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TE 88 (Cyprinus carpio) ™ | ¥ 1 (Ctenopharyngodon
idella)" | FU I 35 1 (Pelteobagrus vachelli) "l
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RIE T =IEERE P EAk, B4 3R A
A8 1) R 2 BB A ok, X AP 4
RIS AR BE T RAFRIEA . ABFSEMN
LN K EREST T 3 R R A T2 1 7
AR LBl TR A A3 LA B B TR A - B2, Dy itk
e ZAV & WYL RE S € T R S

1 MRS IE

1.1 ERARF7

I o853 B 09 5 W 6 ( Culter alburnus ) 5&
PRI [ A PR SRR/ 1.055 Gb, 5l
s 2 1% & NCBI Genome £ 45 JE , & 3% 5
PRJNA700093, ¥R H £ (Anabarilius grahami)
R 20 D NCBI Genome 2( 3 E T 28, B 5 N
RJVU00000000, 2 K 21 K /N3 1.006 Gb*'5 A1 3k
i (Megalobrama amblycephala) % H 2H T & H
GigaDB %{ 4l J%& (htip://dx. doi. org/10.5524/
100305) , HAENALER/NA N 1116 G BT Ay
JF 5135 LA FASTA A% sUARAF
1.2 WIERFIINGEES ST

I AT B i 34 7 MISA. (hittp : //pgre. ipk-
gatersleben. de/misa/) X} 4= FE K 2] 7 51 i 17 41 4
TEAT G SR A B DR P A . ARWFFEATRT 1~6 5
B e A R AT o . R bR

Z:7% MISA B BRI S50, BB AT 2 (Mono-)
—(Di-) .= (Tri-) P4 (Tetr-) . (Penta- ) NEZH
12 (Hexa-nucleotides ) 5 & ¥ 51| i) /)N # &2 IR %K
I3 ERIN Y 10.6.5 .5 5 FI S K. % R
B35 e T ) DA A e T3 A U i 3 11
HEF 22 5 6 T A v 4G R 10 7 510 B g 3 B A Y
FIUA g TE]—2 50 . AC A FE L2550, T Ll 5
ZEIF KM EE ¥ DU & CA TG M GT,
MISA 73 H7 Ji 2K JH Excel X 52 56 45 J k47 %) 4511
ST

2 HER5T

2.1 ERAMIEHEST

TS 1] TR P f R A Sk 5 4 SR DR A
43 ) 1E 772 276 4~ 548 726 4~ Fl1 772 329 4
SERERIGL TR o B TR B 5 14.29 Mb
9.42 Mb F115.02 Mb, 43 51] 1 J K 4 5 51 B B 1)
1.35% .0.94% 1 1.35% . TE 1~6 A [ il 5 5 &2
RIS BRI TR v, 3 A B 25 6 R
FEARTE HHEP & — 800 . BT AL R i T
B 2T AT IR I RSN, G A% R EE A K
AR E AN W RIS S S P R R
HEEM T EBERZ RGOS I | U
FE L AL ARSI (R 1) .

®1 AREEXBENYIEEIFATHELXEFRANIFIBER

Tab.1 Distribution of microsatellite for different repeat types in the three species of Culterinae fish genome

i R 16 1385
Culter alburnus Anabarilius grahami Megalobrama amblycephala
HAR - - -
Mot lonth e FE WK . B I . R AR
Total ! Frequency/ Proportion Total | Frequency/ Proportion Total | Frequency/ Proportion
otal number Mb 1% otal number Mb 1% otal number Mb 1%
PAFFHE Mononucleotide 416 303 394.60 53.90 267 027 269.21 48.66 410948 367.76 53.21
g Dinucleotide 241 289 228.70 31.24 188 686 190.23 34.39 230 169 205.98 29.80
= Hfi i Trinucleotide 51244 48.60 6.64 38 969 39.29 7.10 58579 52.42 7.58
Y% J Tetranucleotide 52099 49.40 6.75 47 800 48.19 8.71 59 609 53.34 7.72
FLRFE Pentanucleotide 9741 9.20 1.26 5635 5.68 1.03 12 581 11.26 1.63
7583k Hexanucleotide 1 600 1.50 0.21 609 0.61 0.11 443 0.40 0.06
1T Total 772 276 732.00 100.00 548 726 553.20 100.00 772 329 691.20 100.00

2.2 EFRAMIERABESEATHARS T
IR 3 b A} £ I RE DR A v A 6 b B A 2
B Bl TR K H HE R — B0 (E 45 Tl 2k T A2 0
F OSSR AT T AT
BT IR A A A/T A A X 2
FEWEE I, AT 2 TR A SR

P £ R PAT Sk 677 4 5 R 26 ) L 481 3 3310 R 96.59%
97.87% F197.63% (£ 2) .

