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Tab. 1 Number of hatching progenitor turtles umbilical cord sam-

ples

Bk MMAEEL 7= G A ]

Nest The individual number Spawning time
1 11 202145 H16H
2 12 20214E5 H19H
3 12 20214E6 H5H
4 4 20214E6 H 14H
5 8 202146 H30H
6 9 20214E7H3H

1.2 EFEEDNAREEL

BYRT AT 2910 pL, 4 B0k B 5 1 32, 48 I M-
croElute Genomic DNA Kiti 7] Z(OMEGA ) #& it 5
[RIZHDNA, {5 FINanoQTM A 43 6 e B (1 B ) A
AT HEHUDNAFIODE J ik B, FEA8 FH 1% 55 i W 6t
Ji2 FEL AR G 58 B, B i 3 A—20°C %% F
13 WIESEit 5tk

I A I 56 =5 0 49 1) B 19 B S AL BHE (R A
i), R FHMISABAPEY2 30 &8 5% 5% 40 7 51 Hh i sk T &
Fric (http://pgre.ipk-gatersleben.de/misa/), Fiid L 5]
Wit B A% PrimerPremier5.033H 47 =, VU H R E
BRGHREESMTEFHHmE. #TPCRY”
T, ¥ FTA SR Z10 umol/L, FRKAEXT 514
F M B R 40M LB AT IR A, 3FP A B Sk
FiBe 220 pmol/L. #3710 nL£ HEPCR R NAK £
AB Multiplex PCR Master Mix 5 pL, 18 & 51#(& L
T2 uL, wOb#EL0.2 uL, £ FK1.8 ul.
30—150 ng/LIIDNA 1 pL. ¥ 5 FFN: 94°C 148
P£Smin; 94°CAEPE30s, 60°C iR k45s, 72°C ZE{H170s
(24/MEI); 94°CAE 305, 53°CiE k40s, 72°C 4E
30s(8MEH); 72°C P LM 10min. {E ABI3730 H
B AL AT 5645 5 WA, R B 404 vk
T3 AT B DR 2R R 0 (O S R M R — M
RRH A R A R 5E K -
1.4 HIESH

F I Popgene A 5 45 i TR it A B S Ao
BN, B REAL I H(N,)~ Shannon?d
¥, FICERVUS3.08 S PR A7 5 i 22 A5k
SEAEPIC). MINAA B (H,) MIEBEREF(H,).

ARSI DA R B A% 8 A H B SR TR AR
HSAKHE . BT REATSEI BTG AR R ik
HIET 4= LS, BRI BEARSS N BEAR,

SANFEANSA, A LR T HRBRE HEAT SOBUE SE
IRYESSRY™ 3 P~ M) 7.0 1 R RS, RId A
AMATER R IR AL B RS IR L, A 2 AT
AL, RZ WA A0, BRI NTSYSHAE™, 3T
Nei’s 8% b1 5 B06F 8 4% it (1) UPGMACIE AL
FPEN AT R

2 %

21 DNAWIRENS R

A SIS 1% 357 a1 FL UK RAS I DN A ) 56
Bk MR 5 BT MIDNASE BRI . 46 I s
P340 I NanoQ ™ R 43 6 BE (18 ) I 5 Ao/
Asgo » SR B IR FIDNAE /34 T1.82—
1.92, KB H A # . EVDNA G & 713 2 J5 4552
2.2 WMDESIYNGIT R ESEMERFIE

RSP HIFRIISSR, HHET 518t B
LT3 T 5 =i H R A DU IR B B I
EolF, K =& EREL M TESIWT
67.73%, HA(AAT), M H &%, 176.00%; VUI%H L
EEMPESIMFF32.27%, HH(AAAG), B H &
%, 156.67%. BEHLERIEIH 230X 514, 2256 — K
7 1530 BEY 3G HiAsE 25 M 514, FEBkig R4
ERDNAREAT IR, KIAE 1050 51 2 23851,
HEEN6.53% . 10531 LR bRid 51 0FH (S B LR 2,
SIPIAEA R PCRY 3 =4 (1) B 41 FEL K B 15 52—
Wi 1 & B 2R . 1R ABI3 1302 DRtk [Rligtf%
I3 BT GIEAT 84 3 BUIT, g B AR 35 TR R 00 /5 1) F AR
WG AN F S GIE A IPCR W) o 4, BEAT IR A
Fo AREKE 10U B AR 24 3).
23 BREEZHEMSTR

