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LOI CAM DOAN

T6i xin cam doan dé tai nghién ciru trong ludn vin nay la céng trinh
nghién curu cua toi dwa trén nhitng tai liéu, s6 liéu do chinh (6i tw tim hiéu va
nghién ciru. Chinh vi vdy, cdc két qua nghién ciu dam bdo trung thwc va khdch
quan nhdt. Péong thoi, két qud nay chwa tirng xudt hién trong bat cir mot nghién
citu nao. Cdc s6 liéu, két qud néu trong ludn van la trung thire néu sai téi hoan

toan chiu trach nhiém truoc phap luat.

Tac gia luan van
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LOI CAM ON

Dé hoan thanh luin vin nay, dau tién toi xin giri 161 cam on dén ban Lanh
dao, phong Pao tao, cac phong chirc nang cia Hoc vién Khoa hoc va Cong nghé
- Vién Han 1am Khoa hoc va Cong ngh¢ Viét Nam da tao diéu kién thuan loi vé
co s& vat chit, moi truong hoc tap va nghién curu, giap toi c6 co hdi thuc hién

va hoan thanh luan van nay.

T6i xin bay to long biét on sdu sic nhit va sy cam on danh cho TS.
Nguyén Xuan Vy va TS. V& Thi Diéu Trang di truc tiép huéng dan, tin tinh
gitip d5, hd tro, truyén dat kién thirc va kinh nghiém quy bau, cling nhu dong
vién t6i trong sudt qué trinh thuc hién luan vin tot nghiép nay.

Xin dugce cam on su hd trg vé kinh phi cuia dé tai khoa hoc “Nghién ctru
da dang loai, da dang gen cua thuc vat bién Viét Nam: Ho Hymeniaceae va
Hydrocharitaeceae” (Ma s6: 106.06-2023.25) ciia Quy Phat trién KHCN Quéc
gia NAFOSTED), Viét Nam do TS. Nguyén Xuan Vy chil nhiém. Cam on céc
can bd nghién ctu cua Phong Thuyc vat bién, Vién Hai duong hoc - Vién Han
lam Khoa hoc va Cong nghé Viét Nam da giup dd nhiét tinh va tao thuan lgi
cho t6i trong sudt qua trinh nghién ctru.

Cubi cung, toi xin cam on gia dinh, nguoi than va ban be da ho tro, dong
vién khich 1& dé t6i vuot qua moi kho khin trong qua trinh hoc tip ciing nhu

thuc hién dé tai nay.

Xin chan thanh cam on!

Tac gia luan van
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MO PAU

Co bién thudc nhom thue vat bac cao c¢d hoa duy nhat séng trong moi
truong bién. Trén thé gidi hién nay duoc ghi nhan khoang 72 loai co bién, phan
bd trong 14 chi va thuoc 4 ho chinh bao gém Posidoniaceae, Zosteraceae,
Hydrocharitaceae, Cymodoceaceae. Tuy c6 bién c6 sd luong loai twong ddi it
nhung mdi loai lai sé hitu pham vi phan bé dia 1y rong 16n, c6 thé trai dai hang
nghin kilomet doc theo cic ving bo bién. Vi kha nang thich nghi cao véi moi
truong bién, c¢d bién hién dién ¢ hau hét cac ving bién trén thé gidi, tir ving
nhiét d6i dén 6n d6i. Tham cé bién co vai trd quan trong trong hé sinh thai bién,
1a vuom uom gidng cho céc loai sinh vat c6 gia tri kinh té va gop phan gia tang
da dang sinh hoc. Ngoai ra, ching cling dong gop vao chirc ndng cia h¢ sinh
thai bang cach hap thu carbon, giam sb lugng mam bénh gay hai cho con nguoi
va cung cép nguén thirc an cho cac loai dong vat an c¢6 16n dang bi de doa nhu
bo bién va rua bién. Hé thong ré chang chit giup c¢b dinh nén ddy, bay tram tich
va chong x6i 16 cho viing ven bd. Tuy nhién, giéng nhu nhiéu hé sinh thai khéc,
cac tham co bién da suy giam trén toan cau trong sudt nhiéu thap ki do nhiing

nguyén nhan khac nhau.

Hién nay, co bién dang phai d6i mat véi nhiéu thach thirc nghiém trong
do bién d6i méi trudng toan cau ngay cang gia ting. Trong d6, dang lo ngai
nhat 13 hién tuong ting nhiét do nudc bién va qua trinh nhiét déi hoa, axit hoa
dai duong, phti dudng ven bién, suy giam do trong ctia nude, giam ndng do oxy
hoa tan, cting v&i cac hoat dong khai thac qua murc cia con ngudi nhu danh bit,
nudi trong thily san va phat trién ha tang ven bién. Tai Viét Nam, dién tich co
bién da bi suy giam trong vong ba thap ky qua. Vi vay viéc phuc hoi va bao ton

hé sinh thai tham co bién 1a mot van dé cap thiét hién nay.

Trong hé sinh thai tham co bién, Enhalus acoroides (Linnaeus f.) Royle
1a mot trong nhitng loai ¢6 kich thudc 16m, sinh khdi cao, gitip loc nudc va cai
thién mai trudng sdng ciing nhu 13 noi cu tra va vuon wom cho cac loai sinh
vat khac. Nhung véi ap lyc tir hoat dong cua con ngudi nhu: khai thac ven bo,
6 nhiém ngudn nudc va bién d6i khi hau, cac tham cé bién nay dang doi mat
v6i sy suy giam nghiém trong vé dién tich, d6 phu va ca sinh khéi. Pa dang di
truyén va clu tric quﬁn thé 1oai co bién E. acoroides tai Viét Nam da duoc

nghién ctru tai cac vung bién ven bo tinh Khanh Hoa, ven bo Nam Trung B9.
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Tuy nhién, cac nghién ctru trén ddi véi loai E. acoroides chi dung lai & pham
vi nho, chua c6 tinh lién ving giita Nam Trung Bo va Ty Nam. Tinh lién két
quan thé va hudng dich chuyén dong gen (gene flows) giita cac tham co bién
tai mdi vung va gifra hai ving chua dugc nghién ciru k. Vi vay, viéc phan tich
da dang gen cuia cac quan thé E. acoroides bang chi thi SSR (vi vé tinh) gitip
xé4c dinh mirc 46 phong phui vé kiéu gen giita cic quan thé/khu vuc khac nhau,
tir 46 danh gia dugc muc do thich nghi va kha nang chéng chiu ctia chiing trude
bién d6i moi trudng. Nhitng dir liéu nay c6 thé duoc tmg dung trong cic chuong
trinh phuc hdi sinh théi, gitp lwa chon ngudn gidng phu hop dé tai tao cac tham
c6 bién bi suy giam. Chinh vi vdy, chung toi thuc hién dé tai “Pdnh gid da
dang gen va cdu triic quén thé cé bién Enhalus acoroides tai viing ven bién
Nam Trung B va Tay Nam, Viét Nam” nghién ctru ndy nham phuc vu coéng
tac bao ton va phuc hoi hé sinh thai co bién néi chung, va loai co bién E.
acoroides (co La Dura) néi riéng.

Muc tiéu, noi dung nghién ctru, ¥ nghia khoa hoc va y nghia thuc tién
cua de tai

Muc tiéu nghién ctru

Nghién ctru nham danh gia mirc do da dang di truyén, cau tric quan thé
va dong gen gitta cac quan thé cua cd 14 dua - Enhalus acoroides, tir 6 xac
dinh cac quan thé c6 gia tri bdo ton cao va dé xuat uu tién bao v¢ cling nhu

phuc hoi tham co6 bién trong twong lai.
NoOi dung nghién ciru
Pé dat duge muc tiéu trén, dé tai tap trung vao bén ndi dung nghién ctru:

(1)  Xdac dinh muc d6 da dang gen tai 10 quﬁn thé co La dira

(i)  Xac dinh cdu triic quan thé cta 10 tham co La dira.

(iii) Uéc tinh dong gen giita cac quan thé va giira hai khu vuc

Nam Trung B¢ va Tay Nam.

(iv) Xdac dinh va dé xuat cac quan thé can uu tién bao ton.



Y nghia khoa hoc ciia @@ tai

Nghién ctru cung cip danh gia hé thong vé da dang va cau trac di truyén
ctia cO La dira - Enhalus acoroides gitta Nam Trung Bo va Tay Nam B9, bd
sung dit liéu sinh hoc phan tir cho loai tai Viét Nam. Két qua gitip 1am 15 dong
gen, co ché phat tan va mirc d6 lién két gitra cac quan thé, qua d6 gép phan giai
thich xu hudng tién héa va phan b khong gian, déng thoi cung cip thém
khoang trong tri thire tir cac nghién ctu trude dy.

Y nghia thue tién cia dé tai

Nghién ctru cung cép co s& khoa hoc dinh luong tin cay dé xac dinh céc
quan thé c6 da dang di truyén cao hodc ngudn gen quy can uu tién bao tén, gop
phan han ché can huyét va suy thoai gidng. Pong thoi, dit liéu vé cau tric quan
thé giup hd trg xay dung va trién khai cac chuong trinh phuc hdi tham c6 bién
bén ving, thong qua viéc lwa chon ngudn gidng phi hgp nham nang cao ty 16

song va kha nang thich tng trudc bién doi khi hau va tdc dong cua con nguoi.



4

Chwong 1. TONG QUAN TAI LIEU
1.1. PA DANG LOAI VA DIEN TiCH PHAN BO CUA CO BIEN

Trén thé gio1, c6 khoang 72 loai thudc 14 chi cé bién duoc ghi nhan.
Chung thudce bdn ho, bao gé)m Posidoniaceae, Zosteraceae, Hydrocharitaceae
va Cymodoceaceae, ca bdn ho nay thudc 16p thuc vat mot 14 mam, bod
Alismatales. Ngoai ra con c6 ho Ruppiaceae gdm Ruppia maritima, R. cirrhosa,
thuong duoc xem 1a loai phu tro, chi tinh khi séng trong méi trudng bién [1],
[2], [3]. Céc loai co bién vé hinh thai c¢6 su khac biét rd rét. L4 c6 thé dai hon 4
mét (Zostera caulescens) hodc chi vai cm (Halophila decipiens). Mot sb loai
c6 14 dang day manh (Syringodium isoetifolium), trong khi cac loai khéc co 14
hinh tron hodc hinh thia (Halophila spp.). Hé thong 1& (roots) va than ngim
(thizomes) phat trién manh, giup bam tru va lan rong. Tét ca cac loai déu co
nhiing thich nghi sinh hoc dac biét dé ton tai trong méi truong bién: thu phan
dudi nude, chiu min cao, va sinh truong trong diéu kién anh sang yéu [2]. Tuy
s6 lugng loai twong ddi it nhung co bién lai phan bé rong khap cac dai duong.
Duya trén su két hop gitta t6 hop loai, pham vi phan bd va anh huéng cua céac
yéu t6 khi hau nhiét d6i va 6n déi, cdc nha khoa hoc da x4c dinh sau ving sinh
dia Iy co bién trén quy mé toan cau. Bon ving on d6i bao gom: (1) Bac Dai
Tay Duong, (3) Pia Trung Hai, (4) Bic Thai Binh Duong va (6) Ving bién 6n
d6i Nam Ban Cau. Hai ving nhiét d6i bao gom: (2) Pai Tay Duong va (5) An
Do - Thai Binh Duong (Hinh 1.1) [2], [3].

O cip do chi, phan bd co bién giita hai ban cau Bic - Nam rat tuong
dong, voi 11 chi & mdi ban cau va 10 chi chung. Chi c6 Phyllospadix 1a dic
hitu ctia ban cau Bic, trong khi Amphibolis 13 chi dic hitu ciia ban cau Nam.
Chi Zostera chii yéu xuat hién & ving 6n d6i, nhung mo rong dén ca hai ving
nhiét déi (Tay Phi, Pong Phi, Pong Uc va Viét Nam). Ba chi Halophila,
Thalassia, Syringodium thudng sdng ¢ méi trudng twong tu va dong vai trd
sinh thai giéng nhau. Pac biét chi Halophila c6 sb loai nhiéu nhat (gan 15 loai),
chu yéu phan bd & ving nhiét di, nhung ciing lan dén ca bon ving 6n déi. Mot

s0 loai nhu H. ovalis va H. decipiens c6 phan b toan cau [3].



Hinh 1.1 Phén b6 todn cdu ciia cé bién [3].

(Ghi chii: (1) Bic Pai Tay Dwong, (2) Pai Tay Dwong, (3) Pia Trung Hai, (4) Bdc

Thdi Binh Dwong, (5) An D¢ - Théi Binh Duwong), (6) Viing bién én déi Nam Ban Cau).

Ving bién An Do - Thai Binh Duong 1a ving c6 da dang co bién cao
nhat thé gidi, voi dién tich phan bd co bién dat khoang 87.791 km?. Pic biét,
tai khu vuc Bong Nam A, co bién dugc xem 1a trung tdm da dang sinh hoc, voi
tong dién tich co bién tai cac qudc gia trong khu vuc vao khoang 3.670 km? [4].
Dién tich c6 bién phan bd khong dong déu giira cac qudc gia, trong d6 Indonesia
ghi nhéan dién tich 16n nhat khoang 293.464 ha [5], Thai Lan: 25.600 ha [6],
Malaysia: 4.900 ha va Philippines: 8.200 ha [4].

Viét Nam nam & trung tim khu vuc Pong Nam A, dugc biét dén 1a noi
khot nguén tién hoa cta co bién [7]; voi téng dién tich dugc udc tinh khoang
15.613 ha [8]. Trong s 22 ving sinh thai phan b6 ¢ bién cia Pong Nam A,
Viét Nam bao gém ba vung sinh thai: Ny20112 (Vinh Bic Bo), Np20115 (Vinh
Thai Lan) va Ny20116 (mién Nam Viét Nam) [9]. Puong bo bién cta Viét Nam
dugc chia thanh bon ving: Pong Bic (1), Bac Trung Bo (2), Nam Trung Bo
(3) va Nam Viét Nam (4) (Hinh 1.2) [8]. Nam 2014, Cao va cong su [10] da
thdng ké tong dién tich c6 bién ¢ ving 1 14 2.240 ha vé6i 12 tham cé bién dugc
tim thdy. D4i voi vang 2, hai tham cé bién c6 dién tich 16n 1a ddm pha Tam
Giang - Cau Hai va mot khu vuc 1an can véi dién tich 1an lugt 14 2.037 va 618
ha [11]. O ving 3, su phan b c6 bién 1a khu vuc duoc nghién ctru k¥ ludng
nhat trong bon ving véi tong dién tich 3.109 ha [8]. Gan day, két qua nghién
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ctru tir Nguyen va cong su [12] cho thiy dién tich phan b co bién tai dao Phu
Quéc (dao 16n nhat Viét Nam ndm & ving 4) khoang 7.579 ha va duoc coi 1a
tham co bién 16n nhat Viét Nam. Ngoai ra, mot nghién ciru gan day khac da ghi

nhan sy ton tai ciia tham c¢6 bién rong 30 ha tai quﬁn dao Hai Tac [13].
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Hinh 1.2. Phdn bé tham cé bién ¢ Viét Nam [8].
(Ghi chii: (1) Péng Bic, (2) Bac Trung Bj, (3) Nam Trung Bé, (4) Nam Viét Nam).

Hién nay, tai Viét Nam 15 loai co bién da duoc ghi nhan [1], [14]. M{t
s6 loai nhu Thalassodendron ciliatum (Forssk) Hartog chi duoc tim thay tai
quan dao Trudng Sa, trong khi Nanozostera japonica Ascherson & Graebner
phan bd ¢ mién Béc, va Enhalus acoroides (Linnaeusf.) Royle xuat hién ¢ mién
Trung va mién Nam Viét Nam (ving 3 va ving 4). Nhin chung, su da dang loai
ctia cO bién & mién Nam cao hon ¢ mién Bic. Cac loai co bién vu thé 1a Enhalus
acoroides (Linnaeus f.) Royle, Thalassia hemprichii (Ehrenberg) Ascherson,
Oceana serrulata (R.Brown) Byng & Christenhusz, Halodule uninervis
(Forsskél) Ascherson, Halophila ovalis (R.Brown) J.D.Hooker va N. japonica
(Ascherson & Graebner) Tomlinson & Posluszny [1], [14], [15].



Enhalus acoroides (Linnaeusf.) Royle thugc ho Hydrocharitaceae, 1a mot
trong nhimg loai co bién co kich thude 10n, 14 dai va rong hon so véi cac loai
khac, v6i chiéu dai 14 c6 thé dat 100 cm. Vi dic diém 14 dai loai ndy c6 thé dé
dang phan biét v&i cac loai co bién khac, céc mép 14 hot cudn lai, than bo day
va duoc bao phu bai cac soi xo mau den [16]. Cling gidng nhur hau hét cac loai
trong ho Hydrocharitaceae, Enhalus acoroides phan bo tai cac vung bién nhiét
d6i khu vuc An Do - Thai Binh Duong, kéo dai tir phia Nam Nhat Ban, Pong
Nam A, phia Bic nude U, phia Nam An Do va Sri Lanka. Chung chiém do
phu ciing nhu sinh khéi cao nhét trong t6 hop ctia tham c6 bién [2], [17], [18].
Tai Viét Nam, Enhalus acoroides con c6 tén thuong goi 1a c6 La dira, thuong
dugc tim thiy ¢ ving didm pha hodc ven bién Nam Trung B6 nhu dam Cu
Mong, ven bd Khanh Hoa... va cic ving bién phia Tay Nam nhu quan dao Phu
Quéc, ven b Kién Luong, quan dao Ba Lua va quan dao Hai Tac [14], [15].
Ciing giéng nhau cac loai co bién khac, co La dira ¢6 vai trd quan trong trong
hé sinh thai bién, tuy nhién dudi ap luc cua con nguoi va bién ddi khi hau; cac
tham c6 bién hién nay dang dan bi thu hep dién tich va bién mat.

