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(MIcroSAtellite)# 1 xt H 15 % J% | & & (Simple sequence repeat, SSR)fL & 34T 7 & 18 & & I . 41 3% 5
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AT, 175 62124 4~ SSR(%TE A SSR 36813 4), i £ 50626 % Unigene /77| 4 #, SSR H 3L
W KN 48.70%,F 3 16.6 kb H 3 1 A SSR. % L 2 57| £ BV — s A F G KA £(31227, 50.27%),
HR A W EEH(16230,26.13%), LA 122 At EE T, £HAEE LT FAT/AD), &1
& A 23.33%, K H(AAAG/CTTT), (17.42%). & K T4t 5% SSR(GE A th 3 K & 4
2587bp, ML EFEHNELEKE KT 20bp WK F7, KE AT 20bp N T E )77 & &40 51%.
RFARAN, EREHEMM T ERIANME ALK E W EF A X (P<0.01), HXREA
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2 [LCET 5 (Sepiella japonica) & # ik s 1]
(Mollusca) ., 3k & 44(Cephalopoda) . i H (Decapoda) .
L Bk (Sepiidae) . o5 & W& (Sepiella), FlK #
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N THG L WR G R A7 38 FE O () AR © e Bl 225
J&o M 21 thadwiie, A H B & [RICE S A Tk
EFIT AR, A M K B 18 (R AR,
2010). ME kB 5 AN TH B AREIES, 20095,
PR N TEF SRR, £ 2006~2016 4 1]
[] , 74 AT B A4 34 7 48 G TG AT 2 A =5 A S 7 7T
IR A5 I AR O T S (R0 &)y 5 WRUFN 5 B . e TR
T3 AT D2 [ T B 5 IR TR A AR 3 S G BB A
2010; 2k 4E, 2015), HH S [CTOE S0 E 2L
IRIIE O, BT A S B | fb2E bR e TR AN
Staxid H , L, ZEA5 AR REA S04k 38 ZE O SR o

fil T2 (Microsatellite) X FR fij #8852 /3 51 (Simple
sequence repeat, SSR), J& ELAZ A W) 5L I A1 b i) (= B T
B, I RRA A BB EE F5, HK
JE — M (T, 1998), FERZ A Fhric, T
/£ DNA(Microsatellite DNA)RIEAN 55 H E K H Fifi
ML FRA SR D, 2R ML, 5 TR E
EERE, R AR A S AR, B
BRI SR B s S 2 R RDE S O RS
BOFRRC(BRERAE, 2013). HET, M EERICES
T3k R A9 R S0 2 i(Sepia. officinalis) T EL
(Octopus vulgaris) it f& Z FEPERT 58, S BRI 2 I,
(Loligo vulgaris) st {& 45 # i 5% (Pérez-Losada et al,
2002; Moreira et al, 2011; Garoia et al, 2004), % L2
PR IC X R A Y HE 358 4 PE X T — S e 2 W A m
LD N 717 N ES L P N S 3 7 L 7 A e i 4
TR RSN 5T (Sekino et al, 2003; &K
R, 2014), AR, FIH#EER & 421 F1 FIASCO %
LRE X W R S LR NS I 1 E 20 K= A vt W
BERE, HFHITF L Fric iR 2 S04 T T 08
(Wu et al, 2010; ZFi4E, 2011; Guo et al, 2013; 5K)1]
8, 2014), ZJm 0L C T 2 [CTeE S 1 2 bn i I
K IRHRE

Syt — I K n] F R DR RIS IR, ASBF A
FH S PG TR 5 g s SR 2L 8, R4 127575 %%
Unigene J751 . FIFTFEAL 47T 00T B 8 48
K, Ui BEFIINRE . o AR S,
M T e KR B TR AL bR i B B R R

