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Table 1 Characteristics of the six microsatellite DNA loci
. ) o o Fluorescent dyes labeling  Linkage
Locus Primer sequence(5'-3') Anneal(C) on the forward primer group

F: CCAGCCCTCTGCATAAAGAC

UNH995 55 FAM 1
R: GCAGCACAACCACAGTGCTA
F: CCTTCACCTCCACCACTTTCT

GM258 54 HEX 1
R: AGATCGAACGTCGTCCTCTG
F: TAAGAAGGTTAGAAAGAAAGTG

UNH168 47 FAM 3
R: TATATAATAATTTCCTAAACGGC
F: CGGGAGAGCAGGTCAG

GM354 52 HEX 3
R: CACGTTCAGGGTTACTGTGTT
F: GGGAAACTAAAGCTGAAATA

UNH216 44 FAM 23
R: TGCAAGGAATATCAGCA
F: GATGTCCCCACAAGGTATGAA

UNH898 52 FAM 23

R: TAATCCACTCACCCCGTTTC

Table 2 Reproduction results of the N;-1 family. Four loci were selected to analyze genotyping and its relationship

with the sex of the offspring

Maternal Paternal Haplotypes in Number of ~ Number of male Chi square
Locus LG - . .
haplotype haplotype offspring female offspring offspring test
c/C 5 7
GM354 3 Cc/D C/D C/D 7 15 p>0.05
D/D 6 7
D/D 5 7
UNH168 3 D/E D/E D/E 8 15 p>0.05
E/E 5 7
A/A 18 9
UNH216 23 AlA A/D p < 0.001
A/D 0 20
E/G 0 20
UNH898 23 G/G E/G p < 0.001
G/G 18 9

MR FHBRATERETT R J5204T (Pearson Chi square
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CLCNS S5 ELKFEAREE - S99 LG23
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Table 3 Reproduction results of the N;-2 family. Five loci were selected to analyze genotyping and its relationship
with the sex of the offspring

Maternal Paternal Haplotypes in Number of ~ Number of male Chi square
Locus LG . . .
haplotype haplotype offspring female offspring offspring test
A/E 20 16
GM258 1 E/E A/E p>0.05
E/E 22 27
Cc/C 21 14
GM354 3 C/D C/D C/D 15 22 p>0.05
D/D 7 6
B/B 7 6
UNH168 3 B/E B/E B/E 15 23 p>0.05
E/E 20 14
A/A 35 3
UNH216 23 A/A A/D p < 0.001
A/D 40
E/G 5 41
UNH898 23 G/G E/G p < 0.001
G/G 37 2

Table 4 Reproduction results of the N»-1 family. Six loci were selected to analyze genotyping and its relationship
with the sex of the offspring

Maternal Paternal Haplotypes in Number of Number of  Chi square
Locus LG . . .
haplotype haplotype offspring female offspring male offspring test

B/C 17 2

UNH995 1 B/C C/E B/E 16 4 > 0.05
c/C 21 4 p=5
C/E 23 1
c/cC 18 3
C/D 19 2

GM258 1 C/D C/F p>0.05
C/F 22 2
D/F 18 4
A/B 27 2

GM354 3 A/E B/E ATE 10 2 > 0.05
B/E 19 3 p=5
E/E 21 4
c/C 25 2

UNH168 3 C/G C/G C/G 30 4 p>0.05
G/G 22 5
B/C 41 6

UNH216 23 c/cC B/E / p>0.05
C/E 36 5
A/B 17 6
A/C 24 5

UNH898 23 A/B B/C p <0.05
B/B 19 0
B/C 17 0

-0 BRERAIMRSMNELZ AL T BT R J5 R - 2%
RHEEHEERIN 47 - 95 fEARA - BV =R BT
ALy 15 AHAE RS [ EITREARIE ot - L1k
B R 6 RUPAfRT S [T T TR
AT > LR T 04T 1 7 25 5 IR e B it o A B 1A

(Table 2 - 6) » FERMR=AHRAR (Ni-1 ~ N;-2 B
No-2) Z PRI E Bl LG23 A R R A 3 A B
FERATE (p < 0.05) » Hirf Ni-1 I Ni-2 ZER 2 f5 58
FEMEL > #E UNH216 Fi1 UNH898 Hyffa HE B Er Ik
B2 (p < 0.001) (Table 2, 3) » N»-2 7€ UNH216 1
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Table 5 Reproduction results of the N,-2 family. Six loci were selected to analyze genotyping and its relationship

with the sex of the offspring

Maternal Paternal Haplotypes in Number of Number of  Chi square
Locus LG ' . .
haplotype haplotype offspring female offspring male offspring test

