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AWM EEMERIT R SRRt

E£0? KETD IRV RRETO ERRY A

O BRI REACOK - R BHEE sie s il 201306; @ bR RN BlEK IR LR HORBT STt
b 201306; ® LEEFERFAKT RIS E R AT HEA RE L Bl 201306; @ SR T HIATA S AL
RIEBAR AT IR A R AR SO R I H SRR SOR B SIRE  J5H 215221

FE: Ff (Mylopharyngodon piceus) &2+ E & AEEMR/KIEAE. FREFANMTEEICRENT
AL SR TR IS E 2 TR . AW Rk S 4, RIFAEMRIREE (CA) 1Ml (GACA) 6,
MBS AR RAM TR B, @ S PR SR G I AE T R R R AR 2
BMKF. GRER, Frig@sc s 849 NS A M P EFS, @idFIH PCR BARMERILISFH
36 MMAFHATZ MR, K137 25 MEEMRMEA . HOTISAIERE (N AT 250
FEE (Ne) 435100 7.08 I 3.526, “T-¥MMIZRERE (Ho) FUAEEZLERE (He) 43524 0.602 1 0.619,
FHZAEESE (PIC) 50568, H, Mp23. Mp27 Fl Mp35 X 3 M7 5 b 535 0 25 04 - iR AF ks
ST (P <0.01). AWFFETFR IR TR FRICRE T (R0 5 52 I8 VTN R LR 3P S5 ST 4R it T
KRR H, BIERESE: WUE: SIMITR: 28
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Abstract: Black Carp (Mylopharyngodon piceus) is an important aquaculture species in China. Developing
microsatellite DNA markers from genome of M. piceus will provide a tool for its genetic diversity analysis. In

this study, two biotin probes (CA)wo and (GACA)s were used to construct two microsatellite enrichment

HEME IRRA = WHEARERTE (No. CARS-45-03);

* JEAEE, E-mail: ybshen@shou.edu.cn;

B—EBENME T, B, Wik BRI MR S84SR E-mail: wangfeng_0315@163.com.
Wk H . 2018-04-25, f&[8H 1 2018-10-29  DOI: 10.13859/j.¢jz.201901008



« 58 .

W44 Chinese Journal of Zoology

54 %

libraries of M. piceus by magnetic beads enrichment. A series of microsatellite primers was designed and their
polymorphisms were tested in a population of M. piceus. Softwares GeneMapperv4.0, Cervus3.0 and
PopGen32 were used to analyze their genetic diversity information. Microsatellite markers with high
polymorphism and rich genetic diversity were screene. Through analysis, 849 sequences containing
microsatellite loci were obtained from 993 positive clones. The repeat number of the repeating unit was then
counted (Fig. 1). The statistics showed that most numbers of the repeats were between 5 and 21. The
repeating units were classified according to the number of nucleotides in each repeating unit. The results
showed that the number of dinucleotide microsatellite loci was the most, as high as 1 076. It accounted for
82.45% of the total. There were 217 trinucleotide type microsatellite loci, accounting for 16.63% of the total.
In trinucleotide type, only 0.77% of all 39 microsatellite markers were designed and assessed in 36
individuals of black carp from Wujiang population. Results showed that 25 microsatellite loci showed
polymorphism (Table 1). The mean number of alleles (Na) and effective number of alleles (Ne) were 7.08 and
3.526, respectively. The mean value of observed heterozygosity (Ho) and expected heterozygosity (He) were
0.602 and 0.619, respectively. The mean value of polymorphic information content was 0.568. Mp23, Mp27
and Mp35 were extremely significant deviating from Hardy-Weinberg equilibrium (P < 0.01) (Table 2). The
microsatellite primers developed in this study will provide a tool and theoretical basis for evaluation and
protection of germplasm resources, and genetic diversity analysis in M piceus.

