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4, PEREFERFIGEEA AR HS 2660035 5. Bl HEREKT SR B 201306)

E 4 5 (Sepia esculenta) 4% 5 41 J7 $k 15 89 177,951 4 Unigene 4 %t %, & | Micro Satellite
(MISA) A | B4 # - P 8 f] 3 & 2 )7 7 (Simple sequence repeat, SSR) & £ & 15 B . £ R TR,

T4 B W 4 SR 161,327 /N SSR fL i, 44 78 64,933 4 Unigene ¥, SSR i & & 4 4
FH 36.49%, HIAMEN 90.66%. HF, ZREENEL XA W EBER ., _REBRFI-HER,

255 SSR B 3Kt 46.00%. 39.93%7F1 9.48%., SSR B4 W EA LT H, AT EEHEHR N KT &
G 30, AT/AT fn AC/GT = —ZHBRMhH ELZ LT EA 66,004 MEEZHTKE=20bp, & SSR
B 4091%, HEPSHRAELER (=, TR EL)N SSR LA E k. UEEEX
W, 25 HEF4% SSR LA HAMERFHEAFE ., SANEBRRE, ARERTHELH
R4 B SSR 2 FARIL . MRVIRRPFIA . B S BTN FRDHB A HERESE,

KRR
RESHES S917  XEARIRED A

4> 9} (Sepia esculenta Hoyle, 1885)f7A i 5 fi 5,
Bfa, FEOA T EVRIEIEE . HARILEE LI .
) £ VY g VA % A A A 5 W 48k (Okutani, 1995). 4
B — LA B s A Ur M B RO R R R, 8RR
W, O E BRI S . SR, 20 T4 80 AR LK,
Tt BE A . S MR IR S SR, 4 I A TR R
FIROMIRMAE, 2007). &SWEAERET . K

& 5; x4, SSR; EEHETL; AR
XEMHS  2095-9869(2020)06-0149-07

W AMRKEIE 700 g) . ARSI 1),
AR DRI i R R S R, MR IR £
WRCREUR , TR 2R 37 4 SRR A W2 | SRR
R B B 3o A% 24 55 O T R T R G5 OR/INAR A&,
2002, 2003; BB, 2004; FRIRAREE, 2008; EHEAALE,
2010; Zheng et al, 2007, 2009), JT 2010 4E5RM T
& SR N T2 F R BUR A (4, 2010), N
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fiij P L & [ ¥1) (Simple sequence repeat, SSR)%>F
FRICH AR, WA TR DNA FHlbRiC, HEmH
HIZODTFHN 1~6 MR (Powell et al, 1996;
Toth et al, 2000), fER—Fhistferic, SSRJ IZAETE
TR BN, B E R ML Rt
Faethar . 285 5 SRS (Tuler et al, 2015), %
M8 SSR HYRIE , W] 43 R iEF 51454 SSR (EST-SSR)
A L] SSR(g-SSR). LA H, HIXT T4 EST-
SSR H k&, it sk A FF-5HF & SSR fric CFF
ZROKFE S R A BN . AW 4 B Pacific
Biosciences .43 F 3£ B (Single-molecule real-time,
SMRT)illJFH; A Fl Nlumina RNA-Seq £ AR 55 40
AR 2 B E S BOR 3E A T, R Micro Satellite
(MISA)R i 1% SSR A s I3 At He o3 A B 20 URRAIE
VIR J5 221 4 S WRE R 8% 4544 43 b7 | st A% i
A, EEMOR QTL &7 Al B APk 2 fF 7% 4 (L L il
B

1 M5
1.1 sh¥tr

SE 4 BT 2017 4F 1 A~7 A BCH T 547
MEAK =T B A BR A, Pk IE 525, Tof & ik
S NAER (29 6 H %) 7B (10~11 H %) F17™ 5 WisE
(11~12 A=A IR AILIEBE 3 A1 4 25 0,
SRR S DATRE A 0 A A A A 5 i ST A /R AR
OS5 FN 20 DY AR 2H 2URE N, IR BFE RNAlater(CRAR,
E)H, - F-80°Clififf.

