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ARSI 7E 11 AR A8 T PH T 200K A R ) AT
FIH 2009 AT AR R . BRI F09119 KR
HIEAR, FO9119 IACHEAR LA FO750(Q)xKS42(3)
(FO750 2y 2007 FFEH AR . BUTE R R EK R, KS42
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MAE S Aoy, AR KR b R ik
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12 BEEZERMEZTRZMEL

NTREE FO9119 MEMER MO RZHEON, BT
1000 mL Bebrr & . 3 Je 2 VRO AE 1 i (0K W
FESEFR I MPRS FRBR LA 12 9 (1 L il 21,
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BB T N T 82K . 8 17T CKIB AT, 52K
J&i 58 min, FHEKENLLL 590 kg/em? (i [ 3 kb H,
FEIR AL EE 6 mint®) . Ab S 52 K5 B 280 g 7K 52
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AR Ak, ST DI MER K B &R F1346,

N TREEF09119 MEPE B M AR Z K500, FIH LA
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KRB R EZ F13245,

AN ToRAE FO9119 52 2 Hh e I £ B FIORS T,
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Wi RAEHE S HE L DNA KESS, DNA Hli
T2 2 BN ACGH 5 P 5k, ¥ 2 # B[S0 mmol/L
NaCl, 30 mmol/L Tris-HCI (pH 8.0), 200 mmol/L
EDTA (pH 8.0), 1% SDS, 200 pg/mL & i K]hiA
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a5 P Gk Hh R R K T R R A R R R T
FA7 5 401, 1 GenBank K755 4 7 51 5l # 1 11 &
5, M558 SSR Hunter F11 Primer 3.0
ARV R IEH BT 519 40 DI BN S 514
ZFR . BOFS L IR KT GenBank %575 LK 1,
1.6 PCR [z B R F ik

KA 15 uL ik F&, Hrf 1.6 uL 10xbuffer 4%
M (TIANGEN, % Mg?"), 0.8 uL dNTP (CWBIO,
2.5 mmol/L), 0.15 uL Tag DNA %4 (TIANGEN,
5 U/uL) B RiE5144% 0.6 uL, Bf 1 pL, FHKE
XFEIKANFE AR 15 uL, PCR B FEF N 95°C FiAs v
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F F1346 MR AR 5EFIAR T 5371 4(28.89+2.77) cm,
(10.00+1.21) cm F1(254.91+83.11) g; WML L EH
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IC R ENE2F(P>0.05), (H5iEC A& F1313 HE
FME2 5 (P<0.05), F1346 B4R S8 A A 8 5 PR A7 4%
5 3E T F1324 F1 F1313(P<0.05), 45 5138 B 5 24
A SV OER ST RTE L SRy A= &Y
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MER% K E & F1346 TR (A). TR5EB) AR E(C) A
HIE B L7 R ) 3R 25 5 1 35 (P<0.05).

Fig. 1 The comparison of body length (A), body width (B)
and body weight (C) in meiotic maturation F1324, inbred lines
F1313 and cleavage gynogenesis F1346

Different letters on the column indicate significant
difference (P<0.05).

BTG R A, N 46.50%, BRRAMER R B R R F1346 4
26.80%, K F F1313 K 38.00%, XTHEZK R F1319
1 27.00%(&] 2). REHERZ KRB R R RE, EAE
RRZ, IR FFAL
23 PCRIHERHEKER
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AT 3N 2,00, 2.00, 2.4 4 AR R
R 1.87.1.95 F1 2. 1(F5 2) Ik BUME 2 K B A & F1324
FIGRZMER K B 5 F F1346 B -2 254 3L K -1y
A RO SRR BAR T IR R R R BEE. 3 MERR
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Fig. 2 The survival rate of cleavage gynogenesis F1346,
meiotic maturation F1324, inbred lines F1313 and
control families 1319 in 263 days
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F1324(0.4894). F1346 (0.4679).
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KRB & (F1346)  WEUHERZ K B &R (F1324)FIIEAC &
(F1313)3 M FR st AL AU RSt G FE 85 (3R 4),
F1324 H1 F1346 [l 844 B0 B3 571N 0.0416), W /)
T F1313 FUEOMER & B &R F1324 Z [l Y5514 10 &5
(0.1178), B/NF F1313 S50 L B &R F1346 Z
) FiY 18 14 BE B9 (0.1568)(P<0.05) . T EtMilZ k& &

