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MO PAU

1. Tinh cip thiét cia luin an

Loai Xa xi [Cinnamomum parthenoxylon (Jack) Meisn.] 1a mét loai
thuc vat quy hiém, c6 gié tri y hoc va kinh té, hién dang d6i mat véi nguy co
tuyét chung do méi truomg sdng bi suy thoai, khai thac qua mirc va kha ning
tai sinh tu nhién han ché [6-14]. Trudc thuc trang do, viée img dung cac
phuong phap nghién ctru hién dai, lién nganh nham xac dinh cac khu vuc co
diéu kién sinh thai phu hop, két hop voi phan tich da dang di truyén (DDDT)
dé 1am 16 mbi quan hé giita cac quan thé va kha niang thich nghi cta loai 1a
can thiét. Trén co s& do, nghién ctru sinh thuc hién luan an: “Nghién ctru mot
s6 dic diém sinh thai, da dang di truyén quan thé va m6 hinh phan b loai
Xa xi (Cinnamomum parthenoxylon (Jack) Meisn.) 1am co s& bao ton ngudn
gen loai & Viét Nam”, véi muyc tiéu danh gia hién trang phan b6, xay dung
mo hinh phan bé loai va phén tich ciu trac di truyén cic quan thé Xa xi tai
Viét Nam. Két qua nghién ciru s& cung cap co s khoa hoc cho chuong trinh
chon gidng, quan 1y ngudn gen va d& xuit cac giai phap bao ton loai trong
diéu kién tu nhién.
2. Muc tiéu nghién ctru ciia luin an
2.1. Muc tiéu chung: Panh gia, cap nhat hién trang phan bd va da dang di
truyén quan thé va loai X4 xi trong cac hé sinh thai rimg nhiét d6i dién hinh,
nham dinh huéng khong gian wu tién bao ton thong qua cac du bao bién dong
ctia quan thé theo cac ving sinh thai 1am nghiép trong bbi canh bién doi khi
hau tai Viét Nam.
2.2. Muc tiéu cu thé:

- bidu tra, danh gi4, cap nhat hién trang phan b cua loai X4 xi dang
bi de doa tuy¢t chung & cac vung sinh thai 1am nghi¢p cua Viét Nam.

- Xay dyng m6 hinh phan b loai dya trén céac dir liéu dia khong gian
nham dy bao sy bién dong cac ving sinh thai pht hop cho loai X4 xi trong

cac giai doan lich su, hién tai va tuong lai.



- Panh gia da dang di truyén ¢ mirc d6 quin thé va loai tmg dung cho
chuong trinh chon gidng va quan 1y ngudn gen; dé xuat giai phap bao ton
loai X4 xi trong diéu kién tu nhién.

3. Pham vi nghién citu
3.1. Dia diém va khu vic nghién civu

Dia diém nghién ctru: Phyc vu nghién ctru dac diém sinh thai va da dang di
truyén loai X4 xi, nghién ctru dugc thyc hién tai cac HST ring ty nhién, dai dién cho
cac Ving Sinh thai 1am nghiép (STLN), d6 1a 9 quéan thé thudc 5 ving STLN: Hoa
Binh (HB) thudc Ving STLN Tay Béc; Vinh Phuc (VP), Pha Tho (PT), Quang
Ninh (QN) thudc ving Péng Béc; Thanh Héa (TH) thudc ving STLN Béc Trung
Bg; Phu Yén (PY) va Quang Nam (QNm) thudc ving STLN Nam Trung Bg; Gia
Lai (GL) va Lam Ddng (LD) thudc ving Ty Nguyén.

Khu vure nghién ctru : Phuc vu nghién ctru mé hinh phan bd loai, nghién ciru
da thu thap cac dir liéu dia khong gian (khi hau, thd nhudng, dia hinh, tham thuc vat)
tir nguon dir liéu c6 san. Mot s ving hién nay méc du khéng ghi nhan phéan bé cua
loai nhung van dugc xem xét trong pham vi khéng gian dé du bao cho kha ning céc
viing phén bd tiém ning da phu hop vé mit sinh théi cho loai trong qua khtr hoic s&
thich hop trong tuong lai.

3.2. Thoi gian nghién ciru

Tir thang 11/2022 dén thang 5/2025, tong cong 15 chuyén khéo sat.
4. Noi dung nghién ciru
- Noi dung 1: Panh gi4 hién trang phan bé ciia loai X4 xi trong 5 ving STLN
Viét Nam.

- N6i dung 2: X4y dung mé hinh phan bd loai Xa xi cho cac thoi ky trong
quéa khir, hién tai va trong lai theo cac kich ban bién déi khi hau.

- Noi dung 3: Panh gia mirc d6 da dang va cau tric di truyén quan thé va loai
Xa xi trong trong 5 ving STLN béng chi thi phan tir SSR.

- Noi dung 4: Nghién ciru dé xuét cac giai phap bao ton loai Xa xi trong 5
vung STLN Viét Nam.



CHUONG 1. TONG QUAN TINH HINH NGHIEN CUU

1.1. Tinh hinh nghién ctru trén thé gi6i

Co 56 khoa hoc vé nghién ciru thire vt nguy cdp, quy hiém: Danh sach
Do IUCN déanh gia nguy co tuyét chiung ciia loai dua trén quy mo quan thé.
Cong udc CITES kiém soat budn ban sinh vét nguy cap [26]. Mat méi truong
song do nong nghiép, cong nghiép va khai thac khong bén ving lam suy
giam s6 luong loai. Bién d6i khi hau (BDKH) anh hudng dén phan bd nhiéu
loai. Chinh sach bao ton toan cau nhu Céng udc da dang sinh hoc da gitp
béao vé nguén loi sinh vat mdt cach bén virng.

