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Tab.1 Sampling information of tilapia “Yuemin No.1”
and its breeding populations

55 55 e < B ]
wmph  ge TN 1ETHXR
Populations of tilapia Code Sample Relationship to
size tilapia “Yuemin
No.1”
< BRIy = ET)
H}fﬂlf@ 18- [ 1 = XY2 20
Tilapia “Yuemin No.1” -
Je B Bkt XX 2 XY2 B4 Female
Female O. niloticus parent @
i B P A
AL e B ) 1 vya 20  XY2 A Male
Supermale hybrid tilapia parent &
JEX B AF fu ik 11 v 20 YY1 24 Male
Male O. niloticus parent &
B2 A £ 0 £ wz 20 WYDHEK Female
Female O. aureus parent ¢
M e % Bk 2 YY2 &7 Male
Supermale O. niloticus parent &
Bl 'A YY2 F 1
ﬁ}EgﬂF@#ﬁQ . WYL 20 H: 7 Female
Female hybrid tilapia parent @
12 SRBWHE
121 FIEERFRHE K LUPHRANE R

ML . FFRERTEAE B T 0.8% A HER K, ¥k
W2k, BrEMIG, MU TS 2 RIFRENZ 0.25 ¢
ML, BT RHEELE. % 1: 6(FHE g/ ml)
B B A TR B 0.1% mol/L R £h 2% vh ik (pH=
7.0), KA KIS EAL, B TGRSOV,
4°CF 12000xg B.0» 20 min, Hrp, FFER B0 2 K.
W EVWEW, BREHMELE ST, aEEET
—80°C vk H R AE 5 H o

1.2.2 &5 8o SLER BL S8 b, vk % Bio-Rad
IASCRIT SR A s T P o e e L P, DK AR R A 7 LT, T Tl R
LR 10 S T R DK i FH A A A8 P 2R TR A T e 8 e 340 A
3.75% B4 SN 7.5% 9 3 B 8, PR FEL vk R A EBT

(pH=8.0)Hi Jk & R 25, FLIRIE & M L Uk R T TC
(pH=8.0)ZZ MM Z2 , SRV M IO e B J 4k % T Hha Uk 2 o
TR &R 2 B AE (1992) il 5% 71888 45 (2008) 1) J7 15 #42
fEo FEMTMA EREGE, AL 15 ul, JBfE
4°CF 100 V HlHL Tk 40 min, SRJ5H = RS 200 V,
HLUK 2~4 h,
123 R I#EEE . BEABES T HLIK SE e
5, BUREERE, MAZER, T 37CH 30 min,
LA TG T, TR € VR RN LR U e (A 2 R
R MEHEAE(2008) Y L Ll . s, FHZEM/KEEE
2 9, BT 7%MBSRRE T EE, G, AR
FFAXS B R R hIUE, IS A UL (1998) 107
V0 % WY HEAT i 48 RIS AL 27 00T
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P A B IIE Hoe=1/nX HE
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DA RN FENEL A=1/nE g
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Krp, KAZEMEAAE, n RIrAL S USEL,
Ha=8AL R 2 & WUINMEAZ AL MR S HL, Py
R LA EE R IR, a AR T SR
FSPSY
124 AW DNA #R  RAWHEKFL DNA
PEPGAF £ (Magen)$2 U JE fn R BB FL N 41 DNA, 4
TEL RS AR G U . R 1% BRI B I i Uk
o BT R HL DNA A58 860k, FHA% R 85 8 o (SRS T
B,
1.25 mtDNA D-loop R4 3¢ B 5 PRk
& DNA D-loop X4 $514)FNY" 1 F& A2 Mg i 55
(2014), PCR ¥4 1% kA IS, Hi T
JHA YA R\ 4T PCR 747 o
1.2.6 KBS K H] Contig-Express #XF: X fr i
AT HRHE, R Bioedit BA4XT PR 7 9 AT
1E, Blast 20 Mr & B, T4k ¥ 51 4 2 4E ft mtDNA D-loop
XHB R B, KA ClustalW {5 P57 2 H 1L
X}, K DnaSP 5.0 #F 1153 5% 8 Z2 K 4 (Haplotype
diversity, h), 11 Z 4 (Nucleotide diversity, Py).
-4 ¥ TR 22 5+ KX (Average number of nucleotide
differences, K) 1 #% 1 f8 2 & i & % (Numbers of
polymorphic sites, S), & Arlequin 3.5 #4158 1% 1%
A4k FE B (F-statistics, Fer) AR (Ny) o 2K MEGA
5.0 BEFAY Kimura 2-Parameter F2 5 31808 A [7] 15
fEHE RS, FHAR 4% (Neighbor-Joining, NI HEREIAR]
7T R G AR .
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Fig.2 Electrophoretogram and the model of EST in liver of tilapia “Yuemin No.1” and its breeding populations

