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[HE] AW LR R A MISA X il f 4> FLPR A v ) 8 3 BB 1R HEAT T R, X FL A AR B
A5 7500, IR i At T 2L R AV PR S DX A SE BRI T T GO 1 BE VB & KEGG BT 45 /R, 7620 1.7Gh
fiffa IR 2, AR R T 837 004 NSRRI AL AHXT E B A 488 A4~/Mb. TR B FEH 15 513 551 bp, 7
AR 4> FEP 2 R /INAY 0.919% , ABRXT 35 R 9 051 bp/Mb. 7E 6 Fhog BRI TR BABILM T ER AR E, th
495 421 A 7€ 6 Ffl DR 5 11 59.19% ; HAMAR YR —08EE (26.79% ) , = HdHE (8.48%)  PUTHEE (4.21%) | H.0%
F(1.25%) FI7SHEFE(0.07% ) KRG T2, Hirh ) A AC AT AAT AG.C AAAT AAC  AGAT AAG KK Jy i fir 4>
SRR IR B 2 A HT A TR 2 R R 0 A/T SR OE 5. B x4 L R TR AT E
3t 24 200 MU TR ENAEIL NG T 1 A1 3 853 AL 1. GO THBREFERAY 1 758 4~ GO & Hf, R4
AP R A BRI B i £, GO ThREE 4R 5k .35 19 4% B R AR B i 5. KEGG & 4R M, MLk
RE5r E ERNER SR L. AR B SOT IR (5 S M A R s R i o 2. 4r AR B A )
AN IEITN T VZ . AT HTES AN 5 A A 5 PR R IX sk 1 A 1 5L T REAE AR RIS BT A5 555 5 L A B
AR A B A A R s 2 T T FEEVE . 2R 9 S A0 )5 SR B R R A% 1 B PPAY S D2 5 A & K ) RE
FESFRR L TR A
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Distribution Characteristics of Microsatellites in the

Whole Genome of Cyprinus carpio ,Linnaeus

Liang Xia,Wang Huigi,Ma Yuxuan,Song Lei,Wu Chao, Li Lianghui,Zhang Guosong
( Physiological , Biochemical and Applied Laboratory,Heze University, Heze 274000, China)

Abstract: In this study,the microsatellite search software MISA was used to search for the complete microsatellite in the
whole genome of C. carpio, and its distribution pattern was analyzed. Meanwhile, GO annotation enrichment and KEGG
enrichment analysis were conducted for the genes located in the coding region of the microsatellite. The results were as
follows,837,004 complete microsatellites were searched in the whole genome of C. carpio with a relative abundance of
488/Mb and a total length of 15 513 551 bp, accounting for 0.91% of the whole genome size of C. carpio,with a relative
density of 9 051 bp/Mb. Among the 6 complete microsatellites, the number of Mononucleotide was the largest(59.19%) ,
followed by the Dinucleotide (26.79% ) , Trinucleotide ( 8.48% ) , Tetranucleotide ( 4.21% ) , Pentanucleotide ( 1.25% ) and
Hexanucleotide (0.07% ). Among them, A ,AC,AT,AAT,AG,C,AAAT,AAC,AGAT,AAG were the top ten microsatellite
categories that appeared most frequently in the whole genome of C. carpio,showing obvious A/T base advantage. Through
genome-wide microsatellite localization,a total of 24 222 microsatellites were located on gene exons and distributed on 3 853
genes. Among the 1 758 GO entries annotated by GO function ,the number of entries and genes annotated by biological process
were the most, and the most significant entry enriched by GO function was the regulation of metabolic process. KEGG
enrichment showed that the total number of genes enriched in the branches of the organism system was the largest,the accu-
mulation of sphinolipid signaling pathway genes was the most significant in the branches of environmental information
processing, and the types of pathways distributed in the metabolic branches were the most extensive. The results suggest that

microsatellites located in the gene coding region may play a role in intercellular information communication, signal trans-
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duction, cell metabolism and biosynthesis regulation. This study provides data support for the subsequent population genetic
information assessment,development of microsatellite primers and functional identification of C. carpio.

Key words : Cyprinus carpio ,genome , microsatellite , characteristics

T TR DNA , XFR R T8 ¥ 8 2 ¥ %)) (simple sequence repeats, SSRs) , /& {2 AA7E T HAZ R VL R
SRR 1~ 6 ANIFE R IRE A BALA A T 3R ) X FE P A N 3 T X RN g X 45 I 7 TR e
1o S A A O P 9 RIS A RS B0 3 P 51 T 8 LB, A A 6 380 L o0 A 24 5 AL 1 5 4% S 4 A
WFFE N 5038 E G TR 3R 1535 [t i B P 93T PCR 9731, LIRS 38t 1% 22 A P R 1k
DIREbRic S, FE R BB AR FARICEAR , i T B et G R R D) Bl G ZREME AL
Fe oy FhRic i B A T SRRz .