F1324 il F1346 Z [A] (45t AH{LEE 52 5 (0.9602), i
L F F1313 SR & & & W] F1324 (s fL AR
2(0.8888), T F F1313 5L & & & F1346
P a8t 1% AH L 5 15.(0.8549)

K3 scaffold40_4916 HRiC7EblRMERZ R (A) . MBI K B K R B)FILIEK R ()P PCR 451
M: BEA; F: &R C: Marker.
Fig.3 The PCR result of scaffold40_4916 genetic marker in cleavage gynogenesis (A), meiotic maturation (B) and inbred lines (C)
M represents female parent; F represents male parent; C represents marker.
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Tab.1 Sequencesand their specific annealing temperature of forty pairs of microsatellite loci

x1 AONMHIEMLRHSIYFIIRIBKEE

(A
locus

519731 (5'-3") primer sequence (5'-3")

F

R

B/ C

HRT

annealing temperature GenBank access no.

scaffold288_14927
scaffold1304_77809
scaffold1774_79125
scaffold314 34890
scaffold234 29027
scaffold658_59018
scaffold1380_78434
scaffold264 29910
scaffold388_40956
scaffold1196_76519
scaffold1874 79149
scaffold734_61267
scaffold1338_78201
scaffold860_5128
scaffold200_10602
scaffold158_ 18859
scaffold1386_78494
scaffold419_43475
scaffold1084_74297
scaffold393_19395
scaffold297_1030
scaffold453_22637
scaffold389_1656
scaffold921_69859
scaffold452_45014
scaffold1157_75734
scaffold520_25100
scaffold914 69548
scaffold482_2517
scaffold114 7180
scaffold231_14788
scaffold404 21589
scaffold30_144
scaffold393_19395
scaffold138_16871
scaffold921_69859
scaffold40_4916
scaffold457_23736
scaffold78_9908
scaffold962_71125

AGTGGATTAGCGTGGTGGATAC
TGGGAAATGTCAGTCCACTCAG
GTCTGTCCTCATGCTCTTCAGT
GAAAGCATCAGCAGAGCCG
TCACGTCACACAGAAGATGTCAGA
CAAGCTGTCGCTGATAATGGTG
CGTCACATGTTTCATTTGAGTTCAG
CATTTAGGCCTTGCCCTGTAAC
AGCCACACATGGGGATTAACT
ACAGCAGGAATGTTATCGGCA
TGTGCCATTAACGCTGTGTG
TCAGCATTATCAGCCGCTCA
TGTGGCTTTATCCATCCAGCA
ACATCAAGGCTCGAGTGTGAG
CCTCTGTAGACCCGACCATC
AGCGAGACATAAAGTTTCAGACGG
GTCCTGGCAATTTGTTAAGTTTGC
CCAGCCACCAGTTATTAATGCG
TGGCAAAACACGTCAACTGATTG
CTGTTGAAGAGATCATGTGGCAAC
CTGAAATTGGCCTTGATGTGGAC
GACAGGTCGTGTGCAATGTG
CCATAGAGGGAGGTCACAGTC
AGGATGTTAACTGGTGAGTGACCG
GCAAGCTGGACACTGATGG
TCGTGACGTCTGCACATACATAGA
TACTCTCTGCATGTGACCACG
CATGAGGGATTGACCATTTGTGG
GAGTTAGTGTGAGACTCTCTGGC
GGTTCTTTCGACCAAGGGC
AGACGATTTCACGCCTTGAGAG
GAGTTCCAGTATCTAGGCCAGC
CCATAATGTGGGGGCTCGAATA
CTGTTGAAGAGATCATGTGGCAAC
CAGAGAAGAGCCACGGCTA
AGGATGTTAACTGGTGAGTGACCG
CTGCAGGTGTCTGTGAAGC
TCAGGATGTCAGGACGCTG
GTAAGGCATGTGAACCCGG
GACTACCTTACTGAGCGAGGC