1 HREH%
1.1 SEIeH R HUHRERIR

2 QTG 2 AL IR B i A BUH e O R %) ok AL AR
WEE, HAIFRICRIFIFE] 127575 4 Unigene J7
F), BKJE 103104058 bp.

12 HBREERFI(SSR)IMSTEE

Sk g (I B W sk R SSR A, I
Perl ifi 5 #AEF- 5 T ) MISA #4-(MISA- MicroSAtellite
identification tool, MISA)(Lu et al, 2013)# & Unigene
i SSR figl, MRSEGHIEN: KR,
SHHR . TUHR . TR ER . S EFR RO E
BWHS AR 6. 5.5, 4, 4, EA SSR2 A0
I KA IEECA (Maximal number of bases interrupting

two SSRs in a compound microsatellite) 100,
1.3 HiESH

1 Perl i 5 #/EF & T 1 MISA B4 A= B0 235 21
MISA SCFHI STATISTICS SCFS A Excel, F FH 7 4¢
i e D e X 45 SR AT AL R A, 20 #Hr SSR 2§
BOBH . FAKE . HECRA RSO F SSR
BB B TR 9N R e X R = g VI STV ) o
AT G TCET S W s 4H SSR A i ARk, Horr,

SSR I A=18 KF| A SSR %#&/E Unigene
Jr 5

SSR KA S =7 SSR |9 Unigene %4/Unigene 14 ;

SSR 4317 B4 B =41 Unigene K /18 R 21
SSR % .

FIFH SPSS FAF A T H PSR 5 )7 51 K
[ {7 7R b (Pearson) A ¢ R E . ik 35 MG 30 AR K OF- 22 L
JP<0.05, ZH5%; P<0.01, Z5WEE.

2 ZER59H

21 HRAFTIH SSR HBEMD TS

X} 127575 4% Unigene J¥ 54T SSR i, A%
F] 62124 > SSR(5E# K1 SSR 36813 ™), 70 M 7E 50626
2% Unigene 524", SSR KA EK (% SSR Y
Unigene ${/Unigene 2.40)°M 39.68% , SSR i BLJH K (K5
i SSR v &5 %/Unigene i %0) 48.70%, ‘F-14%4F 16.6 kb
A 1A SSR s, Hirr, 25548 4% Unigene & H
1AL SSR i s, &A% SSR £t H K 22001 4>,
20} & TGN S WU Sl iR TR Bk SE 38 7 SSR i
75301, #5r SSRIFE W 1,

22 BRAFFPFSSREEETHN S

TE 62124 A& [RICHH DA T8 AL 1Y BT A Bl 5
BRMIG . TREJEESE SSR SRRE, A BN
50.27%, HR =t E R SSR(26.13%) . MUfkIEE
2 SSR(22.37%), HOKFEFN7SHEFEHE E SSR I i L A7)
BAER 2). WIRAB, 2 RICEH DM TR I
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Tab.1 SSR database of S. japonica transcriptome
Unigene %i*> SSR K7 SSRJ¥3  SSRKJ¥ SSR FFhifii SSR AU i
Unigene ID SSR type SSR sequence SSR size Start site End site
Unigene49115_All Trinucleotide (TTA) 87 693 779
CL4450.Contig3_All  Hexnucleotide (AAAAAG), 54 1798 1851
CL18.Contigl All Trinucleotide (AAC)s 15 532 546
CL3698.Contigl All  Tetranucleotide (AAAC); 20 216 235
CL758.Contigl_All Tetranucleotide (AACA);s 20 254 273
CL3494.Contigl _All  Pentanucleotide = (AAAAG), 20 193 212
CL427.Contigd_All Dinucleotide (AC)yy 22 1902 1923
CL1025.Contig7_All  Dinucleotide (AG), 22 2798 2819
*2 ERATHEMERPAEBIEEEE T (motif) HEAISNE
Tab.2 Occurrence frequency of different microsatellites motifs of S. japonica transcriptome
CIV-R e R LIES RZHEIZHIT Feor s Fe il
Repeat type Number of type  Frequency (%)  Maximum repeat motif Number of motif Proportion(%)

