$40%  H3W Wl B % U R Vol.40, No.3
2019 % 6 H PROGRESS IN FISHERY SCIENCES Jun., 2019
DOI: 10.19663/j.i1ssn2095-9869.20171226002 http://www.yykxjz.cn/

FOEER, A, AR, . R AW RYEST-SSRA . MRl ik, 2019, 40(3): 94-102
Gao HY, Li J, Wang JJ, Li JT. Analysis of SSR information in EST resource of decapod crustaceans. Progress in Fishery Sciences,
2019, 40(3): 94-102

+ 2 EHBREYWA EST-SSR 447

—

A E 0 EREY FER

]E_]
(1. Dl reRy: LW 2013065 2. 5 SEAERNA 5 BRI E R S8 S el Rl 58 i)™ g FE D B si R &
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WE  ARARNAENEEFTE, 21 A+ 2 H ¥ L a4 EST-SSR 4 A34T T I & &M
afte BRET, FEAEHN EST-SSR FEFAEWL 2R, ERTE + 48 R & 4 (Exopalaemon
carinicauda)#j EST-SSR i 5 & % ¥ & (868.02 /Mb), /% # #(Scylla paramamosain)fir & £ & &
1%(286.48 /N/MDb); A% #E T H o 3F % %t 4T (Penaeus monodon) EST-SSR 1L /& & 4 £ & (641.19 ~/Mb),
£ 7% Xt BT (Litopenaeus setiferus) (i & £ J& 5 15(166.96 /N/Mb); JERET A8 T B & = = |

WAZH BRI SSRENE W, ZAEMETE F &5 55 41.11%, EHEEE F 5 258 28.00%:;
G A(T)XA B SSR 7 JE IR T H (51.38%)F0 4% 45 F B (65.13%)F LR A thfl; MEART B — %48
JLH] SSR W AC/GT 4 MR 5, —HHBETHN SSR F ACC/GGT #1 AAT/ATT s % A4
T E A HBIETH SSR # AG/CT Hh %, =B BIETH SSR # AAT/ATT 2 A M5 T H
M= EBRET, Wi, E R A4 A SSR B EST #47 GO o4 G K A, s, &8
FEA . A s L 2 B 3 ANKAWERF ERY . AFRWMET A+ R E R Z S
SSR 4 HAE B AR, T A B % 55 4 EST-SSR AR 1B W9 JF & K SLIr b Fl R 5%

KA +RE; ¥rRzhd; EST-SSR
hESES Q959.223  CHEKFRIRADG A

o

A

XEHS  2095-9869(2019)03-0094-09

2 H sh ¥y 1 52 s h R 2k 5 £ (8000~10000
iy HEACALB R . 2 TE I R R — N R W 2R
(R, 1993)0 AR, Bl AN LA™ fh i

PRI 23— B T2l B 38 DR A TR RN O & o AE AR R A
i BT T A (Microsatellite) 5 HoAth 4 F AR 1IC A0 HE
Bkttt MRk 2808+ . &

ORI, GG IEHR | R BRI R A A IR
B HAE A 89+ 2 B sh B 7e K™ 378 1y H s
HEi s, Pl Ao B0 o i 48 FRE AR A4 2
WHFE o K+ 2 H 52 sl Wy R R 21 rp i A 30 1
PRic, FTLAHE B AR AP AR BRI, st R e E R

TR I AR A, B R A T 5% 1 (Guo et al,
2017), JEHE AL (Zhou et al, 2017) ., EfEZHEME BT
(F HIF5, 2017) RS R R K E (FERTFAE, 2016)5%,
R YR IR ALFRE, 58— BB AR R T
Y| #5%5 (Expressed sequence tag, EST){5 5. ESTIEY

* gk 7=k AR R R (CARS-48) . INARA F 1= AA TRDH (LNJY2015002) . FE K A R FHE 542 (31472275)
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e AR S, B R A% 38 B 7 (Varshney et al,
2005), HETS ) W H T2 MY (Yumurtaci et al,
2017; Singh et al, 2013) M sh¥ (&R Hi %, 2016), 7EH
72 25 3l ¥y fn v [ B X i (Fenneropenaeus chinensis)
(Wang et al, 2005) . H 74 # ¥F (Macrobrachium
nipponense) (J& 15, 2013)5E LA iz if , I AEST-SSR
TEESTHHRY MR . KA BIYITT R4S

A 5T s HAEWE B 2% 77, )\ GenBank (1) EST
s e i gE 21 A 2 B W 528 W EST %08, &4
EST-SSR 15 &, il i LA [A] - /& H B 52 sh 1] EST
(R S AN A 0 EST-SSR (23 A AR A Al
X R H RS SSR AR, HH 5T
Z%) EST-SSR Aric I & B ebrn RS % . It
Hh, X4 I IR (Exopalaemon carinicauda) 4 SSR
) EST i#17 GO 43#r, #E— X FEFD gk A
R EEZEFE .