Key words: Mylopharyngodon piceus; Enrichment by magnetic beads; Microsatellite; Primer development;

Polymorphism

i (Mylopharyngodon piceus) H##5 N
i, Hig, £PER “DUREM” 22—, 1E
w2 S SR A A R T
#H, R AR R KA TR, W
e KT RNV K I ) B B B2 . B A
SRR S8 S T A S5 1R T A L R ok B 3t 455
Sl YR 2R 5EIE . Duan % (2010) [IHF
FLRH, PR PR S B BRI AR AN W 3 1R,
Horr, 5 MR 7 DR K b B B (b
JEE 2017), HoPpJR SRR IR e v

WM E ML 2SS, 6 R
LR, MR EE S TR
i, TR T KPR G R &R T
(PSS 2017). BRI 2 AR MERE L 450
oM (Lietal. 2017) DLRIBEEM (Min%
2017) TR,

X T 75 0 L AL B2 ARG T R R AL,
X Zhu %5 (2013) JFk T 28 Ml P EFRid, H
BHEWNMEEMAMZESEEESTE

( polymorphic information content, PIC) FlI7F4&
= B 48%0 (Shannon's information index, 1) %%
HER 2 BNAE B AT A . AHH Tl
PR & Bk, WMEE A PR E, HH
ik e A 2 SN AT Y, UHNE A
() K& IR 3L K |2 (quantitative trait locus,

QTL) EN. BHEZ M. BEREHEL /3 #r. b
JR IR ORI SR T T R AR AL T 2 S T A

1 MEET5E

1.1 8

Py 2 DR 2H S P i 1 7 R AR SE B
M AL AR SR R R A A PR A =] B 5 Y
REF BRI, % RFI7ME M5 BT
AREMNTKILI KK MGG, 5125
MFT I ARAK HiZ B Mgl 36 RIEME
fir, WUEEZRA L, FITCKIRS [ E, fRAFT
- 20 CUKFEH & o LI BT A R ARt i
PREF(CA)10n (GACA Do FEM% B B 12 (21mer:



1 3] FFE: FOMTERCHIT R SRS <59 -

5-CTC TTG CTT ACG CGT GGA CTA-3,

25mer: 5'-TAG TCC ACG CGT AAG CAA GAG
CAC A-3) VLTt 59w TAY T2
(hi) B HRAF ARG Taq B, KHATFE
(Escherichia coli) DH5a 52 254 il £ 38575 %
T RIBARH bR BRAF; WERHN
Promega A & fill i .

12 B TESCERWE

1.2.1 Z[(FZ DNA HIFEE A3
K20 DNA PUgIEUAFIE CRARERIHE
FRA®E], dbat) #H47 DNA $EEL, H TE 220t
BOEAT VMR, F 1% B i B 6 M b i A 1
DAN 52# 4%, F] NanoDrop 2000 %546 BE
11 (Thermo, fE[ED R4l fEfuE, 25T
- 20 CUKFEIRAT &

1.2.2 FHaFEEA DNA HEAERE
PRI VIEF Rsa 1 (Thermo Fisher, Fi#§)

X FE K2 DNA JEATEEYT, 18 1% iR H eI
HPKAI . 2% Yue (2009). Li (2013) M
W EA IR BERE L 21mer A1 25mer 5] 5
3L K ZH DNA #47i%E#H:, 25 CIE 4 h, 5%
BRI .

DA 432K B BR 2H DNA By i,
Bz3k 21mer N5, 47 PCR &1, R4
DNA #8774, 1k 24 50 (: 2 xTaq Mix
25 ul (10 pmol/L), 5[4 2 ul (20 mg/L), DNA
3 ul 1 ddH20 20 pl. #39FEF 4 95 CHALH:
3min, 56 ‘CiB‘k 1 min, 72 ‘CZEf#H 2 min; [#
JG 94 ‘CA8ME 30s. 56 ‘CiR-K 30s, 72 “C LA
1 min, HE 28 MEH; Hf5 72 CLEfH 5 min.
AR E DNA Tid 5724
123 EMRFERZAMHKREE HADE
Frid I P EREF 52 FEH PCR SCEE#HT 2%
2, BER (CA) 101 (GACA) 6 22843 i
1To ZAHRZ Sy 65 pl: 10 pmol/L AEW) &= R4
1 ul. 20 x SSC 19.5 pl. _E—2 173 DNA iy~
BP0 10 ul, I ddH20 & 65 ule 24 TFEF N
98 “CA1E 5 min, 55 C/KIEZ%E 20 min. [d]
I REAT BEBR 00T, WEERCOT 2 B 20k

