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3. KRR, dbat
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4. RAegA R 2SR AR R B, RIETT /REE 150030)

FE: AIA 106 Xt F 424 T E 4710, 62 B W E A5 T 47 8y 2L F 41 DNA 347400, A X 4F
LA U R BT kR, OB R E R B E fr kK A SPSS 13.0 B R AR T
FHERE. KK, REHAHEX2NAEE2; ARD_FREXHLEFLERRE.
K. KEEEXEMM. FREHF 17T ANEHRRE. KK, KEEFHXNFE, 24,
Polil62TUF 5T & . fhk . K5 £ & 4 5% (P<0.05); Poli72HFSM, Polil06TUF 5 & i & .
£ % B # # 5% (P<0.05); Poli2023TUF, Polil013TUF 5 kK . &% £ # 48 % (P<0.05); Po-
li2042TUF ., Poli1980TUF. Poli2045TUF. Poli2039TUF. Poli34TUF, PoGT17, HLJYP45,
HLJIYP81 5 k¥ & % 48 % (P<0.05); Polil02TUF. Polil36TUF. Poli62MHFS. 6-G3 5 k& &
F A X (P<0.05), X BARIT R B T A 678 & KR bR, RN B & M85 E R0,
KB FEr, WEREE, KR B8 BTE

FES%ES: Q785 S917.4
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FEMF K FRFE P (A A . H TSRAE A ) SR AR 5
JEEIER R A M, BUEs RAGRENEIR, B
RAENTIE, HARKHEE . JuwmtE. XHELLFR
B ()38 0L e T AN e AT AT R, X
BEEAT RAE R, deEILARHR, SR IR M
REXTHESh IR AR ML 1Y & e A B2

N TMERZ R B 2 R i 7 46 R A 8T B
T AR B — R IR SR I 22 0 SAMERZ R E
F5 R Ry 4l A K, SRR BB A% 44 (doubled  haploid,
DH) . [f—EEAR DH AR, BEARECHAIEI, (H
S, PRUGIAE R B S N ], JE A Tt i Bl o i
A AF ML, B 43 b 2547 5 B & Al (marker
assisted selection, MAS), fi k55T AR 5 AH %
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FAERRIC, B2 ZHTHE (Cyprinus carpio) . K35
& (Scophthalmus maximus)3E-5 4 K MRS 19
DESMCHRMY, FE R 8 A5 FHTA
Fadk . (RK L R HR B A SR TR A B
5 I A8 3 A L R 2 R R B ek #)
H 3 R A6 28 i A AT

Y B B E A NTERISNESS K,
B R KR BB Z A M AL o1k, 7k
BT A e R RET O D, B R KR
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ARSI L) DH F8F B AR KR bR, 43
Brid RO S SR . R R BRSO, T
VEE VI B 5 F-hRic, A SR B R QTL &
B KAy Fhric il B & R LR o .

1 b ik
1.1 Rl

S f R A L KRR 2 B 5 e G S AT e S
uhsEE, BOAF R — R o5 0 ) [/ — e N+, 7%
SH 2 RM LR, RS ANE K R
(Pagrosomus majoryk§ G I, #HE 3 min J5
A 17 Cig/KEH 60 min, SRIGHM EE/KIEIHL
(5406R, HAKEA ), Jitik 650 MPa, 52k 6
min, MR R BiARE, B2 g KRl
U2 Szgb AR K R N T 2 4, ALK
62 F& DH M&, HEF7RAFISEER 54
12 KEHZE

BREKMERNESR FHHL T R AR H
i, KfRs0.1g; I X-SFRL(LX-20A A, [
LN TG T R X BRI . T E R
IR R B RS EAR, R RS SRR,
Ko E] 0.1 mm, IR A EW 2 iR —HCEHE
B R, A A KT e e b T L & i A
FEBINE K IE

FeTEREYE DNA BT ES FHri8 DNA
IS Salah ZEHGE Y HEm A esh . SR
DNA FIf A ZEE, 2 f# % [100 mmol/L
NaCl, 50 mmol/L Tris-HCI, 20 mmol/L EDTA(pH
8.0), 1% SDS, 200 mg/L AYFE I K] A BT
figrh, 50 CIHfL WG, SFIRBUWRAT . AR
AW 1k, AR RN, 75% B
YEUTYE, TE RS, —20 CIRLERH . 106 M TR
FRiCHIsk F| NCBI ) GenBank idii g, 208 4 iy
PR RRE, PEPk 24 ANIEBIEE YT R FRICES,
H AR T A TR AR MRS AT R A Al