1 M5
1.1 #HIFEFRIE

EST#0#E K i T GenBank(www.nchi.nih.gov) H1 )
dbESTHUE P, #k T20174F9H 1H . fF21h+ 2
HW 58 . 2% EJE4F(Homarus americanus). X7k
# IF (Pacifastacus leniusculus) . H 7 Jg #F (Panulirus
japonicus) . 17 (Scylla paramamosain), 1 E4Y
# % (Eriocheir sinensis) . — ¥ % ¥ & (Portunus
trituberculatus) . oz [C )52 iR (Procambarus clarkii) .
A1 (Uca pugilator) . Z1% (Gecarcoidea natalis) . 2
F# (Metacarcinus magister) . i (Callinectes sapidus) .
JF 1 (Carcinus maenas) . fifi5¢ % (Petrolisthes cinctipes) .,
HEAN .. HABIF ., P KIHE Y (Macrobrachium
rosenbergii) A & FL4H i Xt #F(Litopenaeus vannamei)
BE5 %W (Penaeus monodon) . H E HAXFHR . H A< 5% %)
#F (Marsupenaeus japonicus) . [ % Xt Iff (Litopenaeus
setiferus), #F MEST5 BES T3#1,

1.2 EST ##EA 2

A SR AT EMBOSS #fF i) TRIMEST A,
LB Poly-A 5 T B EST J¥3l, FH
CROSS_MATCH 3 F# L s e 5 v Be; is 4y
CAP3 ¥fFXF EST FA AT RS PHZ AL 3, FRAHE

JUA% EST, 4% Contigs 1 Singlets BIZ ¥ 51 (¥ )3 &2
25 2012),

1.3 EST-SSR ##T
RITATHE Y Perl i 5 AR X4 215 Y

EST #4147 SSR fifiik . Fiivkhnifih i REL
WH=6W, =, W, EFMABTREZSRE=5 K,
[y, 0 126 o 52 BET0 =22 18] B A 4 AP 9 Y 525 B SSR
{¥ #5.(Compound microsatellite), R & (1)%L; fiiit
H A ILTTZ AR AP <100 nt YA A
SSR, HI&E A (M)A,

1.4 ZEAI EST BIIhEE TR

fdi Ff§ BLAST ## Unigenes 5 NCBI fi) NR & 1%
PEER Uniprot &5 HEWEEMHAT XS, KE E HA
“107°7(FMELSE, 2013), FIH] Interproscan #8215 2K
GO %5 X} Unigenes #% M4 FDitie . 4o or FlAE )
2 AT 32K (Ye et al, 2006).

2 ZER55H

2.1 BEEZY EST KE K SSR if 5%

M GenBank £4f8 5 F#8 T 21 #p 1+ 2 H W 52 5h#)
O EST. 3R 1 AT UL, 16 FEARIE H Y EST
242178 4%, MRFL B LN 183.50 Mb., 4 BHJS 3k
1% 85647 #AETUAY EST /¥4, 4% 30120 7% Contigs
H1 55527 %% Singlets J¥51 , Bl 3L 24 BE2°h 66.72 Mb,,
M 27536 % Unigenes J¥ 41 & flit 34601 4~ SSR {3/ i1,
di BST SV 32.15%, i, HREAYF A SSR i
S EST £t 5 (43.00%) , 43 A 4 5% g 868.02 1~/Mb;
PLFH A SSR HiAA R EST FF i A 4 e f/h
(12.70%), 53 AiliizEh 286.48 4~/Mb.