1.2. VAI TRO CUA THAM CO BIEN TRONG HE SINH THAI VA TINH
TRANG SUY GIAM THAM CO BIEN HIEN NAY

1.2.1. Vai tro ciia thim c6 bién trong hé sinh thai

Hé sinh thai co bién 1a mét trong ba h¢ sinh thai bién then chdt va c6 vai
tro ddc bi€t quan trong trong vi¢c duy tri sy can béng sinh thai cia cac vung
ven bién, bén canh hai hé sinh thai khac 14 ran san ho va rimg ngap man [14].
Co bién dugc xem nhu nhiing “ky su sinh thai” do kha ning cai thién moi
truong séng, tao diéu kién cho su phat trién cta nhiéu loai sinh vat bién va cung
cép cac dich vu hé sinh thai quan trong khac. H¢ théng 14, than ré va ré cla co
bién c6 kha ning lam giam tdc d6 dong chay va song bién, tir d6 han ché x6i
mon va 6n dinh tram tich day bién. Co ché nay dong thoi gitp giit lai va tich
Iy tram tich cling nhu cac chét dinh dudng, dong vai trdo nhu mot bd loc sinh
hoc tu nhién, ngan chin dong chay cta cc chat 6 nhiém tir dét lién ra bién. Nho
d6, co bién gop phan cai thién chat luong nudc ven b va duy tri diéu kién song
thuan loi cho cac sinh vat bién khac [19], [20]. Nang sudt so cap tir co bién va cac
loai sinh vat phu sinh séng cing véi ching c6 thé sanh ngang hoic vuot qua

nhiéu hé sinh thai trén can. Co bién ciing 14 noi luu trir carbon khong 16 trong



kho luu trit mun ba hitu co, mgt phan trong s6 d6 dugc van chuyén ra vung bién
sau, noi chung dong vai tro 1a ngudn cung cap vat chat hitu co thiét yéu trong

moi trudng khan hiém thire an [21].
1.2.2. Nhitng nguyén nhan din dén sw suy giam tham cé bién

Nam 2009, Waycott va cong su [22] da thuc hién danh gia dinh luong
toan ciu nao vé muc do suy giam ciia co bién. Panh gia nay dua trén 215 nghién
ctru cho thay co bién di bién mat véi tbe do trung binh 110 km? mdi nam ké tur
nam 1980, va 29% dién tich co bién da biét da bién mat ké tir khi duoc ghi nhan
lan dau vao nim 1879. Pang lo ngai hon, toc do suy giam da tang nhanh, tir
muc trung binh 0,9% mdi nim trudc nim 1940 va 1én dén 7% mdi nim ké tir
nam 1990. Sy suy thoai ctia tham co bién chu yéu lién quan dén ba nhom
nguyén nhan chinh: chat lugng nude kém, cac tic dong vat Iy gdy xdo tron nén
day, va su suy giam cua mang ludi dinh dudng. Cac su kién moi trudng, sinh
hoc va khi hau cuc doan dugc x4c dinh 13 nguyén nhan gy suy giam c6 bién
tai ca vung on ddi va nhiét déi. Cac mbi de doa tir bién d6i khi hau toan cau,
nhu su gia tang nhiét d bé mit bién, muc nuéc bién dang, tan suit va cuong
d6 ctia cac con bio cung v6i song 16n va triéu cudng di tac dong rd rét dén cac
hé sinh thai ven bién trong d6 c6 tham c6 bién [19]. Bén canh d6, su thay d6i
chét luong nuéc & quy mo khu vyc, nhu tai vinh Chesapeake [23] va cac tac
dong cuc bo nhu gia tang tai lugng tram tich, chat 6 nhiém va dinh dudng d6
vao mdi trudng ven bién tai Cockburn Sound [20] ciing gop phan lam suy thoai
cac h¢ sinh thai nay. Cac hién tugng khi hau cuc doan (bao nhiét do1, song thﬁn)
cling c6 thé giy ra nhitng tac dong quy mé 16n d6i voi cac quan xa cd bién, kéo
theo su suy giam hé sinh thai ma cac tham cé bién cung cap. Mot vi du dién
hinh 14 tai vinh Hervey, Uc céc dot ting d6 duc dot ngot sau khi bao nhiét doi
di qua da dan dén mét khoang 1.000 km? dién tich cé bién, kéo theo ty 1€ tu

vong cao va hién tuong di cu cua loai bo bién [24].

Bén canh cac nguyén nhan suy giam c6 bién da dugc ghi nhan, hién dang
xuat hién thém nhiéu mbi de doa méi ddi v6i hé sinh thai tham c6 bién. Trong
nhiing ndm tr¢ lai day, sy xam nhép cua céc loai sinh vat bién ngoai lai da tro
thanh mot thach thirc 16n d6i v6i cac dai dwong trén toan thé gidi. Xu hudng
nay dang gia ting nhanh chong va duoc du bao sé tiép tuc dién ra do cac con

duong xam nhép ngay cang mé rong va da dang, trong khi cac bi¢n phap can
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thiép van con cham tré. Hién da c6 it nhét 28 loai ngoai lai dugc ghi nhan la da
dinh cu trong cac tham cé bién trén toan cau, trong d6 64% c6 tac dong tiéu
cuc dén tham co bién. Trong khi cac hi¢n tugng nhu pht dudng hodc hoat dong
lép bién ¢6 thé duoc kiém soat hodc chAm dut, thi viée loai bdo mot loai ngoai

lai sau khi chung da thiét 1ap va lan rong 1a gan nhu khong thé [19], [25], [26].
1.2.3. Tinh trang suy giam tham cé bién trén thé giéi va tai Viét Nam

Hon mot thap ky trudc, dién tich tham cé bién toan cau duoc ude tinh
mat di véi tbe dod trung binh khoang 1,5% mdi nim. Pang chu v, tai cac dia
diém c6 xu hudng suy giam, toc d6 mat mat 1én t&i 7% mdi ndm va dang c6 xu
huéng tang nhanh [22]. Nhitng nd lyc gidm sat quy md 16n trong thoi gian gan
day da cung cap thém nhiéu dit liéu, cho phép danh gi lai cic xu hudng thay
d6i toan cau ciia tham c6 bién trong bdi canh tac dong nhan sinh ngay cang gia
tang. Dir liéu tong hop tir 175 nghién ctru vai 547 chudi thoi gian cho thay tham
c6 bién trén toan cau d trai qua su suy giam dang ké vé dién tich ké tir cudi thé
ky XIX. Tong dién tich cé bién da bién mat 1én téi 5.602 km?, tuong duong
19,1% so véi dién tich khao sat (29.293 km?). Médc du da c6 554 km? dugc phuc
hoéi ké tir nam 1900, con sd nay chi chiém khoang 1,9%, cho thiy qua trinh
phuc hoi van con han ché so v&i mie do suy thoai [27].

Ving 6n d6i Bic Thai Binh Dwong Ving 6n 86i Tay Bic Dai Tay Duong
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Hinh 1.3. Xu huéng thay déi dién tich tham cé bién theo thoi gian [27]
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Tai ving 6n d¢i Bac Thai Binh Duong, cac nghién ciru di ghi nhan mirc
suy giam tham co bién dién ra nhanh chéng va dic biét nghiém trong. Trong
giai doan tur thap nién 1950 dén 1970, dién tich tham co bién tai khu vuc nay
d3 giam toi 1.000 1an, phan 4nh mot qua trinh suy thoai & quy mo chua ting cd
(Hinh 1.3). Tuong tu, ving 6n d6i Dong Bic Dai Ty Duong ghi nhén ty 18
suy giam cao nhat so voi tong dién tich 16n nhét timg dugc khao sat trong ving
sinh dia 1y nay, véi mic giam 69% (Bang 1.1). Su suy giam nay nguyén do
phan 16n dén tir bénh thdi ré (wasting disease) lan rong trong khu vire & dau thé
ki XX [28]. Dién tich tham c6 bién toan cau wdc tinh khoang 160.387 km? véi
do tin cdy trung binh dén cao, va khoang 266.562 km? v&i d tin cay thép hon
[29]. Tir sau ndm 2000, ving Pong Bic Pai Ty Duong d3 ¢ ddu hiéu phuc
hoi rd rét, tuy nhién dién tich hién tai van thép hon khoang 70% so v&1 mirc
duoc ghi nhan trong cac khao sat sém nhat [27]. Trong nhitng nim 1940, dién
tich tham co bién tai khu vuc nhiét doi Pai Tay Duong va Pia Trung Hai c6 xu
huéng suy giam manh (khoang 40% - 80%). Cu thé, ving nhiét d6i Pai Tay
Duong ghi nhan mtrc suy giam 16n nhat vé dién tich tham c6 bién, voi tong dién
tich mat di 1a 3.485 km?. Phan 16n sy suy giam ndy bat ngudn tir mot tham co
don 1é d3 mat 2.700 km? trong giai doan tir nim 1984 dén 1992. T thap nién
1980 dén hién tai, dién tich cac tham co bién tai hai khu vuc ndy d3 on dinh tré
lai. Trong khi d6, toc d6 thay doi dién tich c6 bién & ving 6n déi Tay Bic Pai
Tay Duong dao dong tir nhitng nam 1940 dén cudi thap nién 1990, va ké tir
nam 2000, khu vuc nay da ghi nhan mirc suy giam 40% so vai1 cac khao sat ban
dau (Hinh 1.3). Cac tham c6 bién tai ca hai khu vuc nhiét d6i An D6 - Thai
Binh Duong va cac ving bién 6n d6i Nam ban cau ciing ghi nhan murc suy giam
dang ké, gan 20% so véi tong dién tich 16n nhat timg duoc khao sat trong céc
vung sinh dia 1y ndy. Xét vé gia tri tuyét d6i, mic mat mat tham co bién 16n
nhat dugc béo cdo 1a tai cac vung sinh dia 1y nhié¢t déi Pai Tay Duong va Dia
Trung Hai (Bang 1.1)
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Bang 1.1. Bién dong tong thé, dién tich phuc hoi va dién tich mat

ctia tham cé bién toan cau [27]

Bién d(f)l}g Bién d(}l}g Dién tich Dién’ rfl,(;;llgk(lill;:
Vung sinh thai thue te thue te phuc hoi | tich mat Sat ti da
° 2 2 2
) | Gmd) | m?) | ) | YOS
Ofl doi bong Bac bai - 69,0 - 420 17 - 437 608
Tay Duong
Nhigt déi Dai Tay | 34 -3.301 183 -3.485 | 10.218
Duong
Vlrmg lglen on déi Nam 224 -326 121 - 446 1.455
Ban Cau
N‘hle_:t d61 An B0 - Thai 162 _96 75 -171 592
Binh Duong
Dia Trung Hai -9,9 - 1.477 25 - 1.502 14.958
On do6i Bac Thai Binh 0.6 46 75 - 69 971
Duong
Toan cau - 19,1 -5.602 554 - 6.156 29.293

Khong nam ngoai khuynh hudng suy giam ctia ving nhiét d6i An Do -
Thai Binh Duong, dién tich tham co bién & Pong Nam A dang dan bién méat
v6i téc d6 trung binh 5% mdi nam [4]. Tai Indonesia, nhiing tac dong cta con
ngudi bao gdm phat trién ven bién khong duoc quan 1y, cac phuong thire danh
bat trai phép va sy gia ting dan so 1 nhitng méi de doa chinh dén c6 bién [30].
Tinh trang 1an bién quy mé 16n, sy nd hoa ctia tao, va phat trién co s¢ ha ting
ven bién dd anh huong dang ké dén cac tham co bién & mét sb dia diém tai
Malaysia [31]. Philippines cling trong tinh trang ddng bao dong, dién tich tham
c6 bién dang suy giam mdi nam do sy phat trién cong nghiép voi luu luong

chat thai vu dudng va ling dong trdm tich ngdy cang ting [32].

Téng dién tich co bién ¢ Viét Nam vao nim 1990 duoc uéc tinh vio
khoang 29.162 ha [33]. Theo nghién ctru cia Nguyen va cong su [8] dién tich
¢ bién hién nay chi con khoang 15.613. Sy chénh 1€ch gitra hai mbc s6 lidu
cho thdy murc suy giam rat 16n, phan anh xu hudng bi thu hep ctia tham co bién
trén pham vi toan bg vung bién Viét Nam. Dién tich phan bd cua co bién tai
dam pha Tam Giang - Cau Hai suy giam dén 47% do hoat dong dap dam va
khai thac hai san; 46 phii cuia c6 bién ciling bi suy giam 30% va tai ¢ddm Lap An
cling c6 sy suy giam vé dién tich dén 60% [34]. Khu vuc ven bién Khanh Hoa
(thudc khu vuc 3) cho thdy tham thuc vat thity sinh ngép nudc, bao gdm co
bién, da suy giam t&1 74,2%, trong khi dién tich phuc hdi méi chi bu dép duoc
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chua dén mot nira ph::in dién tich bi mat [35]. Cac nghién ctru phan tich dya trén
khao sat bang anh vé tinh da ghi nhan sy suy giam tham c6 bién ¢ vinh Cam
Ranh trong giai doan 1996 - 2015 1a 25% (tuong duong 66 ha) [8]. Tai vinh
Van Phong véi 186,2 ha (twong dwong 35,8%) dién tich tham c6 bién duogc ghi

nh4n da bién mat trong vong ba thap ky do nhiéu nguyén nhan khac nhau [36].

1.2.4. Su suy thoai clia thim cé bién E. acoroides tai cac ving ven
bién Viét Nam

Mot sb nghién ctru riéng 1& vé E. acoroides & nudce ta ciing di cho thiy
su suy thoai nghiém trong ciia loai cé bién nay théng qua tac dong cua thién
nhién va con nguoi. Tai ddo Con Pdo, bao Linda nam 1997 da gay thiét hai
nghiém trong, lam mét 20 - 30% dién tich c6 bién va din dén sy bién mat hoan
toan cia mot sd quan thé [15]. O Pha Qudc, dién tich tham co E. acoroides von
dugc xem 13 16n nhét ca nude di giam do nudi trong thay san va phat trién du
lich ven bo [37]. Tai Khanh Hoa, su suy thoai dugc ghi nhan 10 rét & nhiéu khu
vuc; O My Giang va dam Thuy Triéu, tham co6 bién bi tac dong manh bdi ngu
cu, nudi trong thuy san va lang dong tram tich véi cudng do cao bat thudng.
Ngoaira, 0 nhiém kim loai nang, dac biét la Cu va Pb, da dugc xac dinh trong
tram tich bé mat tai cac khu vuc nay, vuot xa cac vung khéc trong tinh. Nhirng
ap luc méi truong nhu do duc cao va dao dong d6 man 16n trong dam pha ciing
g6p phan 1am giam stc séng va da dang di truyén cta E. acoroides. Cac phan
tich di truyén cho théy nhirng qu?m thé tai cac khu vuc bi x40 tron c6 muc da
dang di truyén thap hon dang ké so véi cac quan thé ving bién mo, phan 4nh
su suy giam vé cau tric quan thé va kha nang phuc hoi tu nhién. Két qua cua
cac nghién ctru d phan nao cho thiy E. acoroides dmg trude nguy co suy thoai
kéo dai tai nhiéu ving ven bién Viét Nam. Qua dé, viéc trién khai cac bién phap
bao ton va phuc hodi va vo cung cap thiét, khong chi d6i voi loai co Lé dira ma
con dbi voi toan bo hé sinh thai tham co bién [38], [39].
1.3. CAC CHUONG TRINH PHUC HOI THAM CO BIEN TREN THE
GIOI VA VIET NAM

1.3.1. Chuong trinh phuc hdi tham cé bién va nhirng thanh qua dat
dwgc trén thé gi6i

Tt sau sy kién bién mat hang loat ctia loai co luon (eelgrass) tai Hoa Ky
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va Chau Au vao nim 1930, nhitng nd lyc dau tién nham tai thiét quan xa co
bién thong qua viéc phuc hdi cha dong nhu trong lai ca cdy trudng thanh va
gieo hat da dugc thuc hién. Budc sang thap nién 1960 va 1970, cac nd luc tré)ng
phuc hdi tham co bién bit dau thu hat sy quan tdm rong rdi hon trong cong
d6ng khoa hoc. O giai doan nay cac nghién ciru thuong tap trung vao viéc phat
trién va chuan hoa cac k¥ thuat phuc hoi, déng thoi danh gia kha nang ung dung
ctia chiing trong viéc tai tao nhing tham co6 bién da bi mat hoic suy thoai. Song
song voi do, hoat dong di trong con duoce str dung nhu mot phuong phéap thuc
nghiém nham lam sang té cac dac diém sinh hoc va sinh thai hoc co ban cua
nhom thyc vat bién nay [40], [41].

Mot sb nghién ctru tai khu vuc Pong Nam A dang hudng dén dé xuit
tang cuong bao vé khong gian thong qua cac khu bao ton bién (MPAs) va cic
khu vuc c6 tam quan trong sinh thai (EBSAs) 1a giai phap dai han dé phuc hoi
tham c6 bién. Cac nghién ctru cho thiy MPAs gitp giam tac dong tir phat trién
ven bo va khai thac qua mirc, cuing vé6i cac khu Bao ton Thién nhién Qudc té
(IUCN) ¢6 tac dung ngan chin cac hoat dong gy suy thoai. Dong thoi, EBSAs
hién bao phu nhiéu tham co bién hon MPAs, vi vy viéc chuyén d6i ching
thanh cac khu bao ton c6 hiéu luc phap 1y s& mé rong pham vi bao vé va ngin
chin mat mat tiép tuc. Nhitng bang chung nay cho thiy ting cuong bao vé
khong gian khong chi hd trg phuc hdi ma con dam bao cac két qua phuc hoi

dugc duy tri bén ving [4].

Viéc theo doi, cap nhat dit liéu va duy tri giam sat dai han 1a budc khong
thé thiéu dé danh gia hiéu qua ctia cac bién phap phuc hoi tham co bién. Chi
khi c6 hé théng quan trac lién tuc, cac bién dong vé dién tich, stic khoe tham
c6 va tac dong tir moi truong méi duge ghi nhan day du, gitp diéu chinh kip
thoi cac chién luge quan 1y. Song song véi d6, can tranh nhitng bién phap sai
]am gay ton hai cho hé sinh thai, dién hinh nhu viéc trong rimg ngap man lén
nén tham co bién. Mot hoat dong twong chimg mang tinh phuc hdi nhung thyc
té lai 1am suy thoai nghiém trong sinh canh [42]. Két hop giam sat khoa hoc
chit ché véi viéc loai bo cac hoat dong khong phu hop sé gitip dam bao rang
qua trinh phuc hdi dién ra ding hudng va khong gy thém tac dong tiéu cuc 1én
h¢ sinh thai ven bién.
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1.3.2. Chwong trinh phuc hdi thim cé bién va nhirng thanh qua dat
dwge tai Viét Nam

Tai Viét Nam cac chuong trinh veé phuc hoi tham ¢6 bién méi duoc trién
khai trong khoang hai thap nién tr¢ lai day. Giai doan 1998 - 2000, mot vai
nghién ctru bude dau vé trong phuc hoi cac loai co bién H. ovalis, Zostera
Jjaponica, T. hemprichii tai ving bién Cat Ba (Hai Phong) va ddm Lap An (Hué)
[14]. Nhitng nam gan ddy, chién lugc quan 1y hé théng rimg dic dung, khu bao
tdn bién va khu bao ton vung nudc ndi dia cia Viét Nam dén nam 2020, tAm
nhin dén nam 2030 da duoc phé duyét vao nam 2014 [43]; cung v6i do6 la su ra
doi ctia Luat Thuy san Viét Nam ban hanh nam 2017 bao gdm céac quy dinh vé
bao vé va phat trién ngudn loi thuy san, trong d6 c6 ndi dung vé bao tén bién
[44]. Ttrnam 2005 Viét Nam c6 12 khu bao ton bién (MPA) thudc 10 tinh/thanh
phé da duogc thanh 1ap va dua vao hoat dong. Trong do, Phu Quéc la mot khu
béo ton duoc phan loai theo tidu chudn II ctia Lién minh Béo ton Thién nhién
Quéc té (IUCN), duoc thanh 1ap vao nam 200, c6 chirc ning bao vé cac hé sinh
thai dya trén co bién va ran san hé [37], [45]. Tuy nhién van con 35 tham co
bién chinh nam ngoai pham vi bao vé; bao gdm dam pha Tam Giang - Cau Hai
va cac tham co bién ven bd bién Khanh Hoa véi dién tich 16n van dang chiu

nhiéu mdi de doa [8].

Trong nhing nam trd lai day, mo hinh dong quan 1y va du lich sinh thai
dira vao cong ddng trong cac khu bao tén bién di dugc nhiéu tinh ven bién ap
dung (Quéang Ninh, Nam Dinh va Quang Nam), ciing nhu mé hinh dong quan
Iy trong khai thac va bao vé ngudn loi thity san (Quang Ninh, Nam Pinh, Thanh
Hoéa, Ha Tinh, Thira Thién Hué, Quang Ngai va Binh Thuan) da duoc ghi nhan
va ap dung rong rai. Bac biét 1a mé hinh déng quan ly tai Khu bao ton bién Cu
Lao Cham, duoc trién khai tir nam 2011 dén nay, da mang lai hiéu qua 1o rét
nhd su phdi hop giita cong dong dia phuong va co quan quan 1y, trong d6 chinh
quyén chia sé trach nhiém quéan 1y vdi cac bén lién quan, qua d6 gop phan bao

vé hé sinh thai ran san ho va tham co bién [35].