R i) A% R H A S AL h AT/TA 4
JCHH L, o5k 43.97%, W T AC/GT 58 HT
(41.29%) , Z J5 /& AG/CT, 3£ 35 193 /1~ (14.59%) ,
GC/CG Bttt /b, 3754 o BfIR 1 £ 0 141 3k i 4
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FER P R B TR A ISR AC/
GT, H: b 917351 49.59% F1147.08% , AT/TA 7%
2 b ) LA 53 50 h 32.79% F136.48% o

SRR TR T AAT/ATT W 435
4 58.39%.56.46% F159.39%, H:K 2 AAC/GTT, /5
FEr 5 h 12.16% . 11.80% F1112.27%., S fif1 Flfig
TR A HEE = A0JE AAG, L5351 K 7.99% F11
9.11%, kAt 5 HeEs = ACAG(7.15%) .

VU A% 7 R B & A th AGAT/ATCT L 9] 45
B R 34.96% . 36.79% F1 27.49% , Hi IR J2
ATCC, /5 F 23 5 M 16.22% . 18.63% F1 19.48%

LI ) R0 AT Sk f b o EGER 0 AAAT, ER A 53
WA 14.63% 1 17.72% , iR 1 b R =
A ACAG(12.37%) .

TR IR 5 2 AL vh S ) R0 AT Sk 677 i 3
Pl 0L 5T B 2 25 AU 43 %) S AATAT. AAAAT Fi
AATAG, R I AAGTG B 25 T AATAT
FTAAAAT ; 7S A% 1 1R 51 5 S AU vy | Se g i) 1 AT Sk
fifi ) AACCCT/AGGGTT % He e iy , 7 5B A v oy
EIH @A #, B8 9554~ (59.69% ) . iR [ £
IAZ AR L SR Bl i i 2 1 AATCAG, £
TN 631~(10.34%) o

R2 3MEATAEXBEFRATEHEES LB PR 3FABHELS

Tab.2 The top three dominant base classes in each base repeat type in the three species of Culterinae fish genome

HE S R 0 eI £ 41 3k i
Motif length Culter alburnus Anabarilius grahami Megalobrama amblycephala
A(402 124) A (261 346) A (401 188)
96.59% 97.87% 97.63%
BRI Mononucleotide ; ; ?
C(14 179) C(5681) C(9760)
3.41% 2.13% 2.38%
AT (106 084) AC (93 564) AC (108 370)
43.97% 49.59% 47.08%
. . . AC (99 637) AT (61 862) AT (83 976)
=Wt Dinueleotide 41.29% 32.79% 36.48%
AG (35 193) AG (32 947) AG (37 417)
14.59% 17.46% 16.26%
AAT (29 923) AAT (22001) AAT (34 790)
58.39% 56.46% 59.39%
. . . AAC (6 229) AAC (4 599) AAC (7 185)
— .
Bl FE Trinucleotide 12.16% 11.80% 12.27%
AAG (4 096) AAG (3 553) ATC (4 186)
7.99% 9.11% 7.15%
AGAT (18 212) AGAT (17 585) AGAT (16 385)
34.96% 36.79% 27.49%
- . ATCC (8 451) ATCC (8 903) ATCC (11 611)
PR Tetranucleotide 16.22% 18.63% 19.48%
AAAT (7620) ACAG (5914) AAAT (10 561)
14.63% 12.37% 17.72%
AATAT (3 462) AAGTG (1158) AATAT (4411)
35.54% 20.55% 35.06%
. I AAAAT (2 230) AATAT (837) AAAAT (3023)
TR FE Pentanucleotide 22.89% 14.85% 24.03%
AATAG (675) AAAAT (639) AATAG (835)
6.93% 11.34% 6.64%
AACCCT (955) AATCAG (63) AACCCT (64)
59.69% 10.34% 14.45%
. ) . AACCCG (426) AAAGTG (62) ACATAT (35)
5B 3L Hexanucleotide 26.63% 10.18% 7.90%
AGATAT (16) AAATGT (55) AGATAT (26)
1.00% 9.03% 5.87%