K1Y B2 Binucleotide 31227 50.27 AT/AT 14494 46.41

= ¥R Trinucleotide 16230 26.13 AAT/ATT 4314 26.58

PU#%H R Tetranucleotide 13899 22.37 AAAG/CTTT 10823 77.87

HAZFF R Pentanucleotide 603 0.97 AAAAG/CTTTT 197 32.67

ANHEATER  Hexnucleotide 165 0.27 AAAAAG/CTTTTT 34 20.61

122 Fp i 52 Feot(motif), Hi, =, =, W, HAK
i 3 8 7 FL T TP AE 45 H A 2SR B R R 2 1
HIJE(AT/AT), . (AAT/ATT), . (AAAG/CTTT),. (AAAAG/
CTTTT), MI(AAAAAG/CTTTTT),. EffE& AEL
FETCIER ) )53 ) S 46.41% . 26.58% ., 77.87% .
32.67%#1 20.61%.
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10,28 .45 F1 35 F, B3 A EE & L0 7E B SSR(62124)
Fr SRR, Bt H B R 2 (AT/AT), (23.33%),
HUCH(AAAG/CTTT), (17.42%). (AC/GT),(16.30%).
(AG/CT), (10.61%) . (AAT/ATT), (6.94%)F1(AAG/
CTT), (6.46%)% . A[F|2EAIE & FIT SSRs (7 & SSR
(1 E ) A WL 1

SIS TP N
& & & E B
RO <
v V'V.GV' Y v v

1% T B 358 3£ 7T Repeat motif of microsatellites
Bl 1 55 R 0 (motin)ZE B 1 1 LA 4370 (5 i 2 i 3k B4+ ME )

Fig.1

Microsatellites distribution on different repeat motifs (considering sequence complementary)

“HoAth” TR IR N T 0.50% 1 5 42 F T
“Other motifs” denoted the repeat motifs with frequency below 0.50%
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23 WIEMKESH

S CTCE S W S T Br A B 36813 5T 4
AMBED, MUREKEFERDELS, FBKE
M 12~147 bp &, FIKBEEH 25.87 bp, 2 [WTCEH
LM BT, FERHEEKERT 20 bp MK
FHEFEY), KELE20bp LI FAIA 18774 45, K3
TR GEEE A B 51%; 1 EE K /N T 20 bp (1)
P N TR (SRR B 49%, FHo,
KEEFE 12~15 bp WEUEMS 2, KETE 16~20 bp Z[H]
IR Z(E 2). LA, R B EEFE 20 bp DL ARG
E%ﬁc::ﬁﬁ@iﬁ%ﬁﬁnmmutﬁm%

W) BEAY 36.78% , T3t 13539 4% JASHIFSE F I SPSS
i/kﬁﬁ 17 Pearson AT R, S R ICH 2 W%
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T A IR N A TR K B B I 3 AR O (P<
0.01), MXZEECH-0.594,

2RI S AP DR ES R BRK
AR R WA 3 iR, WK 3 RTLLE 1, 2 RJoE
B SSR A i it 5 F A B A 1 T 2 R R
P THIEE R KR E BRI, SSR A A
BT, MEEWBM 10 EEmE 11 knf, 2
[CTGEF 0% SSR $t BESR I N, Z 5 akse PR,
TP, =L E S SSR Hi N — R Ik
@) TRV A Tt - - 3 = 4 G | I B U N
FEEEWHGEH 9 W, HAbG R EE R EGEH] 12 &
B, SSR MY TR RFEAE T V2%, TR N
FoE o
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Fig.2 Length distribution of microsatellites in S. japonica transcriptome
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Fig.3 Variation of repeat times on number of microsatellites in S. japonica transcriptome
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AHIF 5T BT X 2 QIO 2 R s 2H A 0 Y
PR, T MISA B 44E%F 127575 4~ Unigene #E47
TR0, LA 62124 Mg DLENL S, /A
7E 50626 %% Unigene J7 511, SSR [ & A M %4 (7% SSR
i) Unigene £4/Unigene 0 40)°4 39.68% , ~F-3[1] % 16.6 kb
P 1 A SSR JFAN . AIRIYRRE] TR /Y B R
ANF H 22 K, & IR TCE 2 WA R 44U sk 4 rh ik

