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Str dung chi th1 microsatellite trong phan biét
ca tré lai (Clarias macrocephalus x C.larias
gariepinus) voéi hai loai bo me
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TOM TAT

Nghién ciru nay nham tim ra nhiing
microsatellite giup phdn biét ca tré lai (tré vang
Clarias macrocephalus x tré phi C. gariepinus)
Vv&i hai lodi b6 me. Cdc cap moi microsatellite
dwoe sang loc, chudn héa tir cac két qua nghién
cuu trueoe. Sau cap moi microsatellite dwoc chon
dé phan tich trén mau cd tré vang (n = 37), tré
phi (n = 29) va tré lai (n = 30). Két qud cho thdy
co 4 trong 6 locus duoc khuéch dai c6 sé lwong
alen va kich thudc alene khac nhau gitia hai loai

T khoa: lai khac loai, xac dinh con lai, Clarias,

MO DAU

Lai khac loai ¢ cac loai ca xay ra phé bién hon so
Véi cac loai dong vat khac, trong diéu kién ty nhién
hodc do con ngudi dé phuc vu cho myc dich nuéi
thity san [1]. Bén canh gia tri kinh té ma con lai mang
lai, chiing ciing gdy mdi nguy vé tac dong di truyén
1én loai bd, me ban dia khi con lai that thoat ra ngoai
tu nhién va lai nguoc lai véi loai bd hoac me, dan dén
hién twong xam nhap gene [2]. Dé nghién ciru van dé
nay, viéc quan trong va ciing 1a kho khan do 1a phan
biét chinh x4c con lai v&i hai loai b, me thuan [3].

Phuong phép truyén théng dé nhan biét con lai la
dua vao hinh thai [4]. Tuy nhién, phuong phap nay
gap nhiéu tré ngai do dic diém cua con lai thé hién
rat khac nhau giira cac tinh trang va tiy theo moi
truong [5]. Trong nhiéu truong hop, rat khé phan biét
con lai v&i hai loai bd me. Hién nay, chi thi sinh hoc
phan tir dugc xem 1a mot cong cu hiru hién dé giai
quyét kho khan trén. Mot s6 loai chi thi dung trong
xac dinh con lai dang duoc dung phd bién hién nay

cd tré vang va tré phi, 2 locus con lgi c6 1 mot
alene chung, tring ldp & phan dau cia khodng
dao déng kich thude alene va véi tan sé rat khdc
nhau. Cd tré lai mang kiéu gene trung gian giita
hai lodi bé me. Sw khdc biét di truyén gitka ca tré
vang va tré phi lom, thé hién qua hai théng sé
Fst = 059 va Rst = 0,95. Nhu vdy, 6
microsatellite nay da dwoc trng dung thanh cong
aé phdn biét ca tré lai voi hai loai bé me véi do
chinh xdc cao.

microsatellite

nhu PCR-RFLP (Polymerase Reaction Chain-
Restriction ~ Fragment Length ~ Polymorphism),
microsatellite,... Vi du, PCR-RFLP dugc st dung
trong nhan dién con lai gitra hai loai ca tré ¢ Brizil
Leporinus macrocephalus va Leporinus elongatus [6—
8]. Kho khan cua phuong phap nay la phai tim ra gen
can khuéch dai c6 su khac biét gitra hai loai bé me va
tir d6 tim enzyme cat gii han cho cac doan cit dic
trung riéng ciia hai loai. Tuy nhién, chua c6 nhiéu
gene trong nhan trén cac loai c4 duoc phat trién cac
mdi phd bién [9]. Do do6, sé lwong gen ding trong
mdi nghién ctru bi han ché, thuong tir mot dén hai
gene [6, 10]. Chi thi microsatellite c6 thé khic phuc
nhuoc diém nay. Ddi voi ca tré lai gitra hai loai ca tré
vang Clarias macrocephalus va tré phi Clarias
gariepinus, vé hinh thai chung c6 thé duoc nhan biét
dwa vao mau sic va hinh dang xwong chdm nhung
nhiing dic diém nay rat kho phan biét voi ca tré vang
khi ca ¢ giai doan nho hodc & con lai F2. Ung dung
chi thi phéan tir dé xac dinh con lai ca tré méi dugc
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thyuc hién bang phuong phap PCR-RFLP trén 2 gene:
gene cytochrome C oxidase subunit I (COI) DNA ti
thé (mtDNA) va gene rhodopsin trong nhan [11]. Két
qua PCR-RFLP cua gene COl mtDNA xac dinh dugc
huéng lai tao, ca tré lai hién dang nudi phd bién ¢
dong bang séng Ciru Long 13 con lai gitra ca céi tré
vang va duc tré phi. Két qua PCR-RFLP cua gen
rhodopsin phan biét dwoc con lai F1 véi hai loai bb
me. Trong trudng hop can xac dinh trén nhidu gen
hon, chi thi microsatellite 1a lya chon téi wu. Mot sb
nghién ctu truéc diy di phat trién doan moi
microsatellite cho mot s loai ca tré, giéng Clarias
nhu tré vang [12-14], tré phi [15], tré tring C.
batrachus [12, 16]. Nhirng microsatellite da dugc st
dung trong danh gia da dang di truyén, song chua c6
nghién ctru ndo dugc g dung dé xac dinh ca tré lai.
Nghién ra nhitng chi thi
microsatellite c6 kha nang ng dung trong phan biét