AGATCAGTGTGGTCAAGGTGG
AATCCAGTGGAAGACGAAGGG
AGGCACAGACACTTTCAGGT
CCTGACAAGTTCGCCAGTG
GCTCACTGGCCCCTTTAAACAT
CACCCCTAGTCTATGTTGTTGGCT
AGTCACTCTCCTCTACTGCGGTGT
CTGCATCAGCCACGCTATTG
GTTCATCCGTTCACATGTCCTC
GCCGTGACAAGGTGACTC
TCATTCACTCTGACAGGACGG
TGAGTGTTTTTCAGCCCAGAGA
CCTGCAGAGGGAAACATGG
CTGAAGACAAACAGCGACAGC
TCCTGAACCTCAGGTAACACAC
TAGAAAGCTGATTAGGCCGAAGTG
GGGACTTTAGAAGAAAGGCACCAT
CTTTATGGCTCCCTGTGGAAAC
GAAGTGCAAACCTGTGCGA
GACGTTTGGTGCTCACACATC
CGTCTTTCATCACCGAAATGTGG
AATGAATCCAATGACCCCAGAGTC
GATGACCTAATTTCCCTTTGGGGA
GAGAGGATTCTGGGCTTTTGTGTA
GGGTGCTCTGAATGATTGCAG
ACGCAGTGACTCTGGTCAAAGAG
AGGCATCGGATATACAAGCCC
TGAAACCCATCTACGACTGCTG
TTTGTCGAGCTGAGTAGCGTTC
GAACCTGTCTATCACCGCAAACT
GTCCATAAGCGCCGACTTTC
CAATGTTCCTAAGCAGGGATGGA
CCAACGCAGACACGTTAACAC
GACGTTTGGTGCTCACACATC
GTGCTTGTGTGTACCCCTG
GAGAGGATTCTGGGCTTTTGTGTA
TCTTGTGATCACGCTGTCCAT
CATTTCTCTGGGTGGGCTG
TGTATGCAGTCGGTGGATGAAG
GATTTGCTGTTCACTTGTACCCG

58.5
58.5
58.5
58.5
58.5
58.5
58.5
58.5
58.5

58.5
58.5

58.5
58.5
58.5
58.5
58.5

58.5
58.5

58.5
58.5

58.5
58.5
58.5
58.5
58.5

58.8
58.5
58.5
58.5
58.5
58.5
58.5
58.5
58.5

JN900613.1
JN901230.1
JN901440.1
JN901432.1
JN900562.1
JN901651.1
JN900999.1
JN900999.1
JN901322.1
IN900685.1
JN901635.1
JN901318.1
JN901350.1
IJN901178.1
JN901550.1
JN901498.1
JN901123.1
JN901239.1
JN900800.1
JN900764.1
JN900746.1
JN900787.1
JN901751.1
JN901080.1
JN953229.1
JN900861.1
JN901188.1
JN901066.1
JN901308.1
JN901601.1
IN900632.1
JN900913.1
IN900777.1
IN900764.1
IN901407.1
JN901080.1
IN900634.1
IN901496.1
IJN900688.1
JN901076.1
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Tab. 2 Number of alleles (Ny), effective number of alleles (N¢) and polymor phic information content (PIC) at the
40 microsatellite loci in three family populations of Paralichthys olivaceus

— ——
R locus IEACER A F1313 inbred line F1313 meiotﬁiﬁifelssisz ‘;1324 cleavaggﬂe:j;ieiifmﬂé