i} t8 ( Cyprinus carpio) J& THIE H SR SF R 72 7345 T BRI AN R 5€ U &b 19 4 T TR KK B
IR FREIRAK M PMER 2 i)™ FRFHDT LR R R 2 —. 2014 4R P R R Bk
B 2B 58 FRL T B A R PR 2 R RS s ], Ry 1 R B A S R4 T A A ) S 5 IO 5% A s £
I ZH IR B R, HEE A R/NA R 1.69G, 3% 52 610 STIREEEH , 245 B 58 UL DR 2H 00 7 Fr) Tt
2 FE R H WP, S T e W £ B DR 2H 6 5 T A 319% W% R T, B 3 R T H AT 58 K
FEIZ P B A 2 (D TFRE S f0) 38R 1 850 S A R 2 0 4% B A Mt A%~ ik s 2 W i £ 7
A ST 2 AR O 100 S5 EATE 1 50 A AT AR 25 AN DU A 32F— 2D S T i 5L PR 2 1Y) S 2% DU
T IR ARAE. S TR AT £ B PR 2H DUAS AR BHUT N BT 1 8 £ (20 = 100) A1 A5 2 2 28 BE S
1(2n=50) 1 LACEL I ZH TS . S5 R EHT], 8 g @A R ARy 201 MRS OC R 55 S A L, i
F LR ARAT T IR 29 1 U 4 JE PR 2 /K - UE S T 882 5 DR 201 1) O35 Ak AR AR R A g 4 R PRI 241
S S A e 4 DR ZE 0 P R TS 1 58 L, s i A SR £ 28 o 2 B MR 1) 35 A A AT R s A% 3 B AR
IERHEA T I AR

FI AT FE P A DG T 0 i TR Dy T A8 O B 2 il - b S5 A B 1R 25 2 R oy F b i
R B L 5 B R VT8 1) 2 58 T AR B AR AR R R A7 A S T ) 2 14 80 35 42 1 A R 5 e >
8 £ 54 TL R AR IC AN SNP i il 1 M0 £ A v 4 8 1Y) gt 1% 8 A0 RT3 LA R 3t A — TR 5 RIS 5 R S IR
SFUURIR 4 A A T R R PG T AR PR HO AT TR R A K MR QTL (431 B
AR SR ; SEHAREE AT 10 X6 6 TR AR IO T B AR B D IR A MR A T T A% R R DA

TR GEFF A SSR bRic B 7 v 32 S A i 2 4 7 08 R DR 4 S R/ e B B o Bl S5k & SSR
5140 B R T R G TR ARG A R ik R B AR R ER R T R O Ik B ISSR R B REvk
SO IR S A ek T AR T N T4 AN ) R AR 1 g A R AR A 4T B B R 5T SR
JoT BE IR S A IR, 3k BEAL G i 0 7 A 45 IRIE  FB IR, 4Rk, B AR H AR (0 sk & 8, 17
22 Wi i) R DR AR A 2 A A BT R R b T & VR 33X A FE A R R ALK P B R TR BEE T
i, HRTHOR S Z A 7 B A BE D 2 B TR BF Y B W AR 1. MISA T H ( MicroSatellite identification
tool ) 2 1T SEAFE I T 12 4 i 4 5 PR ZE B TR A — s Ay Al ol | v 200 PR A Bl T R 4 AR AR 3 T T EST
P9 SCZRAZIR T 51 S HE DR 20000 e 1 57 45 22 S ARURE AL 20 5 HLBLAT IS T4 2 1 3 G811 RE R SR T K 1Y)
S BN B 2 R D 4 TR B AR A e TR AR ST R MISA A 10 B ke A 12 o e £
FEZH IR E (NCBI & A0 ) K &R | S X £ 4 5 R 20 A 9 T8 B R A 748 RO 0 Ay S A A FLAE. ] B et &b
BFRESAMTEMIER T GO 118 B HEM KEGG & 41T, Kt — B0 78 vt TR AE B 4 L K 7 571
R 3 A REAIE DL S DB AE 7, 30T T4 Ji5 43 B £ 4 5 PR ZE AR TP A A () e BB A 33 A% AR A L R fi
o R R DR CE B A EENSENME.

1 Bi505ik
1.1 EERIE
ARSI 1.7Gh #1464 3L R 2H F 4 H NCBI Genome (3 /% ( hitps ://www.ncbi.nlm.nih.gov/) , &

54 GCF_000951615.1.
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1.2 SSR #ZHEF%

AHIFFE R MISA 3 TR A8 2R A 0E , A fr 435 R 21 rp i 1~ 6 Fsg 2 AL DR R 9. I RsiES %
MISA BAFBRIASEL, B 1~ 6 Fi DA O P 9 /b A OB oM 10,6555 A 5. ARFFE Ge i IR Pk
JITAG TG 4 1 51 S HLAd 3 B AN S0 IA Ry [R]— 28501, i ACT A #5 DUA, i LS 2 A9 h— R E R
P& U182 CTA TAC . TGA .GAT F1 ATG.