Nghién cuu ddc diém hinh thdi va sinh thdi lodi Xé xi va cdc lodi khdc
trong chi Qué: Chi Cinnamomum dwoc dit tén tir nam 1760 boi J.C.
Schaeffer, thugc ho Lauraceae. Loai Xa xi (Cinnamomum parthenoxylon) co6
lich sir phan loai phtic tap véi nhiéu tén dong danh duoc ghi nhan boi cac
nha thyc vat hoc [39]. Lorea-Hernandez (1996) 1a mdt trong nhiing tac gia
dau tién xay dung khoa dinh danh cho céc loai thudc chi nay va néu bat su
bién thién hinh thai theo diéu kién khi hau [40]. Kameyama & Nakajima
(2018) va Zhou et al. (2021) d3 danh gia anh huéng cua mdi truong dén sinh
truong va phan bd cta cac loai nay tai Nhat Ban va Trung Qudc [45, 49].

Nghién ciru mirc dp da dang di truyén quan thé va loai Xa xi va cdc
lodi khdc trong chi Qué: Han va cs. (2024) di xac dinh su da dang di truyén
cao trong loai C. cassia [60]. Zhang va cs. (2021) phat hién C. chago c6 da
dang di truyén thap va hién tugng can huyét [61]. Li va cs (2023) va Zhong
va cs (2019) phan tich C. camphora & quy mé 16n, cho thiy cau tric di truyén
gin voi dia 1y va anh huong cta bién doi khi hau dén phan bd loai.
Kameyama va cs (2017) 1am 1 sy phéan hoa giita cac quan thé co thy ¢ Nhat
Ban, Trung Qudc va Pai Loan. Joy va Maridass (2008) d3 dit nén mong vé
phan loai di truyén trong chi nay [62-65].

Nghién ciru mé hinh phén bé lodi phuc vu bdo ton loai: Getzin va cs
(2008) nhan manh vai trd cta ca yéu té ndi tai va ngoai sinh trong céu trac
khong gian quan thé [69]. M6 hinh Maxent - phat trién tir nguyén 1y entropy



ti da ctia Jaynes (1957) [77] va chinh thirc tng dung vao mé hinh phan bd
loai (SDM) béi Phillips va cs (2006) - da tr¢ thanh cong cu quan trong nho
kha nang hoat dong tt v6i dir liéu hién dién don 1é [78]. Maxent va cac thuat
toan hoc may khac nhu Random Forest (RF), trong d6 RF dugc danh gia co
hiéu suét cao hon Maxent trong mét sé truong hop [92].

1.2. Tinh hinh nghién ciru ¢ Viét Nam

Co 56 khoa hoc vé nghién ciru thire vdt nguy cdp, quy hiém: Chinh phu
d3 ban hanh cac chinh sach quan trong nhu Chi thi 194-CT (1986) vé hé
thdng rimg dic dung (RPD), Luat Lam nghiép (2017), va cac nghi dinh nhur
Nghi dinh 32 d& bao vé loai nguy cap [7]. Sach do Viét Nam (2024) di cong
bd danh sach gém 847 loai thudc 201 ho cin duoc bao vé, thé hién cam két
manh mé trong bao vé da dang sinh hoc [6].

Nghién cuu ddc diém hinh thdi va sinh thdi lodi Xé xi va cdc lodi khdc
trong chi Qué: Pham Hoang Ho (1991, 2003) ghi nhan 43 loai [107], trong
khi Nguyén Kim Dao (2017) ning tong sb 1én 49 loai va 2 thi, chiém khoang
16% tong s6 loai chi Cinnamomum toan cau [109]. Nguyén Vin Ly (2016)
mo ta chi tiét ddc diém hinh thai cua 22 loai trong chi [108]. Tran Hop (2002),
Lé Thi Dién va cs (2010) ghi nhan loai phan bd rai rac ¢ nhiéu ving nhu
Péng Bic, Bic Trung Bo va Tay Nguyén, thudng gop phan vao da dang sinh
hoc cua ting cy cao trong rimg [15, 111]. X4 xi c6 tinh dau chira ham luong
Safrole va Methyleugenol cao [114].

Nghién ciru mirc dp da dang di truyén quan thé va lodi Xa xi va cdc
lodi khdc trong chi Qué: Hoang Vian Sam (2023) va Ha Bich Hong cing cs
(2021) da sir dung trinh ty ADN lyc lap (matK, rbcL, trnH-psbA) dé giam
dinh loai X4 xi tai nam tinh mién Béc, cho théy d6 chinh xéac cao va sy ton
tai ciia cac dong di truyén khac nhau [17, 19]. Ha Van Huén (2015) va Ha
Thi Phuc (2015) st dung ki thuat RAPD dé danh gia da dang di truyén o C.
camphora va C. cassia [128]. Vii Pinh Duy va cs (2022) cung cip bang
chung vé tinh da dang di truyén cao trong quin thé ty nhién Vi huong C.
balansae [132].



Nghién ciru mé hinh phdn bé loai phuc vu bdo ton lodi: Cac nghién
ctru cho théy md hinh hd trg hiéu qua trong viéc xac dinh sy phan cach khong
gian va tiém nang tach biét tién hoa giita cac quan thé. M6 hinh ciing da duoc
mg dung trong danh gia sinh canh pht hop cho cac loai quy hiém. Nghién
ctru vé Vit huong C. balansae ciia Pinh Tién Tai va cs (2022) cho thay tiém
ning ciia mod hinh SDM trong danh gia tac dong cta bién d6i khi hau dén

loai thyc vat trong rung ty nhién ¢ Viét Nam [ 140].