ciu nay tim

¢4 tré lai vi hai loai b me tré phi va tré vang. Tir o
gitip cho cac nghién ciu tiép theo dé danh gia van dé
lai tao va xam nhap gene cua ca tré phi vao ngudn
gene ban dia ca tré vang ¢ Viét Nam.
VAT LIEU VA PHUONG PHAP
Thu miu ca

Ca tré vang tu nhién & giai doan trudng thanh
(khéi Tugng tir 65-200 g) dugc thu tir cac khu bao ton
Lang Sen (Long An), U-Minh Thuong (Kién Giang)
va U-Minh Ha (Ca Mau) véi s6 lugng 37 ca thé. Ca
tré phi (N=29, khéi luvgng 502—1,680 g) va ca tré lai
(N=30, khéi lurong 168-340 g) dwoc thu tai mot trai
san xuat gidng ca tré lai & Chau Thanh A, Hau Giang.
Ca tré lai F1 dugc xac dinh tu thong tin cua nguoi san

XUt va timg c4 thé dugc nhan dang ban du dwa vao
dac diém hinh thai nhu mau sic va hinh dang xwong
chim. Sau d6, mau vi ca (khoang 1-2 cm?) dugc thu
va giir trong ethanol 95 % dén khi phén tich di truyén.
Ly trich DNA, chon lga chi thi va phan tich
microsatelllite

DNA tong s dugc ly trich bang bo kit ly trich
DNA tr mo dong vat QIAGEN (QIAGEN, Inc.).
Nong d6 DNA dugc xac dinh bang may do Nanodrop
2000 spectrophotometer (Thermo Fisher Scientific,
Inc.). Sau d6, DNA duoc pha lodng 20 ng/pL dé su
dung cho cac phan @ng khuéch dai (PCR).

Chon lya doan mdi microsatellite duoc thuc hién
dya vao cac nghién ciru trudce trén cac loai ca thudc
gidng Clarias [12, 15, 17]. Ban dau 10 cap mdi dung
dé khuéch dai theo diéu kién phan mg nhu trong tai
liu tham khao. Nhiing cap moi khong cho két qua
PCR hoac vach khong r6 rang (vét loang va nhoe)
duogc chuan hoa bang cach thay ddi nhiét do gan moi,
nong do MgCl, va sé chu ky PCR. Sau cip mdi cho
két qua PCR rd rang trén hai loai tré vang va tré phi
Vi kich thuac allele khac nhau dd dugc chon, trong
d6 sau khi chuan hoa 4/6 cap moi thay doi nhiét do
gan mdi so voi ban dau (Bang 1). Thanh phan cac
chat trong phan tmg 25 pL PCR gdm 1 X dung dich
dém, 1,5 mM MgCl,; 0,2 mM dNTPs; 0,5 uM cho
mdi mdi “xudi” (forward primer, di duoc danh diu
huynh quang HEX hoic FAM) va mdi “nguoc”
(reverse primer), 1,25 U Taqg (Tag DNA Polymerase,
Invitrogen™,  Life Technologies Inc.) va 100 ng
DNA khuén mau.