PCR KRR  PCRWIKZE A 15 puL,
£4% 10 x buffer 1.5 uL, Mg®* (25 mmol/L) 1 uL .
dNTPs (2 mmol/L) £ 1 uL., E Fi#F51474% 0.6 uL.
4 DNA 1 uL(30~50 ng) . Tug DNA R4 1 U, /i
G ddH,0. PCR W FES¥ R 94 CTHIAEM: 3 min,
94 C 30s,52~64 Cilk 305,72 C 30s, 254
TEER; )5 72 “CHEA 10 min,PCR ¥ 147 145 8%
VA 1 3R VA 97 T g 5 Jie Hh R, HLVK S 1% i
FRERY (S 10 min, WA (1% HEE, 2% AL,
0.04% JC/KBRIREN) B 10 min, BEAE HP scanjet

G4010 FIHHX Fif%, 14 Gel-Pro Analyzer 4.5 X
X HL UK AT R T 50 HT
1.3 SZitsrin

BUASHNERME LXEERSDELEEN
it®E  J1] PopGene(Version 3.2)# {551 & i T2
S DR JRE A 4 37 6 TR A% 5K (allele frequency, P) . 4§
i 3£ K % (observed number of alleles, Na) . 4 %% %
{7 3 K %% (effective number of alleles, Ne). FHAZeS
J& (heterozygosity, H), 2 {5 B & & (polymorp-
hism information content, PIC),

R Nei Fe/ati P12

H:l—f P’
i

A, n AL FRSFALEE R R, @ WL P
R A R

Z55 B ik PIC WY Botstein 2Ax0i 1L

PIC=1—(fEZJ—[i 2 2P,-2P,-2j
i1 il j=it

K, n AR B, P Par R AR
i TN AN R RITEREA TP AR, j = i+1,

SHETH T BAR IR 5 & L5 R B A X2
#r RJH SPSS13.0 HRAAL XU HAH S 4B
(bivariate correlation analysis)%} 6 (14 Bt . 14
K PRE A TAHSCE T, I ST R LR i R
RUEA T e/ N5 220 b o LM | IRy A S
XA B R4 T 22 00 [ 43, 7 B Y £ e ]
T RE, JEXS AR THLA BER I

2 4ER

21 FHEBREKUERKRSH

AR KA R RS ad Shapiro-Willk £
5, FIFH SPSS e, “FIME . PRifERE . WAL, 1%
fHAN PAE W 1,
22 HMIBERMAMEMERL. SUEREM
R, LEENMESHEESE

FACIR S %t 5L R 4H DNA 3#E4T PCR 4 Ha A
HLPRAGIN, I3Rfafass . MY DNA &7, HAA
R ZANE, KAMAYS Al . 106 XA FRIL,
IR R] 124 AN, SR BN R
77~293 bp. AL S 1.817 4, FHZE
BB R 0.349 9, FIZ 4N 0.450 8, AT
IR 30 M sifER, HFHZAE RS EM
S E A 106 M S TR A SR (R 2).
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Tab.1 The test of Gaussian distribution in body weight, length and height

FHE i 2 353 f/ME SEPN:] PfH

mean = o skewness kurtosis minimum maximum P value
i body weight  908.242 + 411.213 0.594 0.238 178.100 2013.800 <0.05
#4K body length 33.940 + 4.945 0.147 0.419 21.900 48.400 <0.05
1A body height 15.658 + 2.425 -0.428 -0.061 9.100 20.500 <0.05