2.3 ERAMIEESATHEMKESH
3 FhBANE R 2SI PR 2H AN [ 2 R T R A
O P IS DLRBUE S — B, BRI T2
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6 X b J7 4 L 3 R Y B £ 2 4 i DR 21 Al TR 0 A R AR A AT 1179

S0 5 B S B0 99.47% . 99.00% F1194.53% ; —
T3 v 52 4 DR AR R R 6~201K, 4 I
1t.93.22% .98.49% H193.66% ; —Hs J& 1A% 0> H 42
5 DEGE R B, EEE P S~14 1K, 539
5 FE 99.63% .99.26% Fi198.26% ; U i 5k 8 1 fif]
FAL Sk i 1 T3 A% B R 4 DU B AR v e 5~
19 %%, 435115 L 98.75% F196.46% ., i IR 1 £
4190.98% , iX & T HA 8.08% 7E 20~24 YK ; FLHH,
Ferp 3 Fhif ARk S TR A O DR

1.0
0.8 —e— FAWEEA C. alburnus
§ ’ —a— IR A A grahami
2 0.6} ok B3} M. amblycephala
g
= 0.4t
o
Ro.2 -
10~14 15~19 20~24 25~29 =30
BEHERE Number of repeats
(a) HHRFEES Mononucleotide repeats
1.0
0.8 —e— JMEE C. alburnus
g ' —s— R A4 A grahami
2 0.6} woacr Pk M. amblycephala
g
= 0.4t
A
Bo.2
o I == _ -
5~9 10~14 15~19 20~24 =25
EFRE Number of repeats
(c) =WFEEE Trinucleotide repeats
1.0

—e— SMBEEA C. alburnus
—— R A A grahami
-oaer 3145 M amblycephala

BZ Frequency
o o o
a~ o o

S
)

o

5~9 10~14 15~19 20~24 =25
EERHE Number of repeats
(e) TWEEHE Pentanucleotide repeats

£ TE 5~19 W, 4 i L 98.68% . 98.19% I
93.91%. M5 i1 FH BRI 11 £R A% 00 5 52 95 DL AUPE
24 Y LA 1 1 U S A TR B 81 3 0l oA 0.229% F
0.53% , {H A1 3k i v i85 1K 5.20% 5 B 1 £ 0 A 3k
il 7E 7S B 3 Hh ) E B DL B L A A8 B
P DU R AE 5~9 9K, 430l i 1K 93.59% FiI
93.68%. W i 7 7S Bl Bk P BL Ay — 2
32.56% i 1A #5 DUECE 9 kDA L (1 1), Hrp
AACCCT Fe KER A 751K -

—e— BB C alburnus
—s— IR A grahami
--aee FSLf M. amblycephala

e
©

BFR Frequency
I
~ o

IS4
o

11~15 16~20 21~25 =26
EEKH Number of repeats

(b) —PFEEHE Dinucleotide repeats

6~10

=
o

—e— JHBEH C alburnus
—a— $RIRAH A grahami
aer FF3SLfiF M. amblycephala

$iZE Frequency
I i
= (2] o]

e
o

0 n "
5~9 10~14 15~19 20~24 =25
EF KXY Number of repeats
(d) VUBRZEEE Tetranucleotide repeats
1.0

\ —e— WS C. alburnus
—a— R E A A grahami
a4 M amblycephala

PZE Frequency
e o o
= (o7} [e 0]

e
o

5~9 10~14 15~19 20~24 =25
HEE R Number of repeats
(f) AWFEEE Hexanucleotide repeats

E1 3MEATRELHESRIAMIENESRESH

Fig.1 Distribution of microsatellite in six repeat types based on their copy numbers in three Culterinae species

LIS i1 ST 1 e R P Sk 5 3 PR 2l 10 R
52ATTK B A DL 2, o T R R A K
B A 4F 10 ~30 bp, 5 H 4 5 b 90.54% |
94.27% F189.17%. Ak b, il TR HE HICH
B 43 AT ¢ B R R 8 R S AR Y
k0

3 it
3.1 MIEASERATNEE

AHIFSE LA 3 R i IV R 10 255 4 5 IR 2H 850 s T e
fith, >R FH MISA R F X Hod 1~6 i & &2 i T2 1E
TG00, MR iR A fo R 4] Skt 22 1A
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0.7r
0.6 [ YA C. alburnus
’ R E & A grahami
E 0.5¢ O Hk45 M. amblycephala
[
0.4}
[
~
;é‘_ 0.3
o2}
A Al
oL . . LA
10~15 16~20 21~25 26~30 >30

