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et al, 2013),
, 1.2.2
DNA (Zane , primer3
et al, 2002), , ,
(Wang et al, DNA
2012) , ; PCR 25uL ,
(Csencsics et al, 50ng DNA, 1xbuffer (Promega, USA), 2mmol/L
2010), MgCl,, 0.2mmol/L dNTPs, 0.2pmol/L 1U Tagq
, (Promega, USA) 94 Smin;
(Yuetal, 2011; Zhu et al, 2012) 94 Imin, 50—65 Imin, 72 Imin,
s s 35 ;12 10min,
, (Teacher et al, 50—65 10
2012) (Ma et al, 2014) (Patnaik et al, , PCR ,
2016) , Genemapper 3.5 (Applied Biosystem)
1.2.3
) 35
EST , SSR , ,
, ARLEQUIN3.5.1.3 (Excoffier et al, 2010)
, (Na) (Ho)
(H.) (PIC)
CERVUS3.0.3 (Marshall et al, 1998) GENEPOP
1 4.0.10 (Raymond et al, 1995)
1.1 Hardy-Weinberg (HWE)
de novo
(Sepiella japonica) 5
5 2.1 EST
[llumina De novo
, 85674  Unigene, 66760294nt, 47604
35, 70% , 1402nt  EST 1
1.2 12nt ,
1.2.1 EST ,
RNA cDNA Teacher EST
(2012) cDNA CBot (38.69%); (31.14%)
(TruSeq PE Cluster Kit V3-cBot-HS, (26.35%) ,
[llumina) , [llumina Hiseq 2000 96.18%
(TruSeq SBS KIT-HS V3, Illumina) , (3.29%) (0.38%) (0.14%)
, clean 3.82%, 1
reads De novo s MISA ,
, SSR 2 , , AC(54.51%)
12 ,2 AG(31.22%) ,
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Tab.1 The repeating number of di-, tri-, quad-, penta-, and

hexa-nucleotide repeats in SSR motif sequences in S. japonica
transcriptome EST

4 0 0 0 85 33
5 0 3948 713 4 0
6 2174 1934 61 0 0
7 1292 1281 0 0 0
8 921 169 0 0 0
9 866 0 0 0 0
10 665 0 0 0 0
11 278 0 0 0 0
12 8 0 0 0 0
6204 7332 774 89 33
(P<0.05), 3 s 4
Hardy-Weinberg (P<0.05);
(P>0.05)
3
, 25
(Wu et al, 2010; Guo et al, 2013),
de novo ,
85674  Ungene, 66760294nt,
47604 , 1402nt  EST
12nt
DNA

(Chistiakov et al, 2006;
Zhu et al, 2012),

, 6—12 7 ,
5—8 4

H, PIC (P<0.05),

>

(Kelkar et al, 2008),

> >

24 ,
24
(Na)3—10 , 5.92
(H,) 0.030—0.857 , (Hy)
0.420—0.826 , (PIC)  0.3863—
0.8728 Guo (2013) DNA
, Wu  (2010)
Guo (2013)
, Wu  (2010)
DNA

(Mochmann et al, 2004; Pearson et al, 2005),
Kelkar (2008)