Fz2 BAENINMIEEREERMLSMNSEITER
Tab. 2 Statistics information of 30 microsatellites genetic loci in population

s SROEEC SOOERTBbp ARCERILNEL  JefE Z&MERaR_ SOUEREE  allele frequency
locus alleles fragment Ne H PIC A B
Polil3-2TUF 2 96~120 1.949 3 0.4910 0.368 4 0.580 6 0.419 4
Poli002-HFS 2 177~188 1.9814 0.499 3 0.3726 0.4516 0.548 4
Pol-4 * 2 196~201 1.967 2 0.4957 0.370 8 0.564 5 0.4355
Poli77HFSM 2 267~289 1.700 9 0.4154 0.327 2 0.709 7 0.290 3
Poli9-22TUF 2 155~165 1.661 2 0.4013 0.318 8 0.7258 0.274 2
6-B4 2 120~125 1.739 4 0.428 5 0.3348 0.6935 0.306 5
Poli9-48TUF 2 114~118 1.8445 0.4616 0.3530 0.354 8 0.645 2
Poli9-67TUF 2 125~135 15793 0.369 8 0.2995 0.758 1 0.2419
Poli9-62TUF 2 94~124 19917 0.502 0 0.3740 0.467 7 0.532 3
Poli59MHFS 2 209~244 18751 0.4705 0.357 8 0.629 0 0.3710
Polil11HFSM 2 148~199 1.8115 0.4516 0.347 6 0.3387 0.661 3
Polil10TUF 2 125~155 1.620 6 0.386 0 0.309 6 0.258 1 0.7419
Polil12HFSM 2 184~211 18751 0.4705 0.357 8 0.629 0 0.3710
Poli113HFSM 2 108~118 1.4957 03341 0.276 5 0.790 3 0.209 7
Polil11TUF 2 79~110 2.0000 0.504 1 0.3750 0.5000 0.5000
Pol-3 2 182~202 2.0000 0.504 1 0.3750 0.5000 0.500 0
PoliSOMHFS 2 199~217 1.9917 0.502 0 0.3740 0.467 7 0.5323
Po25A 2 219~234 1.927 8 0.485 2 0.365 5 0.596 8 0.403 2
PoGT15 2 221~225 1.776 3 0.440 6 0.3415 0.677 4 0.322 6
Poli38TUF 2 104~139 1.9979 0.503 5 0.3747 0.4839 0.516 1
Polil47TUF 2 136~158 1.949 3 0.4910 0.368 4 0.580 6 0.419 4
8-F8 2 189~196 1.661 2 0.401 3 0.3188 0.7258 0.274 2
HLJYP62 2 154~161 1.9979 0.503 5 0.3747 0.4839 05161
6-G3 2 197~203 1.032 8 0.0320 0.0312 0.9839 0.016 1
8-C3 2 156~166 1.844 5 0.461 6 0.3530 0.354 8 0.645 2
HLJYP100 2 144~160 1.927 8 0.485 2 0.3655 0.403 2 0.596 8
HLJYP101 2 222~232 2.000 0 0.504 1 0.3750 0.500 0 0.500 0
PoGT17 2 223~230 18751 0.4705 0.357 8 0.3710 0.629 0
Poli1l51TUF 2 108~131 1.9814 0.499 3 0.3726 0.548 4 0.4516
Polil66 TUF 2 151~158 1.9814 0.499 3 0.3726 0.4516 0.548 4

2.3 FHRYDERCSHRE. ARMETHHEX
P

IR/ STk SARiC A s 5 A B4 T i | (A
KA MR T B PRGBS, 7 106 M 11
RS, 17 M il SR K K
R E MG, Hrp, Polil62TUF SiAkRTa . 44 .
AT = PR B2 5%, Poli72HFSM . Polil06 TUF
SRR s MR B AH G Poli2023TUF
Polil013TUF SR . {4y P 4R d 25 40 56 (P<