1.2 HERAKEFRIE

P 4 2 AN () B34 7 i I B /i i 00 A
7 B4 B IR 24H ZURE AR B B RNA, 6 RESH R BUR
H PG BRHE AR ], K PacBio SMRT /&4

AHI Tllumina RNA-Seq AR PEATH; 54000 5 , 38 3 %
4 PacBio SMRT #l Illumina M FF40HE, A e FiE
()4 B AL SR 4l L8 177,951 2 & K54 st A (Zhang
etal, 2019), PABLAE R o #r 8kt

1.3 £ 5 EST-SSR By %

RGN G S SSR A, I MISA(v1.0) (http:/
pgrc.ipk-gatersleben.de/misa) %} H: Unigene ¥ %) #1745
Bro SSRALEALE THTIR . IR . =R
PWUAZH IR . HAZ TR AT TR ER . FIW I inifE
R TRELZ 2D 12K ZBHREEZRD 61K;
“EHREZE RS WK, WETREE £/ 5K, il
HIREZZE/D 4R, AEHREL 2D 41K,

2 HBRE5HW

21 £EWEFRASSRIUAHESSH

& G SR T AL RS 177,951 R K5
A, A EKEN 198,175,926 bp, KiZ Unigene 7
H), &I 161,327 4~ SSR i 5, ZMAATE 64,933 4%
Unigene H', &A= 5% (% SSR Y Unigene %{ 5 Unigene
BEZ )N 36.49%, HELSIA(SSR U H 5 Unigene
SEZ )R 90.66%, % 1,228 bp A 1 4> SSR
o BLAh, A 33,136 % Unigene it 1 4> SSR
P, 33,260 %% Unigene &4 & &7 SSR(E 1),

45 EST-SSR M FH, MK 2 AfLIAI,
TR RES RZ, HE SSR v s
) 99.55%, Jorf, BRAZTT IR A AL IR T o A L)
R, ARl S 46.00%F1 39.93%; Hik ok =#%
HRRAVUZHRR, 05N 9.48%H1 4.14%., T, ¥
HHR A R B 0.448%, HRAR/D,

22 &L SSREEETHFEIIAR

450 SSR W, HEZHMRER LI A/T HE MY
%%, 5B SSR Y 44.79%; —HATMREE L) AT/AT

F1 £EHEREDRSSRIERLER

Tab.1

Searching results of SSR in transcriptome of S. esculenta

2% H Category

¥ Quantity

R TS B4 Total number of search sequences

BRI EKE

SSR & AR EL
SSR H BT KL
10 kb & SSR #(H
& SSR 7 AP FIEH
A~ SSR v S 1P HIEH

it 1
S E4H SSR MFEYIEH

Total length of search sequences (bp)

SSR E#( Total number of SSRs

SSR frequency of distribution

SSR frequency of occurrence

10 kb with SSR number

Number of sequences containing SSR sites

Number of sequences containing more than 1 SSR locus
Number of sequences containing complex SSRs

177,951
198,175,926
161,327
36.49%
90.66%
8.14
64,933
33,136
33,260
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M AC/GT EERF N FEHM, 45 SSR B AAAG/CTTT JE£, AGAT/ATCT K2, HAtbh H AL
34.73%; —HAFMREENL) AAT/ATT Hl ATC/ATG RAIAAZH IR B R ekl L, FaEdEw b, Bl
WO R B, IR 4.71%; DUAZ Y IR E A DL FORARAG, WL 3,

T2 EL5H EST-SSR FRIEERTHHIER

Tab.2 Distribution of different repeat motifs in S. esculenta

CIV-E 3l SSR %k REERTES 7 SSRH A
Repeat type SSR number Frequency of occurrence (%) Proportion of total SSR (%)
4R Mononucleotide 74,204 41.70 46.00
ZEiH R Dinucleotide 64,423 36.20 39.93
ZHHR Trinucleotide 15,293 8.59 9.48
PUR%1FlR Tetranucleotide 6,679 3.75 4.14
BT Pentanucleotide 570 0.32 0.35
NEHBR Hexanucleotide 158 0.09 0.10