(2014) 7

BT U IRER S 28R A, 25 CIRA
30 min, JEENERK LRRE, FRE LA
VIEMBER LS EMER S S RS
WG FEREITHE /N0 BRI FAZR15(2014)
BRI T AT REER TR0, A G AR
FPAHE s SR MR A I REER RN 50 wl
ddH20, ZiR¥EAI 10 min, B EHMEEF
[P EEE DNA BE R . IR 8E DNA J9BAR,
PA#Ek 21mer 5 ¥HE(T PCR 973, ¥ 14727
[[ 25—k PCR. ZJ5X} PCR f=¥)&EH— kA
A2 B PCR Y, RIS A & Y 1.
FH 1% 9358 i M r  AS N
124 “EWMF ¥KERy ™S
pMD19-T # 4k (H1 Promega 24 ) 424t) #H T
B, RIEHEALEIKI%F 1 (Escherichia coli)
DH50 B2t , @ amm LE E4
SO SEBERIN T TAEAS B B IE AR RN
A IRAF 58 R
1.3 BRI Y&k

ZREARRIESL TG, I A AT
I3 M7, A#H SSRHunter (Li 2005) #4171
PEFPHIFEL R R, R EANER
50, A8 FH K Primer Premier 5 ( Lalitha 2000)
AT ST, I AIE R TAY TR E
WD A PRAE A R

FECRER M MFEA P BENLIEHL 34 DNA
FEAAE AR, AT R 51 gk 47
PCR ¥4, PCR ¥ H& R4 25 pl (2 xTag Mix
12.5 pl. 10 umol/L 514 1 pl. 20 mg/L DNA
1.5 pl AT ddH20 10 pl), FEIEHE A3 138 KR E
DAAS 21375 T FH AR S 1 = ) 46 . PCR R AR 7
e 95 CHIAME 2 ming #R)5 94 ‘CAEME 30 s,
56 ‘CiE‘k 30s. 72 CZEfH 1 min, & 30 X
fE¥R; HJa 72 CHEfH 10 min. IEFRETSRTH
10 51 AT S e s et sl bk
JiE 5N bR IC 9Ok R M 6- R R W e &
( 6-carboxy-fluorescein, FAM) B/ N5(-6-H It
2 C(hexachlorofluorescein, HEX), JF7E
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36 N RILF A AT IATH A PCR 1Y, ¥
=k BRI A YRR R A w3k 47 STR
AR

gy B 25 B H K+ GeneMapperv4.0
(Curriefraser et al. 2010). Cervus3.0(Kalinowski
et al. 2007) Al PopGen32 (Yeh 1997) #4734,
Guit i TR LI Y B AL EE K E Cnumber of
alleles, Na). 257 H: K2 (effective number
of alleles, Ne). FHAAGEIBEL (D MM ZEH
& (observed heterozygosity, Ho). W& FF
(expected heterozygosity, He). Z&HEREE
(polymorphic information content, PIC) LA K
i -JEAA#F#7 (Hardy-Weinberg equilibrium,
HWE) &2 &1EE .

WA PP AR iE: UZBEETE
(PIC) /T 0.25 I}, IEAL ROMAREE 22 A5 PEAL A
MERFEESE (PIC /T 0.25 5 0.50 2],
WA o EZEEA S, Y2 EESE
(PIC) KT 0.50 B}, BeAr mi Ay fE 2 A A7 A3
(Botstein et al. 1980).

2 ZR55h

21 WMERFRENFEREFIIT
MR FT 457 R 4L TR ' AR S e

350
303
300

250

200 L 190

150 | 18 130 .
90 g4

72 64 61

i 5 # Number of loci

100

50 F 29 23

IEHL T 993 ANBHME RS T, RAF ST
PEEEREICHTS] 849 % (85.5%). fiiH
SSRHunter AT TR ZE . Bk, 3t
K E 1305 Mg PR (EEXRE = 5
0. BEERTHES IR KNS5~ 21 2,
Hep, HE 5. 6 A 10 IRIMER HBcHE
w®%, 3LH MBI 47.74%, B REE 23 Ik
DL A b, W B4 0.92% (1),