24
(P>0.05), 4
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Tab.2 Characteristics of 24 microsatellite loci developed for S. japonica
(5'—3" T(C) Ma( ) H, H. PHWE PIC GenBank
F: ACAATCAACGGCTGTAAAGTCA
CL168 (AAC), R: GACTATGGTTTGGATTTGGCAT 55 3(172-178) 0.647 0.599 0.633 0.5219 KU306816
F: CCTGGTTCACAACAACATTTTC %
CL218 (TA)s R: CAAAGACAGGACACGACCAATA 55 5(194-208) 0.030 0.757 0.000* 0.7128 KU306820
F: CGAGATTCTGTACAAGGCTC
CL2235-2 (CAC)s R: GGAATTGTGGCAGAAAGACT 58 5(201-216) 0.382 0.620 0.908 0.3863 KU306831
F: TGTCATTTCTGATTCGTCATCC
CL227 (TTC)s R: GATCCAGCAACAATGGACTTG 55 5(211-229) 0.686 0.620 0.765 0.5656 KU306817
F: CTGTGTTTGAGCACGAATTAGG
CL259 (CT), R: CAACAGGTAGGTCTTGTGCAAC 55 7(193-207) 0.771 0.826 0.8025 0.8189 KU306827
F: TAGACTTGTATGGGTGGGTG %
CL2635 (TG)s R: TAAATCCACTGCCTGCTTTC 61 6(202-220) 0.143 0.591 0.000* 0.5217 KU306829
F: CTCACTGGCACTTCTTGTCTTA
CL334 (AC)s R: ATGTACTTAGAGGAGGAAACGTATG 55  4(198-208) 0.857 0.693 0.069 0.6317 KU306821
(CTG)s... F: CCTCGGCTTCTGATGAAAAT
CL3354 (TGC)s R: AGCCTTACTTCTGCAACATG 55  6(213-228) 0.485 0.699 0.071 0.6550 KU306828
F: CATGGGTGACAGAGGACATAAA
CL402 (CTG)s R: GGCACGAACAGAACATGAAAT 55  5(218-230) 0.571 0.602 0.813 0.5450 KU306818
F: CTCACGTACCAAGACTCCATACC "
CL416 (GT)1, R: TTGCACCAGAATCAAATGAGAG 55 8(162-182) 0.486 0.767 0.000* 0.7347 KU306822
F: GGTGGTGAGCTAACATGTTT
CL5062-1 (TGT), R: CAACGGAATATTGCCGAAGA 55  6(174-189) 0.457 0.579 0.169 0.5448 KU306832
) (ATG)s... F: GCATCCCTTTGTCTGTCTTT R
CL5062-2 (TGC)s R: GTCAATTCGGTGGCCTATAC 52 5(203-215) 0.500 0.626 0.050 0.5848 KU306832
F: ATAGAACGTGGTGGGAGAGAAA
CL529 (GA)s R: TCCTTTTGTGTGTTTGTGGTTC 56  7(192-214) 0.429 0.660 0.643 0.6004 KU306819
F: GCTGTTTAGGAGTAGCACTG
CL662-2 (GTA)s R: CGGCTACTCATCAAAGACTG 55 7(194-212) 0.543 0.722 0.242 0.6782 KU306830
F: CCTTGTACAACTGCCACATT
CL885 (GA)s R: CAGCTGCCCAAAATATCTGT 55  8(196-214) 0.514 0.579 0.246 0.5574 KU306825
F: ATCCAAGTCTTCTGCCTGAT
CL899 (AAT)s R: CCATGTAACGATTCTCCCAC 55 6(188-203) 0.382 0.420 0.112 0.4009 KU306824
F: TCTAGGCCTGTGGTTAATGT
CL904 (AT)s R: TGATCGTTACTTGATGGCAG 55  8(222-236) 0.486 0.752 0.058 0.7136 KU306823
F: CTGGGACGGGCAAATAAATT
CL933 (CCT)s R: GTCTGAGGTTAGAGTCTGCT 60  8(182-206) 0.600 0.702 0.051 0.6658 KU306826
CL38 ACC*5 F: CAAATTCCTCTGCATTGGGA 55  4(154-163) 0.571 0.689 0.089 0.6371 KX839253
R: GAGTAAAGAAGGCAGGGTTG
CL1360 CT*8 F: TCTCTCCCACACCAATATCC 55 10(190-208) 0.314 0.884 0.000* 0.8728 KX839254
R: GTTACCGTTCTGATGTCTGG
CL327 TA*6 F: ACAGCATCTTCTGGTAAGCCAT 58 5(156-164) 0.571 0.749 0.111 0.7050 KX839255
R: TAGTCCTGTCACCACAGTTATGC
CL710 CTC*5 F: GGTCGTTATCCATTTGGTCATT 55 5(184-198) 0.857 0.738 0.085 0.6945 KX839256
R:AAAGAAGAAGGAGAGGAGGAGG
F:TACACGTCCTAGAGAGCCTA
B3 B3 -
CL7421 CA*7...CA*7 R: TAATACCGCCTCACTCTCTC 55 4(180-186) 0.543 0.729 0.061 0.6793 KX839257
CL357 GGT*S5 F: CGTTCCTCATGTCTTCCTCTTC 55  5(186-208) 0.600 0.743 0.058 0.6971 KX839258
R: AAGCAACTGGAATTGGCTCTTA
A s H, s He PHWE  Hardy-Weinberg P ;PIC 3 T
PCR 3 ¥ Hardy-Weinberg
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Tab.3 The influence of repeat motif and repeat number on the polymorphic level of microsatellite markers