M PEKE Microsatellite length/bp
B2 3T EERERIERERHINE
Fig. 2 Frequency of microsatellites with different
lengths in the three species of Culterinae fish

TR T 0 00 o PR A K R Y
1.35%.0.94% 1 1.35% ., 5% 0 5L N A T2 %
B (1.43%) " BF 5 X B 0 (Tetalurus punctatus ,
1.45%) "7 L BL IR B A (1.48%) 1OV FN B A
(Pelteobagrus fulvidraco , 1.82% )" S5 LY , X 3 F
{1 R A TR S e A A B D A P T o L A7)
AR . {H 5 6] 8 (0.91%) | £ B TG 0 i
(Ageneiosus marmoratus, 0.91% )" 1 & 75 Jy fifi
(Takifugu rubripes, 0.73%) . W B & J7 fifi
(Takifugu bimaculatus, 0.84%) Fl 4§ ¥ 75 J7 fili
(Takifugu flavidus, 0.84% ) A L, 3X 3 Ff i W7 R}
1 28 W A TR R TN R . LR
(Bagarius yarrellt, 1.23%) ' Hi T OB 7]
(Tetraodon nigroviridis, 1.06% )L T2 & & & T
SR P £, (ELAER TSR 8 R A Sk dl . AT DL AE [ R
L2 [F] JE B2 2 A A B 2 i TR R & BT
REAFTERC R 22 5, X Al RE S W A 22 5 R 4R
AN R TR G
3.2 WMIDEREELESE

3R £ IS T T LR 1 L 5]y
THAh GRS, R fn S AR BN R
i 7218 AR 5 el OOUBE ARy B2 R R el
T BE 0] 200 F0 55 B OAE AN B T A (Scleropages
Sormosus ) ' 5 7K A Bl 4y 0 L S S R A (]
AR R PR B JERETCae " 4
&t (Scatophagus argus VB R R WY A A 2K h
/SR v N B U 18~ K /v
028, 78 IR AR ) R B () BE D 2 v, =
BN BUAE TORFHAL , T B AT B e A AR
0y A DAL ZH v A T D ) 3 7R i A T R e
P A AL, B 5 R T B e e
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() D0 B 2 TR HE 7 AN [, 3k 2 B A A 1) 2 4% G
RGBT P I BRI R iR A
SR [R) 40 o S5 PR 2 1) 1 B2 R A T R OAS [ T R
o AE 3R AR SR, PURE L I A T
W E T WAL E S BT, XA A W
£l R FCEE U O R H AT 6 ( Fugu rubripes )
WA 2 B DRI R AT 0 el 3 PR £ 1 i
FERN =R T BT ARG = B nT A DR AR 5 O
WA B L

3.3 WMIEREEREEE

TE3FT R A2 1 ~ 6 BRI T KA T
B 3R 8 KRR IF R 58 A TR, (H#ERE A B
WA A/T RS TR A, A 25 (A/T) 2K
HiZ X 5 K4 T A A0 0Py Fh 4 5 R 4 T
BRRE—5. 75 T ARIEE R M A AT 2
TR R 2, LR AC 2R, X SR
£ R0 A Sk M 4 K 22 BR0RE £ 4 Y e A A
STl AC R HIANTR], FH 430 2% g 2k
BRI 02 AC di R, SR BRI D CG AR T A
/b XS5 RKZHBUEY g —8, T
CG ZI L AT 285170 1 A, A W95 A0, S T
FETE DNA & il i A rp = AR I BT i 27 th
T AT Z [0] (4 XU LY CG 2 [B] 1Y =B T 45 5 i 24
PRI I B 25 5 s B 5 4 3, AT B AT B R 5
DR CR F B2 T CCHEAH NZI . C6
f T B IS A (R /DB A R 5 s e C 7 3
PRI 20 v 5 e FR Ak, 25 5 ot S 5 T e 7258 o, e i v
WE T S, WAl IAE— @ B R 4 rp
ACHEBZMAL .