Bang 1. Trinh ty va nhiét do gan mdi cua 6 cap mdi microsatellite duwgc chon

Tén moi Trinh ty 5° — 3’ Ta*  Adj. Kich thuéc dy ~ Ngudn
Ta** kién (bp) tham khéao
Cga06 F CAGCTCGTGTTTAATTTGGC 60 55 134 - 182 [15]
R TTGTACGAGAACCGTGCCAGG
Cga09 F CGTCCACTTCCCCTAGAGCG 65 57 166 — 192 [15]
R CCAGCTGCATTACCATACATGG

Trang 38



TAP CHi PHAT TRIEN KH&CN, TAP 20, 80 13-2017

Chal9 F CAGGGCTAAATTACCCATAATCA
R GGCATGTGTTATAACATGTGAGG
Cma02 F GAGCAATCAGCAGTGGAG
R AGGCAACAGTGAAACAGC
Cma05 F GAGATGACGTGTGTAGCAC
R GACCTGACTTTCAGGAAGC
NCmD11 F ACCACTGGAGCACGCATATC

R GTTTCGAATTATAGGGCGGAGAG

55 59 222 - 290 [17]

58 59 240260 (Cm)  [12]
215 - 221 (Cg)

53 53 226240 (Cm)  [11]
211 (Cg)

50 50 240 - 264 (Cm)  [16]
220 (Cg)

(*)Ta = Nhiét d6 gdn mdi theo ngudn tham khao, (**) Adj. Ta = Nhiét d6 gan mdi sau khi dwoc chuan héa, Cm:

Ca tré vang, Cg: ca tré phi

Sau microsatellite dugc phan tich theo hai cach:
(i) bang may ABI PRISM® 3130 Genetic Analyzer —
do kich thude chinh xac cta cac alen va (ii) dién di
dung trén gel polyacrylamide 6 % va doc két qua
dién di qua may Hitachi FMBIOII scanner.
Phin tich so liéu microsatellite

S4 liéu microsatellite duoc Kiém tra “null” allele
(hién tugng dot bién & ving gan moi (flanking region
sequence) dan dén khong thu duoc san phim PCR)
bang phan mém microchecker va cho két qua khong
phat hién c¢6 trudng hop nay. Tan s allele dugc wéc
lwong biang chuong trinh GenAIEX 6.5 [18]. Su khac
biét vé tan s allele va tin sb kiéu gene cua 3 nhom
cé (ca tré vang, tré phi va tré lai) duoc kiém dinh
bang phwong phap Fisher’s va dwoc thuc hién bang
chuong trinh GENEPOP 4.0 [19, 20]. Chuong trinh
GENPOP ciing duoc ding dé udc tinh cac thong sb
khac biét di truyén Fst [21] va Rst [22, 23] giita hai
loai ca tré vang va tré phi. Phuong phap phén tich
nhom (Principal Coordinates Analysis, PCoA) dya
trén su khac biét di truyén cua ting cip ca thé duoc
thuc hién bing phin mém GenAlex 6.5. Ngoai ra,
chuong trinh STRUCTURE [24] duoc si dung dé
wde tinh xac suat hau nghiém (posterior probability)
xép timg c4 thé vao nhom ban dau (k= 2, gdm nhom
ca tré vang va tré€ phi).

KET QUA VA THAO LUAN
Kich thudc va tin sb allele

Trong 6 locus) microsatellite, 4 locus gdm Cm02,
Cm05, Ch19 va NCmD11 thé hién su khac nhau vé sb
luong allele va kich thuéc allele gitra hai loai ca tré
vang va tré phi (Bang 2). Trong d6, cac ca thé ca tré
phi déu don hinh & 4 locut nay, trong khi dé, ca tré
vang thé hién tinh da hinh cao, véi s6 luong allele tir
9-21 trén mdi locut. Hai locut con lai Cg6 va Cg9 co
su trung 14p vé kich thudc allele nhung véi tan sb rat
khac nhau (Phy lyc). Cu thé, & locut Cg6, ca tré phi
¢6 2 allele 128 va 132 bp vai tan s6 1a 0,155 va 0,845;
trong khi ca tré vang c6 17 allele dao dong khoang
132-168 bp, trong do, allele 132 bp, gibng véi ca tré
phi, co tan sé 0,027. O locut Cg9, ca tré phi co 2
allele (182 va 190 bp) va tré vang c6 9 alen (tir 164—
182 bp), chiing déu co allele 182 bp véi tan sé twong
mg 12 0,534 va 0,014. Céc locut & ca tré lai thé hién
tinh trung gian cua hai loai bd me, chiing mang cac
allele cua ca hai loai tré vang va tré phi. Vi du, kiéu
gene cua ba nhém ca & locut Cm05 duogc thé hién &
Hinh 1. Trong do, ca tré vang c6 cac vach (allele)
trong khoang 224-244 bp, cé tré phi c6 1 vach 211
bp, cé tré lai c6 vach 211 bp cua ca tré phi va cac
vach khac trong khoang dao dong kich thudc allele
Cua cé tré vang.
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Bing 2. Kich thude (bp), sb allele (#) va cac thong s6 da dang di truyén cta ca tré vang (Cm), tré phi (Cg), va tré lai dya trén
6 chi thi microsatellite