CHUONG 2. POI TUQNG VA PHUONG PHAP NGHIEN CUU
2.1. P6i tugng nghién ciru
Loai Xaxi thudc chi Qué Cinnamomum ho Long ndo (Lauraceae), la lodi cay

0 ¢6 gié tri bao ton: Rt nguy cip (CR Ala,c,d) theo Sach d6 Viét Nam 2024 [6]
va thugc nhom IIA trong phu luc ctia Nghi dinh 84/2021/ND-CP [7].
2.2. Phuwong phap nghién ctru
2.2.1. Thu thép so liéu so cAp: Thu thap tai lidu vé diéu kién tw nhién, kinh té-xa
hdi, nghién ctru khoa hoc lién quan.
2.2.2. Nhém phuong phap ngoai nghiép

a) M& ta hinh thdi: Quan sat cac diic diém chdi, vo va than cay; chup anh
minh hoa phuc vu mé ta va di chiéu véi tai liéu chuyén nganh. Viée dinh danh va
phan loai hinh thai loai dugc thyc hién bdi cac chuyén gia thuc vat hoc dau nganh.

b) Nghién citu ddc diém phdn bé loai: Mbi tuyén diéu tra 2 bén véi bé rong
20m, x4c dinh vi tri, tan suat gap loai va mirc do tac dong sinh thai. Téng cong 110
OTC dugc thiét lap.

¢. Nghién citu dic diém lam hoc ciia lodi: Tai cc 6 tiéu chuin (OTC, dién
tich 1000 m?), tién hanh do dém toan bo ciy c6 D > 6 cm: xé4c dinh tén loai, D 3,
chiéu cao viat ngon (H.y), duong kinh tan (Dy) va chét luong sinh truong. Dong thoi,
mdi OTC thiét 1ap 5 6 tai sinh (OTS, dién tich 25 m?) dé diéu tra cdy con tai sinh.

d Omau 6 cdy: Trong d6 mot cay Xa xi trung tdm dugc chon va cac chi s0

sinh truong cta 6 ciy gan nhat duoc do dém.



e. Phuwrong phdp thu thip mau sinh hoc cho phdn tich sinh hoc phan tit: Tong
cong 208 mau 14/vo dugc thu tir 9 quan thé, bao quan, luu trit & -80°C va -30°C.

2.2.3. Nhom phwong phap ndi nghiép

a) Phan logi trang thdi rimg: huéng dan cia Qui pham Thiét ké Kinh doanh
rimg, QPN 6 - 84 ¢6 sira dbi, dé tap trung tién hanh phan chia trang thi rimg cho
cac sinh canh ring tap trung vao nhom I1, I11.

b) Xdc dinh tén cdy: Tham khao tai liéu ciia Nguyén Kim Pao (2017).

¢) Xdc dinh mat dé tang cay cao; Tiét dién ngang; Lodi wu thé va cong thire
16 thanh cdy cao: Mt d6 ting cdy cao dugc xac dinh bang sd ciy mdi hecta, trong
khi tiét dién ngang phan 4nh kich thudc than cdy qua dudng kinh ngang nguc
(DBH). Loai wu thé trong ting cdy cao duoc x4c dinh théng qua chi sé gia tri quan
trong (IVI%), loai di kém duoc phan loai theo tin sut xuét hién.

2.2.4. Phwong phap xiy dung mé hinh phéan b loai

M0 hinh st dung dit li¢u phan bo loai tir khao sat thuc dia va dur liéu
dia khong gian: dia hinh, khi hau, thd nhudng va tham thyc vat. Thudt toan
nhu MaxEnt, Random Forest (RF), Support vector machine (SVM),
Classification and regression tree (CART) va Gradient Boosting (Boosting)

duoc trién khai.

Kich ban khi hau: Str dung kich ban thoi ky Last Glacial Maximum
(LGM) va thoi ky Mid-Holocence (MH) cia CHELSA phién ban 1.2; Kich
ban khi hdu trong giai doan hién tai (HT): st dung ciia Worldclim phién ban
2.1; Kich ban khi hau tuong lai: ACCESS-CM2, MIROC6, EC-Earth3-Veg,
MRI-ESM2-0 (Ky hi€u cho cac kich ban la ACCESS, MIROC6, EC va
MRI). Bén kich ban phét thai twong tmg v6i mdi kich ban khi hau 1a kich
ban phat thai thap, trung binh, cao, v rit cao, tuong tng 1a SSP126, SSP245,
SSP370 va SSP585 cho cac giai doan 2061-2080 va 2081-2100.



2.2.5. Phén tich da dang di truyén

Tach chiét ARN/ADN tong so, kiém tra chat luong bang dién di, dinh
luong bang may Nanodrop, giai trinh ty mARN bang NGS, tim kiém va thiét
ké moi SSR, thuc hién PCR-SSR, dién di gel polyacrylamide va phan tich
kich thudc alen bang Fragment Analyzer.
2.2.6. Phan tich dir li€u gidi trinh tuw hé gen phién ma

Chat luong trinh tu duoc kiém tra bang FastQC, lip rap va sang loc
mdi SSR qua Trimmomatic, Trinity, MISA, Primer. Phan tich da dang va
cAu trac quan thé bang Arlequin, Genepop, STRUCTURE, BOTTLENECK,
DAPC, UPGMA va kiém dinh HWE, Fst, Mantel test.
2.2.7. Phwong phap tich hop két qua danh gia da dang di truyén va mé
hinh sinh thai phuc vu cong tic bio ton

Str dung phuong phap chdng 16p layer trén phan mém QGIS xéc dinh
céc khu vuc wvu tién cho bao ton.