F & 2 a0, 5 PR EESYE H ) EST 3t 231130 4,
BB B K JE 2R 141.28 Mb, 3453 1 59605 4% Unigenes
5 H453E 20506 55 Contigs Hl 39099 4% Singlets J
H, BRELR KL 37.89 Mb, M 5 R AR H 1)
18475 2% Unigenes J7 41 41 &4 th 21911 4~ SSR i 1,
di EST SV 31.00%, i, BETXFHR &4 SSR 1
B EST i BB A el K, N 35.49%, 4rAiihii
FN 641.19 N/Mb; FIEEXTERE AT SSR {7 A5 /%) EST
T 5 E 43 He R /IN(10.56%) , 43 A1 AR R 166.96 1~/Mb

2.2 HEHNMABEIT EST-SSR I iR

F* 3 ME 45T EERZIY AR
EST-SSR 1% %t Mo A A% . 76 IRE H AR B85 H
EST 4, B4 ()AL & THAMZEA, 43 b 5
B 51.38%. 65.13%; MR . IR MU
HRRE LN SSR BHMZEARZ, ZTFHEFIRAIN
BRI ICH) SSR B H, =HTEMMI B 5 A%
1 41.11%, FERCEEE H b S50 28.00%. 7 2 fif
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Tab.1

BEFET B EST. Unigenes 5 SSR 7t Unigenes FHIHFHEEHH
The EST, Unigenes and abundance of SSR in Unigenes of Pleocyemata

JEJU4T EST Non-redundant EST

EST

7 F SSR i £ Unigenes
Unigenes containing SSR site

e
(Mb) = - - - - Frequenc
number Congtigs Singlets Length (Mb) Number SSR /il Y

number number Number (“I*/Mb)

SEE JEIT H. americanus 51833 42.59 8581 13338 17.78 5907 7097 399.13
IR K LI P. leniusculus 1063 0.69 123 361 0.32 170 200 630.15
HAJEUF P. japonicus 2679 1.78 240 706 0.61 221 249 408.62
17 S, paramamosain 3975 1.85 34 3903 1.83 500 524 286.48
rhAE g 5 E. sinensis 17067 10.45 1339 4664 3.86 2302 2797 723.81
=PeR T P. trituberculatus 14396 11.00 1016 3069 3.42 1316 1569 458.13
o R R P. clarkii 917 0.53 85 98 0.11 21 27 249.08
#4181 U. pugilator 3646 2.14 452 1019 0.93 463 565 609.65
41 G. natalis 2118 0.92 163 459 0.26 142 155 590.04
B M. magister 1137 0.80 154 277 0.27 115 128 471.48
W% C. sapidus 10930 9.51 865 1433 2.04 1057 1472 723.29
R C. maenas 24570 20.91 4545 6708 8.87 2926 3471 391.23
Me72 % P. cinctipes 97806 73.28 11593 15439 22.86 10908 14595 638.36
B HIF P. carinicaude 2900 1.57 218 1678 1.13 818 985 868.02
H A Jg I P. japonicus 2679 1.78 240 706 0.61 221 249 408.62
%[GR IR M. rosenbergii 4462 3.70 472 1669 1.81 449 518 286.72

z2

#8320 B EST. Unigenes 5 SSR 7t Unigenes FHIHFHEEHH

Tab.2 The EST, Unigenes and abundance of SSR in Unigenes of Dendrobranchiata

ETUAL BST 7 F SSR i £ /) Unigenes

EST EST Non-redundant EST Unigenes containing SSR site
Prkp T KIE Congtigs  Singlets ” SSR -
Smeos ; ! ko, h ik
pecies EST EST Fiaie e 2 e W .
number  length (Mb) Congtigs  Singlets L(T\I/}%)t)h Number  SSR (rilil;ll\e/[i(;y
number number Number
FLANEEXTEF L. vannamei 163062 99.53 14048 19216 21.23 9791 11779 554.74
BE X P. monodon 52714 33.27 4946 15037 12.98 7091 8323 641.19
& B XTI F. chinensis 10512 5.25 1064 2431 1.77 813 891 504.08
H 7 3 X ¥R M. japonicus 3783 2.54 374 1684 1.37 695 828 603.90
RN I L. setiferus 1059 0.68 74 731 0.54 85 90 166.96

WHY, HETRMAZTRIEITTH SSR #H A
R/ANEY EE, FERE IR H 45 BB 3.67% .

0.99%, TERCENE H H a5 b 55089 2.01%. 1.33%.
7GR BRI FIR K E R EST FE9 rh %A 18 R 25
A BRFEICH) SSR i 45 o

2.3 HEZH EST-SSR I E A

FSME I T . =HEMEICH SSR 1
FYFN N BRI AR, 21 FRH 2 H e shy

W, BRI TT o A RN —, AT B
A, ARFICH SSR 7E 21 Fl I FE 38 b i/ A
PR BRI ZES, 16 MERTY AP, “HHR
FEITCHY SSR H A MR e R R Bl AC/GT, i
T CG/CG B3 MiMi%, AG/CT Hl AT/AT IRZ; =#%
TR EITH SSR H, iR & EH T
ACC/GGT Fl AAT/ATT, T ACG/CGT M43 Aii 4
S MAEEY HYF, AR IT SSR H1, AG/CT
A3 A A0 R B g 5 — PR LT SSR H, AAT/ATT
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Tab.3 The number and frequency of SSR containing different size of repeat unit of EST sequences in Pleocyemata