Cm Cg Tré lai
Locut (n=137) (n=29) (n=30)
Cm02 Kich thuéc 238-264 209 209-264
# allele 14 1 11
Cmo05 Kich thudc 224 — 244 211 211 - 236
# allele 9 1 6
D11 Kich thudc 244 — 264 222 220 - 262
# allele 13 1 12
Cb19 Kich thuéc 254 — 300 225 223 - 300
# allele 21 1 18
Cg6 Kich thuédc 132 - 168 128-132 128 -168
# allele 17 2 16
Cg9 Kich thuéc 164-182 182-190 172-190
# allele 7 2 7

Céc thong s6 vé da dang di truyén
Na 12,67 (2,14) 1,33 (0,21) 11,67 (1,94)
Ne 8,89 (2,06) 1,22 (0,16) 5,36 (0,79)
Ho 0,766 (0,061) 0,126 (0,082) 0,956 (0,029)
uHe 0,847 (0,054) 0,129 (0,087) 0,795 (0,026)
Fis 0,083 (0,043) - 0,042 (0,082) - 0,205 (0,044)

Na: S6 Iugng allele; Ne: S6 allele hiéu qua; Ho: Ti 1& di hop quan sat; uHe: Ti 1é di hop mong doi va Fis: Hé s6

F, Fis = (He-Ho)/He
Tré vang

Locut CmO05, L: Ladder

—200

Tré lai
s 12£D1 12
240 - - - -
—— —
~ 220 »

Hinh 1. Kiéu gene cua ca tré vang (A1-A12), tré phi (B1-B12) va tré lai (C1-D12) & locut Cm05
(Ghi chu: L - Thang DNA chuén 25 bp)

Pa dang di truyén va sw khac biét di truyén giira
ca tré vang, tré phi va tré lai

Théng sé V& da dang di truyén gdm s allele va ti
1€ di hop dua trén 6 chi thi microsatellite trong nghién

ctru cho thay ca tré vang va tré lai c6 mirc d¢ da dang
di truyén cao hon ca tré phi (Bang 2). Khac biét di
truyén gitra c4 tré vang va tré phi 14 rat c6 y nghia véi
Fg = 0,525 va Ry = 0,95 (P<0,01). Khi phan tich cac
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ngudn bién di di truyén cho thay, su khéc biét giita ba
nhém cé chiém 46,6 %. Su khac biét nay duoc thé
hién qua phén tich toa 46 PCA (Principal coordinate
analysis), 3 nhom ca khac nhau cha yéu theo toa do 1
(PC 1) va toa d6 nay giai thich 37,8 % khac biét di

truyén, toa do 2 (PC 2) giai thich 4,6 % khac biét di
truyén (Hinh 2), PC 3 (khong thé hién qua Hinh 2)
giai thich 4,2 %. Khac biét di truyén gitra ca tré lai so
Vi tré vang (F¢ = 0,094) nho hon so véi ca tré phi
(F¢=0,337).
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PC 1 (giai thich 37.8% phwong sai)

Hinh 2. Phén tich toa do dua trén 6 microsatellite cia ba nhdm ca tré

V6i sy khac biét vé kiéu gene dua trén 6 chi thi
microsatellite, bang wng dung chwong trinh
STRUCTURE, c6 thé xép timg cé thé tré vang va tré
phi vao nhom (loai) ban dau véi xac suat hau nghiém
tuong Ung 1a 98,9 % va 99,0 %. Trong khi ca tré lai
dugc xép vao 2 nhom véi xac suét lan lugt 1a 72,4 va
27,6 %. Do d6, do chinh xac trong phan biét gitra 3
nhom ca 1a 99 %.