1.3 RIEERENEFLEHNEERE GO FEM KEGG EES T

FI g Aa B GFF 1B SO RE T MISA B3] B ik PR AT B4R B (misa SCOF) W 43k R 4
B TR AT E AL 455 R 523658 4 5 1 Python 7S K ffi ] Blast2 GO #4:12 #:47 GO B, #IH
KOBAS 2. 0 ZEL X 1#E4T GO B4 M KEGG B 441>

2 RS

21 HBELEFNANIEZESHmE

FIIH MISA 73 B2 G 54 AE 1.7Gh fiflfa 4 I R 41 8 2R 51 837 004 A2 B TR  MIXT BN
488 ~/Mb, i LA BV K BE R 15 513 551 bp, (s 42 3L K21 KNP 0.91% , FHXTEE 4 9 051 bp/Mb. 1~6
B A S Y Y TR B H 28 SR Hoh i B S A H e 22, B A BB 67.11% 5 Hok oy il & —
B | A | DUBREE A R, P S IR Y EUUR AR, (A 596 M TR ERTA T A T
0.07% (1 FZ1).

10 504,
1.25% 596,
0.07%

35202,
421%

B HA%AYR Mononucleotide
B #1778 Dinucleotide
W KR Trinucleotide
B UAZ PR Tetranucleotide
M HAZF R Pentanucleotide
0 7SR Hexanucleotide

224 263,
26.79%

495 421,
59.19%

&l P B AR AR L2 B A 4 R R 2 v B, 7 4 LU AR SR I 2 B 7 A A T b i o L)
E1 EasERAT 6 MUIEXRBHENH
Fig.1 Quantitative distribution of six types of microsatellites in the Cyprinus carpio whole genome
x1 @EELEFRAD 6 MUITEESHBFKITHH

Table 1 Different types of microsatellite sequences in the Cyprinus carpio genome

Tk T Y MK EE/bp di /% K/ bp B/ (4~/Mb) W/ (bp/Mb)
BT 6 427 459 41.43% 12.97 289.04 3 749.98
TR 5446 318 35.11% 24.29 130.84 3177.55
AR 1 697 370 10.94% 23.90 41.43 990.30
PUA%H TR 1281 444 8.26% 36.40 20.54 747.63
FAH R 655 890 4.23% 62.44 6.13 382.67
ANIEATIR 5070 0.03% 8.51 0.35 2.96

22 @BELERAT 6 WD EXREREERN S HEHE
R T 6 M AR R T2 AR DR A PP 0 A 038 22 e . 35 A, i o g T2 2R TR0 v S T el R 288 591] 14 2 A
M ATRARZE R (K 2 FIEk 3).
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®2 @BEFIEDHIMERSH 10 HESE RKH
Table 2 The 10 types of repeated copies with the highest frequency of microsatellites in the Cyprinus carpio

SSR 2k HY SSR % H 7 25 B R 28 1 L 3] SSR kAl SSR % H 7 45 B T R 28 L 3]
A 478 415 96.57% C 17 006 3.43%
AC 122 398 54.58% AAAT 15 608 44.34%
AT 62 844 28.02% AAC 8 627 12.15%
AAT 48 895 68.85% AGAT 7 831 22.25%
AG 38 646 17.23% AAG 4220 5.94%

£33 TREBELBYIEN I HMRABLNEEEREFATNIH

Table 3 Distribution of the first three dominant categories of microsatellites of different base types in the Cyprinus carpio genome

SSR 2K # 51 ¢E| o7 25 T R 2 L 3] SSR 2K # 251 A o7 25 T R 2 L 3]
iR B8 A 478 415 96.57% Y ik 2 AAAT 15 608 44.34%
C 17 006 3.43% ATCT 7 831 22.25%
- AC 122 398 54.58% AAAC 3 505 9.96%
AT 62 844 28.02% A AATAT 3 240 30.85%
AG 38 646 17.23% AAAAT 2 086 19.86%
= AAT 48 895 68.85% AAATT 703 6.69%
AAC 8 627 12.15% Ay AACCCT 74 12.42%
AAG 4220 5.94% AAAAAT 66 11.07%
AATCAG 51 8.56%

FERBRIEIE S, A O CA LT o5 A 4 X0 i B i A 3, R4 R 31 478 415 4, N HBOE BB H 1
96.57% ;s A LA 75, C 235 (C.G) HBUBUREAL , 7RSI AR 17 006 4, FELAE I 5 L 3.43%.

TE ZHRIE DU RS G R AC 2850150 H i 22, 2L 122 398 A4, (5wl A8 H Y 54.58% ; Hk 73 il 2
AT F1AG 28590 78 B 2091 5 HE 28.029% F11 17.23% 5 CG 2% H /b A 5 H 0.17%.