N, N, PIC N, N, PIC N, N, PIC

scaffold288 14927  3.00 2.59 0.54 2.00 1.94 0.37 2.00 2.00 0.38
scaffold1304 77809 2.00 1.77 0.34 2.00 2.00 0.38 2.00 1.65 0.32
scaffold1774 79125  2.00 1.65 0.32 2.00 2.00 0.38 2.00 1.91 0.36
scaffold314 34890  2.00 1.87 0.36 2.00 2.00 0.38 2.00 1.82 0.35
scaffold234 29027 2.00 2.00 0.38 2.00 1.99 0.37 2.00 1.72 0.33
scaffold658 50018 4.00 3.93 0.70 2.00 1.98 0.37 2.00 1.98 0.37
scaffold1380_78434 2.0 1.55 0.29 2.00 1.99 0.37 2.00 2.00 0.38
scaffold264 29910 2.0 1.50 0.28 2.00 1.15 0.12 2.00 2.00 0.38
scaffold388 40956 2.0 1.48 0.27 2.00 2.00 0.37 2.00 1.92 0.36
scaffold1196 76519 2.00 1.99 037 2.00 1.96 037 2.00 2.00 037
scaffold1874 79149 2.00 1.53 0.29 2.00 2.00 0.38 2.00 1.89 0.36
scaffold734 61267 2.0 1.60 0.30 2.00 2.00 0.37 2.00 1.80 0.35
scaffold1338 78200  2.00 1.87 0.36 2.00 2.00 0.37 2.00 1.14 0.12
scaffold860_5128 2.00 1.72 0.33 2.00 1.98 0.37 2.00 2.00 0.37
scaffold200 10602 2.00 1.81 0.35 2.00 2.00 0.38 2.00 1.97 0.37
scaffold158 18859  3.00 2.88 0.58 2.00 2.00 0.38 2.00 1.97 037
scaffold1386_78494  2.00 1.69 0.32 2.00 1.98 0.37 2.00 2.00 0.38
scaffold419 43475 2.0 1.75 0.34 2.00 2.00 0.38 2.00 1.99 0.37
scaffold1084 74297 2.0 1.84 0.35 2.00 2.00 0.38 2.00 138 0.24
scaffold393 19395 2.0 1.70 0.33 2.00 2.00 0.38 2.00 1.97 0.37
scaffold297_1030 2.00 1.60 0.30 2.00 2.00 0.38 2.00 1.89 0.36
scaffoldd53 22637 2.00 1.65 0.32 2.00 2.00 0.38 2.00 1.87 0.36
scaffold389_1656 2.00 1.77 0.34 2.00 2.00 0.38 2.00 1.87 0.36
scaffold921 69859 2.0 1.99 0.37 2.00 2.00 0.38 2.00 1.87 0.36
scaffoldd452 45014 4.0 3.59 0.67 2.00 2.00 0.38 2.00 1.99 037
scaffold1157 75734 2.00 1.97 0.37 2.00 2.00 0.38 2.00 1.80 0.35
scaffold520 25100 2.00 1.73 0.33 2.00 2.00 0.37 2.00 1.87 0.36
scaffold914 69548 2.0 1.92 0.36 2.00 1.90 0.36 2.00 1.99 037
scaffold482_2517 3.00 2.56 0.54 2.00 2.00 0.38 2.00 1.80 0.35
scaffold114_7180 2.00 1.95 0.37 2.00 2.00 0.38 2.00 1.87 0.36
scaffold23l 14788 4.00 3.88 0.69 2.00 1.99 0.37 2.00 1.92 0.36
scaffold404 21589 2.00 1.82 0.35 2.00 1.97 0.37 2.00 1.99 0.37
scaffold30_144 4.00 3.03 0.61 2.00 2.00 0.38 2.00 1.92 0.36
scaffold393 19395  2.00 1.68 0.32 2.00 1.99 037 2.00 1.56 0.29
scaffold138 16871  3.00 2.90 0.58 2.00 1.34 0.22 2.00 1.87 0.36
scaffold921 69859 2.0 1.95 0.37 2.00 1.98 0.37 2.00 1.92 0.36
scaffoldd57 23736 2.00 1.90 0.36 2.00 1.90 0.36 2.00 2.00 0.38
scaffol d40_4916 4.00 3.89 0.69 2.00 2.00 0.38 2.00 2.00 0.38
scaffold78_9908 2.00 1.98 0.37 2.00 1.99 0.37 2.00 2.00 0.38
scaffold962 71125 4.00 3.55 0.67 2.00 1.97 037 2.00 1.92 0.36

¥ mean 2.4 2.10 0.40 2.00 1.95 0.36 2.00 1.87 0.35
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K3 INTHRABHAE ONMIREMSHNUBEREE (Obs Het),
FiREHIE A S E (Exp_ Hom*) A LR EHAE 2 & (Exp_Het*)
Tab.3 Observed heterozygosity(Obs_Het), unbiased expected homozygosity(Exp_Hom*) and unbiased expected heter ozygos-
ity(Exp_Het*) at the 40 microsatellite loci in three Paralichthys olivaceus families