W k A e —papm IR REAR ONBER

Species ompound - Compound Dinucleotide Trinucleotide caquc-  Pemtanuc-  Hexnue- Total
SSRs(1I1) leotide leotide leotide

2% [ Jp iR 3441(193.52) 226(12.71) 882(49.60) 1330(74.80)  755(42.46) 402(22.61) 61(3.43)  7097(399.13)

H. americanus

YK BT 65(204.80) 2(6.30)  17(53.56) 103(324.53) 12(37.81)  1(3.15) 0(0) 200(630.15)

P. leniusculus

EENA 140(229.74) 4(6.56)  38(62.36) 37(60.72)  27(44.31)  2(3.28) 1(1.64)  249(408.62)

P. japonicus

7T 201(109.89)  15(8.20)  67(36.63) 121(66.15)  86(47.02) 29(15.85)  5(2.73)  524(286.48)

S. paramamosain

rp e gl 1617(418.45)  66(17.08) 316(81.78) 439(113.61) 224(57.97) 62(16.04)  73(18.90) 2797(723.81)

E. sinensis

) W a3 813(237.39)  37(10.80) 200(58.40) 361(105.41) 104(30.37) 31(9.05)  23(6.72)  1569(458.13)

P. trituberculatus

R AT 9(83.03) 0(0) 3(27.68)  9(83.03) 3(27.68)  3(27.68)  0(0) 27(249.08)

P. clarkii

Py 294(317.23)  27(29.13)  79(85.24)  91(98.19)  61(65.82)  8(8.63) 5(5.40) 565(609.65)

U. pugilator

411% G. natalis 94(357.83) 4(15.23)  18(68.52) 23(87.55)  14(53.29)  1(3.81) 1(3.81)  155(590.04)

B 68(250.47) 5(18.42)  7(25.78) 27(99.45)  16(58.94)  2(7.37) 3(11.05)  128(471.48)

M. magister

%1% C. sapidus 850(417.66) 31(15.23) 134(65.84) 306(150.36) 105(51.59) 24(11.79) 22(10.81) 1472(723.29)

£ C. maenas 1655(186.54) 94(10.60) 419(47.23) 775(87.35) 350(39.45) 146(16.46) 32(3.61) 3471(391.23)

fe 7 e 7505(328.26) 430(18.81) 1545(67.58) 2431(106.33) 2044(89.40) 553(24.19) 87(3.81) 14595(638.36)

P. cinctipes

G R AT 682(601.01)  20(17.62) 189(166.55) 41(36.13)  38(33.49)  8(7.05) 7(6.17)  985(868.02)

P. carinicaude

BN 678(124.60)  41(7.53) 185(34.00) 311(57.15) 162(29.77) 27(4.96)  30(5.51) 1434(263.53)

M. nipponense

VALY 274(151.66)  18(9.96)  79(43.73) 67(37.09)  60(33.21)  14(7.75) 6(3.32)  518(286.72)

M. rosenbergii

AT Total 18386(275.57) 1020(15.29) 4178(62.62) 6472(97) 4061(60.87) 1313(19.68) 356(5.34) 35786(536.36)

F4 HETBELRFEES ST EST-SSR HHEFM S AR

Tab.4 The number and frequency of SSR containing different size of repeat unit of EST sequences in Dendrobranchiata

Wi 2&()  Zad)  —pitg Sgrm R TR SR aif
Species Compound ~ Compound Di- . Tri-‘ Tetra? Penta.- Hex-' Total
SSRs( 1) SSRs(Il)  nucleotide  nucleotide nucleotide nucleotide  nucleotide