FE = HH3E | PUBREE AN TN o A B B A A T SRR 3A. FE = BlEH, AAT 2851 H BLA R
B, L 48 895 YK, i 1t 68.85%. HIRK MR AAC FIl AAG, 7E =B H 70501 5 1L 12.15%H1 5.94%. CCG
FBNHBUTREAR, (A 1124, 5 E 0.16%. 7EDURSIEF , AAAT S H BT R B i 1, o BL 44.349% , Hak
SRR ATCT F1 AAAC. 7E TiHSZEH  AATAT  AAAAT F1 AAATT A%k H B 2 i T = ).

S RVAN 8 S N (e S EE L e R T g (A C N AN B B B @ €2 i (| R SR
. AACCCT A BB 8 H e 2 2800, 2 74 A i b 12.42%. HABZE 5] T8I,

23 BELENARIEEEE NHSH

USRI RAEE 6 Fhpd A A% B 43 A FAS Bl R AN RIS 185 H 22 A K (B i TR %O
P A DB AR S — S0, B 1~ 6 B LA a4 420048 DUB S i , L T A0 H e skl (151 2)

i £ 5 PR 2 PP R AR T R AZ O B 4 DB AR Y RIS, DL 5~ 4 029 #5 DUBORSE. {0 6 it T2 A%
ONTH)HE DU R T TE 5~ 40 Y0, (5T R MY 99.44% . BpsEAZ O DB F B4 h7E 10~33 1%, (B
B Lo T VB 99.84% 3 W SEAZ O H5 DAL 6 Rt A il o i, B4R TP AE 6 ~40 YK, 78 Sk

160 000 -
140 000 —e— HiZF# Mononucleotide
120 000 —— 1% Dinucleotide
= 100000 —=— = 1R Trinucleotide
3 —— UK R Tetranucleotide
DL])I 80 000
= —=— T }%HMR Pentanucleotide

60 000
=== KR Hexanucleotide

40 000

20 000

5 10 15 20 25 30 35 40 45 50 55 =260
B2 #BagEERMHIETAZENLSH

Fig. 2 Distribution of different microsatellite repetitions in Cyprinus carpio
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7 &5 AT ( Cyprinus carpio) &R R TR DA FHEIF R

T T 98.229%. Hohds s bs DU 4 029 W, A8 6 i TR 48 DU F 95 DR R« =Bt | D i Bk i 1
BRI O 1 DL B 78, 4 S v e 5 ~ 21 IR .5 ~ 25 KR 5 ~ 20 1K, 435 it 99.37% ,97.96% Fil
95.70%. FNTHEEAZ O PE DUBCE g v, B 7E 5~ 9 JEIEIN , 15 1L 88.59%.
2.4 GO IhEEER E&EM KEGG EEHHE

30 b 0 A 1 4 PR 20 RS R I TR AT A, IR TR A A S 5 DX Y R R AT D BB TR 4
REW 5 60 139 MR E R LA LR 41 17 678 NEEFEMAMNE TS5 T EAES. ZEFM GO I
RETE R B2y AR B A 3 o TR = K2, X A e B A TR 17 678 1 4fid
SR BT GO DIRETERE, 2645 1 758 > GO 45 H. i RBRIEY) 2= B0y 4% B UM S 5 R $ 4 e 22 P
B HBEL 11201, 5 63.7% , 3 M 0 A B 20t 7 32 B A0 45 40 i i 72 ( cellular process ) |, HLZH 215 2
(single-organism process ) XA FE (metabolic process) 55 ; FERBE R AN /0955 B A 416 4, 516 23.7%),
E BT (membrane ) ML (cell ) FARMLAL 43 ( cell part) %5222 45 H ({5 L 12.6% ) B350 F 2 BE
(molecular function) 77 i, 32 ZL 5 H1 7 7% $2 ( binding )  f# AL {6 P ( catalytic activity ) DA M A5 5 15 & 4% 1 3
(signal transducer activity ) 55 J7 [ , H i 3 B 2 45 & 76 74 (binding) ThEER R N G ER I GETT &£
(E13). GO Thig s & &1 5 B R B A 15 (P=8.47TE-15) R4 ARSI R Y 4% (P =
1.24E-14) VL AR Y & G RE R A% (P=5.55E-14) (£ 4).

0.30
5000
0.25
4000
. 020
2 o o8
g 3000 2§
& o 0.15 fﬁ 4
K g ’ =
oy 8 5
£ 2000 o o
2 010 " 3
1000 0.05
0 . M-8 Lim
1 3 5 7 9 1 13 15 17 19 21 23 25 27 29 31 33