Thao luin

Nghién ctru nay da thanh cong trong viéc sang
loc tim ra sau locut microsatellite cho phép phéan biét
chinh xac ca tré lai, tré vang va tré phi. Cac mau ca
tré lai (N=30) trong nghién ctru dugc xac dinh 1a con
lai F1, thé hién qua kiéu gene mang nhiing allele cua
ca hai loai bd me boi chi thi microsatellite 1a chi thi
ddng troi [25, 26]. Mbi locut déu xac dinh dwoc con
lai. Két qua théng ké phan tich cdu trac dan dya trén
cang cao [24, 27]. Bing phan tich mé phong, Vihi
and Primmer [27] cho biét v6i 6 microsatellite va khi
Fst= 0,21, d6 chinh x4c trong phén biét con lai so véi
loai bd me thuan 1a 90 %. Trong nghién ctru hién tai,

tan s6 allele thyc hién biang chuong trinh
STRUCTURE cho két qua twong tu, con lai co xac
Suét Xép vao mot trong hai loai bdmela 27,6 va 72,4
% va & trong khoang gia tri tir 23-78 % cua con lai
F1 [3], trong khi d6, mdi loai bd, me c6 xac suat xép
ding nhom 1a 99 %.

Trong 6 microsatellite, 4 loai c6 sé luong allele
va kich thuéc allele khac nhau gitta hai loai cé tré
vang va tré€ phi, 2 loai microsatellite con lai c6 1 mét
alen chung cua hai loai nhung véi tan sé rat khac
nhau. Chi riéng sy khac nhau vé tin s allele da dan
dén sy khac biét di truyén gitra hai loai c4 tré phi va
tré vang (Fst = 0,59) va khi co két hop vai sy khac
biét vé kich c& allele, sy khac biét giita hai loai bé me
cang 1on (Rst =0,95). Gia tri Fst va Rst c6 anh huong
quan trong dén két qua xac dinh con lai voi qui luat
chung gid tri ndy cang 16n, d§ chinh xéc
Fst gitta hai loai ca tré dat cao (0,59) nén d¢ chinh
xac trong xac dinh con lai s& cao hon. Theo 1y thuyét
tinh todn boi Epifanio and Philipp (1997)[28], vé6i 6
microsatellite, c6 thé phan biét con lai ngugc (con cua
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F1 véi c4 tré vang thuan) voi ca tré vang véi xac suét
sai s6 1a 1,5 % (hay 0,5" véi L 1a sé locut st dung,
cong thic 2), hoic gitra F2 voi ca tré vang thuan vai
xac suét sai 56 2,4 x 10 (or 0,5%, cong thuc 1).
Trude day chua c6 nghién ciru nao trén thé gidi
vé phan biét c4 tré lai v6i hai loai b (tré phi), me (tré
vang) bang chi thi sinh hoc phan tir. O Thai Lan,
nghién ctu chi dung lai ¢ viéc so sanh sy khac biét
gitta 4 loai c4 tré thugc gidng Clarias, trong d6 c¢6 ca
tré vang va tré phi, dua trén chi thi isozyme [29]. Két
qué cta nghién ciru cho thay c6 su khac biét vé tan sb
allele gitra hai loai trén vang va tré phi ¢ 7 trong 12
locut. Mic du két qua nay cé thé ung dung trong phan
biét ca tré lai nhung chua c6 nghién ctru nao thuc
hién. Hon nita, chi thi isozyme c6 mot s6 diém bét lgi
hon so vé6i chi thi DNA nhu can lwong mau tuoi
nhiéu va c6 chat lugng tét, s lwong allele trén mdi
locut thap, thuong xay ra hién tuong “null allele” (do
enzyme khong hoat dong), kho phat hién da hinh khi
mot s6 thay d6i nho & mic 46 DNA khong 1am thay
dbi trinh ty polypeptide...[26]. Gan day, phuong
phap PCR-RFLP di duoc ung dung & Viét Nam dé
phan biét ca tré lai v6i hai loai bé me [11], tuy nhién
s6 lwong gen trong nghién ciru con it (2 gen). Vi vay,
két qua cua nghién ctru gdp phan ting sb luong chi
thi DNA cho nhirng nghién ctu tiép theo vé danh gia
su xam nhap gen cua ca tré phi ddi véi ca tré vang.
Tir két qua nghién ciru ndy, mot cau hoi khac dat
ra la tai sao gitra 2 loai ca tré lai c6 mang allele chung
& 2 locut (Cg6 va Cg9). C6 ba gia thiét giai thich hién
tuong nay [30]. Thir nhat, d6 1a két qua cia sy xdm
nhap gen-mot loai mang gen cia loai khac do két qua
lai nguoc cua con lai véi mot trong hai loai bd me [2].
Theo hudng nay, mot sé nghién ciru ¢ Thai Lan dya
trén chi thi allozyme cho thiy ca tré vang ban dia &
Thai Lan c6 mang allele pho bién caa ca tré phi [31,
32]. Tuy nhién, gia thiét nay chi dugc cang cb khi hai
gia thiét tiép theo bj loai trir [30]. Thir hai, hién twong