(L Tocus %% % F1313 inbred line F1313 Hiﬁi f;j:‘;gif“c o gﬁfﬁiig’ggi;age
Obs_Het Exp Hom* Exp Het* Obs_Het Exp Hom* Exp_ Het* Obs_Het Exp Hom* Exp_ Het*

scaffold288_14927 0.8333 0.3732 0.6268 0.0357 0.5071 0.4929 0 0.4909 0.5091
scaffold1304_77809 0.6429 0.5558 0.4442 1 0.4915 0.5085 0 0.5988 0.4012
scaffold1774_79125 0.5385 0.5988 0.4012 1 0.4915 0.5085 0 0.5143 0.4857
scaffold314_34890 0.5185 0.5248 0.4752 1 0.4915 0.5085 0 0.5402 0.4598
scaffold234_29027 0.7273 0.4884 0.5116 0.9333 0.4938 0.5062 0 0.5729 0.4271
scaffold658_59018 1 0.2385 0.7615 0.9 0.4966 0.5034 0 0.4969 0.5031
scaffold1380_78434 0.4615 0.638 0.362 0.9333 0.4938 0.5062 0 0.4915 0.5085
scaffold264_29910 0.4231 0.6599 0.3401 0 0.8693 0.1307 0 0.4915 0.5085
scaffold388_40956 0.4074 0.6695 0.3305 0.9667 0.4921 0.5079 0 0.5119 0.4881
scaffold1196_76519 0.3793 0.4936 0.5064 0.3571 0.5013 0.4987 0 0.4918 0.5082
scaffold1874_79149 0.4444 0.6478 0.3522 1 0.4915 0.5085 0 0.5209 0.4791
scaffold734_61267 0.5 0.6186 0.3814 0.9 0.4921 0.5079 0 0.548 0.452

scaffold1338_78200 0.7407 0.5248 0.4752 0.8333 0.4921 0.5079 0 0.8734 0.1266
scaffold860_5128 0.6 0.5729 0.4271 0.9 0.4966 0.5034 0 0.4918 0.5082
scaffold200_10602 0.6786 0.5435 0.4565 1 0.4915 0.5085 0 0.5006 0.4994
scaffold158_18859 1 0.3339 0.6661 1 0.4915 0.5085 0 0.5006 0.4994
scaffold1386_78494 0.5714 0.5844 0.4156 0.9 0.4966 0.5034 0 0.4915 0.5085
scaffold419_43475 0.6207 0.5644 0.4356 1 0.4915 0.5085 0 0.4938 0.5062
scaffold1084_74297 0.5556 0.5353 0.4647 1 0.4915 0.5085 0 0.7175 0.2825
scaffold393_19395 0.5769 0.5814 0.4186 1 0.4915 0.5085 0 0.5006 0.4994
scaffold297_1030 0.5 0.6182 0.3818 1 0.4915 0.5085 0 0.5209 0.4791
scaffold453_22637 0.5385 0.5988 0.4012 1 0.4915 0.5085 0 0.5277 0.4723
scaffold389_1656 0.6429 0.5558 0.4442 1 0.4915 0.5085 0 0.5277 0.4723
scaffold921_69859 0.5333 0.4938 0.5062 1 0.4915 0.5085 0 0.5277 0.4723
scaffold452_45014 1 0.2667 0.7333 1 0.4915 0.5085 0 0.4938 0.5062
scaffold1157_75734 0.6 0.5006 0.4994 1 0.4915 0.5085 0 0.548 0.452

scaffold520_25100 0.6071 0.5695 0.4305 0.8276 0.4918 0.5082 0 0.5277 0.4723
scaffold914_69548 0.8 0.5119 0.4881 0.6333 0.5192 0.4808 0 0.4938 0.5062
scaffold482_2517 0.7 0.3802 0.6198 1 0.4915 0.5085 0 0.548 0.452