CHUONG 3. KET QUA VA THAO LUAN

3.1. Pic diém hién trang quan thé X4 xi phan bd trong 5 ving STLN
3.1.1. Mét 56 dic diém hinh thdi va sinh thdi loai Xd xi

Xa xi 1a loi cdy gd 16n, than thang hinh tru cao 20-28m, dudng kinh
than t&i 106cm. Than cdy hinh try thang, phan than dudi thuong khong co
canh vé xam hodc nau xam dam c6 ranh nit doc. Khi boc vo, ph?m thit co
mau nau dé nhat va téa mui thom dac trung cua tinh dau X4 xi. La moc cach,
hinh triing ngugc hoac trai xoan thuén. Cum hoa moc & dau canh hoic nach
14, hinh chuy hodc tan; hoa trang vang, ludng tinh. Cdy ra hoa tir thang 5-7,
dau qua thang 7-9, qua chin tir thang 9-12. P xac dinh 357 c4 thé trudong
thanh va 373 cay tai sinh.



3.1.2. CAu tric rirng noi c6 loai Xa xi phan b
3.1.2.1. Cong thirc té thanh ting cdy cao noi cé Xd xi phin bo
Cong thirc t6 thanh tang ciy cao (CTTT) cho thiy to thanh tir 20 loai
(HB, VP va QN), dén 88 loai (GL), trong d6 loai cdy chiém uu thé 1a M&, Dé
gai va Tau mat quy...(Bang 3.1)
Bang 3.1. Cong thirc t6 thanh tAng cdy cao cua céc sinh
canh ring noi phan bo loai Xa xi

Viung Quan So So St:(:zzl Cong thirc to thanh
STLN the OTC | loai CTTT (CTTT)
i 12 20 4 24,5IM+19,91Dg+
Tay Bac HB 16,11Tmqg  +  5,02Pm+
34,45Lk
13 38 4 23,79M + 16,69Dg +
PT 11,59Tmg + 574Pm +
A 42,19Lk
Dong 3
z 14 20 3 26,05M + 18,33Dg +
Bic VP 13.51Tmg + 42,111k
ON 10 20 3 26,49M + 20,54Dg +
12,16Tmq + 40,81Lk
Bc 15 84 3 13,76M + 13,61Dg +
. TH 12,47Tmgq + 60,16Lk
Trung B0
10 66 6 13,97Sm + 12,72Chx +
Nam PY 8,36Trv + 7,01P + 543X +
n 5,13Du + 47,38Lk
Trung B9 N 10 | 350 4 | 27.6Pm + 15,4Ht + 10,3Ddd
QNm + 5,3Gt + 41.4Lk
12 88 7 11,1 K+ 104 Tdl+89Dg+
LD 84Coém+7.1Gx+56Td+
Tay 501X + 43,49 Lk
Nguyén 15 92 7 15,1 Ht + 85 Ct + 5,5 Chx +
GL 6,3Bt+567Td+52X+50
K+ 48 8Lk

(Trong do: Du: Dung; Dg: Dé gai; Ddd: Ddu da dat; Chx: Cho xot; Ct: Cong
tia; Gt: Gao trcfng; Gx: Giéi xanh; Ht: Héng tung; K: Khdo; M: M6, P: Phay,
Pm: Po mu; Sm: Sén mdt; Tmgq: Tau mdt quy; Tdl: Thong da lat; Tdld: Thong
do la dai; Tad: Tram do; Trv: Tram véi; X: Xa xi; Lk: Loai khac).



3.1.2.2. Moi quan hé giiva lodi Xd xi véi lodi cdy wu thé trong sinh cinh ring
Két qua chi ra 8 loai thuong bét gip

cung X4 xi (Bang 3.2).
> ‘ y 5 A e & 3

¥

1
3

Hinh 3.1. Loai Xa xi 6 VQG Tam Dao, tinh Vinh Phtic (vo, cay tai sinh,
canh mang cum hoa va qua)

Bang 3.2. Mot s6 loai dic trung, séng cting X4 xi trong céc sinh canh rimg

N o m | BBz 2
= | = »
Tén loai R lalz|F|E
C. parthenoxylon (Xa xi) X | X | X X |5
Fokienia hodginsii (Po mu) X | X | X X |5
Syzygium wightianum (Tram trang) X | X | X X | 4
Carallia brachiata (Tric tiét) X | X | x X | 4

Choerospondias axillaris (Roxb.) Burtt et
Hill.) (Xoan nhtr)

Hopea odorata Roxb. (Sao den)

>
>
>
>
N

Alangium spp. (Thoi Ba)

Manglietia spp. (M) X | X | X X
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3.1.2.3. Ciu tricc tang thiv khu vuc loai Xd xi phin bé

Tham thyc vat phd bién 1a rimg thi sinh, cdy gd tang cao c6 mat do
thap véi cac loai thudc ho Dé (Fagaceae), Ngoc Lan (Magnoliaceae), Che
(Theaceae), Vang/Trinh nt (Mimosacea), Dau (Fabaceae)... Tai Tay
Nguyén, dudng kinh binh quén ciia rimg cao nhat toi 36,61cm (Bang 3.3).

Bing 3.3. Mot s dic trung co ban cua loai Xa xi va cac loai ciy gb

trong cung sinh canh ring

N (ciy/ha) G (m?*ha) D, 3(cm)
\ Tinh Toan . o
vung | qai | | bp | g | TOARDO - Toan b
STLN A . sinh = . .
dién ;2 sinh ;2 cinh Q sinh canh
canh | rirng
\ rirng
rung
) PT |22 | 531 |0,93| 2569 | 22,07+6,79 | 23,54+7,88
I:;’é“cg vp |23 | 573 | 1,51 3551 | 2829+6,71 | 26,89+8,13
ON [ 19| 476 | 0,78 | 23,02 | 21,98+6,60 | 23,54+7,84
TayBic | HB | 20 | 548 | 1,03 | 30,64 | 24,79+6,31 | 25,6+7,48
B‘”];Tg“‘g TH | 19| 518 | 1,67 | 27,61 | 27.85+1823 | 25,9149,63
Nam PY |42 | 594 | 1,09 | 25,65 18,246,05 | 24,25+7,12
TrungB) | QNm | 40 | 578 | 0,97 | 23,90 17,6+5,59 | 23,74+6,15
Tay LD | 52| 605 |3,39]| 3574 28,9+6,45 | 30,97+7,55
Nguyén | GL |53 | 715 |534| 36,05 35,70+6,94 | 36,61+8,94