DA & ST A% H R 2L B N 7 AR 34T
ARG, TRERAMM RN AL 1076
A, HEBEN 82.45%, Hivh, “HHTTRESR
Hif7 ACIGT HH 957 /> (88.94%), H4MALK:
M3 104 4~ AGICT E K (9.67%) 1 11 1~ AT/CG
HE (1.02%) . PUtZH R AL ik A2 A7 fidk 217
A, BB 16.63%. —RHRRAIMM EA
R RD, R 124, 5 EEER 0.92%.
2.2 FIYErH R

T A TR S 5 AL E 80
b7, %R Primer Premier 5 3347 51 ¥k 1t
FEH R IR KR EETE 45 ~ 65 "C 1) 66 X ik
1751 HE e TR ) SRV AR BEALIZ X
3 1> DNA i, FIHA R ik AR 510k Hdk
17 PCR F18, F-H 1% 55 A5 Bk i Hi kA )
P, A 39 X5 YRed 1 T 2% o

5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 23 24 25 27 28 30 31 33 38

(DEER=RPTN (=R 6

Number of different repeating units

K1 MEEESETKES R

Fig.1 Number of different repeating units
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2.3 FWHIE AR

0 i 1 39 X 51t T 6514,
FERIL 36 /N SR 3T 4 PCR 471 .
Pryfgh Bkt STR 08, Bl gh fmid
GeneMapperv4.0. Cervus #1 PopGen32 #fF4r
B, KIAEIX 39 X BESIYH, H 25 X
(64.1%) WoRHRIFMZEN (R . f£iX
25 N B R A, BN AR S A Bk DR A
(Na) 7E2~18 Z[a], “PHZEAI RN 7.08;
M A5 (Ho) SN 0.278 ~ 1.000, PN
0.435; HAHZLATE (He) v 0.263~0.910, F
%179 0.602. FAAEEFEE (1) 0.428 ~2.436,
PIMEN 1.290; ZAEE SR (PIC) 4 0.225
~ 0.889, “THJfH N 0.563. Hrb, 14 My fhk
D EEZ AN, 10 MiERIHPEZES
PE, LAMZA (MpOD) MEEZENE (R 2).
15 25 M i, # 22 M4 Hardy-Weinberg
FA7, 3 M (MP23. Mp27. Mp35) 5
s i -IR AP (P <0.01).
3 Wwig

HT ik E ik FR B Y. . &®
R N S S Uy M o L L3k S
DAL ST 4 SRR F vl e U 7 2 4R (Sahu et al.
2014) JFRMEEMMFRH RN . HE7Ek
BEERIAR R AR SR AR, 2R
il AL B R (RIZLHESE 2017) S5t 344
IR 212, EARP=S R IR B4
RIEAS LR s #, TER 1 (Ctenopharyngodon
idella > C 5 g & % 2007 ) . fif
( Hypophthalmichtys molitrix ) ( i# & & 4%
2011). fif§fa (Aristichthys nobilis) (Cheng et al.
2008). ZKfi (Ommastrephes bartramii) (XIJi%
N 201D L PRI R T RENM T
AL . AT FHAREN BN (CA) 10 F
(GACA) ¢, HEREHMIEER Bt
il E 104 4~ AGICT EE (9.67%) 1 11 4
AT/CG HE (1.02%). fEfl LRI KIS
B 5 B F BRET BRI RS [R] A ol TR A 11 1 15

OUAE R (CFh RS A 2005 ) R K G
(Cranoglanis bouderius) (L% 2016) %5
REI TR R B, HEN AT R 2 4
P EEA M P EEE I,
RAE & AR R b o B — kgl licde, Iy
JE AER I R AR )

AT ST IE I R SEVE I T
DRIZH 3 PR s AR S0, FF HLAA 993 ANBH P b b
it 1 849 S EAM I ERIFY, XEk
F| 7 855%. HHAMMISAHLL, Ff (FVECC
2 2005) RRN 86.36%, AW EZ MY,
% AR pE 1. (Mugilogobius chulae) (#5745
2015). i 1116 )5 A (Acrossocheilus monticolus)
UIFm 5 2013) A% (Cirrhinus molitorella)
CRIEERE 20120 70008 77.89% AN 71.4% A1
62.5%, AWTFRFEE T IXLEHT .