#3 £S5 EST-SSR ESHTHYKE
Tab.3 Type of EST-SSR repeat motifs in S. esculenta

Repeat type Repeat motif Repeat number Frequency of Proportion of
occurrence (%) total SSR (%)
AT R A/T 72,262 40.61 44.79
Mononucleotide C/G 1,942 1.09 1.20
i&ﬁ‘ . AC/GT 19,599 11.01 12.15
[z Dinucleotide

AG/CT 8,335 4.68 5.17
AT/AT 36,427 20.47 22.58
CG/CG 62 0.03 0.04
ZEHE R AAC/GTT 1473 0.83 0.91
Trinucleotide AAG/CTT 1175 0.66 0.73
AAT/ATT 5912 3.32 3.66
ACC/GGT 1013 0.57 0.63
ACG/CGT 195 0.11 0.12
ACT/AGT 1193 0.67 0.74
AGC/CTG 1569 0.88 0.97
AGG/CCT 951 0.53 0.59
ATC/ATG 1680 0.94 1.04
CCG/CGG 132 0.07 0.08
DU AZ iR AAAG/CTTT 2663 1.50 1.65
Tetranucleotide AGAT/ATCT 1960 1.10 1.21
ACAT/ATGT 935 0.53 0.58
AAAT/ATTT 414 0.23 0.26
AAAC/GTTT 133 0.07 0.08
HABZE A U H R Other types of tetranucleotide 574 0.32 0.36
HIZ R AAAAT/ATTTT 187 0.11 0.12
Pentanucleotide AAAAC/GTTTT 112 0.06 0.07
AAAAG/CTTTT 95 0.05 0.06
AAACC/GGTTT 39 0.02 0.02
AATAT/ATATT 26 0.01 0.02
HoAh 28 A 7 4% F B2 Other types of pentanucleotide 111 0.06 0.07
AR AAAAAG/CTTTTT 18 0.01 0.01

Hexanucleotide AAAAAT/ATTTTT 13 7.31x10°° 8.06x10°°

ACCAGC/CTGGTG 13 7.31x107° 8.06x10°°

LA 2 A S H%H R Other types of hexanucleotide 114 0.06 0.07

M
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23 SLWERATR SSREE R

TR A BNKESEIMSSREASM:, MSSREXR
PR PR e B B B . 4 S I SSR A g ik 5
BWHAR) 1z, AR S7ES~1000 B/, 24+
T5~29K ., BEHRER12~102K; “BHREL
6~501% 5 =R AF IR H A 5~247K ; DU H R HE A 6~
199 A HIREZ6~191K; AETRER6~121K,
EE 2RI R, A 18,2805, i BLSSRELT)
11.34%, HRJETEE 67K (10.98%). 137K (7.73%) .
TR (6.82%) . 147K (6.28%), 30K LA F(#%30)153.40%.,
SR E 4 I S 2 SSRIK E A U BA 11~207K it
%2, 5 ESSRILHIHNAT.92%, 4~100IKZ, H35.03%:;
& WRE21~30K M 14.24%; & E KB K T30 H
2.80% (1),

4~10 11~20 21~30 >30
SSR FE & YK#X SSR repeat number

BT 4 5k 4] BST-SSR ANl 52 LT i1 52 8K
Fig.1 Repeat numbers of EST-SSR with different
motifs in transcriptome of S. esculenta

-1
S o o
T T 1

(=

i & SSR HuAl
Proportion in total SSR/%
S

—_ N W A U
(=]