3.1.3. Pic diém tai sinh ty nhién ciia loai X4 xi va IAm phén noi c6 loai
X4 xi phan bd

Di bt gap 373 cdy tai sinh. Kha nang tai sinh hat trong d6i manh mg,
& Quang Nam nhiéu hon cac khu vuc khac (Bang 3.4).
3.2. MO HINH PHAN BO LOAI XA XI CHO CAC THOI KY TRONG
QUA KHU, HIEN TAI VA TUONG LAI THEO CAC KICH BAN BDPKH

3.2.1. Thuit toan, tham s6 méi trwong nham t6i wu mé hinh
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3.2.1.1. Tham sé dau vao mé hinh phin bé lodi

Bo 4 nhom tham s6 moi trudng va khi hau F1-F4 tham gia vao mé hinh
(Nhém F1: gém 19 tham s6 khi hau, F2: gém loai d4t va ham lwong muin trong dat, F3:
tham thyc vét, F4: gdm do cao, d6 dc va huéng phoi dia hinh) (Bang 3.5).

Bing 3.4. Két qua diéu tra ciy X4 xi tai sinh tai cic 1Am phin

Ty
1¢
i So | Chatluwgng cady | Nguon goc | ciy
hlgy cay | taisinh (%) (%) trién
N 1 X
Ving u%l:l So OTC vgng
STLN | 1% (%)
the o
on o
E|® | 5E|E| | ¢S
= = = B~ am @)
QN 10 55 | 74,17 | 2583 | 0 | 9542 | 4,58 | 80,07
Dong Bic VP 14 47 2974 | 7026 | 0 | 96,54 | 3,46 | 923
PT 13 32 | 60,15 | 39,85 | 0 | 9455 | 545 | 52,58
Tay Bic HB 12 56 | 22,08 | 7792 | 0 | 7931 | 20,69 | 49,17
Bic Trun;
Bo J TH 15 33 | 5924 | 40,76 | 0 | 81,52 | 18,48 | 67.73
Nam PY 10 22 162,73 137271 0 | 941 | 59 | 4091
Trung B0 | QNm 10 23 [ 2281 [ 77,19 | 0O 100 0 26,09
Tay LD 12 41 | 7317 [ 2683 ] 0 | 909 | 91 | 6585
Nguyén GL 15 64 | 81,88 | 1812 | 0 | 962 | 38 | 6563
Tong 111 373

3.2.1.2. Lya chon thudt todn

Trién khai 11 SDM st dung 05 thuét toan hoc may, cac md hinh dugc
so sanh dua trén chi s6 danh gia d6 chinh xac 1a AUC (Bang 3.3). Két qua
thuét toan Random Forest RF cho dé chinh x4c cao nhat (AUC=0,92).
3.2.2. Vung sinh thai phu hop cia loai Xa xj ¢ giai doan hién tai

Két qua ctia mo hinh thé hién Xa xi phan bd ty nhién, chu yéu & cac
ving STLN: Dong Béc (Zone II) va Ty Béc (Zone I1I), Bic Trung Bo (Zone
IV), Nam Trung B¢ (Zone V), Tay Nguyén (Zone VI) (Hinh 3.5).
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Bang 3.5. Két qua cac mo hinh phan b loai da duoc thir nghiém véi cac

cong cu va bo tham s6 moi trudng khac nhau

Tén mé6 hinh | Thuit toan Tham s6 Kiéu dir liéu AUC
Model-1 RF FI+R2+F3+F4 | Presence-Absence 0,89
Model-2 RF F1+F2 Presence-Absence 0,86
Model-3 RF F1 Presence-Absence 0,92
Model-4 Boosting F1 Presence-Absence 0,86
Model-5 CART F1 Presence-Absence 0,82
Model-6 SVM F1 Presence-Absence 0,68
Model-7 Maxent F1 Presence-Absence 0,64
Model-8 Maxent F1 Presence 0,74
Model-9 Maxent Fl1 +F2 Presence-Absence 0,66
Model-10 Maxent F1+F2+F3+F4 | Presence-Absence 0,63
Model-11 Maxent F1 Presence Only 0,74

3.2.3. Vung sinh thai phtu hop ciia loai Xa xi theo cac kich ban khi hiu

Trong giai doan LGM, khu vuc phan bd chu yéu tap trung & phia Bic
Viét Nam (Hinh 3.2). Thoi ky HT, ¢6 su xudt hién cac khu vye sinh thai thich
hop & Tay Nguyén, duogc dy doan bét dau tir thoi ky chuyén tiép LGM sang
MH (Hinh 3.3; 3.4; 3.5). Kich ban BDKH thé hién xu hudng suy giam dién
tich phan b rd nét hon khi mirc phat thai gia ting (Hinh 3.4; 3.6).
3.3. PA DANG DI TRUYEN VA CAU TRUC DI TRUYEN LOAI XA
XI TRONG 5 VUNG SINH THAI LAM NGHIEP
3.3.1. X4y dung va phat trién b chi thi phan tir microsatellite (SSR) loai
Xa xi ¢ Viét Nam
3.3.1.1. Diic diém hé gen phién ma loai Xd xi