JLANEERTER  7261(341.96) 362(17.05) 1135(53.45) 1183(55.71) 1357(63.91)  306(14.41)  175(8.24) 11779(554.74)
L. vannamei
B X o 5828(448.98) 357(27.50) 725(55.85) 620(47.76)  598(46.07)  110(8.47) 85(6.55)  8323(641.19)
P. monodon
H ] B X R 619(350.20) 19(10.75)  75(42.43) 77(43.56) 73(41.30) 13(7.35) 15(8.49) 891(504.08)
F. chinensis
H A2 X iR 525(382.91) 34(24.80)  92(67.10) 74(53.97) 77(56.16) 10(7.29) 16(11.67)  828(603.90)
M. japonicus
FHEEXTHR 1(1.86) 9(16.70) 25(46.38) 14(25.97) 2(3.71) 1(1.86) 90(166.96)
L. setiferus
A7 Total — 14271(376.64) 773(20.4) 2036(53.73) 1979(52.23) 2119(55.93)  441(11.64)  292(7.71) 21911(578.28)
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Tab.6 The number and frequency of EST-SSR with di- and tri-nucleotide motifs in Dendrobranchiata
—
EH AT AC/GT AG/CT AT/AT CG AAC AAG AAT ACC ACG ACT AGC Gégc ATC CCG &it
Rept??t /CG /GTT /CTT /ATT /GGT /CGT /AGT /CTG ~ [~ /ATG /CGG Total
motiis

FLYNEXTHRE 1756 2186 647 18 282 792 1530 130 168 158 171 640 570 42 9090
L. vannamei (82.71) (102.97) (30.48) (0.85) (13.28) (37.31) (72.07) (6.12) (7.91) (7.44) (8.05) (30.15) (26.85) (1.98) (21.23)

BEGHER 1283 2085 1560 126 167 566 1495 105 40 115 133 365 274 32 8346
P. monodon  (98.84) (160.63) (120.18) (9.71) (12.87) (43.61) (115.18) (8.09) (3.08) (8.86) (10.25) (28.12) (21.11) (2.47) (12.98)

FIEBAXTIE 85 81 161 0 7 32 120 12 8 7 16 20 31 0 580
E.chinensis (48.02) (45.76) (90.96) (0) (3.95) (18.08) (67.8) (6.78) (4.52) (3.95) (9.04) (11.3) (17.51) (0) (1.77)

HAFEXGIUF 113 14 151 1 19 33 79 16 6 18 19 44 25 7 678
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Analysis of SSR Information in EST Resource of Decapod Crustaceans

GAO Haiyu'*?, LI Jian"**", WANG Jiajia>*, LI Jitao™>

(1. Shanghai Ocean University, Shanghai  201306; 2. Laboratory for Marine Fisheries Science and Food
Production Processes, Pilot National Laboratory for Marine Science and Technology (Qingdao), Qingdao 266071,
3. Key Laboratory of Sustainable Development of Marine Fisheries, Ministry of Agriculture and Rural Affairs, Yellow Sea
Fisheries Research Ingtitute, Chinese Academy of Fishery Sciences, Qingdao 266071)

Abstract The distribution frequency and characteristic of base repeats of EST-SSR (expressed
sequence tag - simple sequence repeats) were induced and analyzed in 21 kinds of decapod crustaceans by
applying bioinformatics methods. The results showed that EST-SSR abundances were different between
various crustacean species. Exopalaemon carinicauda had the most abundant EST-SSR (868.02/Mb),
whereas Scylla paramamosain had the least (286.48/Mb) in pleocyemata. Penaeus monodon had the most
abundant EST-SSR (641.19/Mb), whereas Litopenaeus setiferus had the least (166.96/Mb) in
dendrobranchiata. The abundance of EST-SSR with di-, tri-, and tetra-nucleotide motifs was more than
that of those with penta- and hex- nucleotide motifs, which accounts for 41.11% in pleocyemata and
28.00% in dendrobranchiata. EST-SSR of compound (I ) type occupied a large proportion in the
pleocyemata (51.38%) and dendrobranchiata (65.13%). The frequency of the AC/GT repeat motif
distribution was highest in dinucleotides, and ACC/GGT and AAT/ATT repeat motifs were the most
abundant in the trinucleotide repeats in the pleocyemata. The frequency of AG/CT repeat motif
distribution was highest in dinucleotides, and the distribution frequency of AAT/ATT motifs was
significantly higher than other motifs of dinucleotide repeats in the dendrobranchiata. A total of 12,155
sequences containing SSRs were predicted; moreover, Gene Ontology (GO) Classification with the
blast2go application was performed based on sequences containing SSRs of Exopalaemon carinicauda.
The results demonstrated that ‘cellular process’ comprised the largest proportion in the biological process
category, whereas ‘binding’ comprised the largest proportion in the molecular function category.
Additionally, the cellular component category showed that many sequences likely possessed ‘cell parts’
and ‘cell’ by GO annotation. This study compared the characteristics of EST-SSR in different species of
crustaceans and the diverse regions of the species genome. The consequences deepened our understanding
of the distribution of SSRs and provided a reference for the development and practical applications of
EST-SSR markers. The results also provided powerful information for future conservation and breeding
research.
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