A/B 25 20

UNH995 1 B/B A/C p>0.05
B/C 24 26
B/C 28 19

GM258 1 c/C B/G p>0.05
C/G 21 27
A/C 9 9
A/F 17 13

UNH168 3 C/F A/C p>0.05
c/C 10 14
C/F 13 10
A/B 10 15
A/C 13 9

GM354 3 B/C A/B p>0.05
B/B 8 9
B/C 18 13
B/C 28 14

UNH216 23 c/C B/C 1
c/c 21 32 p<00
A/A 9 14

/ / A/C 17 11

UNH898 23 A/F A/C
A/F 9 17 p<0.05
C/F 14 4

UNH898 HIFG N RIEZEREE (53)lk p<0.01 B
p < 0.05) (Table 5) « M{E No-1 ZHZRAIAHLE
UNHS898 FKIHEAZE (p <0.05) (Table 4) » N,-3 fHE
RIEFHE 7258 (Table 6)  JthAb - FLAEZRZIER]
REEEL LG1 fl1 LG3 Y (Table 2 - 6) -
af
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[KIZ E [RIRE e AER B EAEE - 16 Ni-2 RS
SREH Swansan (SR SFABPUE B « (HAE Ni-1
ARG SR T LI E (Table 2) » UNH216 B2 UNHS98
FRON B I R AR S 2 BT (UNH216 1Y
A/A B UNH898 1y G/G) #JH =432 —H+FUf
TEHEME - FHERHY Eshel et al. (2011) fF Swansan 54
AREEE - N EEEE BT Ni-1 AU
Hepiligs; - HERAE Ni-1 R LG23 /9 UNH216 Ed
UNH898 & - 2 It 8 e FEsk A HAthY
HEVERE R 1E -

Cnaani et al. (2008) IR AR 5L Bl k7 5L
HIERERFN AR EEZE] LGl 2522 - ARrfuls
Z Ny fiRfeE R R J R A BESREIN
R Bt R AR R R SR B0 BRI E
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Table 6 Reproduction results of the N,-3 family. Four loci were selected to analyze genotyping and its relationship

with the sex of the offspring

Maternal Paternal Haplotypes in Number of Number of  Chi square
Locus LG ) . .
haplotype haplotype offspring female offspring  male offspring test

c/C 14 12
C/D 9 10

UNH995 1 C/D C/F p>0.05
C/F 6 20
D/F 11 13
A/C 12 11
A/F 8 12

UNH168 3 A/D C/F p>0.05
C/D 14 16
D/F 13 9
A/B 13 11
A/D 11 18

GM354 3 B/D A/C p>0.05
B/C 8 11
B/D 9 14
A/C 6 11
A/D 16 13

UNH898 23 C/D A/C p>0.05
c/C 8 15
C/D 10 15

2008; 3RS, 2014) > SHONEHE R = SREl o H BEEE (p<0.05)  (HEZSCRAEMENEELIEE TRy

MR EEL LG1 #HEH (Cnaani et al., 2008) - £F35
sepiid s R HAE e R EB AR TR E R RESZ
F] LG1 8 LG23 5% » Eshel et al. (2011) fYHF
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SRR A S Z AR = PL s SR SR A R » DL No-2
FREE > £ LG23 Z MR E AT LIS
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HUEEE M - EHEA] LG23 A B B 3R I
FER T > FEA H AR AR RIS 2 Rk
/—\*E o
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A1 LG23 RyELIAIEE UNH898 HEEHEifiat HH

FeBIAES > SR BT HORMENE (87.5%) - Fejll
1952 - UNH898 fE 7.2 B/B El B/C —HU5E 4%
G - 52 - ELeT-HHY UNH898 EL[RIBI:
AREREEREHMBERA B > HAERLAE Ryl
P BRI AT DA No-1 SRR FEFFAERE D e B
KT s R A — ISR - R
No-1 FAGET TR BELAY R EAR 54T > 388 UNH216
Eil UNH898 i f H fifi B Ay s EhE S ey (Fig. 1) »
I AT 1 e R G R 3 T B R 1 R T 8
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Maternal haplotype

E
B A B
UNH898 -

Paternal haplotype

Haplotype in offspring

A [
B

A8 ¢

19 females
0 male

17 females
0 male

Q [

17 females
6 male

24 females
5 male

Fig. 1 Chromosomal combinations in the N,-1 family. The inheritance pattern of two marker haplotypes (UNH216
and UNH898) on LG23 was examined. Alleles are marked by genotype.
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Sex Determination of the Nile Tilapia, Oreochromis niloticus

Ke-Chuan Chang'*, Rong-Hwa Chen!, Ying-Sheng Huang', Yun-Jung Chang'
and Fu-Guang Liu?

"Freshwater Aquaculture Research Center, Fisheries Research Institute

2Fisheries Research Institute

ABSTRACT

In this study, we applied genetic linkage mapping to analyze linkage groups (LG) related to sex determination
in five Nile tilapia (Oreochromis niloticus) families and their offspring. Six microsatellite loci (UNH995 and
GM258 on LG1; UNH168 and GM354 on LG3; UNH216 and UNH898 on LG23) were used for genotyping. The
results showed that two microsatellite loci on LG23 (UNH216 and UNH898) were associated with sex
determination (p<0.05) in three Nile tilapia (N;-1, Ni-2, and N»-2 family), indicating that the sex determination in
Nile tilapia might be influenced by LG23. Furthermore, the empirical results showed that the sex determination
system in the Ni-1 and N;-2 families was XX-XY. Analysis of the N; offspring for LG23 indicated that allele D
on UNH216 and allele E on UNH898 were associated with male determination. Thus, this study preliminarily
confirmed that the genetic markers associated with male determination could be useful for genetic selection and

improvement of genetic male Nile tilapia.

Key words: Oreochromis niloticus, linkage map, microsatellite loci, sex determination
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