scaffold114 7180 0.3667 0.5056 0.4944 1 0.4915 0.5085 0 0.5277 0.4723
scaffold231_14788 1 0.2444 0.7556 0.6667 0.4938 0.5062 0 0.5119 0.4881
scaffold404_21589 0.5517 0.5402 0.4598 0.7333 0.5006 0.4994 0 0.4938 0.5062
scaffold30_144 1 0.3192 0.6808 1 0.4915 0.5085 0 0.5119 0.4881
scaffold393_19395 0.5667 0.587 0.413 0.9333 0.4938 0.5062 0 0.6362 0.3638
scaffold138_16871 0.7667 0.3339 0.6661 0.1 0.7407 0.2593 0 0.5277 0.4723
scaffold921_69859 0.5385 0.5023 0.4977 0.9 0.4966 0.5034 0 0.5119 0.4881
scaffold40_4916 0.4 0.5729 0.4271 0.1333 0.4938 0.5062 0 0.5119 0.4881
scaffold457_23736 0.7667 0.5192 0.4808 0.7667 0.5192 0.4808 0 0.4915 0.5085
scaffold78_9908 0.3667 0.4966 0.5034 0.4667 0.4938 0.5062 0 0.4915 0.5085
scaffold962_71125 1 0.2692 0.7308 0.8 0.5006 0.4994 0 0.5119 0.4881
1) Mean 0.6366 0.5033 0.4967 0.8155 0.5105 0.4894 0 0.532 0.4679
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Tab. 4 Genetic distance (below diagonal) and genetic
similarity (above diagonal) of three
Paralichthys olivaceus families

R family F1313 F1324 F1346
F1313 HoEAK 0.8888 0.8549
F1324 0.1178 oAk 0.9602
F1346 0.1568 0.0406 HoAAx
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of Paralichthys olivaceus

TIAN Yongsheng"?, DUAN Huimin'"?, LI Xiangkong" *, LI Hong" %, SONG Lini"?, CHEN Honglin" %, CHEN
Zhangfan"*, TANG Jiang"*, CHEN Songlin'*

1. Key Laboratory of Sustainable Development of Marine Fisheries, Ministry of Agriculture; Yellow Sea Fisheries Re-
search Institute, Chinese Academy of Fishery Sciences, Qingdao 266071, China;

2. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China;

3. Laboratory for Marine Fisheries Scicence and Food Production Processes, Qingdao National Laboratory for Marine
Science and Technology, Qingdao 266200, China;

4. College of Fisheries and Life Science, Dalian Ocean University, Dalian 116023, China

Abstract: Establishing meiotic gynogenesis, mitotic gynogenesis, and inbred lines is important for trait purifica-
tion during selective fish breeding. Yet how these three genetic pathways affect heredity remains the focus of much
genetics research. In this study, we used the female parents from Paralichthys olivaceus family F09119 to establish
mitotic gynogenesis (F1346), meiotic gynogenesis (F1324), and an inbred line (F1313) and analyzed their growth
and genetic characteristics. Body length, body width, and weight were measured in the three families from 85 to
388 d post fertilization (dpf). Results on 338 dpf showed that growth rate of F1346 was the highest [body length,
(28.89+2.77) cm; body width, (10.00+1.21) cm; and weight, (254.91+83.11) g] and that of F1324 was the lowest
(P<0.05). Survival rate of F1324 on 263 dpf was the highest (46.50%) and that of F1346 was the lowest (26.80%).
The numbers of alleles for mitotic gynogenesis, meiotic gynogenesis, and the inbred line were 2.0, 2.0 and 2.35,
respectively. The effective numbers of alleles were 1.87, 1.95, and 2.1; polymorphic information content values
were 0.35, 0.36, and 0.4; and mean observed heterozygosity values were 0, 0.8155, and 0.6366, respectively, in-
dicating that genetic variation of mitotic gynogenesis and meiotic gynogenesis was less than that of the inbred line.
The trend for unbiased expected homozygosity was F1313 (0.503)<F1324 (0.5105)<F1346 (0.532) and that of
unbiased expected heterozygosity was F1313 (0.4967)>F1324 (0.4894)>F1346 (0.4679). Homozygosity of meiotic
gynogenesis was 1.0421-fold higher than that of meiotic gynogenesis and 1.0577-fold higher than that of the in-
bred line, whereas that of meiotic gynogenesis was 1.0149-fold higher than that of the inbred line. The genetic
distance between F1346 and F1313 was longest (0.1568) but genetic similarity was the lowest (0.8549), whereas
the genetic distance between F1346 and F1324 was the shortest (0.0406), and genetic similarity was the greatest
(0.9602). These results provide a theoretical basis for establishing an inbred line of P. olivaceus and analyses of
genetic variations among meiotic gynogenesis, mitotic gynogenesis, and the inbred line.

Key words. Paralichthys olivaceus; meiotic gynogenesis line; mitotic gynogenesis line; inbred line; phenotypic
character; genetic character
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