AAT  AAC . AAG F1 ATG 43 51| b = 5 5 b 1
FTPUZE 5], X F 1] AAN (N AR FERR A LA HATA] ik
I ) I AE = A b 5T 4 X SR O A, I
G 54 B s SRR TR 0 £ = 0 A
H—2 . AR E =M L EANFTHE
AR, 5 N 2R 18R i HA — i 1A O
PR I G 2 R TR A% L 0 B DB B AL
W B, A ] RS e AR T R SE R 25 4, DT 52 )
FOAH SRR 23k, 51 B 43 1AL s 1 R A o
PR — A S i TR A T S RIS A BT, KA
I 5% LR G 35 A2 9 9 A B0 1) T3 B 5 4 A
TE DB L E 5, AGAT FI ATCC 2 51 i % &k
TERT . DR (AGAT)n £ B AW 12 4
i, ol LA HIESS & 5 sk T R CATA 455 8 H
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(1) DNA A P51 Ik 55 25 e sh ik
RN S X S SEURE B U D OF Wl V=Y (3
LR R I B (e T el W LI TR A - S el
AR BE T 3 R 3 e TR A RS A T
Ao ANHRGE R IF & IX 3 i S DU Bl 13 T A
PR HE TR RHE B .
3.4 WIDERWEEILRENHUST

FEARSZGR 1) 3 B A R 28 4 FE P 21 1 TR
6 i 2 A AR AR AL RRAE R B T R
LB R 388 i, 45 200 Bl T AR B0 L S i 2> 3
AT BE -5 3 1R A A K B A AS T 398 i e A5 e e
FEARA OC. WIERDL &8 E X il LA 7 91 1 2848
AT GBS &I, X T GT P31, K B 2k 105 bp
IF A 2878 R KON 15 bp 2728 2R 11 5001 , 38
LA S5SNI DR R e S BEE K Y
W R AR, TR K E MK BN E .
LEOPOLDINO %5 A Jhy ok T3 AL B 28 748 2R il 45 5
DU 3G T 386 K, DR I ol T3 52 A0 98 DL 0 2
BT A 28 AR AR SR b A, i B T R A ik
220/ . ELLEGREN"'#F 53 I\ 0 i T8 K 54
S DR ) T AR A TR S, AT ] TG T R A A
Kfas, Fitl, —MBAE0 N 2007 5148 DAL
B2 TR E R X EERFIE N B4 i F
G0 B £ 24 B PR A RRAE R e TR 51 0 1 O i
PR T 7 R

S 3Lk
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Distribution characteristics of microsatellites in the whole genome of three
Culterinae species

LIU Shili**?, LIU Yinuo®’, LI Fei’, ZHENG Jianbo’, CHENG Shun®, JIANG Wenping’, CHI Meili’,
ZHAO Jinliangl’2

(1. Key Laboratory of Freshwater Aquatic Genetic Resources, Ministry of Agriculture and Rural Affairs, Shanghai Ocean
University, Shanghai 201306, China; 2. Key Laboratory of Exploration and Utilization of Aquatic Genetic Resources, Ministry
of Education, Shanghai Ocean University, Shanghai 201306, China; 3. Key Laboratory of Freshwater Aquatic Animal Genetic
and Breeding of Zhejiang Province, Zhejiang Institute of Freshwater Fisheries, Huzhou 313001, Zhejiang, China)

Abstract: In this study, the microsatellite search software MISA was used to search for the perfect
microsatellite in the whole genome of three Culterinae species, and its distribution pattern was analyzed. As a
result, in the genome of (Culter alburnus, 1.055 Gb) , (Anabarilius grahami, 1.006 Gb) , and
(Megalobrama amblycephala, 1.116 Gb) , 772 276, 548 726, and 772 329 perfect microsatellites were
screened out, respectively. The relative frequency were 732.0/Mb, 553.2/Mb, and 691.2/Mb,
respectively. The total lengths of the microsatellites were 14. 29 Mb, 9. 42 Mb, and 15. 02 Mb, respectively,
accounting for 1. 35%, 0.94%, and 1. 35% of the total length of the genome sequence. Among the complete
microsatellites with 1-6 different base repeat types, the orders of 6 base types from the three species of
Culterinae were the same. Each had the largest number of mononucleotide repeats, followed by dinucleotide
repeats, tetranucleotide repeats, trinucleotide repeats, pentanucleotide repeats, and hexanucleotide repeats.
The highest frequency core repeat categories of trinucleotide and tetranucleotide in the three species of fish is
AAT and AGAT, respectively. However, the number of AT is more than AC repeat in the dinucleotide of
Culter alburnus. The distribution frequency of microsatellites of different base types in the three fish species
decreased with the increase of the copy number and length of the repeat units. The length of the
microsatellites repeat unit was mainly 10-30 bp, accounting for 90. 54%, 94.27%, and 89.17% of the
microsatellites, respectively. The results of this study may provide a reference for the further study of
Culterinae genome characteristics and contribute basic data for future investigations into molecular marker-
assisted breeding and genetic information assessment of 3 Culterinae species.
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