(=2

(=

24 £EEWERESSRHUKE

SSRAV S P Hon i K B R 2 S &
AT BN %, 24SSR=20 bpitf, HELAMRE; HE
FICKE12<SSR <20 bph}, ZAMFE; MKT
12 bphf, WAL, ARFFEFZERRT12 bpldh FHY
SSR, K J¥ =12 bpAYSSRILA161,32714>, M4 ki
SR SSRESTTK EE L AT LUE Y, Hrp, @
FICKETE12~19 bpAYSSRI i, 47953234,
i SSREBL159.09%; Hk h20~30 bp, F£443,9771,
i SSRAMEL27.26% ; K JEFE31~40 bpi, $£10,9311>,
Hi SSREVE16.78% ; K EEAE41~ 50 bphy, 15,5881,
ti SSRALE13.46%; FETCHK BE K T50 bp A4k i
A, 35,508(3.41%) . MRIFIZLEH, ATHENZAEIE H
1T AISSR(K: & A1 12~20 bp)#J SSRE L5 459.09%,
HAWEZRME, AEESMESET AN mMEA &
FE L2 BT SSR(K JE =20 bp)H, S AMRYEIC

(= SRR EE)SSRA AR i, X #4rSSRA
MAAEENZEMNEWE?2),

N W A W
o o o
T T T

JZ Frequency/%
S
T

—_
(=R
T

= == e
12~19  20~30  31~40  41~50 =50

SSR BEREICKE The length of SSR repeat motifs/bp

K2 4O 2 SSR N i H S FETC T A1 B A A AR
Fig.2 Frequency of SSR repeat sequence length
distribution in transcriptome of S. esculenta

3 iTig

AHIFSE L4 B e s 2045 BO6 . EST-SSR #47
Tk B5RNR, &M AT EAHFEERN SSR
i, M4 I SR 4HRY 177,951 4% Unigene 7, 4k
Rt 161,327 4~ SSR, 73 /i 7E 64,933 2% Unigene H,
SSR Y H B R A 90.66%., 5 HAt /K 4= 54 SSR )
LR AT L, W] S T R K R (Neverita didyma)
(86.53%) (FAEEf&SE, 2018). FEUfiffi(Nibea albiflora)
(39.30%) (FEFFFT4E, 2016) . 3% (Siniperca chuatsi)
(27.51%) (= 305, 2015) . & A B (Macrobrachium
rosenbergii) (45.91%) (FAZEESE, 2018) . Joft K
(Sepiella japonica) (48.70%) (FHRWI%E, 2017; 45 W4,
2018) . [ Bk £ D (Pinctada martensii) (13.34%)
(F B R, 2015), MiVLBE(Atrina pectinata) (8.2%)
(2R %, 2017) . 4: %% (Snonovacula constricta)
(8.89%) (X fH 4%, 2012) . Ve if (Tegillarca granosa)
(14.83%) (JA/NIE 4, 2013) (35 5)

SSR K R bRl . K 4w AR L) S b 22 R
#BZ 52 SSR [ H BAAH % (Varshney et al, 2005). Nl
ik 75 92 45 (2012) R AR ALK 2 2% 4 A FLRs DU BES
SCHEERE SSR, M SSRHY BT & Rt K 2R A 1fE 1) 42
MRS . e E RS EST-SSR i 4
PR, R4 (2008) F E ML R 45(2015) 58 5 M
T CERFE DL 6,979 F1 74,007 4 EST 41 v 15 2
243 F1 9,872 4~ EST-SSR i 5., {37 s, i B R 4350
3.48%%1 13.34%, Franklin 45(2005)F1 T Hi4T 55(2011)
%o FL4H i %) R (Litopenaeus vannamei ) A~ [&) 5k i 14 EST
JPH 34T EST-SSR it , L BUAIR 531K 4.9% il
7.8%.
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%5 HBHIE3K1S EST-SSRs 1 HSAERER K E Y
Tab.5 Some aquatic animals that have obtained the frequency of EST-SSRs

YFh Species

SSR H MR Frequency of SSR(%)

ik Reference

H4fiti Nibea albiflora
FMEHR  Siniperca chuatsi
W LrJEfh  Cheilinus undulates
WA & £ Osteoglossum bicirrhosum
B CIHIF  Macrobrachium rosenbergii
FLAEXTER - Litopenaeus vannamei
Tt 0, Sepiella japonica
Jeiif Tegillarca granosa
L LERAE DL Pinctada martensii
BPG B U Argopecten irradians concentricus
YTk Atrina pectinata
45 Sinonovacula constricta