Tuy nhién, hién chua c6 mo hinh quan 1y cu thé cho ting hé sinh théi,
dic biét 1a hé sinh thai co bién. Gan day, chi co rat it mo hinh quan 1y hé sinh
thai ¢6 bién duoc xay dung mot cach riéng bi¢t. Mot trong nhiing dy an ti€u

biéu dugc Trung tdm Bao t6n Sinh vat bién va Phat trién Cong dong (MCD)
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trién khai mang tén “Tang cuong quan 1y hé sinh thai bién va phat trién sinh ké
cong dong dia phuong, tmg pho véi bién d6i khi hau” tai bén khu vyc chinh:
Giao Thuy - Nam Dinh, Nam Phu - Thai Binh, Phu Long - Hai Phong va Van
Hung - Khanh Hoa. Day 1a mé hinh két hop gitta mé hinh sinh ké dya vao cong
ddng va md hinh quan 1y tai nguyén, ching han nhu mé hinh ddng quan 1y khu
bao ton nham khai thac va phat trién bén virng ngudn tai nguyén bién theo cac
quy dinh va ké hoach quan 1y dia phuong; cting véi mé hinh céng dong khai
thac thuy san bén vitng nham h tro sinh ké cho cong dong ven bién thong qua
cac hoat dong than thién vo1 moi truong, khong gay ton hai dén hé sinh thai va

nguon tai nguyén bién [46].

1.4. VAI TRO CUA NGHIEN CUU PA DANG GEN TRONG BAO TON
VA PHUC HOI THAM CO BIEN

1.4.1. Cac phwong phap nghién ciru da dang gen ciia c6 bién dwoc
thuee hién trén thé giéi

Pa dang di truyén la mdt thanh phﬁn quan trong cua sinh hoc bao ton,
cung cap thong tin phuc vu cho viéc dua ra cac quyét dinh vé bao ton, phuc hoi
va quan ly sinh thai [47], [48], [49], boi vi cau trac di truyén quyét dinh qua
trinh tién hoa lau dai va anh huong dén cac chic ning hé sinh thai [50]. Phan
g cta co bién trudce cic thay doi ctia moi truong phu thude chu yéu vao dic
diém di truyén ctia quan thé va cach cac gen twong tac véi diéu kién moi truong
xung quanh. Nhitng qua trinh tién hoa nhu su trao ddi gen giita cac quan thé,
tro1 dat di truyén, dot bién va chon loc tu nhién, cung véi dac diém vong doi va
cdu tric quan the, quyét dinh mirc d6 da dang di truyén ciing nhu cach alen nay
duoc phan bd trong cac quan thé co bién [51]. Vi vay, nhitng két qua danh gia
vé da dang di truyén tai mdi dia diém, cling nhu cAu trac di truyén va su két nbi
gifta cac quan thé, 1a rat quan trong khi tim hiéu vé cac dic diém sinh théi caa

cac sinh vat ven bién, bao gom ca cé bién [52].

C6 nhiéu phuong phép khac nhau duge sir dung dé nghién ctu da dang
gen cua cac loai co bién. Mdi phuong phap déu c6 vu diém riéng va phu hop
cho tirng muc dich nghién ctru khac nhau. Phuong phap dua trén hinh thai la
cach tiép can truyén thong nhiam danh gia su khac biét giita cac quan thé co
bién thong qua cac dic diém hinh thai bén ngoai. Cac chi tiéu thuong dugc st

dung bao gém chiéu dai va chiéu rong 14, 6 day 14, kich thudc than 1& ciing
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nhu hinh dang hoa va qua trong truong hop loai c6 co quan sinh san hiru tinh
phat trién ddy du. Phuong phap nay c6 vu diém 1a quy trinh don gian, chi phi
thép va thuén loi cho cac khao sat ban dau trén dién rong [53]. Tuy nhién, cac
dic diém hinh thai cta cé bién chiu anh huong manh cua diéu kién moi truong
nhu anh sang, do sau, dong luc song va chit luong trAm tich [54]. Do do,
phuong phap hinh thai khong phan anh chinh xac mic do da dang di truyén
thue sy cia quan thé. Vi vay, phuong phap nay chi nén duoc sir dung nhu mot
cong cu hd tro va khong du co so dé st dung ddc lap trong viéc két luan vé da

dang gen ctia quan thé [55].

Mot trong nhitng cach tiép can sém trong nghién ctru di truyén quan thé
la phuong phép sinh hoa (isozyme/allozyme), dua trén viéc phan tich sy khac
nhau cua cac enzyme dugc ma hoa boi cac alen khac nhau tai cung mot locus.
Trong nghién ciru ¢ bién, phuong phap nay thudng duge thyuc hién thong qua
k¥ thuat dién di protein trén gel agarose hodc gel polyacrylamide, két hop véi
nhudém enzyme dic hiéu dé phat hién cac dang enzyme khac nhau. Uu diém
ctia phuong phép isozyme 1a phan anh truc tiép san pham biéu hién cta gen va
cho phép danh gia mirc do da hinh di truyén & muc protein, do dé timg duoc sir
dung rong rai trong cac nghién ctru di truyén quan thé thuc vat, bao gom ca co
bién. Tuy nhién, s6 luong locus c6 thé phan tich bang isozyme twong d6i han
ché, 46 phan giai thap va kho phat hién cac muc d6 bién di di truyén nho giita
cac qu?m thé. Bén canh do6, biéu hién enzyme cO thé bi anh huéng boi diéu kién
sinh Iy va mdi truong 1am giam do chinh xac khi so sanh da dang di truyén giita
cac quan thé. Do nhitng han ché nay, phuong phéap isozyme hién nay it duoc sir
dung trong nghién ctru da dang di truyén c6 bién va phan 16n di duoc thay thé
bang cac chi thi DNA phan tir ¢6 d6 da hinh cao hon [53], [56].

Nho kha niang phét hién chinh xac cac bién di gen va it chiu 4nh hudng
cua yéu t6 moi truong, cac chi thi DNA hién dugc xem la cong cu hi¢u qua va
dang tin cdy nhat trong nghién ctru di truyén cé bién. Cac phuong phap déanh
dau phéan tir (DNA fingerprinting) thuong dugc ap dung dé tim hiéu méi tuong
quan kiéu gen gitra cic ca thé trong quan thé hodc gitra cac quan thé ctia mot
loai ndo d6. Mot s6 ki thuat danh dau phan tir thudng duge str dung 13 Da hinh
chiéu dai doan cat gi6i han (Restriction Fragment Length Polymorphism -
RFLP), Da hinh c4c doan DNA nhan ngiu nhién (Random Amplification of
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Polymorphic DNA - RAPD), hay Da hinh cic doan DNA c6 dinh hudng
(Amplified Fragment Length Polymorphism - AFLP) va Vi vé tinh
(Microsatellite hay Simple Sequence Repeats -SSRs).

Da hinh chiéu dai doan cét gi6i han (RFLP) la phuwong phap phan tich di
truyén dua trén sy khac biét vé chiéu dai cac doan DNA thu duge sau khi DNA
hé gen duoc cat bang enzyme gidi han dic hiéu. Nguyén 1y ctia phuong phap
nay 1a cic bién di trong trinh tw DNA, chang han nhu dot bién diém hodc
chén/x6a nucleotide, ¢c6 thé 1am thay ddi vi tri nhan biét cua enzyme gidi han,
tlr 46 tao ra cac mau bang DNA khac nhau sau dién di [57]. RFLP 1a mot trong
nhing chi thi DNA déu tién dugc sir dung rong rai trong nghién ctru di truyén
quan thé va phat sinh loai, v4i d6 tin cdy cao va kha ning phan anh truc tiép su
khac biét & mic trinh tu DNA [55], [58]. Trong nghién ctru thuc vat va co bién,
RFLP chu yéu duoc ing dung dé phan tich quan hé phat sinh loai va so sanh di
truyén gilta cac quan thé & quy mo 16n [47]. K thuat RFLP di duoc Waycott
va cong su [59] tién hanh trén loai co bién A. antarctica, két qua cho thiy kiéu
gen gifta cac quan thé c¢6 do duong ddng cao. Tuy nhién, phuong phap RFLP
do1 hoi lugng DNA 16n, quy trinh phan tich phuec tap, thot gian xtr 1y dai va chi
phi twong d6i cao. Do nhiing han ché nay, RFLP hién nay it duoc sir dung trong
nghién ctru da dang di truyén cé bién va phan 16n da duoc thay thé bang cac
chi thi DNA dua trén PCR nhu RAPD, AFLP va microsatellite [51], [58].

RAPD 14 phuong phép st dung cac mdi oligonucleotide ngan, cé trinh
tu ngﬁu nhién, dé khuéch dai cac doan DNA ma khong can thong tin trinh tu
gen trudc. Phuong phap nay cho phép phat hién su da hinh di truyén thong qua
su ¢6 mit hodc vang mit cta cac bang DNA sau dién di. Uu diém ctia RAPD
1a quy trinh k¥ thuat twong dbi don gian, thoi gian phan tich nhanh va chi phi
thap, do d6 phu hop cho cac nghién ctru thim do ban dau vé da dang di truyén.
Mot nghién vé da dang di truyén da ap dung k§ thuat RAPD trén hai loai co
bién Thalassia hemprichii va Enhalus acoroides tai khu vuc phia dong bién
Java, Indonesia [60]. Bén canh d6, RAPD dugc dung nhu 1a mot cong cu hd tro
cho phan loai cc loai gan nhau ciing nhu khao sat da dang gen co bién tai An
Do [61]. Tuy nhién, RAPD c6 d¢ lap lai thap va két qua dé bi anh hudng bai
diéu kién PCR, chat luong DNA va thao tac thi nghiém. Vi vay, dir liéu RAPD



18

thuong c6 do tin cay han ché va it duoc sir dung trong cac nghién ctru chuyén

sau ve cau truc di truyén quan thé cé bién hién nay [51].

AFLP 1a phuong phap két hop giira enzyme cat gidi han va phan Gng
PCR nham khuéch dai chon loc cidc doan DNA da hinh trén toan hé gen.
Phuong phép nay tao ra sd luong 16n marker phan tir va c6 d6 da hinh cao hon
so voi RAPD, cho phép phat hién hi€u qua sy khéc biét di truyén gilra cac quﬁn
thé. AFLP di duoc tng dung trong nhiéu nghién ctru thyc vat va sinh vét bién
dé danh gia da dang di truyén va ciu trac quan thé & quy mo khong gian rong
[51]. K§ thuat AFLP di dugc 4p dung dé xac dinh sai khac kiéu gen loai H.
ovalis sinh truéng & cac diéu kién d6 man khac nhau tai An Do [62] hay sai
khac kiéu gen & cac quan thé H. ovalis giita Thai Binh Duong va An Do Duong
[63]. Mic du s hitu nhiéu vu diém nhung quy trinh AFLP twong ddi phire tap,
doi héi k¥ thuat cao va chi phi phan tich 16n hon so véi RAPD. Ngoai ra, AFLP
1a chi thi dong trdi, khong phan biét kiéu gen dong hop va di hop ti, tir d6 han
ché mot s6 phan tich di truyén quan thé chi tiét [64].

Céc k¥ thuat chi tht DNA nhu RFLP, RAPD va AFLP da dugc st dung
rong rai trong nghién ctru da dang di truyén quan thé, dong vai trd quan trong
trong giai doan dau cua di truyén hoc phan tir. Tuy nhién, cdc phuong phap nay
con ton tai nhirng han ché nhat dinh vé yéu cau k¥ thuat, d6 1ap lai va kha nang
phan biét chinh xac kiéu gen. Trudc nhu cau phan tich chi tiét cAu tric quan
thé, dong gen va co ché sinh san cta c6 bién, chi thi c6 d6 da hinh cao hon da
dugc phat trién. Trong s6 d6, microsatellite (SSR) ndi 1én nhu mot cong cu hi¢u

qud nho tinh da hinh cao va kha nang phan biét rd rang céc ki€u gen khac nhau.

1.4.2. Uu diém ciia phwong phap microsatellite (SSRs) va cac nghién
ciru c6 bién wng dung ky thuit nay trén thé gidi va tai Viét Nam

Microsatellite (SSR) 1a cac doan DNA ngén 1dp lai theo trinh tu don gian,
phan bd rong rai trong hé gen va c6 muc do da hinh rit cao. Trong cac phuong
phap chi thi phéan tir, SSRs ¢6 nhiéu vu thé nhu dé thuc hién, ¢6 thé thuc hién
trén nguon DNA bi suy giam, tiét kiém duoc thoi gian thuc hién. Bén canh d6
thi SSRs 1a mot marker troi (phan biét dugc ca thé dong hop tir va di hop tir)
trong khi d6 cac marker trén 1a marker dong troi. Vi vay SSRs duoc dung nhiéu

trong cac nghién ctru vé da dang gen va di truyén quan thé.
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Mot nghién ctru tai Anh trong giai doan 1996 - 2018, cho thay cac s6 liéu
vé da dang gen dua trén chi thi SSRs ¢ loai Zostera marina c6 da dang gen kha
thap, thong tin vé da dang gen ctia lodi nay 1a co s& cho phan ving bao ton tai
qudc gia nay [65]. Vao nam 2022 tai ving bién An P9, hai loai ¢ bién thudc
ho Cymodoceaceae 1a Oceana serrulata (R.Brown) Byng & Christenhusz va
Cymodocea rotundata cling dugc danh gia da dang gen dya trén tdm chi thi da
hinh SCoT (Start codon targeted), nghién ctru chi ra rang cac quan thé trén c6
it trao doi kiéu gen qua lai va cac quan thé ¢ hai loai trén dang trén da suy giam
[66]. Ung dung chi thi SSRs ciing duoc sir dung trong nhiéu nghién ctru vé cac
lodi ¢6 bién & khu vuc ving bién Pong Nam A, noi dugce xem c6 dién tich phan
b ciing nhu da dang loai cao nhat. Phan tich da dang gen va dong gen & loai
Thalassia hemprichii tai Philippine bang chi thi SSRs cho thay rang khac biét
kiéu gen gifta cac quan thé 1a twong dbi 16m [52]. D6i v6i loai o Xoan H. ovalis
quanh bd ddo Banh H6 (Pai Loan), dua trén 7 loci cua chi thi SSRs da chi ra
rang mdi quan thé co kiéu gen riéng biét, va cac quan thé lodi nay co cau tric

rd nét do tac dong cua diéu kién thién nhién 1a cha yéu [67].

Tai Viét Nam, nghién ctru vé ¢6 bién cling da thyc hién tur kha sém khi
cac nha khoa hoc Phéap da ké dén hai loai co bién tai mién Bic Viét Nam tur
nam 1885. Tuy nhién mai cho dén nam 1993, Pham Hoang Ho 13 ngudi Viét
dau tién xuat ban danh muc 12 loai c¢o bién cua Viét Nam. Ung dung chi thi
phan tir (cAp d6 DNA) trong nghién ctru da dang gen, da dang loai c6 bién c6
1& bat dau tir ndm 2013 do Phong Thuc vat bién, Vién Hai duong hoc thyc hién
& chi Halophila [62]. Ciing trong thoi gian nay loai co bién H. major dugc ghi
nhén 1an dau tién cho khu hé thyuc vat Viét Nam [1] dua trén chi thi ITS, rbcL
va matK két hop phan tich hinh théi 1a. Sai khac kiéu gen cua loai H. ovalis
cling dugc nghién ciru & pham vi rong hon gitta cac quan thé tai Thai Binh
Duong va An D6 Duong. Két qua cho thay ring ban dao Malaysia - Thai Lan
1a nguyén nhan giy ra sy khac biét gen ¢ hai khu vuc [63]. Mot loai c6 bién
khac thudc chi Halophila 14 H. beccarii cling da thyc hién nghién ciru bang chi
thi SSRs chi ra rang cac quan thé loai nay tai Hué c6 mirc do da dang gen, da
dang dong rat thap [68]. Nghién ctru vé tac dong cua cac yéu té moi truong 1én
da dang gen cua loai c6 bién c6 kich thude 1on nhét tai Viét Nam, E. acoroides
ven bo tinh Khanh Hoa vao nam 2019 cho thiy rang cac quin thé bi suy giam

dién tich manh (khu vyc vinh Cam Ranh, My Giang) c6 muc d¢ da dang gen
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thap hon cac tham co6 bién 6n dinh (Tuan L&) [69]. Nghién ctru ctia nhom tac
gia tai Pai hoc Hué va céc nha khoa hoc tai Bi vé tac dong cua con ngudi thong
qua cac hoat dong nudi tréng thuy san 1én da dang gen cua loai ¢ La dira & cac
thtry vuc Nam Trung bd cho thiy rang: dong gen trao ddi qua lai giira cac dam
pha ven bo Nam Trung B rat han ché. Do d6, khac biét kiéu gen giira cac thuy
vuc trén twong ddi cao [70]. Gan day, nghién ctru vé da dang, ciu triic quan thé
va dong gen & loai co Vich - Thalassia hemprichii & cac quan thé ven bo Nam
Trung Bo va vinh Thai Lan cho thiy cac quan thé tai Cam Ranh (Khanh Hoa),
Ninh Hai (Ninh Thuan cii) va Pha Quéc (Kién Giang) duoc xem 1a cac quan
thé cung cap ngudn gen cho cic quan thé con lai, ba khu vuc trén duoc dé xuat
1a cac khu vue can duge bao ton bao vé tdt nhat nham bao vé nguén gen cua
loai nay [71]. Ngoai ra, hai dé tai nghién ctru khac déu tap trung nghién ciru vé
da dang gen, tinh chéng chiu cua co bién dang duoc tién hanh. Cu thé dé tai
Nafosted 106.06 - 2020.40 (PHKH Hué) dang tién hanh trén hai loai thudc ho
Cymodoceaceae va VAST 04 (Vién Hai duong hoc) da tién hanh trén loai E.
acoroides (ho Hydrocharitaceae) tai Vinh Thai Lan. Tong hop cac nghién ctru
lién quan dén da dang gen, da dang loai ctia c6 bién duoc thé hién trong Bang
1.2.

Bing 1.2. Tém tit cac cac nghién ctru vé irng dung chi thi phin tir trong
nghién ciru da dang loai/gen & c¢é bién tai Viét Nam [72].

S6 . NOi dung nghién ciru va chi .. Co quan
j L
Tr | M thi phan tir oal thue hién

Da dang loai/Viét Nam; . Vién
1 2013 rbeL. matK Halophila spp HDH
Vién

2 12013 |b loai/Viét Nam, IT H. maj §
013 a dang loai/Vi¢t Nam, ITS major HDH
3 | 2014 Pa dang gen, ciu tric quan H. ovalis (vinh Thai Vién
thé/: AFLP, SSRs, ITS Lan, bién Andaman) HDH
. Vién

4 2015 | b loai/IT Tat ca cac loai ’
015 a dang 10ai/ITS at ca cac loai HDH

Pa dang gen, cau triic quan . DHKH

201 o H. .
5 017 thé/SSRs beccarii Hud
A , ) ISR Vién
6 | 2018 | Tién hoa/ITS, rbcL, matK H. ovalis (Thé gibi) HDH
7 12019 Pa dang gen, ciu tric quan E. acoroides Vién
thé/SSRs (Ven bo Nam trung bd) HDH
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S6 Noi dung nghién ctru va chi .. Co quan
< ) L
R thi phan tir oat thuc hién
Da dang gen, ciu tric quﬁn ) DHKH
21 . E. .
8 |20 thé/SSRs acoroides Hué
. L e, Vlél’l
9 | 2021 | Pa dang haplotype/ITS H. major (thé gion)
HDH
10 | 2012 | Thé lai H. ovalis/H.maj Vien
¢ lai . ovalis/H.major HDH
Da dang gen, cAu tric quﬁn o Vién
11 | 2022 thé/SSRs hemprichii HDH
Da dang gen, cau triic quﬁn DHKH
o d ‘Halodul .
12 | 2023 thé/SSRs Cymodocea/Halodule Hué
13 | 2023 Pa dang gen, ciu triic quan E. acoroides Vién
thé/SSRs (Bién T4y nam) HDH

(Ghi chu: HHD: Hai duwong hoc, PHKH: Pai hoc khoa hoc)

Mac du E. acoroides 1a loai c6 bién co6 vai tro sinh thai quan trong tai

Viét Nam, tuy nhién nghién ctru hién nay maoi chi tap trung vao phan bd va dic

diém sinh thai, trong khi nhiing khia canh vé da dang di truyén, cu tric quan

thé va sy dich chuyén dong gen van chua duoc khai thac day du. Vi vay, viéc

tién hanh nghién ctu & cap do phan tir 1a hét strc can thiét, nham bo sung va

hoan thién hiéu biét vé mirc d§ da dang cua loai nay, dong thoi cung cap co sé

khoa hoc cho cong tic quan 1y va bao ton ngudn gen co bién tai Viét Nam.
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Chuwong 2. POI TUQNG VA PHUONG PHAP NGHIEN CUU
2.1. POI TUQNG NGHIEN CUU

2.1.1. Poi twong nghién ciru va khu viee thu thip miu vat

- P6i tuong nghién ciru

Dbi tuong nghién ciru: Loai co bién Enhalus acoroides (Linnaeus f.)
Royle 1839 (Hinh 2.1).