N T e[ I EN==Y VA= ST 8 € 7y
RUFN DU H R T ok T R A S R i KT =
MR, X5 TR & S SR BT Y
PR S AN PO SRS IR BT R G . (H R H R
PR X KT IR R, DRI A
LR, R RR AL SR T AR R A,
A S R\ 2 o A DLAE FL A A
FAEW R ARET T R P2 7 Rt 2 2 itk
CRAEEE 2017) . HHICATHIEHER , KB
PEA S EHRESRBEE, FIER
AR AR E AT B R A, gk
PREF 22 b = | DUBRIR RS B S R
MR DA S AR R, B rE
BB Z, FAEREMEREZ GERWE
2015), ARSI G4 RANZEIRFEAW) &, J
HE SRR 2 W7 8 2 A AR
BT TR S P n A deik £ R IR 2
(r AL, DA S 2 1 S I R R

AW TR ALEBRSEY)Fh MR8 AL 20 5T
o, 2R I8 B AN RF G e - A A T 0 I
%, R F AWML TR
HERHEREFEHMREEAE BHEPHSE
2011). AHHFLRTFFKI 25 D25 T E AL
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Table 1 Information of 25 microsatellite loci and primers in Mylopharyngodon piceus

BRI

fiLs% BIFS (5 - 3) AL Amnealing tomperature BT
Locus Primer sequence Repeat motif Tm () Expected size (bp)
F: AAGCACCAGCCACAACAA
Mp01 (CA) & 527 192
R: CGAATGAGACGAGTGAGAGA
F: CGTTTGTTGATGTTGCTCG
Mp06 (GT) 1 51.4 391
R: GCTGATGTCCGTCTTCTGG
F: CCACCTGCGTCAGTAAAAG
Mp13 (GT) ; 518 233
R: AAGTCACACCATGGGGAAT
F: GCGAGTGAAACAGAGAGAGA
Mp14 (TG) ; 527 206
R: CCAGACCTGGATTTAAAACA
F: GTTTGTGTGGGTATTGTTGT
Mp17 (TG) ¢ 50.0 271
R: CTTGGCATTGTTGAATGTAG
F: GAATCTCTAACAGGCATCCA
Mp2 2 27
P20 L. CACTGCACTGCTCTCAACTT (G w0 50 6
F: GAAAGGCAAACACAGAGGT
Mp21 T 51.0 287
P R GAGAGAGAGCAGGCAAGAC (TG 15
F: GGGATTGAGTTGATGCTGT
Mp2 . 4
P23 R CCTGAGTTTGTAAGTCTTTCTG (G s 505 343
F: CTCGTGTGAACTGCTGGC
Mp27 4, 4
P R: ATGCTTTTGCTCTTGCGA (AC) s 540 346
F: TGAGTTATGTTGGAATATGAGG
M 49, 7
P30 . GCGTAGATTAAGTGACTAAGAGTA (TCTAY 5 95 813
F: GAAATGCTACATGCAGCTTAT
Mp34 (AC) 1 50.7 225
R: CTCCTGAGATCCTGGACTATG
F: TCCACAAGGGAAATAATCAT
Mp35 (TG) 1 47.3 391
R: ACGAGAGACAAAGAGCAACA
vozs T TAACTTACCGTCACTTTTGC CATCT) 196 280
P R: TCCTTCCTTCCTCTCTTTTC 10 '
F: CTTTCACTCGCTCTCTCTGG
Mp40 (TG) 10 535 456
R: TCTCCCCTTTTGTCTTCTGT
F: GACTAACACGTTGTAGACCTGA
Mp43 (AC) o 52.1 390
R: TCCTTCTCTCTTCTTTTCGA
F: CTCTGTCTGTCTGAACCGAACC
Mp44 (GA) » 56.8 231
R: CAATCTCTGCAAGCTAACCACT
Mods T TACGTGATAAACAATCGACCAT o 55 230
P R: GGGAGAGCAGAGGTGTAGAGAC 18 '
Modo T ATACAGCACGCCAAATACGAA e 587 228
P R: GAACCCTGAGATGCAACCAAC 2 '
Moss - GCAGAGTCGGAAATGAGAGC A 563 197
P R: CTGAGAAATGCAGAAAAGCG 18 '
Mosg T GOATGGACAGACAAACAAGC (GATA) - (AGAC) 554 235
P R: CAGAAAATCAAACCGAAGGA 5 s '
s, AGGTGAGACCATGAGCCAAC (16 (T o (A 564 -
P R: CCAAAACACACAAGCATACAGA 5 T 13 :
vosz F GACATAGAGAGAATGACAGACCG (GACA) 55.8 45
P R: ATAAACCAGAGAGCCAAAAAGG 5 ’
F: TGTTCCCTTTTTTCACCCTT
Mp63 (CA) 15 56.5 354
R: ATCCTCCCTCTCTCCTCACC
F: GGTAACTTACCGTCACTTTTGC
Mp65 (ATCT) 4 56.4 281
R: ACACTTTTCCTTCCTTCCTCTC
voss T ATCCCGAGCCCAGAGAGAAG (AGAC) . (AGAT) 606 a0
P R: CAAAAGCGAAGACGGCCAAT 5 6 '
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Table 2 Polymorphic information of 25 microsatellite loci in Mylopharyngodon piceus
i AL BERER ; § o A
Locus Number Effective _Shannor_]'s heterozygosity heterozygosity Hardy_—\_Ne!nberg information
of alleles number of |nf_ormat|on Ho He equilibrium content
Na alleles Ne index |