39.30 FETFRI4E(2016)
27.51 TOUAF(2015)
14.93 Xt % 45(2018)
6.67 FHE%(2016)
4591 FAEERAF(2018)
7.8 FHLT A (2011)
48.70 EHRIASE(2017)
14.83 JE/NIEAE(2013)
13.34 TR EE(2015)
10 THANSE(2018)
8.2 2R W1 45(2017)
8.89 X HH55(2012)

Kt #£M, #ECIFAN EST-SSR fricH,
TRHAFRR N AR A TR AR R o MR
DURIATTEEAY EST-SSR #JLL —# iR 15 &2 FE T i o
Eb B 5, 4300 1 40.54% 11 77.08% (% = 165, 2010,
ZEARIASE, 2017); 4i%% SSR L =HH R E & SSR [t
Bl s, R 37.13% (XIS, 2012), ARGF5R LM, 4
5 EST-SSR HEHKAI, DIl R & & St
%, Wik E] 46.00%, HUCH % H R, N 39.93%.
XFITEE (B IR, 2017), DREREEDN(ERR
%, 2015), P IRIBER(EALTESE, 2018) M K IR B
iz 5, 2018) P LR R B A ot R 1 T R AL I OY
SEJARL o RIS, ABFIE R B, 4 5085 sk 41, SSR
P e 2 R AT R M B 2 BE 0T A/T, 5L SSR 1)
44.79%; HIR R —HAFER Y AT/AT Al AC/GT, 35
SSR EELMY 34.73%. MAHh, A LkEE Sk SSR i AT
FEIEITTFEIKELE 20 bp LI R SSR i s dtAy
66,004 4>, 5 SSR EHMY 40.91%, FHHPEHM
PHRIT(Z . R HIRE ) SSR A s B L, XA
43 SSR ] fig HA A i (1 F AN

4 it

KT, 42 4] SSR B AR H.
KMER, AW 161,327 4~ SSR fiifi, JAiTE
64,933 4% Unigene H1, SSR i i KA MR K 36.49%,
BT = 3K 90.66%, X4 SSR TR = W Fhist L 2
FEVEIERE DT T & ¥ HELVE R IEOEEs S T —Br
BUF K 4 B 2 251 SSR 43 Fhric #2436 T Rk
A T J 4 5 R 5T B JR AR AP R | st S AR TN
TSN A3 F-Fr 14l Bl & Fh AR 98 B9 kA
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Abstract To better protect the resource of Sepia esculenta, we need to understand its population
genetic structure. In the field of genetics, microsatellites have become important molecular markers for
genetic diversity and marker-assisted breeding, because of their unique advantages, such as abundant
polymorphism, rich information, codominance, and conservation. In this study, 177,951 unigenes
obtained via transcriptome sequencing of the golden cuttlefish were used to detect and analyze the simple
sequence repeat (SSR) loci information using Micro Satellite (MISA) software. The results showed that
161,327 SSR loci were detected in the transcriptome of S. esculenta, which are distributed in 64,933
unigenes with a distribution frequency (of SSR loci) of 36.49%, and the frequency of occurrence was
90.66%. Among them, the main types of repeats were mononucleotide, dinucleotides, and trinucleotides,
which accounted for 46.00%, 39.93%, and 9.48% of the total SSR, respectively. Among the repeat motifs
contained in the SSR, A/T was the predominant repeat type of a mononucleotide, and AT/AT and AC/GT
were the dominant repeat types of dinucleotides. There were 66,004 repeat motifs with a length of =
20 bp, accounting for 40.91% of the total number of SSRs, and the number of SSR loci in which low-level
motifs (di- and trinucleotide repeats) are dominant. The above results indicated that SSR loci in the
transcriptome of golden cuttlefish had a high frequency and a rich variety, and high polymorphic potential.
The results provided a powerful reference for the better development of SSR molecular markers and the
protection and utilization of S. esculenta germplasm resources, genetic diversity evaluation, and future
molecular marker-assisted breeding.
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