Hé thong phan loai ctia co L4 Dira nhu sau:
Nganh Tracheophyta (Thuc vat c6 mach)
L&p Monocots (Mot 14 mam)
Bo Alismatales (Thuc vat thuy sinh)
Ho Hydrocharitaceae
Chi Enhalus

Loai Enhalus acoroides (Linnaeus f.) Royle 1839

A NSRRI
W PR SEERT

P

Hinh 2.1. Loai co La dwa — Enhalus acoroides tai Song Lo, Khanh Hoa
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Hinh 2.2. Bdn d6 khu vuc thu mdu bé sung tai Séng Lé (SL - Khdanh Hoa) va

cdac khu vuc da co mau: (Cu Mong (CM-Dak Lak), Xudan Tu, Hon Khoi, Cam

Ranh, Ninh Hai (XT; HK; CR; NH-Khanh Hoa), Phu Quoc, Hai Tac, Ba Lua,
Kién Luong (PQ; HT; BL; KL-An Giang).

Trong nghién ctru nay, 90 mau co L4 dura E. acoroides dugc thira hudng
tir dé tai (VAST04.01/20-21) va 90 mau tir dé tai (VAST04.09/23-24) hién dang
ltru trit tai Phong Thuc vat bién, Vién Hai duwong hoc. S6 luong mau vat duogc
thu thap tr mudi quan thé riéng biét. Vi sau quan thé da dugc thu thap tir dé
tai (VAST04.01/20-21) gébm: Ctt Mong (CM) 15 mau, Xuan Ty (XT) 15 mau,
Hon Khoi (HK) 15 mau, Cam Ranh (CR) 15 mau, Ninh Hai (NH) 15 mau, ddo
Phti Quéc (PQ) 15 miu. Va ba quan thé c6 dugce tir dé tai (VAST04.09/23-24)
gdém: quan dao Hai Tac (HT) 30 mau, quan dao Ba Luya (BL) 30 miu, ven bo
Kién Luong (KL) 30 mau. Ngoai ra, dé tai s& thu thap thém 16 mau c6 L4 dira
tai khu vuc Song Lo, tinh Khanh Hoa. Nhu vay, co téng cong 196 mau dugc

thuc hién cho dé tai ndy. Mudi quan thé tap trung phan bd chu yéu tai hai ving
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bién gdm ving ven bd Nam Trung B (bién Pong) va bién Tay Nam (vinh Thai
Lan) (Hinh 2.2). Toa d6 khu vuc thu mau duoc thé hién qua Béang 2.1.

Bang 2.1. Khu vuc nghién ctru va so lwong miu sir dung trong nghién ciru
tai mwoi quan thé E. acoroides

.| Kyhign | V130 | Kinhdg | So Ngudn miu

Tén quan thé AR bac dong lwgng | Khu vue A
quan the ON) (E) miu vat
Cu Méng CM 1539 | 109,12 15
Xuin Ty XT 12,64 | 109,20 15 VASTO4.01
Hon Khéi HK 12,16 | 109,21 15 Nam 021
Cam Ranh CR 11,97 109,21 15 Trung b
Ninh Hai NH 11,61 109,15 15
Song Lo SL 12,17 | 109,20 16 Thu bo sung
Phi Quédc PQ 10,25 104,09 15
Hai Tic HT 10,32 | 104,32 30
Ba Lua BL 10,14 | 104,50 30 Tay Nam | VAST04.09
Kién Lwong KL 10,18 104,60 30 /23-24
Tong 196

Khoang cach gitta cic quan thé nam trong khoang tir 20-1.250 km. Tai
mdi quan thé, 15-30 ciy c6 bién duoc thu thap, khoang cach giita cac ca thé 1a
30-40 m, nham tranh thu cac ca thé duoc hinh thanh tir qua trinh sinh san sinh
dudng. Trén moi cay, chon 14 non nhét, cit mot doan 1-2 c¢m, sau d6 rua lai
bang nudc cat tiét trung, dung gidy tham dé 1am kho mau, bao quan trong 6ng
eppendoft va van chuyén vé phong thi nghiém. Tai phong thi nghiém, cic mau
c6 bién duoc lam kho bang hat Silica gel ctia haing GHTECH (cho vao mdi 6ng
15-20 hat) va dé & nhiét d6 phong 3 dén 4 ngay cho dén khi mau kho hoan toan.
Luu trit ¢ nhiét d6 -20°C cho dén khi tach DNA.

2.1.2. Héa chat va trang thiét bi dung cho nghién ciru

- Héa chit sir dung trong nghién ciru:

+ B0 kit i-genomic™ Plant DNA Extration Mini Kit (inTRON/Han
Quéc); Ethanol 99,9% (Merck/ Buc); thudc nhuom CSL-Runsafe (UK); dém
2x Qiagen Type-IT® (Qiagen), nudc sinh hoc phan tir (Promega); Silica gel self
indicator (Ghtech).

- Trang thiét bi phuc vu cho nghién ciru:

+ May nghién mau MM 400 (Retsh); may lic tron (Velp/Y); may li tim
lanh (Eppendor/Dtic); may Rotavapor R-300 (Buchi/Thuy S¥); thiét bi dién di
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san pham Mupid® -2 plus (Optima); may do DNA Spectrophotometer U-2900
(Hitachi); may luan nhiét PTC 200 Thermo cycler (Puc); hé thong méay Applied
Biosystems 3730 DNA Analyser (Thermo).
2.2. PHUONG PHAP NGHIEN CUU

Dé tai duogc thuc hién theo so do nghién ctru tong quat nhu sau:

{ Mau ¢6 La Dura hién co6 va }

mau thu maéi E. acoroides

!

‘ Xir Iy mau va tich DNA ’

I

Nhan ban chi thi
microsatellite

J

Phén tich va kiém tra chat
lugng san pham PCR

—

l

Phan tich da Phan tich cﬁg U6c tinh Quan thé wu
dang gen tric quan the dong gen tién bao ton

Hinh 2.3. So do nghién ciru tong qudt ciia dé tai
2.2.1. Xir Iy miu va tach DNA

Tai phong thi nghiém, mau cé bién kho duogc nghién thanh bt min béng
may nghién miu (MM 400 cta hing Retsch, Puc) ¢ tan s6 20 Hz trong thoi
gian mot phut. Bot mau sau khi dugc nghién dung dé tach DNA bang b kit i-
genomic™ Plant DNA Extraction Mini Kit (inTRON Biotechnology, Han
Quéc) theo hudng dan ctia nha san xuat. Qua trinh tich DNA duoc tom tat nhu
sau: Str dung khoang 25 mg bot mau cho vao cac dng 2 ml di tiét tring, sau d6
thém 422 ul hon hop dung dich dém (390 pl dung dich dém PG, 7 pL Enhancer
Solution, 20 pL Proteinase K va 5 L Rnase A Solution). Lic déu dé cho dung

dich dém va mau tron 1an hoan toan. Mau duogc u & nhiét dd 65°C trong ba gid
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(da0 mau sau mdi 30 phit d¢ mau duoc ly giai hoan toan). Thém 100 uL Buffer
PPT vao dich ly giai, tron déu va u 5 phat trén da lanh. Tiép theo, mau duoc ly
tam & nhiét do 25°C véi van tdc 13.000 rpm trong hai phut. Thu 1éy dich ndi,
chuyén can than 200 uL dich ndi sang mét éng 1,5 ml méi. Thém 650 pul dung
dich dém PB vao dich ly giai, tron déu bﬁng cach ddo ngugc nhe nhang 5 dén
6 1an. Tiép theo cho 650 uL hdn hop dung dich cho vao cot xoay (spin column),
ly tam & toc do 13.000 rpm trong hai phut. Giit cot xoay, tiép tuc cho thém 200
ul hdn hop dung dich con lai, ly tim & téc do 13.000 rpm trong hai phut. Giir
cot, dat cot xoay vao mot 6ng thu 2 ml moi. Tiép tuc thém 700 ul dung dich
dém PWA, ly tam & téc d6 13.000 rpm trong vong hai phut, bo dich thai. Thém
700 pul dung dich dém PWB, ly tim véi tbc d6 13.000 rpm trong hai phut, bo
dich thai. Sau d6 chuyén cot sang 6ng 2 mL moi dé thu DNA tir cot. Thém 75
ul dung dich dém PE, U 3 phut & nhiét d§ phong, ly tam cot & tbc d6 13.000
rpm trong hai phtt. Thu dung dich c6 chira DNA. Luu gitt DNA ¢ nhi¢t do
-20°C cho cac budc tiép theo.

Dinh tinh DNA bang dién di agarose véi thubc nhudém 1a CSL-Runsafe
(Cleaver Scientific Ltd, Warwickshire, UK). Pun nong dung dich agarose 1%
cho tan hoan toan, dé nguoi dén 70°C, sau do6 bod sung thubc nhuém DNA vao
dung dich agarose trén, lac déu, va cho vao khay dién di, sau khi thach nguoi,
tién hanh chay dién di. Thé tich dung cho dién di 1 5 uL bao gém 4 uL DNA
va 1 uL dém (6x Gelred Loading Dye Buffe), dién di dugc thuc hién trén may
dién di Maxi Horizontal Electrophoresis Packages (Model: MSMAXIDUO-
PP300). Qua trinh dién di thuc hién trong 30 phat ¢ hiéu dién thé 1a 90 V. Sau
khi qua trinh dién di hoan thanh, quan sat bang gel dudi tia UV va ghi nhan
hinh anh, miu DNA dat tiéu chuan dugc kiém tra dinh tinh trén dién di phai
hién rd mot vach/bang sang, gon va khong bi dut giy. Nong do DNA dugc dinh
luong bang may Nanodrop (Shimadzu, Nhat Ban) theo hudng dan ctia nha san
xuat, thé tich str dung dé do 13 0,5 uL. DNA duoc do trén hai budc song: 260
va 280 nm, nong d6 DNA dao dong tir 5-10 ng/ul. Qua d6 du tiéu chuan dé
thuc hién phéan ng trung phan PCR.

2.2.2. Nhan ban chi thi microsatellite

Trong nghién ctru nay, 12 cip mdi duoc dé xuit boi Nakajima va cong
su [49] dugc st dung. Phan img PCR duoc thuc hi¢n trén ba nhém PCR khac
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nhau. Nhom A bao gom ba d6i moi dé nhan ban ba loci 1a Eaco 001 (232-246
bp, [TG]n), Eaco 010 (157-159 bp, [TG],), Eaco 018 (115-117 bp,
[TG].TA[TG].). Nhom B bao gdm bén d6i mdi dé nhan ban bdn loci 1a
Eaco 050 (243-255 bp, [TG].TA[TG],TATG[TA],), Eaco 051 (206-231 bp,
[GA].GTGC[GT].GC[GT],), Eaco 54 (267-295 bp, [CT],) va Eaco_055 (165-
191 bp, [TC].CG[TG],). Nhém C bao gdm nam d6i moéi dé nhan ban niam loci
la Eaco 002 (187-191 bp, [TG]sCG[TG]sTATGTCTGTA[TG]sN2s[TG]o),
Eaco 019 (195-197 bp, [CT],), Eaco 048 (145-147 bp, [GT]s), Eaco 052
(147-149 bp, [TGLTC[TGLTC[TG]s), EA447 (184 - 190 bp, [TGi[GA]15[ TG]s). Trinh ty
cac d6i moi dugce sir dung cho ba nhém PCR A, B va C thé hién trong Phu luc
1. Piéu kién phan tng PCR theo Nakajima va cong su [73].

Thé tich phan tmg PCR 1a 12,5 ul bao gém 6,25 ul 2X Qiagen Type -
IT® (Qiagen, Hilden, Germany), 1 pl mdi loai moi, 4,25 ul nudc cat tiét tring
va 1 ul DNA khu6n. Chu trinh nhiét cua phan trng PCR nhu sau: 15 phut tai
nhiét do bién tinh ban dau 1a 95°C, 32 vong lip véi nhiét do bién tinh 94°C
trong 30 gidy, nhiét do bat moi 1a 58°C trong thoi gian 90 gidy, pha kéo dai 13
72°C trong thoi gian 60 gidy. Két thuc phan tmg & 60°C trong 30 phut. Diéu
kién phan ung PCR thuc hién gidng nhau & ca ba nhém. Phan tmg PCR dugc
thuc hién trong dia 96 giéng bang may luan nhiét PTC 200 Thermo cycler
(Biozym-Diagnostik GmbH, Hessisch Oldendorf, Germany) tai Phong thi
nghiém Trong diém cép Vién Han lam KHCNVN dat tai Vién Hai duong hoc.

2.2.3. Phan tich doan va kiém tra chat lwgng san pham PCR

Phan tich doan (Fragment size analysis) dugc thuc hién tai 1BASE
(Selangor, Malaysia) voi hé thong may Applied Biosystems 3730 DNA
Analyser. Chiéu dai (bp) doan dugc tinh bang phdn mém GeneMapper 5. Céc
mau c6 alen khong 16 rang hodc khong co6 s& dugc thyc hién PCR lai lan thi
hai dé xac nhan. Sir dung phan mém Micro-Checker, version 2.2.3 [74] dé kiém

tra 1i trong qua trinh s6 hoa do dai alen.
2.2.4. Phin tich da dang gen tai mudi quan thé nghién ciru

S6 luwong ca thé/quan thé c6 khac nhau vé di truyén (multilocus
genotypes - MLGs) dugc kiém tra bang phan mém GenClone, version 2.0 [75].

Cé thé/quan thé gidng nhau 100% duya trén 12 loci s& loai bé vi chiing dugc
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hinh thanh tir qué trinh sinh san sinh dudng. Mtc d6 da dang dong (R) duoc
tinh theo phuong phap cua Dorken va Eckert [76]:

R=(G-1)/(n-1)

Trong d6: G thé hién s6 lugng ca thé co kiéu gen khac nhau (genotypes)

va n 13 s0 lugng mau thuc hién thanh cong.
Do da dang gen tinh toan cho mdi quan thé dua trén cac thong sb sau:

- Di hop tir mong doi (Hz) & diéu kién can bang Hardy-Weinberg = (X
tan suat di hop tir mong doi tai mdi locus)/(tong sd locus khao sat); Di hop tir
quan sat duoc (Hop) = (2 tan suét di hop tir mong doi tai mdi locus)/(sd lugng
ca thé khao sat); Do giau alen dugce chuan hoéa & n genotypes (4,,).

A duoc chuan héa vé cing don vi mdu MLGs bang g6i standArich
(http://alberto-lab.blogspot.nl/p/code.html#!/p/code.html) trong R 2.15.3. Sb
trung binh P, duoc tinh bang phan mém GenAlEx Version 6.5 [77].

- Do léch chuéin trong cin bang Hardy-Weinberg dugc thir bang thuat
toan Markov-chain algorithm do Guo va Thompson [78] phat trién, thyc hién
bang phan mém Arlequin 3.5 [79]; Mat can bang lién két giita cac loci trong
mdi quan thé va cho toan b quan thé dugc tinh toan bang phan mém Arlequin
3.5; Heé s6 lai can huyét (inbreeding coefficient - Fis) duoc tinh theo phuong
phap ciia Weir va Cockerham [80] thong qua phan mém FSTAT v2.9.3.2 [81].

2.2.5. Phén tich cdu tric quan thé tai cac khu vwe nghién ciru

Ma tran khéc biét kiéu gen Fir gitta cac quan thé duoc tinh theo phuong
phap ctia Weir va Cockerham [81]. Céu tric quan thé dya trén chi thi SSRs
dugc xtr li bang phan mém STRUCTURE, version 2.3.4 [82]. Thong s6 dugc
cai dat voi sd luong nhom tir 1 dén 10 (gia tri k). Tai mdi gia tri &, khoi dir lidu
duoc lap lai 15 1an doc lap véi nhau béng phuong phap MCMC (Markov Chain
Monte Carlo) = 750.000; burn-in = 100.000.

Quyét dinh sd luong nhém (clusters) dugc dugce tinh toan béng hai
phuong phap dua trén khoang cach L(k) cao nhat [83] va sd Ak cao nhat [84].
Ak c6 duge thong qua phan mém truc tuyén Stucture Harvester [85] trong khi
d6 L(k) duoc tinh toan bang Excel thong thuong. Bén canh d6, phan tich nhom
dwa trén phuong phap Unweighted Pair group (UPGMA), duogc thuc hién bang
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phan mém POPTREE2 [86]. Phép tht AMOVA (Analysis of MOlecular
VAriance) dugc sir dung dé tim hiéu xem c6 su khac biét hay khong gitta: i)
cac nhom (F¢r), trong nghién ctru ndy hai nhom dugc gia dinh 14 ving bién
DPoéng va ving bién Tay (vinh Thai Lan), va ii) giita cac quan thé trong cung
mdt nhom (FST). Phan tich AMOVA dugc thue hién bang phan mém Arlequin 3.5.

Khoang cach dia 1y giira cic quan thé duoc xac dinh bang dudng bién
ven bo gan nhat thong qua ban dd sé cia NOAA (National Oceanic and
Atmospheric Administration, USA). Ma tran tuong quan gitra khoang cach dia
Iy va khoang cach gen duoc thir bang phép thir Mantel test, thuc hién trong
phan mém mé rong Microsoft® Excel 2020.3/XLSTAT® -Pro (Addinsoft, Inc.,
Brooklyn, NY, USA).

2.2.6. Udc tinh dong gen giira ciac quan thé

Hudng dich chuyén dong gen giita cac quan thé dugc phan tich bang
phan mém MIGRATE-N 3.6.11 [87]. Gia tri cang 16n thi kha ning trao d6i gen
giita hai quan thé cang cao. Ma tran ty 18 dich chuyén dong gen giira 10 quan
thé ¢ E. acoroides dugc tinh bang phan mém BayesAss 3.0.3 [88]. Biéu do
Circos vé& xu hudng dong gen tir “quan thé cho” (source) dén “quan thé nhan”
(sink) duoc tinh toan thong qua phan mém BayesAss 3.0.3) va dugc thuc hién
trén nén tang R phién ban 4.5.0.