2/NPCRALE FT AL BI104M i B2 Fric B RE g
TEREIISOMN AR R E . T IDNAZ T,
BN AR B 1 25 A7 S BN 2—4; PICH
0.306—0.684; #f 1A N5 RE(Fi) N-0.6970—
0.1418. A RUEFALHE R E(N,) A1.2800—3.0521, M
M A4 FE(H,)H0.250—0.929, “F-3°50.6305; 1122
I E(H)N0.221—0.678, “F1°H0.4767; A%
FEVEFER(1)50.3768—1.0290, “F-15°50.7182. 4
Tl TR AN i O S 356 DR 7R 2 AR e e B Al T R A A
() AE HE B HE R (NE-1P), © %0 557 J PR 7Y I5F B AN 4k
TEAL S AEHEBR 2 (NE-2P), P AN S A L K] 7Y
LI B AEHERR E R (NE-PP) I3 4f~. JFH, HE
BRMER 2 BEE T TR S B 2 i oK. 104
ol LA R R AR HEBRME 2R 7 1 8 73.14%(NE-
1P). 90.98%(NE-2P)H198%(NE-3P).
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Tab. 2 Primers and amplification information of Pelochelys
cantorii microsatellite

DA Elk/ 2] HE I
o7 R Primer sequence Repeat
Locus (5'—3" motif
CACCACAGAGTGCA
TTGTCTTT
AAGCCTTCTTTTAGC
CATGTAGC
AAACTGGAAGAGTA
TCTTTGGGC
CTGCCTTAGGTGTAC
TGGAGGAT
CAATTTAAACTGGCC
AAAGACTG
TAGGCCTTAGACTCA
TGCTGTTC
TTTCTGCTCCTGCTC
ATCACTAC
GTCCTCCTCCTCTGG
AATGG
CTAGGGCCAGGAAT
CACTCAC
CTTTCCCCTCTATGA
TGGTCTCT
TATCACTTGCAGGAC
CAAATTCT
TAGGAATCACACAT
GCACAACTT
ACTGAAAATATGGA
AAGGGGTGT
CCAAGCACAGTCAG
CAGATAATA
TCTGCCTTGGGTCAC
TTATTATC
TGCAAAACAACATT
TTCTGCTAA
GTACCACAGTGGCA
TTTCAGAAT
CTCCTTTCTGTGGAA
AATCTCG
GAAATCAGAGAACA
GAGAGGCAA
ATATAAGAATCAAC
CTGGACCCC

BB PR
W% Production
T ('C) size (bp)

Xml7 (TTG)g 60  114—120

Xm86 (AGC)y, 60  174—190

Xm89 (GTTT)s 60 165—172

Xm99 (GCT), 61 117—126

Xml101 (GACA); 61 163—171

Xm106 (ACC)s 60  180—183

Xm169 (ATA)g 60 129—132

Xm207 (TTA)y 59.5 136—139

Xm209 (CAA), 60.5 137—140

Xm225 (AAC)s 60  124—136

[ Xm86-FAM ]
140 145 150 155 160 165 170 175 180

40000

30000
20000
10000

0

169
No. Size Height Area Marker  Allele Difference Quality Score Allele Comments Sample Comments
1 154.4 35143 258446 Xm86-FAM 154 0.00 Pass 500.0 [<SAT (Repaired)><Confirmed>]
2 168.4 28688 186456 Xm86-FAM 169 0.00 Pass 500.0 [<Confirmed>]

K1 5 Xm86FEREHL A4 P FIPCRYT 18 7 M A B 40 2 LUK
Kl

Fig. 1 Capillary electrophoresis of PCR amplification products of
primer Xm86 in random individuals

BAHER, (BENEANEREGEAR . 46 249F
FIE AT EZ A0 5%, AT AT REAR 4y ) E R S
2ECEISHESE) 5482, 3. 4565 T(EE 5),
REAR B JEAREAE B B 5 A H DTk 2R 43 71 433.93%
F166.07%.

3 g
31 F—REWEERES

AHIEFEAE F 104N 5k B2 A 5 ik AT 3 4% S 800
Mr, 17 2 45 B4 850.306—0.6840, HIE N
0.3829. SchultzZ™ Y HPIC>0.5 M & £ A (S
T, 0.5>PIC>0.251 5 B & & N EESE, 1

[ XmB6-FAM ]
140 145 150 155 160 165 170 175 180

40000
20000
0 e

No. Size Height Area  Marker Allele Difference Quality Score Allele Comments Sample Comments
1 154.2 44381 386554 Xm86-FAM 154 0.20 Pass  500.0 [<SAT (Repaired)><Confirmed>]