Két qua lap rap cho thay phan 16n Unigene va Transcripts tap trung &
khoang 200-400 bp, phan anh mirc d9 phan méanh cua dit liéu lap rap. Chi s6
N50 cta Transcripts (1.682 bp) cao hon dang ké so véi Unigene va Contigs,

cho thiy qua trinh 1ap rap Transcripts dat chat luong t6t hon.
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Thiri ki IH
Chi 56 ph hap sinh thi (HS1)
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Hinh 3.3. Ban d6 phan hang mirc d¢ phu hop sinh thai
loai Xa xi trong thoi ky Mid-Holocence (MH)

Hinh 3.2. Ban d6 phan hang mirc d¢ phi hop sinh thai
loai Xa xi trong thoi ky Last Glacial Maximum (LGM)
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Thoi ky HT

Chi s6 phi hop sinh thai (HSI)
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Hinh 3.4. Ban d6 phan hang mirc d¢ phii hop sinh théi loai Xa xi
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Hinh 3.5. Bién dong viing phti hop sinh thai (HSI cao dén rat cao) cho loai
Xa xi giai doan Last Glacial Maximum (LGM) t6i Mid-Holocence (MH).
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Hinh 3.6. Ban db phan hang mirc d6 phu hop sinh thai loai Xa xi theo
cac kich ban phat thai trung binh ACCESS va EC.
(Trong do, Hinh A: Kich ban ACCESS 245 (2061-2080); Hinh B: Kich
ban ACCESS 245 (2081-2100); Hinh C: Kich ban EC 245 (2061-2080);
Hinh D: Kich ban EC 245 (2081-2100).
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3.3.1.2 Pic diém microsatellite (SSR) lodi Xd xi

Str dung cong cu SSRIT, 12.849 chi thi SSR dugc xac dinh tir 18.246
don vi gen. Sé luwong SSR ¢6 trong sy hinh thanh hop chét 1a 816; 15 loai
penta-nucleotide va 22 loai hexa-nucleotide 1dp lai khac nhau dugc phat hién
(Hinh 3.7). Tt cac doan don vi gen (unigene), lya chon 134 doan trinh tu
chtra SSR t6i wu; ding ky trén GenBank (ma s6 OR536813 dén OR536946).

__Ac/GT
8.95%
AGGC/CCTG ATCG/ATCG

0.87%  \ AGGG/CCCT  2.61%
\ 174%
AGCG/CGCT \ |
3.48%. ) ATCC/ATGG
Prtag 4.35%
acec/cree 4

1.74%

ACTG/AGTC

O-87%.  AGAT/ATCT
10.43%

ATC/ATG
11.89%

_€CG/CGG

ACGC/CG
0.87%.. ——-——' 3

ACTC/A

T 2.2%
1
0.87%
ACCG/CGGT
0.87%
_— e ACAT/ATGT
. 5.22% /
/ Acac/cT6T/ |
7 0.87% f
7 AATT/ARTT /
—~ 057% AATC/ATTG
AAT/ATT

ACG/CGT/ 2.61% apge/ccTT
1.6% e 1.74%

ACT/AGT.
11%

Hinh 3.7. Phén bé céc loai trinh ty lip lai (microsatellite) trong
hé gen loai Xa xi

3.3.1.3 Dic diém bd chi thi SSR da hinh cho loai X xi

Tong 15 trong s6 134 cip mdi SSR thé hién da hinh rd rét (Bang 3.4).
3.3.2. Pa dang di truyén va céu triic di truyén loai X4 xi trong 5 ving STLN
3.3.2.1. Pa dang di truyén loai Xd xi

Céc quan thé Xa xi & vung Pong Béc, Tay Béc va Bic Trung B chi
ra ddu hiéu cua giao phéi can huyét. Quan thé X4 xi & Nam Trung B va Tay
Nguyén c6 gia tri Fis <0, chi ra sy vuot trdi ciia kiéu gen di hop tir, phan anh
trong cac quan thé nay thu phan chéo cao (Bang 3.5).
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Bang 3.4. Trinh ty nucleotide 15 cap moi SSR da hinh cho lodi Xa xi

Tén chﬁ méf Trinh tw nucleotide (5'-3") Nu lip lai Kich thuéc (bp) Ta (°C) Gzﬁa ;(:1 .
PMPO1 et (TCACGA)6 120-150 55 ORS536945
PMPO2 | b CATAGCAAGCCIICCGAGTC (AGG)7 105-133 55 OR536868
PMPO3 | i GAGAAAATGOTGOAGGCAAT (CTT)8 128-232 55 OR536874
PMPO4 R: AGTCTCCAAACTCAAGGCCA (CAG)T 245-259 55 ORS536886
PMPO05 R A e (ATCCG)5 230-260 55 OR536940
PMP06 RISt e (GTC)7 147-175 55 OR536854
PMPO7 | ifecarcrcraecrrnearac A1 198-220 55 OR536843
PMP08 ARy (GGA)7 105-133 55 OR536901
PMP09 B ACTOCCCAATCAAGCACTET (ATA)Y7 126-154 55 OR536877
PMP10 NIV e (AGT)8 192-208 55 OR536855
PMPIL | b AGAGCTGGATTTGGGGTCTT (ACCAC)? 207-234 55 OR536941
PMPI2 | b TACGACCTCAACATGTCCCA (GTAT)S 240258 55 OR536945
PMPI3 | i GGGTGCAGGAATAAGTTCCA (ACT)7 112-133 55 OR536933
PMPI4 | b GAGAGAGGAATCGCGATGAG (Tcoy? 168-182 55 OR536882
PMPI15 T e et (CTAGCC)5 180-195 55 OR536946