2.2.7. Xac dinh quin thé wu tién bao ton

Nhim xé4c dinh quan thé nao can wu tién bao vé (Ry), ching toi st dung
ca hai thong s6 bao gdm khac biét kiéu gen trong mdi quan thé (Rs) va khac
biét kiéu gen gitta cac quan thé (Rp) theo cong thirc cia Yu va cs [89]. Quan
thé ndo co chi s6 wu tién cao 1a quan thé can duoc wu tién bao vé. Cong thirc
cua Yu va cong su dugc tinh nhu sau:

Rk n—-n

_ Rk, _ R 1

S Rep =Rg + Rpp =X

nn; U on;

Rsk—Rp Rpr—Rp Rri—Rr
Cpep = —K_D. = Dk~ — ZTkTTT
RSk Ry » “RDk Ry » “RTk Ry
Trong d6 n 1a s6 lugng quan thé, Ry 1 so luong alen cta quan thé k™, »;
14 s0 luong quan thé chira alen i™, R 1a do giau c6 alen & cap do loai, Rr 1a d6

giau c6 alen trung binh ctia n quan thé.
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Chuong 3. KET QUA VA THAO LUAN

3.1. PHAN TiCH VA KIEM TRA CHAT LUQNG SAN PHAM DNA VA
SAN PHAM PCR

Két qua dién di sau khi tich DNA khoi t& bao cho thiy DNA c6 chét
luong tot, it dut giy (Hinh 3.1). Két qua do ham luong DNA bang may
Nanodrop cho thdy ham luong DNA dao dong tir 3-5 pg/mL. Véi ham luong
va chit luong nay, DNA du tiéu chuan dé thuc hién phan tng trung phan (nhin
ban gen - PCR) (Hinh 3.2, 3.3 va 3.4). Khéi dir liéu phéan tich gdm 196 méu
dugc thyc hién. Trong do, c6 159/196 mau dugc thuc hién thanh cong trén ca
12 loci dugc tich hop tir dé tai VAST04.01/20-21 (15 mau/quan thé) chi c6 81
mau duoc thyc hién thanh cong trén ca 12 loci. Cong véi két qua ctia 90 mau
tir ba quan thé (30 mau/quan thé) tir dé tai VAST04.09/23-24 véi 62 mau dugc
thuc hién thanh cong. Pong thoi két hop voi két qua ctua 16 mau duoc thu tai
khu vuc Song Lo, tinh Khanh Hoa. Nhu vay, co téng cong 159 mau duoc st

dung cho cac phan tich trong dé tai nay.

Hinh 3.1. Két qua dién di sau khi tdch DNA tir cdc mdu cé Ld Dira

E. acoroides.
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ample File Sample Name
st BASE 596132 SL16C.fsa 596132 SL16C
| HEX-3 | | HEX-4 |
BIU . 160

15000 +

10000 +

5000+

0

52 139.22 |sz 181.43

Hinh 3.2. Kich thuéc (bp) cia locus Eaco 048 dwgc nhudém bang HEX

1st BASE 596099 SL15A.fsa

40 120
9000
6000}
3000}
0 AL
sz 106.44

Hinh 3.3. Kich thuéc (bp) ciia locus Eaco 018 dwoc nhuém bang NED

1 LOSB MP13732-2
160 . 24;0 . 3:
sz 170.85| |sz 257.63
sz 174.75| sz 269.33]

Hinh 3.4. Kich thuoc (bp) cua locus Eaco 054 va Eaco 055 dwoc nhuom
bang FAM
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3.2. KET QUA PHAN TiCH PA DANG GEN QUAN THE CO LA DUA
E. acoroides TAI VUNG VEN BIEN NAM TRUNG BQ VA TAY NAM,
VIET NAM

Bang 3.1. S6 lwong alen/locus va ty 1¢ don hinh hoic da hinh ciia loai c6

La dira E. acoroides tai muwoi quan thé thue hién nghién ctru.

S6
Locus lwgng CM XT HK CR NH SL PQ HT BL KL
alen
Eaco_001 4 P P P P P M P M P M
Eaco_010 4 P P P P P P P P P P
Eaco_018 3 P M P P M M M P M P
Eaco_050 5 P P P P P P P P P P
Eaco_051 10 P P P P P P P P P P
Eaco_054 18 P P P P P P P P P P
Eaco_055 16 P P P P P P P P P P
Eaco_002 3 M P P M P P P P P P
Eaco_019 2 M M M M M M P M M M
Eaco_048 4 M M P P P M P P P P
Eaco_052 3 M M P P P M P P P P
Eaco_447 10 P P P P P P P P P P
Tf;f)l) 66,7 66,7 91,7 833 833 583 91,7 833 833 833

Da hinh — Polymorphism (P), Pon hinh — Monomorphism (M)

Ghi chu: (CM: Cu Mong, XT: Xudn Tu, HK: Hon Khoi, CR: Cam Ranh, NH: Ninh
Hai, SL: Séng Lé, PQ: Phii Quéc, HT: Hai Tdc, BL: Ba Lua, KL: Kién Lwong)
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Sd lugng alen trén cac locus phan anh sy khéc bi¢t rd rét trong muc do
da dang di truyén gifta cac chi thi. Trong 12 locus duoc khao sat, ¢ 03 locus
ndi tréi véi sd lugng alen cao, bao gdm Eaco 054 véi 18 alen, Eaco 055 véi
16 alen, Eaco 051 va Eaco 447 v&i 10 alen. Nguoc lai, mot s6 locus lai thé
hién s6 luong alen thip, chiang han nhu Eaco 019 chi c6 2 alen, cing véi
Eaco 018, Eaco 002 va Eaco 052 chi c6 3 alen (Bang 3.1).

Khi phan tich dit liéu vé don hinh va da hinh tai cic quan thé, c¢6 thé nhan
thiy sy phan hoa di truyén giita cac dia diém khao sat. Nhin chung, phan 16n
cac locus thé hién tinh da hinh & nhiéu quén thé, phan anh su tdn tai cua bién
di di truyén va kha nang duy tri nguén gen phong pht. Tuy nhién, van c6 mot
sb locus chi xuat hién duéi dang don hinh & mot sb quén thé, cho théy sy suy
giam bién di hodc anh hudng cta cac yéu té chon loc va rao can dia ly. Cac
locus Eaco 010, Eaco 050, Eaco 051, Eaco 054, Eaco 055 va Eaco 0447
ludn & trang thai da hinh tai tat ca cac quan thé, chirg minh vai tro quan trong
ctia chung trong viéc duy tri bién di di truyén. O locus Eaco 01 va Eaco 02,
trang thai don hinh duoc ghi nhan 1an luot tai cac quan thé Hai Tac va Kién
Luong cling nhu Cu Mong va Cam Ranh. Trong khi do, cac locus Eaco 048 va
Eaco 052 lai thé hién don hinh tai ba quan thé Cu Méng, Xuan Ty va Song
L6. Bac biét locus Eaco 19 chi thé hién da hinh duy nhét & quﬁn thé Pht Qudc
nhan manh sy khac biét ndi bat vé cau trac di truyén giita cac quan thé (Bang
3.1).

Xét vé ty 1¢ da hinh, ty 1& phan tram trung binh cia loci da hinh duoc
tinh toan bd cho mudi quan thé 1a 79,16%. Cac quan thé nhu Hon Khéi va Pha
Quéc co ty 1€ da hinh cao nhat (91,7%), thé hién sy da dang di truyén manh mé.
Nguoc lai, Song Lo chi dat 58,3%, thép nhat trong sb cac qur:fm thé. Cac quﬁn
thé con lai dao dong trong khoang tir 66,7% dén 83,3%, cho théy su khac biét

vira phai nhung van duy tri mtc da dang tuong dbi 6n dinh (Bang 3.1).

Mitc d6 da dang kiéu gen (MLGs) c6 su khac nhau giita cac quan thé,
dao dong tir 11 (Hai Tac) dén 27 (Ba Lua). Hé s6 da dang dong R 14 tir 0,77-
1,0. S6 lwong alen trung binh (4) va do gidu co alen trung binh khi dugc chuan
hoa dén 22 genotype (412) trén tat ca loci thay doi tir 2,42 (Cu Moéng) -3,75
(Cam Ranh) va 2,37 (Cu Méng) -3,56 (Cam Ranh), theo tuan ty. Sau quan thé
thudc khu vuc bién Nam Trung B0 bao gém: Cu Mong, Xuan Tu, Hon Khoi,
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Soéng Lo, Cam Ranh va Ninh Hai déu c6 hé s6 da dang dong R = 1, ching t6
mdi ca thé déu mang mot kiéu gen riéng biét, phan 4nh cac quan thé ndy hau
hét 1a sinh san hitu tinh va c6 mtc do bién di di truyén cao. Nguoc lai, bon quﬁn
thé thudc khu vuc bién phia Ty Nam chi c¢6 quan thé Phi Quéc c6 hé sé da
dang dong R =1, ba quﬁn thé con lai déu co hé sb da dang dong thép, dac biét
quﬁn thé Hai Tac c6 sd luong MLGs th.'flp nhat (MLGs =11) va hé s6 R chi dat
0,77, thap nhat trong 10 quan thé tién hanh khao sat. Do giau co alen trung binh
ctia cac quan thé tai ving bién phia Tay Nam (2,73) thap hon cac quan thé ven
bo khu vuc Nam Trung B0 (2,99). B§ giau c6 alen dac thu (private alelle - Py)
dao dong tir 0,04 (Xuan Ty) dén 0,32 (Pha Qudc), va cé sy khac biét giita cac
quén thé. Trong s6 19 alen dic thu, céc quén thé thudc khu vuc Nam Trung Bo
dong gop 9 alen dic thu va ving bién Tay Nam dong gop 10 alen dic thu (Bang
3.2).

Dj hop ttr quan sat (Ho) va di hop tir mong doi (Hg) tai quan thé Cam
Ranh 1an luot 13 0,34 va 0,48, cao nhat trong cac quﬁn thé dugc khao sat. Cac
quan thé & bién Tay Nam c6 mirc di hop tir quan sat (0,14 - 0,2) thap hon cac
quan thé ven bod Nam Trung B6 (0,19 - 0,34). Bén canh do, gia tri Ho tai muoi
quan thé dugc khao sat déu thap hon gia tri He, cu thé cac quan thé tai khu vuc
Nam Trung Bo nhu Cu Mong (Ho= 0,19; Hg = 0,36), Ninh Hai (Ho= 0,25; Hg
=0,48) c6 sy chénh léch nhiéu gitra gia tri di hop tir mong doi va di hop tir quan
sat duogc. Doi voi khu vuc Tay Nam, cling xuét hién tinh trang tuong tu Phu
Quéc (Ho=0,2; Hg = 0,44) va Hai Tac (Ho= 0,16; Hg = 0,4), diéu nay cho thay
su thiéu hut di hop ttr so voi ky vong (Bang 3.2).

Hé s6 lai can huyét Fis ctia cac quan thé dao dong tir 0,287 (Cam Ranh)
dén 0,726 (Ba Lua). Trong dé, sau quan thé thudc khu vuc ven bd Nam Trung
B0O ¢6 murc do lai can huyét it nghiém trong hon, mac du van c6 sy thiéu hut di
hop tu. Cac quﬁn thé thudc khu vuc bién phia Tay Nam c¢o gia tr1 Fis cao hon,
phan anh tinh trang suy giam bién di di truyén. Pang cha y quan thé Phii Quéc
vbn c6 do da dang gen cao nhung ciing ¢6 hé sd Fis = 0,567, cho thdy quan thé
nay ciing dang chiu 4p lyc di truyén dang ké (Bang 3.2).

Tai 10 qu?m thé duoc khao sat, E. acoroides co R khé cao (R=0,77-1)
va ¢6 7/10 quan thé c6 do giau kiéu gen R = 1. Nghién ctru cia Nguyen va

Papenbrock [69] vao nam 2019 vé cac quan thé cé L4 dira tai Khanh Hoa ciing
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ghi nhan 6/6 quan thé c6 R = 1 . Bén canh d6, nghién ctru ctia Dierick va cong
su [70] ciing bao cdo vé su phong phu va cdu trac dong vo tinh, da dang di
truyén, ciing nhu muc d6 phat tan trong va giita tdm quan thé E. acoroides tai
bdn ddm pha doc theo ving duyén hai Nam Trung Bd. Diéu ndy phan nao ching
minh hinh thirc sinh san hitu tinh 14 hinh thirc sinh san chinh & loai co E.
acoroides tai Viét Nam. Chi sd R cao cling duogc tim théy O cac khu vuc nghién
ctru loai co nay tai Philippines [49], [75] hodc tai dao Hai Nam, Trung Qudc
[91]. D6 gidu kiéu gen téi thiéu cua E. acoroides c6 xu huéng cao hon so véi
cac loai co bién khac nhu Posidonia oceanica (R=10,10 - 1,00) [90], Thalassia
testudinum (R = 0,09 - 0,80) [91], Z. marina (R = 0,00 - 1) [92]. Trong nghién
ctru ndy, do giau kiéu gen tai quan thé Hai Tic thap nhat trong 10 quan thé (R
= 0,77); tuy nhién van cao hon mét sb qu?m thé tai khu vuc Van Phong (R =
0,36), Thity Triéu (R = 0,51) trong nghién ctru ctia Dierick va cong su [70], va
quan thé c6 L4 dira & dao Lakawonhai (R = 0,48) tai Philippines, nhiing quan
thé nay von dang bi de doa bdi hoat dong nudi trong thily san [49]. Picu nay
nhu mot ddu hiéu canh bao rd rang cho quan thé co bién tai dao Hai Tic khi
quan thé nay ciing dang chiu ap luc bai hoat dong cua con ngudi. Do gidu 6
alen (A42,) & cac tham co E. acoroides trong nghién ctru ndy 1a 2,37 - 3,56, gan
nhu tuong duong véi cac tham co bién tai khu viuc dam pha Duyén hai Nam
Trung Bo (1,95 - 3,48) [70] va dao Hai Nam (2,8 - 3,8) [89], nhung thap hon
mot chat so véi cac quan thé tai Philippines (1,93 - 4,70) [49].

Nhin chung, di hop tir quan sat Ho cua loai E. acoroides trong nghién
ctru ndy nam trong khoang tir 0,14 - 0,34, thap hon so v&i cac nghién ctru trudce
day cua Dierick tai cac dam pha khu vuc Nam Trung B6 (0,239 - 0,431) [70]
va cua Nguyen va Papenbrock [69] tai Khanh Hoa (0,33 - 0,72). Tuy nhién, gia
tri nay twong dwong véi cac quan thé duoc ghi nhan tai Nhat Ban va Philippines
(0,165 - 0,575) [49], ciing nhu Trung Quéc (0,100 - 0,567) [89], nhung van
thap hon khu vuc quan dao Indo-Malay (0,458 - 0,605) [93]. Trong nghién ctru
nay, gia tri di hop tir ki vong déu cao hon gié tri di hop tr quan sat duogc, két
qua nay tuong tu v4i két qua tir nghién ctru cia Nguyen va Papenbrock [69]
(Ho = 0,492 < Hg = 0,605) nhung lai khac biét v41 nghién ctru trude do cua
Dierick va cong su [70] c¢6 gia tri di hop tir quan sat déu 1on hon gia tri di hop
tir ki vong & tat ca cac quan thé khao sat (Ho = 0,351 > Hg = 0,335).
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Heé sb can huyét Fis clia cac quan thé trong nghién ctru nhin chung mang
gia tri duong va twong ddi cao, cho thdy xu hudng thiéu hut di hop tir 13 rét trén
toan b0 cac quﬁn thé Enhalus acoroides duoc khao sat. Viéc khong ghi nhan
bat ky quan thé nao c6 Fis 4m (tirc du thira dj hop tir) phan 4nh mot su sai léch
hé théng khoi trang thai can bang Hardy - Weinberg theo hudng gia ting dong
hop tir. Két qua nay thé hién sy twong dong véi nghién ctru cia Nguyen va
Papenbrock [69] trong d6 cac quan thé E. acoroides tai Khanh Hoa ciing ghi
nhan gié tri Fis duong. Diéu ndy goi y rang hién twong thiéu hut di hop tir 6
thé 1a dic diém di truyén phd bién mang tinh khu vuc trong mét sé quan thé
cua loai.

Sy thiéu hut di hop tr nay thudng duoc giai thich boi nhidu co ché di
truyén va sinh thai khac nhau. Trudc hét, hidu tmg Wahlund xay ra khi mau
nghién ctru thuc té bao gém nhiéu tiéu quan thé c6 cau tric di truyén biét 1ap.
Sy phan tach nay vo tinh 1am giam tan suat di hop tir quan sat duoc. Bén canh
d6, su han ché dong gen giita cic quan thé, két hop véi khoang cach dia 1y va
cac rao can hai dwong hoc 1am giam kha nang phat tan giao tir hodc hat gidng
gilta cac quﬁn thé. Pic biét, tai vung bién Tay Nam, cac diéu kién thuy van
khép kin hoac su biét 1ap ctia cac ddo co thé lam giam tan sut trao do6i gen. Khi
dong gen bi han ché, cac quan thé c6 xu hudng gia taing mirc d giao phdi can
huyét tu nhién hodc giao phdi giira cac ca thé ¢ quan hé huyét thong gan, truc
tiép din dén su suy giam di hop tir qua cac thé hé. Tuy nhién, két qua nay co
su phan hoa dang ké khi dbi chiéu véi mot sd nghién ciru khéc tai cac ving bién
1an can va trén thé gidi. Cu thé, nghién ctru khao sat cia Dierick va cong su
[70] tai Duyén hai Nam Trung B0 lai ghi nhan hau hét cac quan thé déu co gia
tri Fis<0. Vé mat Iy thuyét, gia tri Fis 4m phan anh trang thai du thira di hop tir
mdt chi dau cta qua trinh giao phdi ngau nhién dién ra manh mé hoic c6 su
pha tron, tiép hop lién tuc gitra cac ngudn gen doc 1ap. Theo Yu va cong su [94]
sinh san hitu tinh dong vai tro chu dao trong viéc duy tri va phan tan da dang
di truyén & E. acoroides, dic biét 14 tai cac khu vuce c¢6 dong luc thiy van manh.
Thém vao do, hé théng cac dong hai luu quy mo 16n hoat dong nhu mot cau
ndi sinh thai, thic day su két ndi di truyén gitta cac quan thé xa nhau, lam ting
xé4c suat td hop giita cac kiéu gen khac biét va dan dén gia tri Fis am [73]. Su
khac biét giita két qua cua nghién ctru ndy va cac khu vuc nhu Nam Trung Bo

hay Philippines c6 thé phan anh sy khac nhau vé mirc d6 két ndi sinh canh va
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tac dong moi truong. Cac quan thé c¢6 Fis duong cao co thé dang chiu anh hudng
ctia sy phan manh sinh canh, suy giam kich thuéc quan thé hiéu qua hodc han
ché dong gen. Nhiing yéu t6 ndy di duoc ching minh 13 1am ting troi dat di

truyén va giam di hop tir trong cac hé sinh thai co bién [95].