TR A BT RS B 48.70% , 1 K T AR AE
(Camellia sinensis)(16.66%) . ¥ = £ (Panax

vietnamensis var. fuscidiscus)(16.82%) . i ¥4 (Pinus
tabulaeformis)(2.23%)( £ i % 4, 2014; 2= 3 15 %
2014; &R 4F, 2016) 55 M0 ¥ 5 i HE £ (Eucryp-
torrhynchus chinensis) (10.36%) . A H (Mythimna
separate) (1.93%). /)M F (Microdera punctipennis)
(7.94%) % B Py (RELHAE, 2016; HHHLAESE, 2015;
FE R PR -k Y 2 2017) F1 4R % (Pelodiscus
sinensis)(22.3%) . 1A K & 4F 5% £ (Mugilogobius
chulae)(12.97%) . #4fifii(Nibea albiflora Richardson)
(39.30%)45 7K = 4= ) (Wang et al, 2013; ZE#4, 2015;
FETFRIAE, 2016), SHAMAKAD Y, A0 CEREE D
(Pinctada martensii)(13.34%) . 4 % (Sinonovacula
constricta)(8.89%) . ¥ 3 53 Ul (Mizuhopecten yessoensis)
(3.69%)(E R A, 2015; XIS, 2012; 22 R UE4F,
20105 M H, ASHFSE SSR H B R WAL, 2
[CTCAT S IR BR L SV s 4 SSR B AR W F 5 . 4
B s, — 7T, % SSR AL gilf, AN
HRA W ESEN BB RUT 5 EE B/ T
REXTBIF 5T 45 3 77 AL 52 o AN [R) 0 b i 0 P o S Pk T g
SR ORISR (BT S, 2013),

AL, 2 [CTCE S A 5 2 2
A, TR EE R R, A B
50.27%; —BEFEE AR REEIRZ, A5 S
26.13%. X5 % ffi(Ctenopharyngodon idellus), 41 #&
757 fifi (Takifugu rubripes)& DL — i 5L 5 52 0 K
A AR R (ZRARAE, 20115 FEEEISE, 2006), A 7K
A, AN 8% (Siniperca chuatsi) . % 15 45 DL =i
R N TR SOREE, 2015; XA, 2012), @KL
F2ESMIREE R T YRR RN E R A, SHEE
SSR AR AN E FIHE 2R SSR UK B A TR K&
% (Wei et al, 2011),

SSR J3F-Hr e 22 A5 1 1 e AP 2 40 By v 76 1
WA B SR, T HAS B R /N R POE bR iC 2 A8
IR DG HE (AR, 2010), 4 SSR KEE=20bp A, £