Trong do: F ld méi xudi; R la méi ngieoc




Bang 3.5. Pa dang gen va kiém tra Bottleneck 9 quan thé X4 xi ctia 5 ving STLN Viét Nam
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P value of
Vung STLN QT N Na | Ne P% Ho He Fis FilIM bottleneck
TPM SMM
. R GL 40 |4,13]291 19333 | 0,58 | 0,55 | -0,14 0,027 ns ns
Tay Nguyén
LD 31 | 440 | 2,71 | 100 | 0,55 | 0,54 | -0,09 0,010 *E ns
.| QNm | 20 | 3,80 |221| 100 | 0,50 | 0,49 | -0,03 0,017 ns ns
Nam Trung B0
PY 22 12,67 |1,85| 100 | 0,68 | 0,41 | -0,64 0,015 ns ns
Bic Trung B TH 20 |3,93]240| 100 | 0,52 | 0,54 | 0,01 0,018 ns ns
VP 19 | 2401 1,85 | 80,00 | 0,40 | 0,71 | 0,71 0,022 * *
Pong Bic PT 19 | 3,13 2,00 100 | 045 | 0,69 | 0,40 0,019 ns ns
QN 19 | 2,73 | 1,84 | 86,67 | 0,39 | 0,50 | 0,19 0,018 ns ns
Tay Bic HB 18 | 2,40 | 1,84 | 86,67 | 0,39 | 0,39 | 0,01 0,038 ns ns
Trung binh 3,29 | 2,18 | 94,07 | 0,56 | 0,47 | -0,19 0,02

Ghi chii: S6 méu (N), Quan thé (OT), Sé alen trong méi locus (Na); sé alen hiéu qua (Ne); ti 1é % locus da hinh
(P%); gen di hop tir quan sat (Ho); gen di hop ti ky vong (He); FisIIM: chi s6 cdn nodn dwoc diéu chinh véi alen
ln, mé hinh alen khong xdc dinh (IAM); mé hinh dot bién 2 giai doan (TPM); khéng ¥ nghia (ns); mirc y nghia
*P<0,05; **P<0,01.
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Mo hinh d6t bién 2 giai doan (TPM) va mé hinh dot bién timg budc
(SMM) chi ra quan thé VP xudt hién d4u hiéu "tht nit c¢d chai" (p <0,05).
3.3.2.2 Céu tricc di truyén quan thé va kiém nghiém Mantel

Tuwong quan giita khoang cach di truyén va khoang cach dia Iy: r= 0,856,
chimg t6 ¢6 sy twong quan thuan gitra khoang cach di truyén va khoang cach dia
1y (c6 gié tri thong k&) (Hinh 3.8). Phan tich Structure x4c dinh 02 nhom di truyén:
Nhém 1 gdm Tay Nguyén va Nam Trung Bo. Nhém 2 gdm Bic Trung Bo, Ty
Bic, va Pong Bic (Hinh 3.9).

35

w
o
*

[
wn

Y =0.0087x - 0.1372
R?=0.7331

Genetic distance
BoRN
(=] v [=]

=
n

o
o

0 50 100 150 200 250 300 350
Geographic distance (Km)

Hinh 3.8. Kiém nghiém Mantel vé khoang cach di truyén va
khoang cach dia 1y ctia 9 quan thé
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3.3.2.3. Khodng cdich di truyén giiva cdc quain thé

Phan cum di truyén theo phuong phap UPGMA (Hinh 3.10) ciing ¢b su
t6n tai ctia ba nhom tuong tmg véi ba ving dia 1y 16n. Nhom 1 gdom hai quan thé
Tay Nguyén - khu vuc duoc biét dén véi didu kién sinh thai kha 6n dinh va it bi
chia cit; Nhom 2 gdm hai quan thé Nam Trung Bo; Nhém 3 bao gdm nam quan
thé trai rong tir Bic Trung Bo, Tay Bic dén Pong Béc (Hinh 3.11).
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Hinh 3.10. Phan tich khac biét thanh phan chinh (DAPC) ciia loai X4 xi.
Biéu d6 DAPC khong c6 thong tin trudc (A) va Biéu d6 DAPC
c6 thong tin trude (B)
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Hinh 3.11. Quan h¢ di truyén giita 9 quan thé Xa xi trong 5 ving STLN
Viét Nam trén bang UPGMA
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3.3.3. Nhin dinh chung vé bién dgng ving sinh thai phi hop ciia loai
va cac diém néng vé di truyén
Két qua md hinh va danh gia da dang di truyén cho 9 QT c6 su tuong

ddng, giai thich su ra doi nhém di truyén ¢ Nam Trung B va Tay Nguyén.

3.4. PE XUAT CAC GIAI PHAP BAO TON XA XI TRONG CAC
VUNG SINH THAI LAM NGHIEP
3.4.1. Bién dong dién tich rirng
Theo sb liéu théng ké hang nam ctia Cyc Lam nghiép ndm 2003-2023:
Gia Lai va Lam Ddng ghi nhan su suy giam dién tich ring ty nhién.
3.4.2. Nguyén nhin giy ra bién dong dién tich rirng, suy thoai ngudn gen
Ghi nhan cac nguyén nhan: (1) Khai thac gd; (2) O nhiém méi
truong va BDKH; (3) Khai thac 1am san trai phép; (4) Khai thac vi muc
dich 1am canh va l4y tinh dau; (5) Xay dung cac tuyén dudng; (6) D lich;
(7) Chin tha gia stc; (8) Mé rong dat nong nghiép; (9) Chay ring.
3.4.3. Pé xuit cac giai phap bao ton, phuc hdi va phat trién loai X4 xi
Giai phap bao ton loai X4 xi dap tmg yéu cau Phat trién gidng cay lam
nghiép cua Luat Lam nghiép 2017: (1) V& phat trién gidng ciy Xa xi, xay
dung vuon gidng chit lugng cao tai cac khu vuc DDDT cao nhu Tay
Nguyén, dong thoi thu thap va luu giit ngudn gen tir cac khu vuc PDDT thap
(HB, VP, PY). Nang cao pham chét di truyén, dé xuat chon loc va nhan gidng
cdy troi + duy tri khoang cach dia ly nham ting cuong DDDT va kha ning
chéng chiu BDKH; (2) Vé tng dung khoa hoc, B6 chi thi phan tir SSR ma
Luan 4n cung cip dé danh gia DDDT va kiém dinh ngudn gbc gidng cy.
Viéc tich hop mé hinh phan bd loai x4c dinh dinh hudng khong gian uu tién
bao ton. Khu vuc Tay Nguyén can két hop bao ton nguyén vi linh hoat va
chuyén vi chu dong. Cac khu vyc BDDDT thép (HB, PT, VP, QN, PY) tap
trung vao bao ton chuyén vi. Két hop céc giai phap tuyén truyén va gido duc

cong dong ve vai tro va gia tri cua loai.
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KET LUAN VA KIEN NGHI