Mp01 2 1.349 0.428 0.306 0.263 0.178 0.225
Mp06 4 1.845 0.846 0.389 0.464 0.426 0.417
Mp13 3 1.727 0.660 0.306 0.427 0.264 0.343
Mpl4 2 1.456 0.493 0.278 0.318 0.457 0.264
Mp1l7 4 1.760 0.782 0.556 0.438 0.276 0.383
Mp20 7 2.629 1.287 0.500 0.628 0.172 0.582
Mp21 10 2.248 1.248 0.417 0.563 0.989 0.525
Mp23 2 2.000 0.693 1.000 0.507 0.000™ 0.375
Mp27 4 2.664 1.114 0.389 0.633 0.002" 0.553
Mp30 7 1.844 1.006 0.417 0.464 0.359 0.436
Mp34 15 6.629 2.273 0.500 0.861 0.309 0.837
Mp35 2 1.670 0.591 0.556 0.407 0.006™ 0.321
Mp36 6 3.484 1.416 0.639 0.723 0.540 0.669
Mp40 9 2.796 1.353 0.500 0.651 0.953 0.587
Mp43 3 1.919 0.721 0.528 0.485 0.755 0.377
Mp4é4 15 9.781 2.422 0.972 0.910 0.771 0.889
Mp46 6 2.290 0.987 0.361 0.571 0.641 0.469
Mp49 9 4.313 1.692 0.889 0.779 0.241 0.736
Mp54 16 8.583 2.379 0.917 0.896 0.969 0.873
Mp56 18 8.416 2.436 1.000 0.894 0.994 0.871
Mp61 4 2.266 0.983 0.528 0.567 0.060 0.488
Mp62 8 4571 1.720 0.750 0.792 0.609 0.752
Mp63 5 3.293 1.365 0.889 0.706 0.183 0.652
Mp65 6 3.484 1.416 0.639 0.723 0.540 0.669
Mp66 10 5.133 1.933 0.833 0.817 0.219 0.785
7.08 3.526 1.290 0.602 0.619 0.437 0.563

15 Mean

sk, R EME (P<0.01), *x,

s, A 3MEE (MP23. Mp27. Mp35) 1
32 i 25 M - R AT (P < 0.01) 0 2430 T,
X3 ML RN A BE AT B 2% 5 B2 5 LA
AT, 253k (2014) fEEfarhF R E
ST R A R 3T s i 2 s e - R A AR P18
B3G5 HIF R AL S AT, %4515

Extremely significant deviations (P < 0.01).

AT FERABN . REAHE I I X 3 AN i fi 25
-JRAARE T R A LR Lt TR
e KRG BN R N 3 BOR R RO b, B
RN EEAL; ATREX 3 MR AETLR

EAIER G T ERNEI; BT IeRE
I SR AR D, PR AR SRR
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