
19 | OMT1 23519.t1 31.013 158 3.85E-08
20 | OMTI1 g12335.t1 26.667 180 4.73E-08
21 | OMTI1 2294.t1 25.352 213 1.24E-06
22 | OMTI1 29818.t1 26.486 185 1.33E-06
23 | OMTI1 g11439.t1 24.848 165 9.89E-06
Gene OMT3
1 | OMT3 g7168.t1 28.417 278 3.75E-20
2 | OMT3 g7087.t1 30.952 210 4.47E-20
3 | OMT3 £10850.t1 26 350 1.28E-18
4 | OMT3 g12335.t1 32.24 183 9.30E-18
5| OMT3 g3739.t1 26.575 365 9.81E-18
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6 | OMT3 g3951.t1 23.529 357 1.27E-17
7 | OMT3 g7374.t1 25.949 316 1.40E-15
8 | OMT3 g1099.t1 25.284 352 7.93E-15
9| OMT3 23329.t1 31.333 150 6.75E-14

10 | OMT3 28859.t1 33.728 169 4.33E-13
11 | OMT3 gl1911.t1 23.851 348 8.61E-13
12 | OMT3 £8000.t1 23.626 364 9.86E-13
13 | OMT3 g7989.t1 31.928 166 1.53E-12
14 | OMT3 2294 t1 32.192 146 1.63E-12
15 | OMT3 g4872.t1 24.797 246 2.12E-12
16 | OMT3 g4236.t1 28.846 156 2.47E-12
17 | OMT3 g616.t1 23.92 301 3.25E-12
18 | OMT3 23519.t1 31.737 167 5.63E-12
19 | OMT3 g2421.t1 25.519 337 1.14E-11
20 | OMT3 g5203.t1 28.634 227 2.67E-10
21 | OMT3 g3378.t1 23.867 331 3.21E-10
22 | OMT3 29818.t1 23.546 361 1.74E-09
23 | OMT3 g11439.t1 25 192 3.88E-08
24 | OMT3 22202.t1 22.034 354 3.92E-08
25 | OMT3 2307.t1 22.5 320 2.03E-07
26 | OMT3 25595.1 28.025 157 6.90E-07
27 | OMT3 g3574.t1 30.526 95 8.02E-06

Gene PLR
1 | PLR 2392.t1 26.744 258 1.59E-12
2 | PLR 22800.t1 25.097 259 4.20E-10
3 | PLR 29678.t1 26.966 267 2.65E-09
4 | PLR g5323.t1 26.721 247 5.07E-08
5| PLR g7733.t1 29.936 157 2.50E-07

Gene SDH
1 | SDH gl11733.t1 35.448 268 5.39E-40
2 | SDH g12368.t1 35.955 267 2.10E-36
3 | SDH g2821.t1 35.341 249 2.94E-35
4 | SDH g4796.t1 29.151 271 2.80E-30
5 | SDH 2106421 31.765 255 6.12E-28
6 | SDH g1875.t1 29.964 277 1.75E-27
7 | SDH g4795.t1 33.333 252 4.61E-26
8 | SDH £1020.t1 29.675 246 8.12E-26
9 | SDH g1261.t1 29.368 269 1.86E-25