N, H, H, PIC
6.55 0.47 0.73* 0.69°
5.38 0.56 0.64° 0.58"
N, H, H, PIC
5 5.00° 0.60 0.68 0.61
6 5.50° 0.51 0.65 0.60
7 7.13° 0.46 0.71 0.68
A s H, s H. ; PIC ;
(P<0.05)
Jiang L H, Zhu A'Y, Wu C W et al, 2014. Tetracycline immersion
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the World Aquaculture Society, 45(3): 342—349
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genome-wide determinants of human and chimpanzee
DNA microsatellite evolution. Genome Research, 18(1): 30—38
Li Z M, Li HM, Liu L Q ef al, 2013. Rapid development of
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ISOLATION AND ANALYSIS ON EST MICROSATELLITES OF SEPIELLA JAPONICA
BY DE NOVO HIGH-THROUGHPUT TRANSCRIPTOME SEQUENCING

LU Zhen-Ming', HOU Long', GONG Li', LIU Li-Qin', CHEN Yong-Jiu', GUO Bao-Ying',
DONG Ying-Hui’, WU Chang-Wen'

(1. National and Provincial Joint Laboratory of Exploration and Utilization of Marine Aquatic Genetic Resources, Zhejiang Ocean
University, Zhoushan 316022, China; 2. Zhejiang Key Laboratory of Aquatic Germplasm Resources, Zhejiang Wanli University, Ningbo
315100, China)

Abstract A total of 47604 microsatellite sequences from Sepiella japonica transcriptome was obtained and analyzed
by next-generation sequencing. The results show that there were abundant SSR sequences in transcriptome of S. japonica
and, in average, 1402nt EST sequence would contain a SSR in length of no less than 12 nucleotides. The mono-nucleotides
SSR is the main type of microsatellites (38.69%), followed by tri-nucleotide (31.14%), di-nucleotide (26.35%),
quad-nucleotide (3.29%), penta-nucleotide (0.38%), and hexa-nucleotide (0.14%) microsatellites. The shorter repeats
accounted for 96.18% of the total quantity of the microsatellite sequences. Among di-nucleotide repeats, AC (54.51%) and
AG (31.22%) were most common, while among tri- nucleotide repeats, AGC (16.37%) and AAC (14.06%) were most
frequent. Twenty-four polymorphic microsatellites were isolated and tested in 35 cuttlefish individuals collected from a
natural population in Zhangzhou sea area, Fujian province. The results show that the number of alleles per locus ranged
from 3 to 10 and the mean allelic richness was 5.9; the mean observed heterozygosities (H,) and expected heterozygosities
(H,) were 0.518 and 0.681, respectively. The polymorphic information content (PIC) values of all loci, except for two, were
above 0.5. A Hardy-Weinberg equilibrium test revealed significant deviation in 4 of the 24 microsatellite loci after
sequential Bonferroni corrections (P<0.05). Linkage disequilibrium was not observed between any pair of loci, indicating
that the markers were independent. Therefore, this microsatellite isolation method is cost and time effective in comparison
to traditional approaches. The SSR markers isolated will be useful in future’s genetic evaluation process of this species,
which is essential for a sound management of cuttlefish fishery resources.

Key words Sepiella japonica; transcriptome; EST sequence; microsatellites




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