W
R — 1

i cellular_component E molecular_function E biological process
! ALY L AT ; TR
AAMIZH 5y 1 2. 40D 5 3. A IO 2L O 4. IR 5 5. M 5 6. KO T 5 600 5 7. A s 415 5 8. A IS DX 4R ; 9. M 4 5 5 10, 5k PA .
Or T INRE 1L AE BRI 12 AT 5 1345 S A IR 1 5 14 00 TR BT At 5 15 i T 1 16 RAS & e s A 71T 11740 T S g
VAR 5 18. 45K 43 F-T5 1 5 19,58 S PR 7T 14 5 20. R 1 it .
AeWpfid B 21 MR 5 22, SR AU At ;23 AT T s 24 2 1 5 25 2 Wi T U T 5 26 RN 25 5 27, A2 364555 285 25 29. 4 M
HREAE YR 530, 2 A0 A Wi B 5 31 A RS AR 5 32 AR WA BRI S A s 33. AL PRG MY ; 34 AR Wi FR I TE A ;35 Sl RGEIT AL,
B3 @#eaMIESFEFHIEFHER GO TR

Fig.3 The GO function annotation of exon microsatellites in Cyprinus carpio

®4 BEFRIESHTHIEFHEEGO EE

Table 4 Gene GO enrichment of the microsatellite distributed in exons from Cyprinus carpio

%H GO ID LN Py P{H
AR AR I G0:0019222 787 2234 8.47E-15
Koy TR R a5 G0 0060255 770 2183 1.24E-14
YA B AE G L R Y TR A G0:0031326 697 1963 5.55E-14
WA T AR R 4R G0:0009889 697 1 964 6.24E-14
YT A A SRR PR G0:0010556 690 1 946 1.03E-14
LR e ik G0:0010468 715 2 026 1.07E-13
FIG AR AR P8 G0 ;0080090 745 2122 1.07E-13
FACE P R R 4R G0:0051171 743 2116 1.12E-13
YA AR AR A R G0:0031323 751 2145 1.64E-13
RSy F- A6 S AR R 4R G0:2000112 687 1 941 1.76E-13
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X RS An TAM LR i1 T KEGG & 8504, 25 4R 2 40 M ik 72 ( cellular processes) (JA5E
5 B AL # ( environmental information processing ) | 1% 1% 15 B 4L #f ( genetic information processing ) | X i}
( metabolism ) FIAG HL R4 (organismal systems ) T K43 32 W A0 45 280 £5 . Hoh WA R G40 2w £ 21
FEH SO 2 4 6 520 . FREE(R BAR IR0y SO B AR (% 530 % ( sphingolipid signaling pathway ) 5P & 4
R (P=2.36E-10) , PI3K-Akt {5 5 % ( PI3K-Akt signaling pathway) [ & %1 HEH i £, 14 319
A S AR B A SR R AR S O IZ A 113 SRl IR E RS 1 609 MG, HUORAILRS
(81 Z3 ) , o047 A% A5 2. A0 B 11 300 % b 2SR 35k PR BB e IR (22 Al %, 881 ML) (£ 5).

*®5 @EHRIEHHTIEFHERKEGG B4

Table 5 The KEGG enrichment of exon microsatellites in Cyprinus carpio

isesrk T 1% LN Py Pia
JE 5 B A5 B 162 410 4.51E-07
KEE G- 92 210 6.56E-07
GIRENERE TN Ak 158 402 8.94E-07
PR E TR RS Tl i 146 370 1.68E-06
A T {5 5 B 179 470 2.09E-06
ik i 5 114 42 104 3.16E-03
e £ AR ORI B R A R 3 4 6.53E-03
ARk 57 154 8.14E-03
T fHe SR e fie 15 37 3.83E-02
i ppe pae RNA Pfi 74 197 2.13E-03
e RALE o RO e 7 80 2 | 82E-02
BERR {5 A i 168 391 2.36E-10
c¢GMP-PKG {553 % 202 533 7.58E-07
FoxO {5553l % 157 395 4.32E-07
IR B Ak Rapl {553l 260 713 1.03E-06
MAPK {7 53 % — S g 89 219 3.70E-05
VEGF {55 % 76 184 6.36E-05
MAPK 5518 % 276 801 7.03E-05
VT R 2 R e Y1550 136 374 3.33E-04
e Jey F A 223 656 7.18E-04
- T 107 294 1.19E-03
WLZh B P20 B 2R A A 222 660 1.36E-03

25 BELEFNARMIESEFESHT

ABIFSE L) £ 4 BE DR A R A A HIAE W45 8 5 O iR A i P A vh i e B BB TR AT TR (et
II3HT. AE 1.7Gh N R ALK 837 004 A28 MR TR | o A0 4R N4 R/NE 0.91% , H LBl
FEAMEIN Homo sapiens (3% ) S8 INEL Mus musculus (2.85%) % FUKR B Rattus norvegicus (1.41%) ')
05 L BEZR T8 Takifugu rubripes (0.73%) AR 78l Takifugu bimaculatus(0.84% ) 45 78 7l Takifugu
Aavidus (0.84% ) *) JLLLIFAY Gallus gallus(0.49% ) K HE FIF 7 Fo %5 ves. AT DL 7R S £ 4 BE PR 2 p £ L2
S R A ET . ST A E) e 2 S DAL, T BB T A [ 40 A 1) 5 R] 2 R/ R e PR 2 A s 2 i S
HEF 77 0 22 5 2 2.