B2 3IXm867ERINL A o FIPCRY™ 4 7™ 4 1) B 40 B HLIK
SN

Fig. 2 Capillary electrophoresis of PCR amplification products of
primer Xm86 in random individuals

1E HL K R o, d8 i Peak Scanner Software V1.0 #44 H 3R 51
B EALRPCR =) R BOR/N, T X 43 A R S 2 R . —
ARSI — M T A b (¥ ROk RIS B 2 A A, S BRI
e g, R A7 i b5 A S R R, i T R MR X AL A L
T ARE MERRIEE(E 1), PIEE4AE (A 2)

In electrophoretic profiling, Peak Scanner Software V1.0 automa-
tically identifies PCR product fragment sizes at microsatellite loci
to distinguish different alleles. The electrophoretic map of an
individual on a microsatellite seat has at most two, single peak or
double peak, i.e. the number of superior position genes at this site,
which indicates whether the individual is heterozygous at this site:
double peak represents heterozygous (Fig. 1), and single peak
represents homozygous (Fig. 2)

*3 DEFCHEEBER

Tab. 3 The grouping of microsatellite markers

Pag:i! A=E S FIEHRIT BRI
Group Locusname  Fluorescenttag  Fragment size (bp)

A Xml7 TAMRA 114—120

Xm86 FAM 174—190

Xm89 TAMRA 165—172

Xm99 HEX 117—126

Xm209 FAM 163—171

B Xml101 FAM 180—183

Xm106 HEX 129—132

Xm169 HEX 136—139

Xm207 FAM 137—140

Xm225 TAMRA 124—136
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PIC<0.25MRAS B &, A< S50 B ik FH B AR e Ay £,

B2 BRRIC2N(PIC=0.5), L &R
8N, LIS REEA A HI0OML A4, &
202151 — ARTE AR B9 W 2% 45 B (H ) N 0.250—
0.929, “F3°50.6305; HIE 44 F (H,))90.221—
0.678, F¥1°40.4767. GRS RIRER 10N TR
SEA R XS PAN L EEMR (Cherax quadricarinatus) i
AT L Z FEE S E0o T, P38 H, M0.464, °F
¥IH 0557, MHELZ R, AT IL20214E )& 1 —1X
TR I A 2 FE AL TR K. R S S
WK ELE, IR 18X Bl o G f e
(Cuora flavomarginata) 14 BEAR AT WL 4= A B
5, HH,40.032—0.936, “F-1418 50.329; A\ T
TR B MERLK B (Mauremys mutica) 1R 44
A BE(H) A T0.364—0.921, “FHE H 0.687°7. #A
b2 F, nr L E T — B R L 2R T RFEE
7K o
32 EFLEE

W A TR TR TS, B R
e HE R 4> 3 N 73.14% (NE-1P). 90.98%(NE-
2P)F198%(NE-3P). 5 [AJ#¥ LA/ BEE A A7 [ 37 %

FE 13185 (Alligator sinensis)[zg] ELIE: 24005 ) 3k
BRI RUTER FIE LT, 7 #5137 s B HERR
MEZ N 0.7763; T 20557 JE R R I (1) BB HERR A R
90.9414 . X Ut B AR S 56 o Fride FH PRl TR AV A AT
Wi R EETEm TR,

AL IE B IINTSY SEAE X B TR A 3t
1T, g5 FREARI BIoR AT 73 2N R, 774 5K
br el 72 MBI BEAR S 54 7= B SLE L. JF
H, g5 SRR — 205 AR, 592 fr9R
FH 4 N SEE Y2 5 THIE ) R AT R A4 B
ML (Q1x3 1. Q1x32. Q2x31F192x32). H
13T BN~ S o ER =R e VA OB S T s 7 N EAE S
LS CIET
33 FEAREEISH

L0, BEA M EREAERER S5 R DTk
2 1N33.93%H166.07%. JaAREAESEA T LI %
SRR G, W SC RSP R 89 M i
TG, &R TS T a I 258 X E
60 MEEARH, 294 BEA A # /0 BL TR, 1IX R W
ANEBEARBREARMEE ). ATELRRTFREF
W, DUAMA B IR IR BB AR I BB S5 5.