“homoplasy” hay su dot bién kich thuéc allele da
xay ra & mot hoac hai loai [30]. Allele ¢ locut Cg6 va
Cg9 cua cé tré vang trang 1ap Vai ca tré phi & doan
dau cua khoang bién dong kich thuéc alen cua cé tré
vang (thi du, & locut Cg6, allele trung 1a 132 bp, nim
& doan dau cua khoang dao dong 128-134 bp). Allele
tring nay co tan s6 thap & ca tré vang nhung cao & ca
tré phi nén co6 thé dot bién xay ra ¢ ca tré vang. Hién
tuong dot bién nay xay ra phd bién ¢ cic doan
microsatellite trong co thé nhiéu loai sinh vat [33,
34]. Thr ba, hai loai mang cung alen do c6 cung
nguon gbc to tién. Gia thiét nay co thé loai trir vi bang
ching thé hién qua trinh ty gene ma vach COI va
gene rhodopsin cho thiy ching rat khac nhau [11].
Viy, nghién cau tiép theo co thé két hop chi thi
microsatellite véi chi thi khac nhuw PCR-RFLP [11] va
phan tich trén nhidu mau ca tré vang dé c6 kha ning
kiém chting gia thiét xam nhap gen hay hién tuong
dot bién allele xay ra o ca tré vang.

KET LUAN

Séu locut microsatellite duge tim ra cho két qua
kiéu gene khéac biét giita ca tré vang, tré phi va con
lai. Chiing c6 kha ning &ng dung dé xac dinh con lai
F1 trén mot mau ca nghi van bat ky.

Céc nghién cuu tiép theo c6 thé tng dung céc chi

thi nay dé danh gia hién tuong xam nhap gene cua céa
tré phi ddi véi ca tré vang & Viét Nam.
Loi cam on: Nghién cuu nay dwoc tai tro boi Quy
Phat trién khoa hoc va céng nghé Quoc gia
(NAFOSTED) trong dé tai ma s6: 106-NN.05-
2014.86. Tac gia xin chan thanh cam on GS. TS. Kim
Scribner va Bo mon Thuy san va Pong vat Hoang da,
trwong Pai hoc Bang Michigan (Hoa Ky) dd hé tro
phirong tién phdn tich mau. Xin cam on Quy Gido
duc Viét Nam (Vietnam Education Foundation —VEF)
da tai tro kinh phi dé tac gia dwoc di thuc tdp tai Hoa
Ky trong Chuong trinh Hoc gia 2014.
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Use of microsatellite markers in differentiating
catfish hybrids (Clarias macrocephalus x C.
larias gariepinus) from their parental species

e Duong Thuy Yen

College of Aquaculture and Fisheries, Can Tho University

ABSTRACT

This study aimed to develop microsatellite
markers that can be used to differentiate catfish
hybrids (bighead catfish Clarias macrocephalus
X African catfish C. larias gariepinus) from their
parental  species.  Microsatellite  primers
developed from previous studies were screened
and optimized. Six microsatellite markers were
selected to amplify samples of bighead catfish (n
= 37), African catfish (n = 29), and the hybrids
(n = 30). Results show that 4 of 6 loci differ in
allele numbers and sizes between the bighead

and African catfish. In the other two loci, these
two species share one allele that overlaps at a
portion of the size range with different allele
frequencies. Hybrids’ genotypes are
intermediate between those of the parental
species. The genetic divergence between bighead
and African catfish is high with Fst = 0.59 and
Rst = 0.95. Therefore, these 6 microsatellites
were applied to successfully distinguish hybrids
from their parental species with high accuracy.
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