Da dang di truyén dong vai tro quan trong ddi véi kha ning ton tai, strc
chéng chiu va kha nang phuc hoéi ciia mdi ca thé ciing nhu toan bo quan thé
trude nhimg bién dong. Khi mirc do da dang di truyén thap, kha ning sinh ton
ctia ¢4 thé s& bi suy giam, tir d6 c6 thé dan dén nguy co tuyét ching ciia ca quan
thé [48], [96]. Nghién ctru ctia Ries va cong su [97] ¢ loai Zostera marina &
Thuy Dién cho thy cac tham co ¢ bd Pong (46 min thap) chi gdbm mot hodc
rat it clone (dong vo6 tinh). Ngugc lai, cac tham cé ¢ bo Tay c6 do da dang kiéu
gen cao hon, bién di di truyén 16n hon, phan héa quan thé & quy mo khong gian
nh6 hon. Do c6 da dang di truyén thap, cac tham co & bo Péng dic biét dé bi
ton thuong trudc nhitng thay doi toan cau. Ciing trong nim 2023, nghién ctru
cua Garcia - Escudero va cOng su [98] & loai H. stipulacea tai Dia Trung Hai
chi ra rang cac quan thé xam 14n c6 da dang di truyén thap hon so v6i quan thé
ban dia, du d4 trai qua gan 130 ndm xam lan. Nghién ctru ciing cho thiy sinh
san vo tinh dong vai tro then chdt trong sy xAm chiém va lan rong thanh cong
ctia lodi nay tai Pia Trung Hai. Nhiing nghién ciru gan day da cung cap bang
chtng thuyét phuc cho thy sy han ché trong sinh san hitu tinh va kha ning
hinh thanh cac kiéu gen maoi 1a mot van dé dang quan ngai, can dugc xem xét
nghiém tic trong cac chién luoc quan 1y va bao tdn. Trong bdi canh d6, két qua
ctia nghién cru ndy cho thy cic quan thé khu vuc Nam Trung Bo ¢6 muc do
da dang di truyén cao hon so véi khu vuc Tay Nam, xu hudng nay tuong dong
v6i ghi nhan & loai Z. marina gan day, trong d6 da dang di truyén cao hon dugc
quan sat tai khu vuc Thai Binh Duong so véi cac ving can Bic Cuc [99] qua
do6 phan anh sy khac biét vé diéu kién moi truong va lich st tién hoa gifta cac
ving. Pong thoi, cac quan thé Enhalus acoroides tai khu vuc khao sat thé hién
xu hudng thiéu hut di hop tir 1 rét, cho thiy su gia ting cta giao phdi can huyét
hodc sinh san vo tinh. Piéu ndy phan nao phan anh mirc 46 phan manh sinh
canh va sy co lap di truyén cao hon so v&i mot sd khu vue khac, tir d6 nhan
manh nhing thach thtc tiém an d6i voi kha nang thich nghi va duy tri da dang

di truyén cua loai trong dai han.
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Bang 3.2. Chi so da dang gen ciia mudi quin thé co La dira E. acoroides tai mudi quin thé
dwgc thywe hién nghién ciru.
Ns =S6 luong mau, Ny= Sb lwong mau thyc hién thanh cong trén ca 12 loci, MLG = So luong cé thé co kiéu gen khéc nhau,
R=d6 giau c6 kiéu gen, 4 = s6 lugng alen trung binh trén mdi locus, 4, = d6 giau alen duoc chuan hoéa & 22 genotypes, Py= s0
trung binh private allele, Ho = di hop tir quan sat dugce, Hg = di hop tor mong doi, Fis=H¢ s6 lai can huyét, SD = d9 léch chuén.

Khuvwe  Vid Bic K;:;:‘" Ns  Na  MLGs R 4 An Px  Ho(SD)  He(SD)  Fis
cM 15,39 109,12 15 14 14 100 242 237 017  0,19(024) 036(0,30) 0437
XT 12,64 109,20 15 13 13 100 308 298 004 023(031) 041(0,34) 0,400
HK 12,16 109,21 15 15 15 100 367 337 019  027(035 045(026) 0430
SL 12,17 10920 16 16 16 100 2,67 251 013  021(036) 034(034) 0430
CR 11,97 109,21 15 14 14 100 375 356 022  034(034) 048(031) 0,287
NH 11,61 109,15 15 13 13 100 325 3,14 007  025(032) 048(0,28) 0432
PQ 10,25 104,09 15 12 12 100 308 305 032  02(025 044(025) 0,567
HT 10,32 10432 30 14 11 077 267 267 0,10 0,16(025) 04(029) 0,558
BL 10,14 10450 30 28 27 096 292 258 020  0,14(025) 039(025) 0,726
KL 10,18 10460 30 20 19 095 275 262 014  0,16(023) 037(027) 0,652

Ghi chu: (CM: Cu Mong, XT: Xudn Tu, HK: Hon Khoi, SL: Song Lo, CR: Cam Ranh, NH: Ninh Hai, PQ: Phu Quéc, HT: Hai Tac, BL:

Ba Lua, KL: Kién Luong)
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Bing 3.3. Ma tran gi4 tri khoang cach gen (Fst, 6 sAm mau) va gia tri Slatkin linearized (F’st)

gitta mudi quan thé cé E. acoroides.

CM XT HK CR NH SL PQ HT BL KL

CM 0,299 0,453 0,325 0,381 0,647 0,316 0,490 0,514 0,385
XT 0,230 0,068 0,201 0,229 0,338 0,213 0,280 0,316 0,241
HK 0,312 0,064 0,189 0,157 0,324 0,254 0,255 0,366 0,259
CR 0,245 0,168 0,159 0,066 0,425 0,141 0,170 0,198 0,243
NH 0,276 0,187 0,136 0,062 0,432 0,175 0,205 0,277 0,307
SL 0,393 0,252 0,245 0,298 0,302 0,425 0,424 0,502 0,409
PQ 0,240 0,176 0,202 0,124 0,149 0,298 0,150 0,267 0,157
HT 0,329 0,219 0,203 0,145 0,170 0,298 0,130 0,171 0,212
BL 0,340 0,240 0,268 0,165 0,217 0,334 0,210 0,146 0,271
KL 0,278 0,194 0,205 0,195 0,235 0,291 0,136 0,175 0,213

Ghi chii: (CM: Cit Méng, XT: Xudn Tu, HK: Hon Khéi, SL: Séng L6, CR: Cam Ranh, NH: Ninh Hdi, PQ: Phii Quéc, HT: Hdi
Tac, BL: Ba Lua, KL: Kién Luong)
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3.3. PHAN TiCH CAU TRUC VA LIEN KET CAC QUAN THE CO LA
DUA Enhalus acoroides TAI VUNG VEN BIEN NAM TRUNG BO VA
TAY NAM, VIET NAM

Két qua khao sat khoang cach di truyén (Fsr) gitta 10 quan thé E.
acoroides cho thdy mirc d6 phan hoa di truyén rd rét gitta cac khu vuc, phan
anh sy khac biét vé cdu tric gen va mirc do giao luu di truyén. Céc gia tri Fsr
dao dong tir rat thap (0,062 giita Cam Ranh va Ninh Hai) dén kha cao (0,393
giita Ct Mong va Song Lo). Gid trj thap cho thiy su twong dong di truyén manh,
thuong xuat hién ¢ cac quan thé gan nhau vé mit dia 1y hodc c6 sy trao doi gen
thuong xuyén. Nguoc lai, gia tri cao phan anh su cach biét di truyén 16n, co thé
do khoang cach dia Iy, su ¢ 1ap sinh thai hodc han ché trong giao luu gen. Cu
thé, nhom 5 quﬁn thé ven bién Nam Trung B9, trong d6 4 quﬁn thé (Xuan Tu,
Hon Khoi, Cam Ranh, Ninh Hai) c6 gia tri Fsr thap khi so sanh 1an nhau (dao
dong tir 0,062 dén 0,187), chimg té chung duy tri sy twong dong di truyén cao
va c6 kha nang giao luu gen manh. Trong khi d¢6, Cti Méng lai thé hién gia tri
Fsrcao khi so sanh véi cac quan thé khéc, dic biét véi Song Lo (0,393) va Ba
Lua (0,340), cho théy su phan hoa 10 rét. DPdi véi nhdom quén thé phia Tay Nam
(Pht Qudc, Hai Tic, Ba Lua, Kién Luong), gia tri Fsrnhin chung & muc trung
binh (0,130 - 0,213), phan anh sy twong dong vira phai gitta cac quan thé. Pang
cha y, Phtt Quéc ¢ Fsrthap voi Cam Ranh (0,124) va Kién Luong (0,136), goi
y kha ning giao luu gen hodc ngudn gbe chung gan day. Pong thoi, Hai Tic va
Ba Lua c6 gia tri Fst thép vo1 nhau (0,146), cho théy su lién két di truyén chat
ch¢ (Bang 3.3).

Két qua phan tich nhém bang phuong phap UPGMA chi ra rang mudi
quan thé nay phan b thanh bén nhém bao gdm: nhém 1 1a quan thé Ctt Mong,
nhom 2 13 quan thé Séng Lo, nhém 3 1a hai quan thé Xuan Ty va Hon Khoi,
con lai 1a nhém 4 bao gdm sau quan thé trong d6 c6 hai quan thé thudc khu vuc
Nam Trung B6 va cac quan thé ctia ving bién Ty Nam (Cam Ranh, Ninh Hai,
Phti Qudc, Kién Luwong, Hai Tac va Ba Lua) (Hinh 3.6 (du6i)). Gia tri Ak cao
nhat dugc ghi nhan 13 4. Sai khac 10n nhét ctia gia tri L(k) dugc tim thy tai k =
4 theo phuong phép cta Rosenberg va cs. (2001) [83] (trai) va gid tri cao nhat
Ak cling dugc ghi nhan tai £ = 4 theo phuong phap cua Evanno va cs (2005)
[84] (phai) (Hinh 3.5). Tuong ty nhu vdy, phan tich ciu trGc bang
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STRUCTURE ciing cho thdy 10 quan thé c6 xu hudng nhém thanh bén nhém
riéng 1¢ (Hinh 3.6 (trén))

A B

100 150

Mean L{K) = SD
-4000 -3750 -3500 -3250 -3000 -2750
AK
50
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Hinh 3.5. Két qua phan tich lya chon s6 nhém cé thé xay ra dua trén hé 56 Nk=4.
(Ghi chii: S6 liéu dwoc xit Iy bang céng cu truec tuyén Structure Harvester [85]
theo phwong phdp L(k) dwoc tim thdy tai k = 4 theo phwong phdp cia
Rosenberg va cs [83] (trdi) va gid tri cao nhdt Ak ciing dwoc ghi nhdn tai k =
4 theo phwong phap cua Evanno va cs [84] (phdai)).
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T ]

Hinh 3.6. Két qua phén tich nhém lodi c¢6 Enhalus acoroides.
(Ghi chii: Phdn tich bang phwong phdp UPGMA dwa trén khodng cdch Da ciia Nei
trong phan mém POPTREE?2 (duwéi) va phdn tich nhém véi burn-in periods =
100,000, d¢ Igp = 750,000 trong phan mém Structure 2.3.4 (trén). Biéu do thé hién
cu tric qucfn thé tai giatrik =2, 3va4 (chon). Mbéi cét doc trong biéu do dai dién
cho mot ca thé) - (CM: Cu Mong, XT: Xuan Tu, HK: Hon Khoi, SL: Song Lo, CR: Cam
Ranh, NH: Ninh Hai, PQ: Phii Quéc, HT: Hai Tdc, BL: Ba Lua, KL: Kién Lwong)
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Su sai khac vé gia tri Fsr va Slatkin linearized Fsr (F”st) gitta mudi quan
thé 1a c6 gia tri thong ké tai p < 0,01 (Bang 3.4). Dya trén két qua phan tich
nhom, két qua phan tich AMOVA cho thdy gia tri sai khac gitta bén nhom (Fer)
14 6,66% (p-value < 0,01), gia tri sai khac giita cac quan thé trong cting mot
nhom (Fsc) va gia tri sai khac giita tat ca quan thé (Fsr) 1a 15,97% va 77,37%,
theo tuan tu (Bang 3.4).

Bang 3.4. Két qua phan tich AMOVA (Analysis of MOlecular VAriation)
dwa trén chi thi SSRs d6i véi 4 nhom tai mudi quin thé dwoc khio sat.

Thanh  Phin
A phan  tram  Chi
Nguon df SS . P D
phwong sai so F
sai khac
Gitra cac nhom 3 102,13 0,21 6,66 0,06 <0,01

Gifra cac quan thé

. o, 6 11433 0,50 1597 0,17 <0,01
trong cung mt nhom

Trong ndi bd quan thé 144 524,00 1,20 7737 049 <0,01

Déi voi hai khu vuc tai Nam Trung Bo va Tay Nam, sy sai khac gitra hai
nhém 1a 3,79% (p-value < 0,05), gid tri sai Fscva Fsr lan luot 1a 19,03 % va
77,18 % (Bang 3.5).

Bing 3.5. Két qua phan tich AMOVA (Analysis of MOlecular VAriation)
dwa trén chi thi SSRs d6i v6i 2 khu vae Nam Trung B va Tay Nam.

Thanh  Phan
A phin  tram  Chi
Nguon df SS . P p
phuwong sai so F
sai khac
Gitra cdc nhom | 42,67 0,12 3,79 0,04 <0,05

Gifra cac quan thé

. a1 42,67 0,60 19,03 0,20 <0,01
trong cung mdt nhém

Trong ndi bd quan thé 144 524,01 1,20 77,18 049 <0,01
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Két qua phan tich twong quan giita khoang cach gen va khoang cach dia
Iy bang phép thir Mantel cho thiy hé sé tuong quan = 0,327 (p-value =0,0156)
tai o = 0,05 ching té co6 su tuong quan thuan gitra khoang cach gen va khoang
cach dia 1y, va méi twong quan nay c6 ¥ nghia thong ké (Hinh 3.7). Mic du hé
s6 R2 = 0,107 chua cao, nhung van c6 thé khang dinh ring khoang cach dia ly

cling d6ng gop vao sy hinh thanh ciu trac quan thé E. acoroides.

Isolation by Distance

R?=0.107 .
Mantel r = 0.327
2 . p=00156

Genetic distance (Slatkin)

T I I I
0 200 400 600 800

Geographic distance (km)

Hinh 3.7. Két quad phdn tich phép thir Mantel [100] vé tuwong quan giita
khoang cach gen Fsi/(1-Fsp) [101] va khoang cach dia li (km). r = 0,327, p -
value < 0,05, a = 0,05. 6 liéu dwoc xi Iy bang phan mém XLStat 2020.3.1.
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Qua s liéu va khoang cach dia 1y giita cac quan thé, c6 thé thdy yéu to
khong gian dong vai trd quan trong trong su khac biét vé kiéu gen cia co La
dira. B6n quan thé ¢ ving bién Tdy Nam nam trong Vinh Thai Lan, trong khi
cac quan thé Nam Trung B9 lai phan bd & Bién Pong, cach nhau téi khoang
1.200 km. Su cach biét nay tao thanh hai nhom quﬁn thé tuong ddi khac biét vé
mat di truyén. Trong noi bo ting khu vuc, cac quén thé phan bd gén nhau nhu
Xuan Ty - Hon Khoéi (30 km) hay Cam Ranh - Ninh Hai (80 km) c6 xu hudng
hinh thanh nhoém chung vo1 gia tri Fsr rat thép, theo thtr tu 1a 0,064 va 0,062,
phan anh su trao d6i gen thuén loi nhd khoang cach dia 1y ngan. Diéu nay tuong
déng voi nghién ctru ctia Yu va cdng su [89] chi ra ring cic quan thé E.
acoroides tai dao Hai Nam, Trung Qudc cang gan nhau vé khoang cach dia ly
thi c6 mirc d6 twong déng gen cao (hay khac biét kiéu gen thap). Noi cach khac
dong gen sé& suy giam theo khoang cach khong gian, khi cic quan thé & xa nhau
c¢6 xu hudng tich lity sai khac di truyén 16n hon. Pay 1a mot trong nhiing co ché
pho bién chi phéi ciu trac di truyén ciia cac loai phan bo rong, dic biét trong
moi truong bién ven bo noi su phat tan phu thudce vao cac yéu té vat Iy nhu
dong chay va dia hinh [102].

Tuy nhién, gia tri hé s6 xac dinh thap (R? = 0,107) cho thay khoang cach
dia 1y chi giai thich mot phan nho bién thién di truyén giita cac quan thé. Dicu
nay ham y rang cdu tric di truyén cua E. acoroides c6 thé chiu anh huong dong
thoi ctia nhidu yéu td khac. Trong méi trudng bién, dong chay ven bo, huéng
gi6 mua va ché do thuy triéu c6 thé dong vai tro quan trong trong viéc van
chuyén hat va than cé bién, tir 6 lam ting kha nang két ndi giita cac quan thé
& khoang cach xa [103]. B6i v6i hai quan thé Cam Ranh va Phti Qudc vén cach
xa nhau khoang 800 km va c6 gié tri Fsr thap v6i nhau 0,124, nhung lai thudc
cung mot nhom, goi ¥ rang hai quan thé nay cé cung mot ngudn gdc ban dau
nhung bi cach biét vé mat dia 1y qua nhiéu thé hé dan dén hién tuong troi dat
di truyén. Theo Wright, [104] trong cic quan thé bi c6 1ap, tri dat di truyén c6
thé 1am thay ddi tan s alen mot cach ngau nhién qua cac thé hé, dic biét khi
dong gen bi han ché. Viéc hai quan thé vin duoc xép vao cing mot nhom di
truyén ciing c6 thé phan anh dau vét cta su két ndi lich st, khi cac quan thé nay
ting co su trao d6i gen trong qua khir. Tuy nhién, theo thoi gian, sy suy giam
két ndi do thay d6i diéu kién moi truong hodc tac dong nhéan sinh da lam gia

taing mirc 46 phan hoa di truyén, din dén gia tri Fsr cao nhu hién nay. Hién
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tugng nay di dugc ghi nhan trong nhiéu nghién ciru vé ¢o bién, noi cau tric di
truyén hién tai khong chi phan anh diéu kién sinh thai hién tai ma con luu gitr
ddu 4n cla cac qua trinh lich str [105]. Chang han nghién ctru vé loai co bién
Posidonia oceanica tai ving bién khu vuc phia Dong Mediterranean vao nim
2024 d3 ghi nhan cac quan thé tai khu vuc phia Bic Aegean thé hién mirc da
dang di truyén thap nhat va mutc d6 sinh san vo tinh (clonality) cao nhat so véi
cac quan thé con lai. Su thiéu ving két ndi hai dwong hoc dang ké giira khu vuc
nhitg khu vuc duge khao sat da cing ¢b cho su phan héa di truyén quan sat
dugc. Bén canh do, cac su kién lich str cling c6 thé da gop phﬁn hinh thanh nén
cau trac di truyén hién nay [106]. Két hop vdi két qua phan tich Mantel cho
théy mo hinh cach ly theo khoang cach & muc do trung binh (r = 0,327), c6 thé
nhan dinh réng cau trac di truyén cua E. acoroides chiu anh huong déng thot
ctia ca yéu tb lich sir va hién tai. Trong d6, khoang cach dia 1y gop phan han
ché dong gen, trong khi cac qua trinh nhu troi dat di truyén va bién dong moi

truong dong vai tro khuéch dai su khac biét giita cac quan thé theo thoi gian.

3.4. UOC TINH DONG GEN CUA CAC QUAN THE CO LA DUA
Enhalus acoroides TAI VUNG VEN BIEN NAM TRUNG BQ VA TAY
NAM, VIET NAM

Két qua khao sat cho thiy dong gen ctia c6 L4 dira chu yéu dich chuyén
trong ndi bg tirng khu vuc, voi gia tri kha cao (0,680 - 0,917). Diéu nay phan
anh sy duy tri da dang di truyén manh mé trong pham vi quéan thé, dong thoi
cho thdy kha nang thich nghi tai chd cua loai. O Nam Trung B9, cac quan thé
Ninh Hai, Cam Ranh va Hon Khéi dong vai trd trung tim, cung cip ngudn gen
cho Cu Mdng va Xuan Tu. Pac bié¢t, Xuan Ty nhan dong gen manh tir Hon
Khéi (0,162), cho thay su két ndi chit ché trong khu vuc. Tuy nhién, quan thé
SL lai hoan toan biét 1ap, khéng co trao ddi gen véi cac quan thé khac. Sy co
1ap nay c6 thé dn dén nguy co suy giam da dang di truyén, khién quan thé d&

bi ton thuong trudc bién doi méi truong.