0.05); Poli2042TUF . Poli1980TUF . Poli2045-TUF .
Poli2039TUF ., Poli34TUF., PoGT17. HLIYP45,
HLJIYP81 514K 2 & #H5(P<0.05); Polil02TUF,
Poli136TUF . Poli62MHFS. 6-G3 5 i35 4H %
(P<0.05), H:#1 Poli72HFSM 5 {4 i i AH 56 R B0GA
W @ 2 7KF-(P<0.01), Poli 2023TUF ., Poli2042TUF
5 AR O FR BRI i % 7K F- (P<0.01), Polil62
TU. Polil06TUF 5 A & A OC FR BRI 8. 2 /K F
(P<0.01)(F 3)
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Tab. 3 Means of body weight, length and height in 17 microsatellite loci
o7 55, F[K % /bp AREL ENpig=I[ K fem N
locus genotype no. body weight body length body height
Polil62TUF 120 28 775.13+434.43* 32.51+5.73* 14.64+2.71**
164 34 1017.86+361.58* 35.12+3.90* 16.50+1.80**
Poli72HFSM 248 37 798.11+362.68** 15.06+£2.51*
293 25 1071.24+431.40** 16.54+2.02*
Polil06 TUF 129 33 1 005.14+368.38* 16.45+1.89**
137 29 797.10+£435.48* 14.76+2.68**
Polil013TUF 130 21 31.93+4.62* 14.70+2.47*
144 41 34.97+4.84* 16.15+2.27*
Poli2039TUF 178 40 34.95+4.47*
194 22 32.11+5.33*
Poli2042TUF 174 26 35.87+4.80**
194 36 32.55+4.63**
Poli2045TUF 165 40 34.10+4.83*
174 22 32.02+4.66*
Poli2023TUF 189 23 31.65+5.37** 14.70+2.92*
209 39 35.29+4.18** 16.22+1.91*
Poli1980TUF 212 25 32.16+5.05*
217 37 35.14+4.56*
HLJYP81 162 40 34.86+4.46*
180 22 32.26+5.43*
HLJYP45 233 22 32.26+5.43*
238 40 34.86+4.46*
Poli34TUF 183 34 32.75+4.87*
203 28 35.39+4.72*
PoGT17 223 39 34.90+4.97*
230 23 32.31+4.55*
Poli136 TUF 138 27 14.94+2.50*
144 35 16.21+2.24*
Polil02TUF 130 26 14.85+2.49*
168 36 16.24+2.23*
6-G3 197 1 10.90+0.00*
203 61 15.74+2.37*
Poli62MHFS 100 27 14.94+2.50*
109 35 16.21+2.24*

T *Fom B2, RN B F 2R .

Notes: *represents significant difference; **represents high significant difference.

24 ZITEPAFEET

BRF N ¥, WK X, EH X RII
REAFSE AT ST AR B (A | i Z g
M R OBOR . R R 5 0K K 60 M R K
1y 0.797; PRI BB IO R AL 0,7 0.939;
P S AR R INIE R AL 9,,,,=0.799; 4 HEIRI
SR B 5 AT W AR R Tl 507,
P AR R 0 2 TE e

Y=-1674.681+10.781 X;+141.589 )(2(R2 =0.887)

TP, FERIRK | R 0

VAL
=3

VA5 R BRI I8 2 7K1 (P<0.01) .
3 Ve

R B KRR R B B 1 R A 1E
HRE ISR R B S EBE, AR 4
KEELE . HA, SFFa2eg s ma 2807
BB T & T RS R g i N R R
B AR AR T 3 F A ic i B & R R A G
ASZESE AT E R A KRS 106 AN A AR
CIRNAREE, #0380 T 17 4S5 6F F AR
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R SR A A

A AR AN T P bR i R 35 PR 3, — PR 2 i A —
MR IIAEAE, 22 R AEASTRIRE BE (AR LSt anii
REMIF 20 1 48 & R AU (0] P M DG FR B, hBE M R
e & SR AEA MR 22 . F LS00 6 A AIF 5
5L, 5 A I A AR SR K A RO
0.937, ST SRR MR ECH 0.913; 8 H ik
PR 5 R S A A E R Bk 0.930, (AT R S A
ARG RO 0.933, ASLInzs R s, 7 f DH
FEARMA TR SRR MHDERECh 0.797, 5131
O o 25 M e, AR 5 ZR B8ORS /N, R R A 52
S EOE B, %07 0T ORS00 12 vy i 3
R —HCEHEE KB, (RGN, X
5 R B i R KA — o XA, P R AR Y
KREEHR o AR R I 2 9 R i A5 A 56 R BAIR,
F M 7 AR R I R K i, B AR A KA
ANFTBR AR ARSI EE R, TR S R
FHCRECH 0.939, AR EMC, HOMLmasR
DR — 0, 58 A R A O s (L R SR I
B —E00y, o5 — 7 UL B A B8 R it
B HA B R