10 | SDH g7057.t1 29.249 253 3.22E-25
11 | SDH g5174.t1 29.963 267 5.71E-25
12 | SDH g7685.t1 33.212 274 5.88E-25
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13 | SDH g6755.t1 32.8 250 6.14E-25
14 | SDH g1878.t1 30.851 282 1.29E-24
15 | SDH £6069.t1 28.016 257 1.47E-24
16 | SDH 27536.t1 30.292 274 3.86E-24
17 | SDH £10559.t1 30.153 262 8.46E-24
18 | SDH g10181.t1 28.736 261 1.12E-23
19 | SDH g12571.t1 31.086 267 1.21E-23
20 | SDH g1661.t1 31.694 183 2.63E-23
21 | SDH g12272.t1 29.008 262 3.23E-23
22 | SDH g4654.t1 32.271 251 6.90E-23
23 | SDH g12572.t1 30.556 252 1.62E-22
24 | SDH g3542.t1 26.316 304 1.70E-22
25 | SDH g1326.t1 29.615 260 5.82E-22
26 | SDH g6644.t1 25.954 262 6.29E-22
27 | SDH 28765.t1 30.258 271 1.60E-21
28 | SDH g2221.t1 27.798 277 2.13E-21
29 | SDH g4822.t1 30.35 257 5.54E-21
30 | SDH 25768.t1 32.558 258 5.74E-21
31 | SDH g1416.t1 26.415 265 8.81E-21
32 | SDH 29180.t1 26.692 266 4.90E-20
33 | SDH g1327.t1 30.12 249 6.01E-20
34 | SDH £7059.t1 30.729 192 7.17E-20
35 | SDH g2174.t1 27.444 266 9.65E-20
36 | SDH 24843 .t1 28.452 239 1.32E-19
37 | SDH 27462 t1 28.723 282 1.41E-19
38 | SDH 292.t1 28.244 262 1.68E-19
39 | SDH £6230.t1 28.351 194 2.14E-19
40 | SDH £6230.t1 25.121 207 9.07E-15
41 | SDH 28955.t1 25.856 263 2.56E-19
42 | SDH £3060.t1 25.758 264 3.50E-19
43 | SDH £9669.t1 27.519 258 4.43E-19
44 | SDH £3500.t1 33.824 204 5.22E-19
45 | SDH £5596.t1 29.572 257 2.68E-18
46 | SDH g26656.t1 28.364 275 2.97E-18
47 | SDH 23408.t1 33.005 203 3.07E-18
48 | SDH g2212.t1 27.888 251 3.73E-18
49 | SDH g2179.t1 28.992 238 5.98E-18
50 | SDH g2391.t1 27.027 259 1.77E-17
51 | SDH g25666.t1 27.652 264 2.34E-17
52 | SDH g4718.t1 26.692 266 3.60E-17
53 | SDH g1244.t1 28.517 263 3.64E-17
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54 | SDH £8957.t1 27.536 207 1.14E-16
55 | SDH g11449.t1 25.758 198 2.41E-16
56 | SDH 2193.t1 29.651 172 3.16E-16
57 | SDH g26745.t1 27.823 248 3.77E-16
58 | SDH £10554.t1 30.385 260 5.51E-16
59 | SDH g4711.t1 25.547 274 5.71E-16
60 | SDH g12406.t1 27.612 268 7.11E-16
61 | SDH g6841.t1 28.947 228 1.21E-15
62 | SDH g1420.t1 28.627 255 1.45E-15
63 | SDH £8400.t1 23.322 283 1.53E-15
64 | SDH £10549.t1 26.538 260 1.90E-15
65 | SDH g7877.t1 29.963 267 2.55E-15
66 | SDH 27520.t1 26.667 240 2.79E-15
67 | SDH g11804.t1 27.203 261 7.62E-15
68 | SDH 27586.t1 27.715 267 1.44E-14
69 | SDH 28371.t1 27.306 271 1.48E-14
70 | SDH g7179.t1 24.803 254 1.77E-14
71 | SDH g28418.t1 27.228 202 6.52E-14
72 | SDH 2627.t1 29.167 264 7.99E-14
73 | SDH g7117.t1 27.119 177 2.39E-13
74 | SDH g27538.t1 25.806 279 3.27E-13
75 | SDH g26595.t1 21.673 263 3.47E-13
76 | SDH 22085.t1 27317 205 5.27E-13
77 | SDH 26843 .t1 27.715 267 5.71E-13
78 | SDH 25665.t1 24.818 274 1.28E-12
79 | SDH g2632.t1 28 275 1.92E-12
80 | SDH g2217.t1 25.283 265 2.90E-12
81 | SDH £10922.t1 26.119 268 2.93E-12
82 | SDH 25236.t1 31.905 210 3.22E-12
83 | SDH g5791.t1 26.51 298 5.00E-12
84 | SDH g7458.t1 30.415 217 6.42E-12
85 | SDH g2972.t1 24.126 286 1.11E-11
86 | SDH g7251.t1 28.409 264 1.23E-11
87 | SDH g4866.t1 29.907 214 1.47E-11
88 | SDH g3423.t1 28.293 205 2.04E-11
89 | SDH 23963.t1 26.054 261 3.44E-11
90 | SDH g4357.t1 26.007 273 3.55E-11
91 | SDH g4332.t1 29.63 189 9.62E-11
92 | SDH g3823.t1 27.66 188 2.19E-10
93 | SDH g1241.t1 27.652 264 7.58E-10
94 | SDH g7464.t1 23.86 285 1.88E-09
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95 | SDH g4468.t1 28.718 195 2.15E-09
96 | SDH gl412.t1 27.419 248 2.75E-09
97 | SDH 2658.t1 26.368 201 1.32E-08
98 | SDH g3724.t1 29.358 109 1.41E-08
99 | SDH g5828.t1 25 244 1.48E-08