O Tay Nam B9, Pha Quéc ndi bat véi vai tro “cau ndi” khi vira cho vira
nhan nguén gen, dac bi¢t tr Hai Tac (0,099). Hai quﬁn thé Ba Lua va Kién
Luong ciing nhan ngudn gen tir Phit Qudc, cho thay su lan téa gen trong khu
vuc nay. Pang chu y, mdc du xu hudng chinh Ia trao ddi nodi bo, van ton tai su
dich chuyén tir Cam Ranh dén Pha Qudc (0,026) va tir Phit Quc dén Ninh Hai
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(0,029). Két qua nay ciing dugc phan anh phan ndao qua hé s6 Fsr giita Phu
Quéc vo1 hai quﬁn thé Cam Ranh va Ninh Hai, theo tun tu 1an luot 12 0,124 va
0,149. Su dich chuyén lién ving tuy nho nhung c6 y nghia 16n, ching minh kha
ning mé rong pham vi trao d6i gen, gop phan ting cudng tinh bén viing cua
loai (Hinh 3.8 va Bang 3.6).

Hinh 3.8. Biéu dé Circos vé xu hudng dong gen tir “quan thé cho” (source)

dén “quan thé nhdn” (sink)

(Ghi chii: Tinh todn théng qua phan mém BayesAss 3.0.3) dwoc thuwc hién trén
nén tang R phién ban 4.5.0. B day cia dwong cong tiwong quan thudn véi ty
1¢ dich chuyén dong gen) - (CM: Cit Mong, XT: Xudn T, HK: Hon Khéi, CR:
Cam Ranh, NH: Ninh Hai, SL: Song Lo, PQ: Phu Quffc, HT: Hai Tac, BL: Ba
Lua, KL: Kién Luong)
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Bang 3.6. Ma tran ty 1¢ dich chuyén dong gen giira mudi quén thé cé
Enhalus acoroides dwge tinh bang phan mém BayesAss 3.0.3 (Wilson va
Rannala, 2003). T 1¢ dich chuyén cao (16n hon 0,025) 1 6 sim mau.

CM XT | HK | CR | NH PQ HT BL KL SL

CM 0,872 | 0,019 | 0,013 | 0,044 | 0,048 | 0,018 | 0,016 | 0,009 | 0,012 | 0,013
XT 0,015 | 0,851 | 0,162 | 0,050 | 0,063 | 0,018 | 0,017 | 0,010 | 0,012 | 0,014
HK 0,014 | 0,015 | 0,680 | 0,015 | 0,014 | 0,016 | 0,016 | 0,009 | 0,012 | 0,013
CR 0,014 | 0,015 | 0,013 | 0,684 | 0,014 | 0,015 | 0,016 | 0,009 | 0,011 | 0,013
NH 0,014 | 0,015 | 0,054 | 0,115 | 0,783 | 0,029 | 0,022 | 0,009 | 0,018 | 0,013
PQ 0,014 | 0,017 | 0,014 | 0,026 | 0,017 | 0,808 | 0,099 | 0,009 | 0,013 | 0,015
HT 0,014 | 0,017 | 0,014 | 0,015 | 0,015 | 0,016 | 0,683 | 0,009 | 0,012 | 0,013
BL 0,014 | 0,015 | 0,015 | 0,015 | 0,015 | 0,027 | 0,096 | 0,917 | 0,012 | 0,014
KL 0,015 | 0,018 | 0,015 | 0,015 | 0,015 | 0,031 | 0,019 | 0,009 | 0,885 | 0,016
SL 0,015 | 0,023 | 0,021 | 0,022 | 0,015 | 0,023 | 0,017 | 0,010 | 0,014 | 0,876

(Ghi chu: CM: Cu Mong, XT: Xuan Tu, HK: Hon Khoi, CR: Cam Ranh, NH: Ninh
Hai, SL: Séng Lé, PQ: Phii Quéc, HT: Hai Tdc, BL: Ba Lua, KL: Kién Lwong).

Két qua nghién ctru cho thidy dong gen ciia c¢o La dura chil yéu dich
chuyén trong ndi bd timg khu vuc. Nghién ctru gan day trén loai Posidonia
oceanica ciing chi ra rang dong gen c6 thé cao trong ndi viing nhung bi han ché
giita cac ving bién 16n, gop phan phan hoa cdu trac di truyén cua loai [106].
Tai khu vuc Nam Trung B9, hai qu?m thé Cam Ranh va Hon Khoi dong vai tro
1a cac trung tAm cung cap ngudn gen cho cac quan thé dugc khao sat. Két qua
nay tuong dong véi nghién ciru ciia Nguyen va cong sy [69] vé quan thé co La
Dira, trong d6 ghi nhan mét sé quan thé c6 muc d6 da dang di truyén cao nhu
Tuan L& (TL) va Cam Phtic Nam (CPN). Pang chu ¥, phan 16n cac quan thé c6
da dang di truyén cao déu phan b tai tinh Khanh Hoa, diéu nay phu hop voi
cac nghién ctru trude day, cho thay Khanh Hoa 1a khu vuc c6 dién tich tham co
bién 16n nhat & Nam Trung Bo, wéc tinh khoang 2.116,7 ha [12]. Pdi vé6i khu
vuc Tay Nam, quan thé Phtt Quéc déng vai trd nhu mét “cau ndi” quan trong
trong mang ludi cdu trac di truyén, khi vira 13 ngudn cung cap vira 1a diém tiép
nhan dong gen gitta cac quan thé, gop phan duy tri su két ndi di truyén va giam
thiéu tac dong ctia phan manh méi truong séng. Khu vuc nay thudc Khu bao
ton bién Phu Québc, mot khu bao ton duoc phan hang II theo IUCN va dugc
thanh 13p tor nam 2007, v61 chire ndng bao v¢ cac hé sinh thai bién quan trong

nhu tham c6 bién va ran san ho [45]. Bén canh d6, quan thé Hai Tac cling noi
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bat véi vai tro 1a ngudn cung cip gen quan trong cho cac quan thé 1an can.
Nghién ctru cia Pd Anh Duy va cong su [13] da ghi nhan sy hién dién cua sau
loai co bién tai khu vue nay, bao gém Cymodocea rotundata, Oceana serrulata
(R.Brown) Byng & Christenhusz, Halodule uninervis, Enhalus acoroides,
Thalassia hemprichii va Halophila ovalis. Sy da dang loai trong d6i cao nay,
cung véi dién tich phan bd tham co bién ude tinh khoang 30 ha, cho thdy Hai

Téc c6 thé gop phan duy tri va lan truyén ngudn gen trong khu vue [13].

Dic diém sinh san cua E. acoroides ciing gop phan quan trong vao viéc
hinh thanh cu trac di truyén cta quan thé. Trong qua trinh thu phan, toan bd
hoa duyc tach roi khoi ciy va ndi 1én bé mit nude, noi hat phan dugc giai phong
va sau d6 lang xudng cac hoa cai. Cac hoa duc mang phan co thé phat tan trén
mit nude véi van tée trung binh khoang 13 km mdi ngdy, cho phép su lan
truyén phén trén khoang cach tuong ddi xa [107]. Tuy nhién, co ché phat tan
ndy van chiu 4nh hudng manh ctia dong hai luu. Trong nghién ciru & loai E.
acoroides & ving bién giita Philippines, Nhat Ban va Trung Qudc cho thay
dong chay manh Kuroshio di dong gop vai trd quan trong dé hinh thanh su
khac biét kiéu gen giita cic quan thé khu vuc Tay Thai Binh Duong bao gom
Philippines, dao Hai Nam (Trung Quéc) va Okinawa (Nhat Ban) [73]. Nghién
ctru cua Putra va cong su [93] ¢ loai ¢o bién E. acoroides khu vuc quan dao
Indo-Malay cho thay rang dong hai luu Nam Java va dong hai luu theo mua
dugc xem 1a nguyén nhan chinh yéu tao ra cdu trac quan thé tai khu vuc nay.
Nghién ciru vé cac dong hai luu ven bo Tay ciia Bién Pong cho thdy vao thang
10 - 12, dong tir hudng bic theo huéng nam doc theo dudng bd Viét Nam, thoat
ra Bién Java thong qua eo bién Karimata, con vao mua hé dong chay tir phia
Nam lén dén vi tuyén 11°N, duoc chia thanh ba huéng khac nhau. Huéng mot
di vé hudng Dong, hudng hai di vé phia Bac va huéng ba di vé phia Ty Nam.
Nghién ctru nay ciing cho thiy khong c6 dong tir Bién Dong vao Vinh Thai Lan
va nguoc lai [108]. Vi thé, cac quan thé E. acoroides tai ving bién Tay Nam

hau nhu c6 cau truc riéng biét véi cac quan thé & mién Trung Vit Nam.
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3.5.XAC PINH QUAN THE CO LA DUA Enhalus acoroides CAN PUQC
U'U TIEN BAO TON TAI VUNG VEN BIEN NAM TRUNG BQ VA TAY
NAM, VIET NAM

Két qua phan tich cho thdy mirc d6 vu tién bao ton giira cac quan thé co
L4 dira khong ddng déu, phan anh su khac biét trong dong gop di truyén cua
ting quan thé. Trong d6, Cam Ranh (Crr = 2,80) va Hon Khoi (Crr = 1,64) ¢
gia tri cao nhat, cho thdy vira co sy sai khac di truyén rd rét vira c6 dong gop
gen dac biét, vi vay can dugc xem 1a quﬁn thé trong diém trong chién luoc bao
ton. Phit Quoc (Crr = 0,24) va Ba Lua (Crr = - 0,01) ¢6 gia tri trung gian, tuy
khong qua khac biét nhung van dong vai tro duy tri su két ndi gen trong khu
vuc. Nguge lai, cac quﬁn thé nhu Song Lo (Crr = -4,33), Cu Mong (Crt = -
3,36), Hai Tac (Crr=-2,84), Xuan Ty (Crr = -2,30), Kién Luong (Crr =-1,74)
va Ninh Hai (Cgr = -1,19) déu c6 gia tri 4m, phan anh muc d6 uu tién bao ton
thﬁp hon. Pac biét, Song Lo 1a quﬁn thé biét 1ap, khong co6 trao doi gen vo1 cac
quan thé khac, nén du gia tri Crr 4m van can duoc quan tim dé tranh suy giam
da dang di truyén (Hinh 3.9 va Bang 3.7).
5 -
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Hinh 3.9. Khd nang déng gép gen ciia muoi quan thé c¢é Enhalus acoroides ving

bién Viét Nam. Crs va Crp thé hién sai khdc kiéu gen va déng gop ddc biét ciia gen.

(Ghi chu: CM: Cu Mong, XT: Xudn Ty, HK: Hon Khoi, CR: Cam Ranh, NH: Ninh
Hai, SL: Song Lo, PQ: Phu Quoc, HT: Hai Tac, BL: Ba Lua, KL: Kién Luong).
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Bang 3.7. Cac gia tri sai khac kiéu gen (Crs ), dong gop dic biét ciia gen
(Crp) va quan thé dwoc wu tién bio ton (Crr) ciia mudi quin thé cé

Enhalus acoroides tai ving bién Viét Nam.

CM XT HK SL CR NH PQ HT BL KL

Crs | -1,39 | -0,40 | 0,47 | -1,14 | 0,59 | -0,15 | -0,40 | -1,02 | -0,64 | -0,89

Crp | -198 | -1,90 | 1,17 | -3,19 | 2,21 | -1,04 | 0,63 | -1,83 | 0,63 | -0,85

Crr | -3,36 | -2,30 | 1,64 | 433 | 2,80 | -1,19 | 0,24 | -2,84 | -0,01 | -1,74

(Ghi chu: CM: Cu Mong, XT: Xuan Tu, HK: Hon Khoi, CR: Cam Ranh, NH: Ninh
Hai, SL: Song Lo, PQ: Phu Quéc, HT: Hai Tac, BL: Ba Lua, KL: Kién Luong).

Két qua phan tich chi sb wu tién bao ton (Crr) cho thiy su phan hoa 1d
rét vé vai tro di truyén giita cac quan thé Enhalus acoroides, phan anh cau tric
di truyén khong dong nhét trong toan b khu vyc nghién ctru. Sy xuét hién cua
cac quan thé co gia tri Crr cao nhu Cam Ranh va Hon Khoi 1 nhitng khu vuc
can duoc uu tién bao vé ngudn gen. Picu nay ciing thé hién qua do gidu co alen
va s0 luong alen dic thi cao hon cic quan thé con lai. Hai quan thé nay dong
vai tro 13 nhimg quan thé wu tién bao ton twong ty nhu nhitng quan thé di duoc
ghi nhén trong nhiéu nghién ctru trude. Pién hinh 13 tai Trung Qudc, ba trén
tam quén thé co E. acoroides tai dao Hai Nam duoc lya chon dua trén muc do
dong gop da dang gen cua ching [89]. Tuong tu, nghién ctru cua Nguyen va
cong su [71] ciing dé xuét ba trong s6 tdm tham c6 T. hemprichii & Viét Nam
can dugc uvu tién quan 1y va bao vé hang dau. Pang chi ¥, ca hai quan thé co
kich thudc 16n E. acoroides va T. hemprichii tai Cam Ranh déu nam trong danh
sach dé xuat uu tién bao vé do co chi sd dong gop kiéu gen cao. Mic du khu
vuc ndy nam trong ving nude thudc su quan 1y ciia quan doi nén it chiu tac
dong, nhung nhin chung, dién tich phan bd cua ching tinh cho toan vinh Cam
Ranh 13 dang trén da suy giam vé dién tich do cac hinh thic khai thac hai san mang
tinh huy di¢t [109].

D61 voi cac quan thé co gia tri Crr trung gian nhu Pha Qudc va Ba Lua,
vai tro cia chiing trong duy tri két ndi di truyén cling dugc ghi nhén trong nhiéu
nghién ctru trudce. Cu th€, cac nghién ctru vé cau trac khong gian cua E.

acoroides cho thay mac du ton tai phan hdéa manh, van c6 su két ndi tirng phan
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giita cdc quan thé thong qua phét tan hat va dong chay bién [94]. Tuy nhién,
kha nang phat tan nay bi gidi han, trong d6 cac quan thé trung gian déng vai tro
cau ndi giup duy tri dong gen & quy mé khu vuc. Két qua cua nghién ctiru nay
pht hop v6i co ché nay khi cac quan thé ¢6 Crr trung gian khong ndi bat vé da

dang nhung van c6 ¥ nghia di truyén quan trong.

Nguoc lai, phan 16n cac quan thé c6 Crr Am trong nghién ctru cho thay
murc dong gop thap vao da dang di truyén tong thé, diéu nay ciing da dugc ghi
nhan rdng rai trong cac hé sinh thai co bién. Theo Putra va cong su, [93] mac
du E. acoroides c6 mirc di hop tir cao, nhung dong gen giita cac quan thé bi
han ché manh, dan dén sy phan hoa rd rét ngay ca & khoang cach khong qua
16n. Nguyén nhan chu yéu 1a do dic diém sinh hoc cta loai c6 kha nang phat
tan phan gan va thoi gian noi ctia qua/hat ngan, han ché kha ning lan truyén xa.
Piéu nay 1y giai vi sao nhiéu quan thé trong nghién ciru ¢6 Crr 4m. Dic biét,
truong hop quan thé Song Lo 1a mot minh ching dién hinh cho hién tuong “co
lap di truyén”. Mic du co gia tri Crr, quan thé nay khong cé trao doi gen véi
cac quan thé khac, twong ty nhu cac quan thé biét 1ap da dugc ghi nhan trong
nhiéu nghién ctru khu vuc Indo - Pacific. Cac nghién ctru vé anh huong cia
dong hai luu (nhu dong Kuroshio) cho thy rang cac yéu t6 hai duwong hoc ¢o
thé vira thiic ddy vira can trd sy két ndi di truyén, tao ra cac ving “ngat quing”
trong phan b6 gen [73]. Do d6, su biét lap cua Song Lo co thé khong chi do
khoang cach dia Iy ma con do dic diém dong chay ven bo va cau tric dia hinh.
Trong truong hop ndy, du Crr 4m, quan thé van cé gia tri bao ton cao vi c6 thé
chtra cac alen thich nghi cuc bd. Ngoai ra, két qua cling phit hop véi cac nghién
ctru vé anh hudng ctia tac dong moi trudng dén cau tric di truyén. Nghién ctu
tai Trung Qudc cho thay su suy giam dién tich va phan méanh sinh canh do 6
nhiém va hoat dong ven bién lam giam két ndi di truyén va thay doi cau trac
quan thé E. acoroides. Piéu ndy goi ¥ rang cac quan thé c6 Crr thip trong
nghién ciru ndy c6 thé di chiu tac dong twong tu, dan dén giam dong gop di

truyén va ting muc do biét 1ap [94].

Su suy giam trén quy mo toan cau cua cac quan thé cd bién da thic day
nhirng 161 kéu goi mai vé bao ton, do vai trd quan trong cua chiing trong viéc
cung cap sinh canh sinh hoc va khu vyc ki€ém an, 6n dinh duong bo va luu trir

carbon. Tt cac két qua thu dugc, viéc xac dinh cac quan thé uu tién bao ton 1a
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can thiét nham duy tri da dang di truyén va kha ning thich nghi lau dai cta loai.
Piéu nay ciing dd dugc nhin manh trong nghién ctru trén Z. marina, khi cac tac
gia dé xuét bao ton cic quan thé dai dién cho tirng nhom di truyén nham duy tri
dong gen va bao vé ngudn bién di di truyén tiém an, dic biét trong bdi canh
bién d6i khi hau [99].
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KET LUAN VA KIEN NGHI
KET LUAN

Két qua nghién ctru trén 12 loci ctia mudi quén thé E. acoroides cho thiy
da dang gen & cac tham co6 bién ven bo Nam Trung Bo cao hon so vé6i cac tham
& bién Tay Nam. Trong d6, Hon Khoi va Phii Qudc dat ty 1& P cao nhit. Riéng
quﬁn thé Cam Ranh c6 céc chi s6 di truyén vuot troi voi muc di hop tir va do

giau alen cao nhat trong so cac khu vuc khao sat.

V& cdu trac quan thé, khoang cach di truyén giita 10 quin thé E.
acoroides dugc phan héa thanh 4 nhom. Két qua phan tich tuong quan giita
khoang cach gen va khoang cach dia Iy cho thay khoang cach dia 1y c6 tac dong
dén khoang cach di truyén. Dong gen chil yéu dich chuyén trong ndi bo ting
khu vuc. Trong khi cac quan thé nhu Cam Ranh, Ninh Hai va Phi Qudc dong

vai tro trung tdm két noi, thi quan thé Séng Lo lai biét 1ap hoan toan.

Hai quan thé Hon Khoi va Cam Ranh (Khanh Hoa) dugc dé xuat wu tién

bao vé dua trén kha niang dong gdp ngudn gen cao nht.
KIEN NGHI

Can tich hop yéu t6 da dang di truyén vao cac chuong trinh phuc hdi va bao
t6n tham c6 bién tai Viét Nam. Dic biét, Tap trung bao v¢ nghiém ngat hai quﬁn
thé c6 ngudn gen phong pht nhét 1a Hon Khoi va Cam Ranh (Khanh Hoa).

Thiét 13p cac chuong trinh giam sat dai han két hop ca chi thi sinh thai va
chi thi di truyén dé kip thoi phat hién, phuc hdi cac quan thé nguy cap.