X6 % AR A FEAA A LD RELIE R A % LR
Wi B (LDH) AT LUK AT . S5 WoR, 7 3 P4t
rh A RE A B Rl LR AR B 3 P
AN, ERTINE] S SEEHT, AR RS R AR 2 i 44
4 LDH-1~LDH-5. LDH A3k HA I i iy 20 4UFE 7
P, ZENLA RS 5 2% [P (LDH-1~LDH-5), TfifE
G AU R O R 4G 3] 3 25 WY (LDH-2. LDH-3 FlI
LDH-5); LDH-2 [y 76 B A7 AL 28U Bl (0 1 fe I
6 MHHE RN T ¥ &4 LDH-1 F1 LDH-2 7
WY1 Bk &4 LDH-3 My, XX BEAh &
LDH-3, LDH-4 1 LDH-5 fif§#7. XY2. YY2 fil WZ
FER I (%) LDH B % —3%, ¥ &4 LDH-2,LDH-3
F1 LDH-5 F§f7 , XX 1 YY1 BEAMENE b 9 LDH Jigii
—35, ¥1%4 LDH-2 f1 LDH-3 fiff, WY1 AR5
W A LDH-2 i . YY2 1 YY1 BEARMFE R B
LDH-2 fif§7, XY2 Fl WZ #EARRFEH 24 LDH-2

1 LDH-5 B , XX #4089 FFIE & LDH-2 fi1 LDH-3
gy, WY1 BEIRPAFIEH &4 LDH-2. LDH-3 #1
LDH-5 figny, HHAMEZERME,

22 FIIBBELEEESN

WG 6 A2 I i U 20 20 v s il A 3L e I
HLUK G, X AR (L S5 W S BT 00T o 4553
N, ANSTEEAR A I P S B 22 5 (6~9 1), XY2
M YY2 BRSPS B £ (9 )5 6 M HEfmRE
PRV EA REE A VB (AN 1.13~1.715 ZASTEL
JEHI(PY R 12.50%~71.43%; “FH A 2424 (H.)
90.0347~0.3221; P A A BE(H) R 0.0417~
0.6143; ik 4 MigtfL 2 S HONTE XX BEHA T B (5
K, & WZ BERT I ER/DN; 6 M AE@aBE AT, b
3 -3 A% S O 725 465 40(D) H-0.2347~0.9072, i,
WY1 BEAR I /IN=0.2347) , XX BEIA B K(0.9072)(3 2).
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Fig.3 Electrophoretogram and the model of LDH in different tissues of tilapia “Yuemin No.1” and its breeding populations
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Tab.2  Genetic structure analysis based on EST and LDH

‘ 5 TR ZEMELLL TEWHAAIE  PEMUARIE e
R o A HE R LA (%) Average expected  Average observed . .
. Locus . . 98 . Genetic deviation
Populations (N) Average effective Proportion of heterozygosities  heterozygosities index (D)
allele (A,) polymorphic loci (P) (Ho) (Ho)
XY2 9 1.22 22.22 0.0827 0.0978 0.1826
YY2 9 1.33 33.33 0.1299 0.1733 0.3341
XX 7 1.71 71.43 0.3221 0.6143 0.9072
WY1 8 1.38 37.50 0.1487 0.1138 -0.2347
YY1 6 1.33 33.33 0.1296 0.2217 0.7106
WZ 8 1.13 12.50 0.0347 0.0417 0.1998
H1{H Mean 7.83 1.35 35.05 0.1413 0.2104 0.3499

2.3 mtDNA D-loop X FF 5l ZE 70 A {E B 4 47

AT PCR Z“HRUa Iy . PR . HOXTRLN T
IE, RAGT At 1 5 R EF AL 7 A HEK
FILERIAR DNA #4] [X 751 880 bp., 7 % ik
mtDNA D-loop X (B IELA R Z AT 25, C. T,
A G &R 9N 22.28% . 31.86%. 31.54%
Ml 14.33%, A+T SH(63.39%)H BT G+C & &
(36.61%). TE 880 M mi h AL FELRSFALEL 737 4>, 1
IR, 16 A, AR AT 05 127 A3 AN Bpg IR AR 57
DL AT 124 ANRTZME B, ARSI S )
S ATE DL ILER 3,

16 7 AR AEMBEARLE 140 )85 rh At & B 20 Fh
SRR 3), HAEANFFAS MG LR 4,

20 Flr s U v IS BAAR AT 8 Bl (40%), 12 P RE(A
5 S BAAE R (60%) . Hap-2 Il Hap-19 B4l fh 452
Hihurm, N4 DTIEAB AT, YY1 BER R
1 P ARl AL A R S5 K S~6 . WYL,
XX. XY2. XY. YY1. WZ 1 YY2 BEA B4 S B
#1539 & Hap-2/Hap-19 . Hap-7. Hap-2. Hap2/Hap7 .
Hap5. Hap-10 il Hap-10,