TESLAE 6 Fhoe A G LR b BRI TR A B H e 2, (5 S8 B R TR 19 59.19% , G K B f
KoEREAP HH 41.43%. X — 250 RiE 0 KBES Ailuropoda melanoleuca | b W fE Ursus
maritimus'™ EENE Macaca fascicularis™" 55V 7L 309 2168 75 07t OBUBEAR 7t 48 5 ARyt | P8 75 Bt T
fili Tetraodon nigroviridis'™' %5 7K /£ S Py MR ABEIE A TRUAR ], 18 1 [ XFUR Fenneropenaeus chinensis™ | =
YERR T Portunus trituberculatus'™ FIHPAEHERY Rhodeus sinensis > 28 K A= sy 3590 — 3L 503 it
AL AN [E A B D0 TR 2 R & N AR [E]. PRI, AN [m] 400 Ak T2 91 B A 7 ik PR 4L T ) 6 B
WA REAATEA —E I IRSF ILAR.

2.6 #2fa 6 MR TE I EFHEANFFES T

TEB R A 1 ~6 M TR SR BB A T AL 7E R m A2, A 285
(A/T) M ILEELH AT 96.57% , B C 251 (3.43% ) A FCRAT I i o8, X AP LR AT 72 T R i
Drosophila melanogaster:m CEEAESY CREA AN LA RE O AR K Ak .
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7 &5 AT ( Cyprinus carpio) &R R TR DA FHEIF R

FE RIS AC 20 5 A B RRY B, KR AT R AG. e s  4gkm ™ BEms >
4 Pt K A s rh BT = 2HE T 2 AC AG I AT. R AG I AT ZEASIR Y Fh — Bl 3
HEF A (HEA AC 250 7 LUK, AG (AT 2851 5 L AH 25 B8/ N ARFAIE.

AAT AAC Fl AAG 351 R =B A T =200, X R W AAN (N FRERER A DIAMARAT A 5L ) 285007 =
Bl LA L X RO B, G 5 N A = o A A — . SRR, 7 6 Rl o AR DR, =
B3 Bl TN ) T LA I S 5 7 R (g A i FL AT — 2 AR ST L i Toth ™ HE 740
W SRR E R AR 6 PRI At SR i Y. DA I, £ B TR A O 8 5 DL AR B LD
Bl A7 ] B2 AR 0 T R L R X 45 4, DT 2 i LA SR Y 22 5k 5 | Ak S 38 a8 A 5 s 1) R A
AT IR £, = B AR TR AT (57 FBIE SR A AT , A R T 0 LR D 35t A5 o 4 573U ) o 77 5 1

FEDUBRIE | AR IE RIS IRIEZE T T AAAN  AAAAN FIl AAAAAN(N fRZEBR A LISMAAT A7 o8I ) A%
BN, XHREIFG UG IAFY R i TR B AR—30 . AACCCT 2SIk A B i 2 7
WL O LTy A 4 Rl e R AR SR R (A AL R b A A eI T RE AR K A
Az Wit A Ak S R B 3 I T R HE— B .
2.7 tBfa 6 MM IDEROE NS HIFES

il £ 4 35 R A B TR A BT 2 B, 6 ol o A L Bl 10 B S8 i o A0 A 4 DL S0 388 n LA TR I H R
W, XA 5 S R MRS Melopsittacus undulatus'™ MR 3 3 U1 Patinopecten yessoensis™  4x 8%
PP K 4 R R T AR IS W Rl 4 SR R A PR TR OB DL AR MR R A — B A e R,
2 6 P T A% L P 5185 DURIGR 21 7= A W 3 2878 1 e 1K 9 (s, DNA & il gk 25 Hh B0 sh 2828140 ik dh,
Xof 45 2 ) L T B R B A 0 14 DL R A A R | Wierd] 254 TA S 5573 102 B e P A g AR
AT, BB ST A B A e, LS M S AR, () B 58 28 SR8 2 iy | 3 (A5 K i A T L 9] LA
Hiblb.
28 MEEFIEHEXER GO FER.EEM KEGG EEA

T R AE R 8 43 A0 6 TR R D e (0 FR Ak AR F . FEAE MR Y, A [R] 56 DRURE B R A (AR )
TRl GO R B ERRIE AT H I SE R R 2 SE R D e AR TP AR B T KEGG 38 I 1 38 1 & 4R R
e HAR RS 5 1 i F 2 AR R AVE S5 SR . ARFFEE S A 0 A& TR i 2
KT GO DIRETERE |5 4R M KEGG & 5404, R i — DARTE I TR RS A T R 5 T &5 AR L. GO TER
GIHT I TR B A L 53 AR DGR IR SR B 6 TR EEZE S R 20 03 55 Ay T O RE R B T RS &
W AT RS G G SR T 1 S S R B R B S A | R 2 2 R A A R A
DG, GO EAERT T2 B ST AEW A s DL S PR Sk P8 ¥ =S Thae 1w 8 40 ¢, b D
AR R IR Rk R R4 R A A ) G AR i S o . KEGG L 42 3] 280 J%id %
o Hoh RS B AN R B R 5 5 0 B e A b s RO B ORI R B R Z
5555 S BHAMC. 2706 KEGG 5 /N Sl i s RS 0T A SR BB H R85 5 T F 54 50
% AR 6 DA R A K A G [ A5 B 0 e