ASPEER; 2 12<SSR KJE<20bp A, SSR 2T EZL
APE; M SSR KEE<I2 bp B, SSR EAL L &tk
(Temnykh et al, 2001), AHfF5E7E SSR i itk % & S 4L
i, ECRHKBETE 12 bp LAF Y SSR [l bR, A2
FCTCET 5 W S 2 v 52 467 SSR K EEAE 12~147 4N
Fezpa], SEEKE N 25.87 MK, 1E 36813 Mok
A SSR 1, B BEAE 12~20 bp 2Z[a] Y SSR A 18039
55 SSR EVELIY 49%), HA 2 Bk
J =20 bp 1Y SSR A 18774 £5(;5 SSR LK) 51%),
It SSR HEELddt, b, mrRaE, HEK
JEAE 20 bp DA EAMRKE B Hou(Z . TR EE 5
J6)1% 20 bp DA I SSR B 36.78%, HupilE K, St
I1 13539 %%, fULAI L, S FRICEN S 0 S AR IR Y
SSR HA 8 = ) Z A TEW e , 75T A& 2 [CTCAT 52 i
TSy FARCHEFE 7 PR HAT 55 i AR A (B 1
4%, 2011; Dreisigacker et al, 2004), #|H SPSS # {4k
1T Pearson AT, KIS R ICH 2 TR H
PR3 AR B S 0 2 A DG (P<0.01), A OC R &L
H-0.594, BEEHTIFFASH, TR S ALK
SEBERIAE, G2 MR I8N, R R
% LZMWESOR, JE WD (Samadi et al,
1998). XA (2004) 7T T 29 4~ ELIZ A= W) 3L K 4 1
PRESG I, iR EH, ZHFMHLRE
r=—0.304007852, #>R{H P=1.31967x102*, /T 0.01,
K UFE T Samadi %5 (1998) 454 . ZBLE & motif K&
MK, R RBGER , ULBHRNUAE 2 R TC A S I
MM DEFIF, T RPN SIS ERE motif £
FBE N, A OEE D, R A AL AR A
R H 2

4 it

A G P e 38 0 R R B RO 2 [T
WP B 2 B SR AT )Y, X Unigene J7 81647
SSR K&, A4k 62124 4> SSR (36813 5%«
SSR)f 5, 23 {E 50626 4% Unigene 741, SSR
SRR B TSR A O A, AR D s N Y
FEE, 2L S SSR JFHIh, FENEE N
BT 20 bp KT IR TAL, b T A S8
AN 51%, BMEEMZEM. TEE, hT
ARy B A R & R, (A S I R T
e, HEgh B A2 AR W5 A RS AR A, i
185 Bl v 308 o WU e AR A DG B 53 4 A T 8 Ty T A
SURC S PUS VI LN e R AN TRE S N A
12, AHCT 2 [RIC T 5 W i 20 1 T B A mE 5 )5 AR
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Deep Sequence-Based Transcriptome Analysis of Microsatellitesin
the Cuttlefish (Sepiella japonica)

GUAN Ao, WU Yuting, CHEN Yu, SUN Yang, QI Pengzhi, GUO Baoying"

(National Engineering Research Center of Marine Facilities Aquaculture, School of Marine Science and Technology,
Zhegjiang Ocean University, Zhoushan 316022)

Abstract According to the transcriptome database of Sepiella japonica, the microsatellites have been
explored at a high-throughput scale using a MIcroSAtellite identification tool. In total, 127575 unigenes
were obtained after assembly and removal of redundant sequences. The total length of unigenes after
sequence splicing was 103104058 bp. The microsatellites in the unigenes were analyzed, and a total of
62124 simple sequence repeats (SSR) (complete SSR, 36813) was identified in 50626 unigenes,
accounting for 48.70% of the total unigenes, with one SSR per 16.6 kb. In addition, the microsatellite
sequences mainly composed of dinucleotide repeats (31227, 50.27%), followed by trinucleotide repeats
(16230, 26.13%). Furthermore, 122 types of repeat motifs were classified in all SSR motifs, (AT/AT), was
the most frequent repeat motif (23.33%), followed by (AAAG/CTTT), (17.42%). The average length of
microsatellites (complete SSR) was 25.87 bp, while that of the microsatellites over 20 bp was 51%. There
was a significant negative correlation (P<0.01) between the frequency of microsatellites and the length,
the correlation coefficient was —0.594. The results of the present study lay a foundation for the
development of highly polymorphic microsatellite primers to identify parentage relationship and
population genetic diversity, and to evaluate the effect of enhancement and release of S. japonica.

Key words Sepiella japonica; Microsatellite; Transcriptome; High-throughput sequencing; Repeat
motif
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