Két luan

1. Hign trang phan bé loai X xi:

X4 xi c6 phan bd rai rac khip cac tinh tir Bic vao Tay Nguyén vdi sb
lwong 357 c4 thé truong thanh véi chiéu cao trung binh hon 20m, dudng kinh
ngang ngyc trén 100cm. Loai phan b da s & rimg kin thudng xanh mwa mua
nhiét d6i va a nhiét doi, cac khu rirng ty nhién da qua khai thac.

Trong céu trac t thanh loai cdy cua HST rimg noi ¢6 X4 xi phan bd
thuong bat gap céac loai Po mu, Tram tréng, Trac tiét, Xoan nhtr, Thdi ba,
M&; Viing Nam Trung Bo va Tay Nguyén c6 s6 lugng loai da dang hon ca.

Loai X4 xi tai sinh tu nhién bang chdi kém hon bang hat. Ti 18 tai sinh
hat chiém da s6 tong s cdy tai sinh trén tit ca cic ving nghién ciru.

2. Mé hinh phdn bé lodi trong cdc giai doan lich sir va dir bdo tiong lai:

Thuat toan Random Forest dugc thue hién trén GEE cho hiéu suét cao
hon so véi 4 phuong phap hoc may 1a Maxent, Boosting, SVM, CART. Quén
thé & Tay Nguyén va Nam Trung B6 14 ving phan bd hién tai dugc mo rong
tir giai doan thoi ky LGM téi MH. Mirc d6 giam cAp d6 phu hop sinh thai du
bao trong mo hinh tuong lai (2061-2100), trong d6 Tay Nguyén va Nam
Trung B¢ 1a vung bi anh hudng 10 rét.

3. Pa dang di truyén va cdu triic di truyén loai Xé xi trong 5 ving STLN:

Téng cong co 12.849 doan trinh ty nucleotide SSR da dugc xac dinh
va 134 locus SSR da dugc gui vao GenBank (OR536813-OR536946). Bo
chi thi phan tir SSR da hinh mai (15 chi thi phéan tu SSR).

Nghién ctru hién tai cho thzfly loai Xa xi hién duy tri mirc d¢ da dang
di truyén trung binh va sy khéac biét di truyén thap giita cac quan thé. Quan
thé HB c6 da dang di truyén thap nhét va quan thé GL va LD cao nhat.

Xac dinh dwgc 2 nhom gen: Nhém 1 gém Tay Béc, Pong Bic, Bic
Trung Bo; Nhom 2 gdm Tay Nguyén va Nam Trung B9.
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4. Bdo ton lodi X xi:

Can day manh bao vé sinh canh ring noi loai phan bé, dic biét tai Tay
Nguyén. Thu thap va xdy dung ngan hang hat giéng ctia loai Xa xi tir cac ciy
troi dé bao ton phat trién bén vimng loai X4 xi & mién Bic.

Kién nghi

1. Bdo ton lodi: Quan thé & Tay Nguyén can dugc vu tién cao cho bao
ton tai chd, thiét 1ap vuon wom dé tao ciy giéng. Két hop bao ton nguyén vi
linh hoat va chuyén vi cha dong.

2. Ky thudt mé hinh hoda: M6 hinh dugc thuc hién hoan toan trén nén
tang Google Earth Engine (GEE), da tan dung duoc cac dir li¢u GIS toan cu
chia sé trén Cloud, do d6 nang cao hi¢u suét thuc hién mo hinh.

3. Kién thirc vé lich sir tw nhién cia lodi: Nhiéu yéu td co thé anh
hudng dén kich thudc ctia mot quan thé nhu hoat dong ciia con ngudi, cac
rao can dia ly va cac tuong tac sinh hoc.

4. Nhitng ton kién nghi can thuc hién cdc nghién ciru tiép theo: Nang
cao do chinh xac va tinh toan dién ctia duy bao mo6 hinh. Thyc hién nghién
ctru PDDT dé kham pha bién thé di truyén va mdi lién hé tién hoa. Tién hanh
theo d&i dai han dong thai quan thé Xa xi dudi tac dong cia BDKH.

NHUNG PONG GOP MOI CUA LUAN AN

+ Cap nhat cac thong tin vé hinh thai, sinh thai, dic diém phan b va
bDDT quﬁn thé va loai Xa xi dang bi de doa tuyét chung ¢ Viét Nam theo 5
vung sinh thai 1am nghiép;

+ Lan déu tién dinh hudng khong gian wu tién bao ton va phét trién ngudn
gen loai X4 xi dya trén su két hop gitta m6 hinh phan bd loai va phan tich PDDT;

+ Lan dau tién xay dung va phat trién bo chi thi phan tir microsatellite
(SSR) dic hiéu nhim danh gia mic d6 PDDT quan thé, tmg dung cho
chuong trinh chon gidng va quan 1y ngudn gen loai X4 xi trong cac HST rimg

tu nhién ¢ Viét Nam.
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