F4 FREEINHIEMSHIZHEIER

Tab. 4 Diversity index of subgeneration Soft-shelled turtles at 10 pairs of microsatellite loci

7 15,44 FXLocus name N, N, 1 H, H, PIC HW NE-Ip NE-2P  NE-3P
Xm86 4 3.0521 1.2268 0.929 0.678 0.684 NS 0.751 0.588 0.416
Xm207 2 17738 0.6279 0.536 0.440  0.353 o 0.905 0.829 0.739
Xm106 2 1.6000  0.5623 0.500 0.378 0.306 o 0.93 0.848 0.761
Xm169 2 1.9382  0.6771 0.821 0.488 0.344 ND 0.883 0.817 0.724
Xml7 2 1.9975  0.6925 0.411 0.504 0375 ok 0.875 0.813 0.719
Xm101 2 19122 0.6700 0.786 0.481 0.364 ND 0.886 1.919 0.726
Xm209 2 17935  0.6344 0.554 0.446  0.359 ok 0.902 0.828 0.737
Xm99 2 1.2800  0.3768 0.250 0.221 0.328 NS 0.976 0.903 0.833
Xm89 2 1.9692  0.6853 0.732 0.497  0.330 NS 0.879 0.814 0.721
Xm225 3 2.6520 1.0290 0.786 0.634  0.607 NS 0.803 0.66 0.511
SE#4{HMean value 25 1.9969  0.71821  0.6305 04767  0.405

Combined non-exclusion probability (first parent): 0.26856356
Combined non-exclusion probability (second parent): 0.09018910
Combined non-exclusion probability (parent pair): 0.01999258
Combined non-exclusion probability (identity): 0.00003673
Combined non-exclusion probability (sib identity): 0.00631004

TE: N, ARG N AR R R B, MIN AL He. IR A E; PIC. 23515 B & & HW. Hardy-Weinberg #4358,
FHHWSPNSAZE A w 2; ND. Tofs g R, *. BB e, 2% =20 AR AR 0 3 19 NE-1P. RS HE R B 35 R i A LB A s A
HEBRAREE; NE-2P. ELJ1 5 5% 5 DR RIS S A T8 67 s A AR HEBR A 25 NE-PP. AN S AR ik IR B 0 1) ) B 22

Note: N,. the number of alleles; N,. the number of effective alleles; H,,. observed heterozygosity; H,. expected heterozygosity;
PIC. polymorphic information content; HW. Hardy-Weinberg equilibrium test, and NS in HW stands for no deviation. ND. no test results;
*_ significant deviation, When *=2, it represents extremely significant deviation; Ne-1p. the non-exclusion probability of a single
microsatellite locus when both parental genotypes are unknown; NE-2P. the non-exclusion probability of a single microsatellite locus when
both parental genotypes are known; NE-PP. the non-exclusion probability of a single microsatellite locus when both parental genotypes are

known



1936 KR R 46 &
e oo or 28 1 W AR A M, A AT R IEERT SR A G X
L TRIOTEREGEREER . X T U
D R, R R N SRR A A A A,
T B — R e AT R SR S
BL2, Lok R B st 4% 2 e i, 2
i LVETE A 25 0 (Sebastes spp.)" 1 % T A AL [ %
o B, ATRME— FRIEEE LR RS K
Tofr )3 VL B2, DA [ AR 8 1) Ik g, BE R T
L BEMIESERIEA .
i1 & 1 AR 4 T AOERE P A A MRS
U IR, HER T R A A B 4
5, W WOMEPE S B 4T, B AE RS PR AL TF 22 TF 47 R
. L RIRSOMERE 2B S, DM 3
— 8 PRI D7 O )8 BN R TR 506 ) 72 k)
3 NTSYS SR SRS RN WEPEA 1 5 HEPE A H 2 1 2
Fig. 3 Cluster analysis of NTSYS software il%ﬁ:a‘; Hﬂ%ﬁ/ﬁ? g 1&;: Q;Ea E/‘]/:;j?f T%E }&EE;‘?;Z%
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o 3 o 6 T o2 Lk MR AT e 22 i AR A
s it SRR RS R . 7RSSR, 8 Fiof, o]
1-3 92 91 3-8 92 92 %Uﬁﬁﬁ%ﬁfgiﬁﬂkjﬁi*%, {%TP%%%'fi%a
1-4 @ @ 39 Q2 02 T I P A RN SR 240 A, B e BT SR S OR
1-5 o} 2 310 92 Q2 R ELZ (BT MM A, BET IR S A R A 2
N R T PR FEVEILE RS 77, HE— 5 SO MR A T 4195
S - ST TR s
1-8 @ @ 4-1 @2 ?2
1-9 ? o 4-2 92 92 eSS
1-10 % ?1 43 ?2 ?2 [11 WeiD W, Lou Y D, Sun X W, et al. Isolation of mi-
1-11 ?1 ?1 4-4 &2 &2 crosatellite markers in the common carp (Cyprinus car-
2-1 ) 2 5-1 &2 el pio) [J]. Zoological Research, 2001, 22(3): 238-241. [ER
22 ®2 ?2 52 %l 7l ARBE, AR, FIHCC, 5. 6 66 B TL IR 4T e, B
2-3 P2 @2 5-3 1 @1 [J]. B2 98, 2001, 22(3): 238-241.]
2-4 o) P 5-4 Q1 Q1 [2] Taylor E B, Chudnow R, Pillipow R, et al. Microsatellite
2-5 @, @, 5-5 Q1 Q1 DNA analysis of overwintering bull trout (Salvelinus con-
2-6 @, @, 5-6 Q1 Q1 fluentus) and its implications for harvest regulation and
2-7 Qs Q, 5-7 Q1 Q1 habitat management [J]. Fisheries Management and Eco-
2-8 2, Q, 5-8 2 Q1 logy, 2021, 28(3): 219-229.
2.9 2, ?, 6-1 Q2 o)) [31 Guo X Z, Chen H M, Wang A B, ef al. Population gene-
2:10 Q, 2, 6-2 02 02 tic structure of the yellow catfish (Pelteobagrus fulvidraco)
211 2, 0, 6-3 02 02 in China inferred from microsatellite analyses: implica-
212 0, 0, 6-4 02 02 tions for fisheries management and breeding [J]. Journal
3.1 0, 0, 625 ) ) of the World Aquaculture Society, 2021, 53(1): 174-191.
30 0, 0, 66 o1 02 [4] Liu ZJ, Cordes J. DNA marker technologies and their ap-
33 o, o, 67 2 22 plications in aquaculture genetics [J]. Aquaculture,
2004(238): 1-37.
34 ?2 ?2 6-8 &2 &2 [5] Sun X W, Zhang X F, Zhao Y Y, et al. Development and
3-5 Q, Q@ 6-9 Q2 Q2