£ 106 X A S TR AR iC R ) 17 A5 {R R
i, KRR R B E AR IS, X
I AR G AE — R U B X S L A il S5
REPEAR 22 A7 AR B IO ot SR AR 22 0 5 A7 A
— R Z RO Z [ — 20 B4, i B 3 28R ] B
H—PL A QTL fresiil, b, SkmE., &
B E M LA ARIC Polil62TUF . Polil06TUF .
Poli136 TUF. Poli62MHFS ¥1437i T4 8 - Al
O 5k K B M X ARIC Poli2023TUF |
Poli1980TUF . Poli2045TUF ¥J434ii T4 17 B-i% 4
REEE AR PR R 8 51 17 S BUREARAT W]
REAFLE P 2 A o i S A | MR i D6 R 1 AUk
B, MRS 8 A5 AR . K
1A 1R 2 AR 6 A B TR 47 5 Poli30TUF \Polil07-
TUF . Polil08TUF. Polil16TUF . Polil23TUF .
Poli130TUF . Polil45TUF. Poli9-8TUF 43 il T4
2.6, 18, 8, 20, 1. 13, 15 S&4HE O WA
SRk ARSI IS bR ICAESE BIURE 1 0 o0 A 4
dh, ATREE T AMCEOR AR, RN
(R 26 Xl DRFRIC, ASEE T AR IS
WK, BN R EERICRRE, BRI
Sk BAN, BrRSCRBHA AR, F k%

il FH A DR SRR R T AR R R, AL
TR A 2207 MR R B AR R, S5,
BeuPEA T L DA B 5 W ok, A M) IR A e ol o i
5=, EAEXAEIE M RAT f, TSI R (3
N 2 AT BT, AR S A IRR IR E R
TE AR FoRE 8BS O MER . Rl I, ez
(b 10 K A58 2l (8 B A A SE B RS
T 5 H A E AN R B R AL

IR | RSB R AR A TER,
SER T ZINEE W B Z GRS Y e
%55 711 BLUP 5012251k, BIBRIMEER 0 £
TREIF Y RORES, (2, FHR G AP R DR
K, HIA 5 2 B0 1 PR AL 3 b 2 5 1
HELS Z— o AT A B S A th 245
ZPFIEIRE E KB 7 ThRIC, X LERRIC Y 23 A
SCHHCE TR R L, 0 R SR P A i
ISR IRRAR] SR LR iCie B il 5
HE, R R AE X 22 TR A AR IC AT AR A 2
BN, S AR A PR A R T A
P, o FrsiC B A RO TR ik
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Correlation analysis of microsatellite DNA markers with skeletal growth
traits of Japanese flounder (Paralichthys olivaceus)

AN Quan-quan*?, LIU Hai-jin>*", WANG Gui-xing?, LIU Yong-xin®, LIU Yi*, SI Fei?

(1. College of Fisheries and Life Sciences, Shanghai Ocean University, Shanghai 201306, China;
2. Beidaihe Central Experiment Station, Chinese Academy of Fishery Sciences, Qinhuangdao 066100, China;
3. Chinese Academy of Fishery Sciences, Beijing 100039, China;
4. Animal Science and Technology College, Northeast Agricultural University, Harbin 150070, China)

Abstract: In this article, 106 microsatellite markers were used to analyze the genotype of sixty-two mitotic
gynogenetic doubled haploids of Japanese flounder, Paralichthys olivaceus. Measurement results of body
length and height were got by directly measuring skeleton during the process of X-ray imaging. Correlation
and regression analysis of the body weight, length and height were conducted by utilizing SPSS 13.0 soft-
ware. Least square method was used to analyze the effects of these 106 microsatellites on body weight,
length and height of these 62 doubled haploids. Results revealed that 17 microsatellites were discovered to
be very significantly related to body weight, length and height. During these 17 markers, Poli2042TUF,
Poli1980TUF, Poli2045TUF, Poli2039TUF, Poli34TUF, PoGT17, HLJYP45, HLJYP81 had a significant
impact on body length (P<0.05), Polil02TUF, Polil36 TUF, Poli62MHFS, 6-G3 had a significant impact
on body height (P<0.05), Poli72HFSM . Polil06 TUF had a significant impact on body weight and height
(P<0.05), Poli2023TUF, Polil013TUF had a significant impact on body length and height (P<0.05), Po-
1lil62TUF had a significant impact on body weight, length and height (P<0.05). These microsatellite
markers had an advantageous effect on growth traits and these loci could be used as the reference markers
for marker-assisted breeding of Japanese flounder.

Key words: Paralichthys olivaceus; doubled haploid; growth trait; skeleton; microsatellite marker
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