24 BEELSHEEMBEES L

i DnaSP 5.0 #AExf 7 4B AR Bk A 1L £
FEVES B T S5 ER, WYL, XX, XY2 fl
XY 4 BRI RAT R ZHEPE(Hy) . 28 EASE(S) .
IR IR 25 S EU(K) . AT TR Z AR 5P #R A
BT YYD, YY2 Al WZ 3 DEHARSAHE, Hrh,
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Tab.4 The haplotypes and their distribution in the tilapia “Yuemin No.1” and its breeding populations

AR WYl XX XY2 XY YYI WZ YY2 et IR WYl XX XY2 XY YYI WZ YY2 B

Haplotype Total |Haplotype Total
Hap-1 1 1 Hap-11 1 1
Hap-2 7 7 10 5 29 Hap-12 3 3
Hap-3 1 2 3 Hap-13 1 1
Hap-4 1 4 5 Hap-14 1 1 2
Hap-5 20 20 Hap-15 1 1
Hap-6 3 Hap-16 1 1
Hap-7 10 15 Hap-17 1
Hap-8 1 1 Hap-18 3 8
Hap-9 1 1 Hap-19 7 1 2 2 12
Hap-10 1 14 16 31 Hap-20 1 1

YY1 #EARR 5% Z RV R AIR(ER 5). 3 MEGA 5.0
BAE A Y Kimura 2-Parameter 5 50 18 B AR P9 RN BE (4
B AEHA RS, 5N, WY1 BRI B3 AL 1R B I
K (0.0564), YY1 FEUAR N AL I B e /M0); WZ B
K5 YY2 AR 8] a8t 14 B B #2718 0.0008) , XX
K5 WZ., YY2 B[] 08 E I B 45K (0.1043),

XY2 FERLE AP HE AR (WZ) 22 [ )58t 4% 1
(0.0695) K T H 5 Je ¥ B HE M AR (XX . XY)Z [H] 1y ist
4 5(0.0639) (£ 6). it Arlequin 3.5 F{THH B
RIS AL AR R (Fsr) ML L (Ny) o S5 3 R, BR

T XY2 5 WYL ##HAZE, XX 5 XY #EEZ K&
WZ 5 YY2 B Z 8] 05 A% oAb AS 1 3 (Fs1<0.05,
P>0.05)=2 41, HAWBER 2 (B S 77 A0 . 2 044 4%
fb(Fsr>0.05, P<0.01); WY1 5 XY2 BHAZ[H] . XY2
5 XX BHAZE, XY 5 WY1 BHAZ . XY 5 XX
BHAZ A B XY 5 XY2 ZE R N> 1, 1
MR Z [ LR R No<] (3R 7)o

25 BEEHLXER
WRIEREAR Z 8] )L IE B, R MEGA 5.0 #44

*5 FHeBE 1S RHEEFRHENEEIHMESY

Tab.5 Genetic diversity paramaters of tilapia “Yuemin No.1” and its breeding populations

BEIA BEAR A BT REE Z AN R R 22 R Hﬁﬁ&%#ﬁ%ﬁ
Populations Sample Number of .Hapl.otype Numbpr Qf Average pumber of I.\Iucl(::otlde
size haplotypes (h)  diversity (Hy)  polymorphic sites (S) nucleotide differences (K) diversity (P))

WY1 20 6 0.7632 93 44.8737 0.0519

XX 20 5 0.6526 115 38.0105 0.0440

XY2 20 5 0.7000 89 44.2947 0.0513

XY 20 6 0.8421 114 40.2105 0.0465

YY1 20 1 0 0 0 0

wzZ 20 5 0.5053 6 0.7684 0.0009

YY2 20 5 0.3684 4 0.6579 0.0008

*6 FTIEETE 1S REEFRFE L NHMBERIZEEBRRIHAL)

Tab.6  Genetic distance among (left lower) and within (diagonal line) tilapia “Yuemin No.1” and its breeding populations

1K Populations WY1 XX XY2 XY YY1 wz YY2

WY1 0.0564

XX 0.0807 0.0471

XY2 0.0572 0.0677 0.0558

XY 0.0722 0.0458 0.0601 0.0499

YY1 0.0684 0.0433 0.0485 0.0379 0

\\V4 0.0518 0.1043 0.0695 0.0955 0.1042 0

YY2 0.0519 0.1043 0.0696 0.0955 0.1042 0.0008 0
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Tab.7 Gene flow(left lower) and genetic differentiation (upper right) of tilapia “Yuemin No.1” and its breeding populations