application of microsatellite markers in aquatic species
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PATERNITY TEST TECHNOLOGY BASED ON MICROSATELLITE
MARKER ISLET

XIE Min-Min, WANG Ya-Kun, WEI Cheng-Qing, CHEN Chen, LIU Xiao-Li, LI Wei,
HONG Xiao-You and ZHU Xin-Ping

(Key Laboratory of Tropical & Subtropical Fishery Resource Application & Cultivation of Ministry of Agriculture, Pearl River
Fisheries Research Institute, Chinese Academy of Fishery Sciences, Guangzhou 510380, China)

Abstract: The Asian giant soft-shelled turtles (Pelochelys cantorii) belong to Testudines, Trionychidae, and Pe-
lochelys. As one of the largest aquatic turtles in China, it is also an important indicator species for the health of the river
ecosystem in the Pearl River Basin and even the southern part of China. Because of the long history of P. cantorii, it is
of great scientific value of environmental changes and biological evolution. P. cantorii was widely distributed in Sou-
theast Asia of China in history. However, due to unfair trade, excessive harvesting and killing of turtles and water con-
servancy projects, the population of P. cantorii has been greatly reduced. Currently, P. cantorii have become an ex-
tremely endangered species. There are only 13 P. cantorii in captivity in China, which have been listed as national first-
class protected animals and taken seriously by scientific researchers. With the success of artificial domestication and
breeding in recent 3 years, the genetic information of the preserved population is still unknown. In this paper, we use
transcriptome data design trinucleotide repeat and repeat four nucleotides microsatellite primers 30000 on, the choice of
230 pairs of primer synthesis, received 10 after two screening amplification with high efficiency and high specificity of
microsatellite marker, and build 2 multiple PCR system. Genotypes and genetic diversity of 56 soft-shelled islet were
detected by ABI3130 genetic analyzer and PopGene3.2 and CERVUS Software. The results showed that the average
number of alleles was 2.3 and the average content of polymorphic information was 0.3829. The average observed and
expected heterozygosity were 0.6305 and 0.4767, respectively. Paternity analysis of 56 progenies showed that the cu-
mulative exclusion probabilities of 10 microsatellite loci were 73.14% (NE-1P), 90.98% (NE-2P) and 98% (NE-3p),
which can meet the needs of paternity testing, respectively, and the four parents showed differences in reproductive se-
lection. The analysis of the technology can help identify the captive population of genetic information, assist resear-
chers to family management of groups. And more importantly, in the process of F; generations of breeding in the fu-
ture, the technology can be regarded as parental choice of technical means, to get healthier, higher genetic diversity, and
their offspring, for the entire group of proliferation and endangered wild work to lay a solid foundation.

Key words: Microsatellite; Genetic identification; Conservation population; Fertility; Genetic diversity; Pelochelys
cantorii
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