BT GO R B KEGG & 4240 B4l AL | s v £ 56 PR 4 DX Sl i o T T g vl e g vh R LA
S5 BT 55 5 S AN BRI DL B A A R s LA L St S i s
22 AP FR L R 2 Ry A AR AN B T BB DU GO B KEGG &4 B L B, 3 MRl GO R
HRBI SN 5y F55S A0 AR R B % A C, KEGG & 4 1Yl i a4 th 715 5 7%
T R I T R LA DA () o e A6 A R PR 0 DX B DR VT BB S S5 S 5 T A
JLAR 1 B 3 AR T R — e B D) B
3 45k

JRUAE S TR G B TR T R oy R ARGE C A AR 2 (AT A5 880K s T B A i T AR X 4 20 | B RTIA AN
R A% TG JE B £ DA R MR} £ 2835 A B R DG B R AR 5T . AN 98 R AR 015 8 2 3, e i e 4 L PR 4 Y
X TR AT 2R 0BT, X5 A 1 JE DR G D3 A T B R AT T DI RBHAR 5T, 3 Sy i )5 2 ) SR LA 40
PR IS AL (5 B VTAG | 5 R R OC R I DA SRR R bt B S 4R 408 T 0 S 4.

— 109 —



PSR4 (AR 55 44 45 3 191 (2021 4F)

[22]
[23]

[24]

[25]

[26]

[ %3k ]

TAUTZ D, RENZ M. Simple sequences are ubiquitous repetitive components of eukaryotic genomes [ J]. Nucleic acids
research, 1984 ,12(10) :4127-4138.

JELREAE R S BRAR G, BRI AR R A P R R R AN B A e [T ] R 2 2 5 AR W27, 2019,38(3)
1087-1095.

SHEN X Y,YANG G P,LIU Y J,et al. Construction of genetic linkage maps of guppy ( Poecilia reticulata) based on AFLP and
microsatellite DNA markers[ J]. Aquaculture,2007,271(1-4) ;:178-187.

NARASIMHAMOORTHY B, SAHA M C, SWALLER T, et al. Genetic diversity in switchgrass collections assessed by
EST-SSR markers[ J]. Bioenergy research,2008,1(2) :136—146.

HULAK M, KASPAR V,KOHLMANN K, et al. Microsatellite-based genetic diversity and differentiation of foreign common
carp( Cyprinus carpio) strains farmed in the Czech Republic[ J]. Aquaculture,2010,298(3/4) ;:194-201.

SERBEZOV D,BERNATCHEZ L,OLSEN E M, et al. Mating patterns and determinants of individual reproductive success in
brown trout( Salmo trutta) revealed by parentage analysis of an entire stream living population[ J]. Molecular ecology,2010,
19(15) :3193-3205.

XIA J H,LIU F,ZHU Z Y ,et al. A consensus linkage map of the grass carp( Ctenopharyngodon idella) based on microsatel-
lites and SNPs[ J]. BMC genomics,2010,11(1) ;:135-150.

XU P Z,XIAO F,WANG X M, et al. Genome sequence and genetic diversity of the common carp, Cyprinus carpio[ J]. Nature
genetics,2014,46( 11) . 1212-1219.

PIVRISC, A 0 (Y A i IR [ ] P K™ B2 ,2000,7 (1) ( 1-5.

X 2 R B S PRI A S B S A Y LA IR [ D] K  RIE R R 2, 2013,

KRAErE, A, B AR, 45, 56 T8 5 TR 35 A B0 A (AR SC AR QTL A9 230 A S8 S AR LT ). R I RL A7 AR dn Bl o
2013,43(2) :159-167.

RUIMR, BIEAE A A KILEFBL( Cyprinus carpio) B PIRNFRFHBLRE UGS AL ZREVEITAL [ 1], SRR AL2 50 A9
2#,2020,39(1) ;70-78.

XIONG L W,WANG Q,QIU G F. Large-scale isolation of microsatellites from Chinese mitten crab Eriocheir sinensis via a Solexa
Genomic Survey[ J]. International journal of molecular sciences,2012,13(12) :16333-16345.

BURHE  BE FU AR FMRLCC, 4. BB TR 73 TARICRY TR E [ )], Sh°#WF5E,2001,22(3) :238-241.