BEIR Populations WY1 XX XY2 XY YY1 WZ YY2
WY1 0.3476" 0.0239 0.2673"" 0.5898"" 0.4490™ 0.4512"
XX 0.9385 0.2426"" 0.0024 0.4978"" 0.7618"" 0.7623"
XY2 20.4556 1.5609 0.1255™ 0.4269" 0.5942" 0.5953"
XY 1.3706 205.2613 3.4857 0.3454™ 0.7356" 0.7363"
YY1 0.3478 0.5044 0.6711 0.9477 0.9957" 0.9963"
wZ 0.6136 0.1564 0.3414 0.1797 0.0021 -0.0115
YY2 0.6082 0.1559 0.3399 0.1791 0.0018 —43.9405

** RonEFWEE, P<0.01

** represented highly significant difference, P<0.01

H I AR 12 v R R AR 0] 19 2 7 R e i) . 45 2R

N, TABAEAFHATT LR AP RS, XX, XY, YY!
FXY2 BRI —%, WYL, WZ F1 YY2 BEARER K
T—3,XY2 BRSSP B R G R R L H S R
FIE 2 E 1) R 2 6 R AL (B 4)

XX
XY

YY1
XY2
WY1
Wz

Lyy2

0.01 0

1

0.(I)4 0.63 0.(I)2
K14 3T mtDNA D-loop X J7 5l #4 2 f1 & Hf: fo 8.
N B EFBRN NI RG R
Fig.4 Neighbor-joining phylogenetic tree of tilapia “Yuemin
No.1” and its breeding populations constructed based on the
sequences of mtDNA D-loop region
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Genetic Diversity and Genetic Relationship Analysis of Tilapia
“Yuemin No.1” and Its Breeding Populations

LIU Zhigang, LU Maixin”, CAO J ianmeng, GAO Fengying

(Pear| River Fisheries Research Institute, Chinese Academy of Fisheries Science, Key Laboratory of Tropical & Subtropical
Fishery Resource Application & Cultivation, Ministry of Agriculture and Rural Affairs, Guangzhou 510380)

Abstract “Yuemin No.1” is a novel holandric species of tilapia, which was bred with Oreochromis
niloticus and O. aureus. In order to reveal the genetic characteristics of tilapia “Yuemin No.1,” the genetic
diversity, genetic structure, and genetic relationships among groups of tilapia “Yuemin No.1” and its
breeding populations were studied by isozyme electrophoresis and sequence analysis of the D-loop region
of mtDNA. The results of isozyme electrophoresis showed that the zymogram of esterase (EST) and
lactate dehydrogenase (LDH) were population- and tissue-specific in tilapia. The expression level of EST
in the muscle and spleen was extremely low, whereas that in the liver was high. LDH was highly
expressed in all the tissues, as revealed by the different zymograms. Ten bands of EST and five of LDH
were detected in tilapia ““Yuemin No.1” and its breeding populations. The proportion of polymorphic loci
(P) ranged from 12.50% to 71.43%, the average observed heterozygosity (H,) ranged from 0.0417 to
0.6143, and the Hardy-Weinberg genetic deviation index (D) ranged from —0.2347 to 0.9072. The result of
sequence analysis of the D-loop region of mtDNA revealed that no significant difference occurred in base
composition, and that A+T content (63.39%) bias was widespread in all the populations. There were 20
haplotypes in tilapia “Yuemin No.1” and its breeding populations. The nucleotide diversity index (P;)
ranged from 0 to 0.0519. The P; value of WY1, XX, XY2, and XY populations (0.0440~0.0519) were
significantly higher than that of YY1, YY2, and WZ populations (0~0.0009). The genetic differentiation
index (Fst) among populations ranged from —0.0115 to 0.9963. There was no significant genetic
differentiation (Fg1<0.05, P>0.01) between the XY2 and WY1, XX and XY, and WZ and YY2
populations. The average genetic distance between XY2 population and O. niloticus (XX and XY
populations) was 0.0639, whereas that between the XY2 population and O. aureus (WZ population) was
0.0695. Cluster analysis revealed two clusters; one cluster included XY, XX, YY1, and XY2 populations,
and the other cluster included WY1, WZ, and YY2 populations. This study revealed the biochemical and
molecular genetic features of tilapia “Yuemin No.l,” and provide research data for germplasm
identification, establishment of breeding populations, and maintainence of stable inheritance of desirable
traits.

Key words Tilapia “Yuemin No.1”; Isozyme; Mitochondrial DNA control region; Genetic diversity;
Genetic relationship

@ Corresponding author: LU Maixin, E-mail: mx-lu@163.com