Cubi cung, can thiic ddy cac nghién ctru vé dong gen hd tro va phuc hoi
thich img véi bién d6i khi hau, nham ting cuong tinh bén viing ciia cac tham co
bién trong bdi canh mdi truong ngay cang bién dong nhu xay dung bo chi thi gen
cho toan bd cac loai co bién ciia Viét Nam; nghién ctru da dang di truyén, dong
gen can mé rong quy mod qudc té két hop, bo sung ngudén mau vat tir cac nudc
quanh khu vuc Bién bong va cac nudc & khu vuce An Do duong.
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ABSTRACT

Seagrass beds play a crucial role in coastal zones, providing ecosystem services such as carbon storage, water purification, and
habitat for marine life. However, they have been declining because of multiple stressors. Restoration is a widely used strategy
to recover the seagrass beds. In recent years, genetic diversity and population structure of both donor and sink populations
have become essential for effective restoration and conservation purposes. This review links global knowledge on seagrass
degradation, restoration, and the role of genetic diversity to the context of Viet Nam, with the aim to provide valuable insights

for advancing seagrass restoration efforts in the country.

keywords: genetic, lessons, restoration, seagrass, Viet Nam

Introduction

Seagrasses are flowering marine plants that evolved from
terrestrial plants around 149 million years ago (Silva et al.
2021). Seagrasses harbor rich diversity, with 72 species reported
worldwide (Short et al. 2011). Unlike marine macroalgae,
seagrasses have true roots, stems, fruits and leaves. Their shoots
and rhizomes can form dense meadows in shallow coastal
waters, serving as an important ecosystem to maintain coastal
health by supporting food security, biodiversity, habitat and
nursery grounds for fish and invertebrates, carbon sequestration,
reducing coastal erosion, and improving water quality (do
Amaral Camara et al. 2023). Unfortunately, this fragile ecosystem
has been threatened globally. There has been an overall declining
trend across all seven bioregions amounting to about 5,602 km*
(19.1% of the surveyed meadow area) since 1880 (Dunic et al.
2021). In Southeast Asia, seagrass meadows was estimated at
3,670 km? (Sudo and Nakaoka 2020), forming the most diverse
and productive coastal ecosystems in the world. Nevertheless,

they have been extensively degraded due to pollution, coastal
development, eutrophication, and destructive fishing practices.
Urbanization and aquaculture activities have strongly contributed
to sedimentation and reduced water quality, thereby further
stressing the habitats. Seagrass restoration is one of the most
urgent strategies to prevent degradation, by transplanting shoots
from healthy meadows. In contrast, seed-based restoration can
promote genetic diversity, and hence is suitable for large-scale
restoration. Theoretically, populations with higher genetic
diversity are more resilient (Connolly et al. 2018), implying that
future restoration should include genetic diversity to evaluate
success under local environmental and climate changes (Pazzaglia
etal. 2021).

In Viet Nam, the updated seagrass distribution is estimated
at 15,634 ha (Nguyen-Nhat et al. 2024). Fifteen seagrass species
have been recorded, with three dominant species: Enhalus
acoroides (Linnaeus f.) Royle, Thalassia hemprichii (Ehrenberg)
Ascherson, and Halophila ovalis (R Brown) ].D.Hooker (Nguyen
etal. 2022). Similar to other countries worldwide, seagrass beds
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in Viet Nam are experiencing degradation. Major threats
include coastal development and habitat destruction, pollution
and eutrophication, sedimentation and turbidity, destructive
fishing behaviors, and climate change (Orth et al. 2006; Waycott
et al. 2009). Small scale restoration for H. ovalis, E. acoroides,
and Nanozostera japonica (Ascherson & Graebner) Tomlinson
& Posluszny (Fig. 1) have been conducted at Ha Long Bay, Thu
Bon estuary (Nguyen 2010), and Thuy Trieu lagoon (Pham
2008). However, genetic diversity of these three species was not
considered. In this review, we present the degradation and
restoration of seagrass in Viet Nam in comparison with global
trends, and highlight the role of genetic diversity in seagrass
restoration. In addition, lessons were mentioned from failures

and successes of seagrass restoration in the world.

Seagrass degradation and loss

Despite the ecologically important role, seagrasses are declining
globally. Both natural disturbances (e.g. storms, hurricanes, and
diseases) and human activities (e.g. dredging, pollution, coastal
development, boating, and fishing practices) are the main
causes (Strydom et al. 2023). Waycott et al. (2009) reported that
approximately 29% of the world’s seagrass beds have been lost
or degraded since 1879. Mwikamba et al. (2024) reported annual
seagrass loss rates of 0.29-1.59% in Kenya, 0.26-7.2% (1991~
2013) in Mozambique, 2% (1972-2010) in Tunisia, and 2.8-
38% (1960-2007) in South Africa. Therefore, Africa’s seagrass
cover in some areas is declining even faster than the global average
annual rate (7%). They also proposed that human-induced
factors were the most significant threats to African seagrasses,
with 74% of the identified drivers directly linked to human

activities. Based on seagrass species and percent cover from a
broad area of the Eastern Banks, Australia, Smart et al. (2025)
found a decline in seagrass meadows due to changing species
composition and reductions in spatial distribution. Another
species Posidonia oceanica (Linnaeus) Delile meadows at The
Ligurian Sea (northwestern Mediterranean) have lost nearly
half of their original beds since the mid-19" century due to
intensive coastal development (Montefalcone 2024). In Tampa
Bay, Florida, USA, seagrass coverage has declined by about
11,518 acres since 2016 (Beck et al. 2024), which ascribed to
alterations in physical water quality associated with climate
change. In Australia, seagrass decline is consistent with global
patterns, with at least 291,783 ha, equivalent to about 5.5% of
the estimated national seagrass coverage lost since the 1930s
(Statton et al. 2018).

The coastline of Viet Nam is divided into four regions:
northeast, north central, south central, and southern Viet Nam
(Fig. 2). Seagrasses occur widely along the coast and around
offshore islands, with the highest diversity found in the south
central and southern regions. However, over the past several
decades, the country has experienced a substantial decline in
both seagrass extent and health. Nguyen et al. (2004) initially
reported seagrass degradation in Khanh Hoa province. Subse-
quent detailed studies revealed spatial and temporal changes of
seagrasses in specific areas. For instance, Vo et al. (2020)
reported that 186.2 ha (equivalent to 35.8%) of the original
seagrass beds in Van Phong Bay were lost over the past three
decades due to various anthropogenic and natural factors.
Similarly, Chen et al. (2016) found that the total area of seagrass
beds in Cam Ranh Bay declined by approximately 25% (66 ha)

Fig. 1. Transplantation of Nanozostera japonica from a healthy meadow to
a disturbed site for restoration in Nui Thanh, Da Nang. Source: Nguyen (2010).
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Fig. 2. Enhalus acoroides beds in Hon Son Island, the West Sea of Viet Nam.
Photo by: Nhat-Thuy, 2024.
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Fig. 3. Map of Viet Nam showing seagrass distribution (round solid cycles).
Scale of each cycle is proportional to the size of seagrass beds (Modified
from Nguyen et al. 2022).

from 1996 to 2015, primarily as a result of coastal development
and infrastructure expansion. More recently, Nguyen et al.
(2021) estimated that the total coverage of seagrass beds in
Southern Viet Nam to be 10,832 ha, with an estimated loss of
2,562 ha (or 19.1%). At the national scale, Trinh and Takeuchi
(2019) estimated that seagrass coverage in Viet Nam has declined
by about 46.5% (or 13,549 ha) since 1990. Seagrass beds in the
West Sea of Viet Nam are undergoing degradation (Fig. 3). Key
threats include coastal infrastructure development such as
island ring roads and harbor construction as well as small-scale
aquaculture activities, particularly fish and Babylonia areolata
(sea snail) farming (Nguyen-Nhat et al. 2024).

Restoration of seagrass

Restoration has become an important strategy to reduce the
global decline of seagrass ecosystems. Several techniques have
been applied, including shoot transplantation and seed-based
propagation. Selection of each method strongly depends on site
characteristics, species and local environmental conditions
(Unsworth et al. 2025). Broadly, restoration methods involve
two categories: transplantation and seed-based approaches.
Transplantation relocates adult shoots, sods, or plugs from healthy
donor beds to degraded beds (Ferretto et al. 2021), whereas

Genetic diversity and its role in seagrass restoration: A review

seed-based restoration uses the seeds collected from natural
populations, which are either sown directly in the field or germi-
nated under controlled conditions (Unsworth et al., 2025).
However, survival rates vary widely across species and locations.
In Australia, for example, restoration incorporated a wide range
of methods such as the transplantation of sprigs, plugs, and
seed-based interventions.

These efforts have ranged from small pilot projects to large-
scale transplantation trials, incorporating both manual and
mechanical planting techniques and employing various anchoring
methods, including biodegradable pots, hooks, and pegs. Bastyan
and Cambridge (2008) reported that transplanted Amphibolis
antarctica (Labillardiére) Ascherson exhibited considerable
spatial and temporal variability in performance. Recruitment
was recorded on all planting bags, and long-term survival (up to
38 months) ranged from 0 to 72 individuals/m?®. Using seeds
sown into hessian, Tanner et al. (2014) demonstrated good
recruitment and survival, with older bags (62 months after
deployment) showing greater stem lengths than those observed
in natural meadows at Grange, Australia. In contrast, restora-
tion attempts involving H. ovalis and Zostera marina Linnaeus
showed no evidence of the benefit of transplanting, as survival
was virtually zero (Connolly et al. 2016).

For seed-based restoration, Buoy-Deployed Seeding (BDS)
and Dispenser Injection Seeding (DIS) models were applied in
Australia. The BDS technique involves collecting mature repro-
ductive shoots and placing them in mesh bags attached to
floating buoys, which are suspended above the target restoration
area (Pickerell et al. 2005). As the shoots release their negatively
buoyant seeds, the seeds naturally sink and settle across the
intended restoration plot. Although this approach can be applied
over relatively large spatial scales, its recruitment remains low,
with only 1-6.9% of deployed seeds (Marion and Orth, 2010).
DIS is one of the most recently developed techniques in seagrass
restoration (Govers et al. 2022). In this method, seagrass seeds
are combined with local sediment to form a sediment-seed
mixture, which is then injected into the substrate using modified
sealant guns. These iterative improvements resulted in an 83-fold
increase in field plant densities (from 0.012 to 1.00 plants m™)
and a slight reduction in seed loss between 2015 and 2017,
demonstrating the potential of DIS to enhance seagrass estab-
lishment in restoration sites. However, these developments

have not yet resulted in self-sustaining seagrass populations.

Genetic diversity and restoration
In recently years, understanding genetic diversity and popu-
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lation structure of donor and recipient populations has been
proved crucial to guide restoration and conservation strategies
(Mijangos et al. 2015). Byeon et al. (2025) indicated that genetic
diversity is key to maintaining ecological resilience, as it boosts
seagrass population density, supports richer associated faunal
communities, and enables quicker recovery after disturbances.
The importance of assessing genetic diversity for restoration
has been widely emphasized, particularly considering the need
to evaluate donor bed diversity before undertaking seagrass
transplantation. Recently, several studies stressed the urgent
need to understand the relationships among threats, conserva-
tion management, and changes in genetic diversity (Moore et al.
2025; Shaw et al. 2025)

In the Eastern Mediterranean Sea, a genetic study of Posidonia
oceanica provided valuable information for the restoration.
Analyses of twelve microsatellite markers showed that genetic
information can identify suitable donor meadows for trans-
plantation and conservation priorities (Litsi-Mizan et al. 2024).
Another study at two large-scale sites in Italy: Santa Marinella
(Central Tyrrhenian Sea) and Ischia Porto (Southern Tyrrhenian
Sea) indicated that shoot density after ten years in transplanted
areas reached levels comparable to natural meadows. However,
the phenological and lepidochronological traits were still
different (Litsi-Mizan et al. 2024). These findings also provide
valuable information for P. oceanica restoration. For other
species, such as Halophila stipulacea (Forsskal) Ascherson in
the Mediterranean, population genetic characteristic has been
demonstrated essential for assessing invasion risks and refining
conservation strategies for seagrass ecosystems (Garcia-Escudero
etal. 2023).

The role of genetic diversity in restoration of seagrass beds in
Viet Nam also received increasing attention. Based on ten
microsatellite loci, Nguyen et al. (2022) revealed two genetic
groups of T. hemprichii (hard bottom and soft bottom) (Fig. 4),
and found that western boundary currents drove gene flow in
southern Viet Nam. They also identified four populations with
high relative genetic contribution to design conservation priori-
ties. For other species E. acoroides, Nguyen and Papenbrock
(2019) found that its meadows along the Khanh Hoa Province
coastline exhibited reduced genetic diversity, as well as pro-
nounced genetic differentiation between lagoon sites and open-
sea sites. Eight E. acoroides populations along the South-Central
Coast of Viet Nam were characterized with clonal richness,
genetic diversity, and dispersal within and among populations
in four lagoons (Dierick et al. 2021). The strong genetic differ-
entiation among lagoons, suggests that these lagoon systems

4 Jeju Journal of Island Sciences

acted as barriers to gene flow, and large, persistent genets
enhanced the resilience of E. acoroides meadows under high
disturbance regimes. In addition, the Department of Marine
Botany, Institute of Oceanography revealed that three
populations of E. acoroides along Khanh Hoa coast may be used
as donor sites for transplanting (unpublished data). The gene
flows among E. acoroides populations in the Gulf of Thailand
and East Sea of Viet Nam were clarified (Fig. 5).

With the support from WWF, a seagrass restoration project
is currently being implemented at Cu Lao Cham MPA, Da
Nang. Cu Lao Cham is offshore islands, comprising a main
island (approximately 15 km?) and seven smaller islands. Small
scale seagrass beds occur surrounding these islands. Among the
five species found in this area, Halophila decipiens Ostenfeld
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Fig. 4. The clustering analysis of 8 Thalassia hemprichii populations in Viet
Nam. Hard bottom populations (1, 2 ,4, 6 and 7), and soft bottom populations
(3, 5 and 8). Source: Nguyen et al. (2021).

Fig. 5. Gene flows among 9 Enhalus acoroides populations in South Viet
Nam suggest two populations (C, D) acting as the donor (unpublished data).



(Fig. 6) and Halodule pinifolia (Miki) Hartog (Fig. 7) are the two
dominant. According to Tin et al. (2020), the coverage of
seagrass beds at Cu Lao Cham experienced significant changes
between 2003 and 2017. The bed lost 40.17 ha but gained 58.6
ha from 2003 to 2010. In contrast, from 2010 to 2017, seagrass
coverage exhibited a loss of 68.76 ha with only 7.27 ha of newly
formed beds. They also reported that Halophila ovalis and
Nanozostera japonica were the two of five species recorded in
this area. However, Cao et al. (2019) did not include Nanozostera
japonica and Oceana serrulata (R Brown) Byng & Christenhusz
(former name: Cymodocea serrulata) in the seagrass species list
of Cu Lao Cham. Several specimens of Halophila major (Zollinger)
Miquel were misidentified as Halophila ovalis due to the overlap

of morphological traits between each other. Recently, Nguyen

Fig. 6. Halophia decipiens at Cu Lao Cham MPA. Photo by Phuong Thao.

Fig. 7. Halodule pinifolia at Bai Bac, Cu Lao Cham MPA. Photo by Phuong
Thao.

Genetic diversity and its role in seagrass restoration: A review

et al. (2021) noted that H. major mainly occurs in the offshore
island, whereas H. ovalis is commonly found in inland lagoons.
In addition, the putative hybridization between H. ovalis and H.
major has been reported (Liu et al. 2020; Nguyen-Nhat et al.
2024). Therefore, the application of genetic markers is essential
for improving our understanding of species identities and
genetic diversity of seagrass in Cu Lao Cham MPA, an offshore
ecosystem.

For mangroves, recent studies have also emphasized that
maintaining genetic diversity is essential for successful restora-
tion because populations with higher genetic diversity exhibit
greater adaptive potential, resilience, and long-term ecosystem
stability (Wee et al. 2019). In Viet Nam, three decades after the
Viet Nam War ended, populations of Avicennia alba were still
increasing in the Mekong Delta (Arnaud-Haond et al. 2009).
For another species of mangroves, Sonneratia caseolaris, Le and
Le (2024) reported high levels of genetic variation both among
and within natural populations in Viet Nam, and the authors
suggested that conservation of genetic resources is urgently
needed for their future use in conservation and reforestation
programs. In the South Central Coast of Viet Nam, the genetic
diversity data of Rhizophora apiculata provided important
recommendations for mangrove breeding and restoration
programs (Hong Nguyen et al. 2025). In Brazil, using inter-
simple sequence repeat (ISSR) markers for two species including
Laguncularia racemosa and Avicennia schaueriana, Granado et
al. (2018) indicated that knowledge of genetic monitoring
associated with restoration activities can help avoid bottlenecks
and other pitfalls. Analyses of genetic diversity and mating
systems have been applied for conservation and restoration
strategies of Rhizophora apiculata and Avicennia marina in
Tielu Harbor Mangrove Nature Reserve, China (Lu et al. 2022).
For marine macroalgae, recent studies have highlighted that
preserving genetic diversity is critical for successful restoration
and long-term resilience (Coleman et al. 2020). Based on genetic
baseline data, three populations of the red alga Ahnfeltiopsis
pusilla located in the southernmost sites of the Northwest
Iberian Peninsula were identified as particularly valuable for
conservation because they contain most of the species’ genetic
heritage and provide useful insights for the conservation of
endangered seaweeds (Couceiro et al. 2011). Kelp forests have
experienced localized to regional declines due to multiple
stressors, including eutrophication, overgrazing, ocean warming,
and marine heatwaves (Carnell and Keough 2019). Understand-
ing genetic structure appears to be a key factor for successful
large-scale restoration (Coleman and Wernberg 2018; Wernberg
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etal. 2018). In support of restoration practices for coastal shrub
species (Westringia fruticosa and Acacia suaveolens), Rossetto
et al. (2019) suggested that genomic data are an important
component in decisions regarding the sourcing of restoration
materials to meet specific restoration objectives.

Based on these previous studies, the role of genetic diversity
in seagrass restoration can be listed as follows:

i) Seagrass populations with higher genetic diversity have
greater tolerance to environmental changes such as tem-
perature, salinity, turbidity, and nutrients (Hughes and
Stachowicz 2004);

ii) Using multiple genotypes in restoration can enhances
survival, density, and growth of seagrass. Therefore, it
maintains both success and stability of seagrass beds
(Pazzaglia et al. 2021);

iii) Due to resistant genotypes, genetic variation can support
populations against disease, and help conserve population
structure and ecological functions during outbreaks
(Ries et al. 2023);
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iv) Seagrass beds with high genetic diversity provide stronger
services such as carbon storage, sediment stabilization,
nutrient cycling, and functions of habitat (Bijak et al.
2023);

v) Genetic diversity enhances flowering rates, seed produc-
tion, the success of sexual recruitment, and long-term
survival (Alotaibi et al. 2019);

vi) Genetic diversity increases the capacity of populations to
adapt to environmental changes such as temperatures
and storm, thereby supporting long-term ecosystem
stability (Ehlers et al. 2008);

vii) Genetic data can be used to reveal suitable donor beds,
ensuring that genotypes are appropriate for sink meadows
(Mijangos et al. 2015); and

vii) Introducing genotypes with advantageous traits such as
heat or salinity tolerance, can improve restoration out-
comes and enhance the resilience of restored seagrass
meadows under climate change (Unsworth et al. 2025)

The following diagram illustrates how use genetic diversity

information can be used to guide seagrass bed restoration of
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seagrass beds, including the donor and recipient beds in nature
(Fig. 8). We propose six key steps for restoration success of
seagrass beds: 1. Define restoration, 2. Survey donor popula-
tions and assess genetic diversity, 3. Select donor populations, 4.
Design restoration, 5. Implement restoration, and 6. Monitoring,
evaluation and adaptive management. Finally, successful seagrass
restoration is expected to result in genetically diverse and
resilient populations, long-term persistence and ecosystem

function, and improved connectivity across the seascape.

Conclusion

This review highlights recent patterns of seagrass degradation,
summarizes key restoration techniques, and emphasizes the
importance of genetic diversity in supporting successful
restoration efforts of seagrass beds. The lessons learned from
past restoration initiatives can inform future projects in Viet
Nam, where seagrass meadows are increasingly the focus of

restoration and conservation activities.
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