AR PIVRCC, AR R R 2225 0 A R i R R 35t A 2R [0 ], shW12ARF 9T, 2005,26(6) :595-602.
PV, SO S BRI 45, REER W AR 1 5/ ) BEe B TR T e A T2 08 LRI SE [0 ] v K 24,2005, 12(2) -
126-132.

Van BELKUM A ,SCHERER S, Van ALPHEN L, et al. Short-sequence DNA repeats in prokaryotic genomes| J |. Microbiology
and molecular biology reviews, 1998 ,62(2) :275-293.

SUBRAMANIAN S,MISHRA R K,SINGH L. Genome-wide analysis of microsatellite repeats in humans : their abundance and
density in specific genomic regions[ J]. Genome biology,2003,4(2) :1-10.

KARAOGLU H,LEE C M Y,MEYER W. Survey of simple sequence repeats in completed fungal genomes[ J]. Molecular
biology and evolution,2004,22(3) :639-649.

Ty WRH AT AR MISA T HXERFEZERF ST SSR ARG ALz 3 MHT (], R A8 iz, 2016,32( 10)
150-156.

TR PR ATREAR %5, 2Bk L DAL BT RS E ST B S A PERRIT IR [ 1], I ARHEREK A2, 2020,40(4)
7-14.

FRBA, skl AP A RO R A LRI [T ] . R ,2020,42(1) :116-120.

R BRELE RN, A RESGIE R 2H R R TR AT R IE B A AR AL A5 A S AT [ D] BT KRR, 2020,16(3)
47-60.

CONESA A,GOTZ S,GARCIA G J M, et al. Blast2GO :a universal tool for annotation, visualization and analysis in functional
genomics research[ J]. Bioinformatics,2005,21(18) :3674-3676.

XIE C,MAO X Z,HUANG J J,et al. KOBAS 2.0:a web server for annotation and identification of enriched pathways and
diseases[ J]. Nucleic acids research,2011,39( suppl) : W316-W322.

IRy AT, A5, A5 /N IR R 2 R DR A RS i M A RE (D] S, 2006,52( 1) 1138152,

— 110 —



7 &5 AT ( Cyprinus carpio) &R R TR DA FHEIF R

] WRE, XA AR . R RSN A T B e oE [T ], TEVE AL K 2# 244 ,2015,37(4) . 708-711.
1 RIS R Tk EE T 45, 2019, 4 Rl el 438 TR 2 3 DR A A AR AR A3 AT F 9T [ J/0L ] . FE R4 2% 5 W A A W2, 2019.

http://kns.cnki.net/kems/ detail /45.1369.q4.20191126.1019.002. html.

BN FRIRH] 22 R 2 A 205 A RE PR 2H v B TR A Al LRI SE 0 ). 1T ,2012,31(3) :358-363.

BRI AR R AR R RSN R AR RE TR R4 T B A A R LA A [ ] U114 ,2014,33(6) :874-878.

R R DA A SRR S A TR AR e A [ 0] BF2E sh 541, 2018,39(2) :400-404.

B XUPE T 2B4L, 55, P EIXT R ( Fenneropenaeus chinensis ) BP0 TURSFAEAIHT [ 1], W EES5H17E ,2004(5) :424-431.
SRR, XUFE, 24, 2. = PR TS DN AL TR R TE A [T ] EEK Rk, 2008, 15(5) - 738-744.

AERAR, EOhIs  Bher, 55, JE T a0 Sy 04 h AR Sl B IR 40 3 T B AR A3 SR ic HF & [ 1] TR, 2018,
46(18) :164-168.

TOTH G. Microsatellites in different eukaryotic genomes:survey and analysis[ J]. Genome research,2000,10(7) :967-981.

RIS B0 258 45 B0 ( Pelteobagrus fulvidraco ) 43 A3 TR - A B AEBF5T [ J/OL ). JE R4l 2= 5 Wi A8
2#,2019. http://kns.cnki.net/kems/ detail /45.1369.Q.20191204.1055.002. html.

PEARSON C E,SINDEN R R. Trinucleotide repeat DNA structures ; dynamic mutations from dynamic DNA[ J]. Current opinion
in structural biology,1998,8(3) :321-330.

BN AR R, PR R A SR A P TR S A LR IS [ 7] BFAE 341, 2017, 38(3) :422-426.

5ANF e AR B, A5, BT g A e 0 14 5 J D PR 2R B TR AR A A [ ] b Bk 2% 3 /8, 2018,39( 1) £ 107~
113.

LAT Y,SUN F. The relationship between microsatellite slippage mutation rate and the number of repeat units[ J]. Molecular
biology and evolution,2003,20(12) :2123-2131.

WIERDL M,DOMINSKA M,PETES T D. Microsatellite instahility in yeast:dependence on the length of the microsatellite[ J ].
Genetics,1997,146(3) :769-779.

CUI K, YUE B S. Distribution patterns of microsatellites in the genome of lophophorus lhwysii[ J]. Sichuan journal of zoology,
2018,37(5) :59-66.

[=EHE:&E 8

— 111 —