100 | SDH 23029.t1 26.852 216 2.57E-08
101 | SDH 29555.1 30.939 181 2.77E-08
102 | SDH g3514.t1 24.862 181 3.11E-08
103 | SDH £9635.t1 29.57 186 3.31E-08
104 | SDH g11078.t1 29.167 216 4.15E-08
105 | SDH g732.t1 24.016 254 4.65E-08
106 | SDH g3421.t1 27.513 189 8.96E-08
107 | SDH g255.t1 25.66 265 1.22E-07
108 | SDH g6278.t1 26.257 179 1.99E-07
109 | SDH g2289.t1 31.69 142 2.95E-07
110 | SDH g10581.t1 27.273 187 5.02E-07
111 | SDH 29816.t1 25.824 182 1.48E-06
112 | SDH 28409.t1 24.762 210 1.62E-06
113 | SDH g12057.t1 32.222 90 1.73E-06
114 | SDH £10054.t1 25.263 190 5.35E-06
115 | SDH 26627.t1 31.818 88 5.71E-06
116 | SDH 2848.t1 25.882 170 6.16E-06
117 | SDH £26967.t1 26.259 278 6.41E-06
118 | SDH 24241 .t1 50 44 7.22E-06
Gene VdtD
1 | VdtD 29688.t1 39.068 558 2.61E-119
2 | VdtD g7477 .1 33.904 584 1.39E-98
3| VdtD g26718.t1 28.803 493 1.25E-49
4 | VdtD 26895.t1 27.076 554 1.63E-44
5| Vvdth g6252.t1 29.36 453 2.54E-44
6 | VdtD g12073.t1 29.146 398 1.98E-40
7 | VdtD g8173.t1 28.539 438 1.45E-37
8 | VdtD g7551.t1 28.306 484 2.00E-36
9 | VdtD g7634.t1 37.917 240 9.42E-36
10 | VdtD g7704.t1 31.832 333 1.85E-35
11 | VdtD 2109741 26.744 516 9.08E-35
12 | VdtD g2.tl 30.719 306 2.33E-33
13 | VdtD g6787.t1 26.683 416 5.77E-33
14 | VdtD £5902.t1 28.389 391 1.46E-31
15 | VdtD g12561.t1 27.763 371 1.75E-31
16 | VdtD g11847.t1 28.794 514 2.77E-31
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17 | VdtD £5002.t1 28.169 426 4.99E-30
18 | VdtD g1624.t1 25.595 504 3.24E-29
19 | VdtD 25013.t1 26.6 500 1.29E-28
20 | VdtD 27899.t1 26.265 514 6.07E-28
21 | VdtD 295471 27.254 477 7.11E-28
22 | VdtD 280.t1 27.013 385 2.01E-27
23 | VdtD 25647.t1 25.852 499 1.76E-26
24 | VdtD 27625.t1 28.247 308 1.79E-26
25 | VdtD £1686.t1 31.541 279 3.43E-26
26 | VdtD g464.t1 27.434 339 2.95E-25
27 | VdtD g11636.t1 28.571 245 1.26E-24
28 | VdtD 24987.t1 26.602 515 2.65E-24
29 | VdtD g27072.t1 24.324 407 3.00E-24
30 | VdtD g11966.t1 28 350 3.12E-24
31 | VdtD 2556.t1 27.92 351 5.47E-24
32 | VdtD g6134.t1 24.59 488 7.67E-24
33 | VdtD 29288.t1 25.357 560 8.58E-24
34 | VdtD £5090.t1 26.945 527 4.14E-23
35 | vVdtD g3181.t1 29.392 296 6.35E-23
36 | VdtD £11400.t1 27.363 402 2.78E-22
37 | VdtD g1725.t1 28.716 296 3.00E-22
38 | VdtD 229951 29.934 304 5.78E-22
39 | VdtD 210846.t1 29.226 349 2.09E-21
40 | VdtD £6099.t1 22.88 507 2.63E-21
41 | VdtD g7473.t1 28.255 361 1.50E-20
42 | VdtD g3274.t1 28.571 287 5.62E-20
43 | VdtD £10809.t1 24.832 447 1.02E-19
44 | VdtD £9003.t1 25.427 468 1.24E-18
45 | VdtD g11030.t1 24.897 486 1.45E-18
46 | VdtD g29794.t1 30.693 202 2.67E-18
47 | VdtD £9796.t1 25.769 260 4.91E-16
48 | VdtD £5539.t1 21.655 411 3.71E-13
49 | VdtD g8.t1 23.077 234 1.35E-07
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