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Abstract: Expressed sequence tags (ESTs) can be used to identify microsatellite
markers. We developed 30 polymorphic microsatellite markers from 5053 ESTs of the
Miichthys miiuy. Out of 123 EST derived microsatellites for which PCR primers were
designed, 30 loci were polymorphic in 30 individuals from a single natural population with
2-13 alleles per locus. The observed and expected heterozygosities were from 0.1024 to
0.7917 and from 0.2732 to 0.8845, respectively. Nine loci deviated from the
Hardy-Weinberg equilibrium, and linkage disequilibrium was significant between 22 pairs
of loci. These polymorphic microsatellite loci will be useful for genetic diversity analysis
and molecule-assisted breeding for M. miiuy.
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1. Introduction

Miiuy croaker, Miichthys miiuy, is a promising marine fish species for culture in China and is
distributed throughout eastern China ([1-3]. Although it is an important commercial fish species, little
is known about the genetic information of miiuy croaker. There are no abundant molecular markers
such as microsatellites isolated from this species. Lack of enough polymorphic molecular markers has
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limited development of molecular phylogeny, population structure, and conservation genetics and
assisted selective breeding in this species. Thus, screening for polymorphic microsatellite or other
molecular markers is necessary for analyzing genetic information in the miiuy croaker. Microsatellites
are useful molecular markers to study population structure and genetic evolutionary information [4].
We have published 12 polymorphic microsatellite markers derived from two genomic libraries [5].
Up-to-date, only a few microsatellies markers are available for research in miiuy croaker.

There are many approaches for the development of microsatellite markers such as screening DNA
or cDNA libraries for repeat motifs using hybridization and sequencing candidate clones [6], isolation
from randomly amplified polymorphic DNA products [7], bioinformatic mining from database [8], etc.
In general, the development of microsatellite markers has been limited by the labor and time required
to construct, enrich, and sequence genomic libraries [9]. However, the development of microsatellite
markers from expressed sequence tag (EST) database provides a rich source of valuable functional
molecular markers. Herein, 30 polymorphic microsatellite markers were developed by bioinformatic
mining EST sequences from M. miiuy.

2. Materials and Methods

We have constructed a normalized cDNA library from the spleen of the miiuy croaker. A total of
5053 ESTs from the library were sequenced [10]. The EST sequences were screened for mono-, di-,
tri-, tetra-, penta-, and hexanucleotide repeats, 491 sequences contained repeat motifs. Primers for
these partial loci were designed using PRIMER PREMIER 5.0 software (PREMIER Biosoft
International, CA, USA). One hundred and twenty-three primer pairs were designed successfully.
Some possessed only few repeats, which held less potential for useful polymorphism.

Genomic DNA was prepared from 30 individuals of miiuy croaker were captured from the
Zhoushan fishing ground of the East China Sea. Total genomic DNA was extracted from gills using
the TIANamp Genomic DNA Kit (Tiangen) following the manufacturer’s instructions. PCR
amplifications were carried out in 25-uL volumes containing 2.5 puL of 10x PCR buffer, 1.5 mM
MgCl,, 0.2 mM dNTPs, 0.2 uM of the forward and reverse primers, and 1.5 units of Tag polymerase
(Takara). Cycling conditions were 94 <C for 4 min followed by 30 cycles of 94 <C for 40 s, annealing
temperature for 45 s (see Table 1), and 72 <C for 40 s, followed by 1 cycle of 72 <C for 5 min and then
holding at 4 <C. PCR amplification was performed on an ABI 9700 thermal cycler. Denatured amplified
products were separated on 6% denaturing polyacrylamide (19:1 acrylamide:bis-acrylamide) gels using
silver staining [6]. A denatured pBR322 DNA/Mspl molecular weight marker (Tiangen) was used as a
size standard to identify alleles. POPGENE32 [11] and ARLEQUIN 3.11 software [12] were used to
calculate the number of alleles, observed (Ho) and expected (Hg) heterozygosity, violation of
Hardy-Weinberg equilibrium (HWE) expectations and genotypic linkage disequilibrium. All results for
multiple tests were corrected using sequential Bonferroni correction [13].
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Table 1. Characterization of 30 polymorphic expressed sequence tags (EST)-derived microsatellite markers in M. miiuy.
L oGUs GenBa-nk Repeat Motif Gene Primer (5°-3°) Tm No.of  Sizerange No.of Null Hg P-Value
Accession No. [Forward (above) and Reverse (below)] (C) Alleles (bp) Alleles He
Mimi-4-CQ7 GW668081 (GAA)s Ras-related protein Rab-35 ;iégiggi’gﬁiggecﬁ;%i 52 5 249-288 1 8232; 0.0286
MITiSB04  GWeGES  (AGTCAG)  unknowr CTACCGCTGCTCTICTCS w4 e o % gag
Mimi-5-G02  GW668197  (AGA)s :’g‘ig;yéocmome b ;?;(C;?IET%T?CT C-Ir'I(':(-Sr'IT'f'fCT 49 5 157-169 0 ggggg 0.5507
MITiS008  GWesE1 (T unkoour TICAGTCAGGAGATICAGGGTG g ¢y 1y 3 0423 g
MIni3610 GWeSEs (TG unkaowr GCOACAACGCAGACAGGA ;g yggyig o %I e
Mimi-16-A03 GW668869  (T)ss Cytochrome ¢ lgiéiﬁﬁggigégim 52 7 282-297 1 8::12;’ 0.0000 *
MITH6E10  GWesBis (TAGCT;  unknowr CTTCTITCACTGGCATCT o 6 o 1 4 e
MIniA6HOL  GWeE95 (7). urkoour CAGTTGTGEGTTTGTTTG 2 1 a1 % ooy
wmaLc o (T, WO SeCceomeono oy i w1 (22 oo
Mimi-28-G08  GW669768  (A)y, unknown ?gf&gﬁ%igﬁg’f; 52 5 199203 1 8:2223 0.0000 *
Mimi-29-C05  GW669810  (AGG)s...(T)1s :'rrgt';?r: to transmembrane é?é:%c ;ggggfggggﬁ 52 5 119-126 1 8:;23 0.0311
Mimi-32-A10 GW669955  (A)uNyo(T)ss ;:::jgg:nbra”e protein 32 gﬁTATC GC ?CCCCCiﬁTCi%T; CTTTAA 52 6 226246 1 gﬁgg 0.0008
Mimi-32-B08  GW669962  (A)w...(T)w unknown %;iig’gi;gggfg: /S CA AG AAT 50 5 236-245 1 8:%32 0.0006 *
Mimi-33-G06  GW670085  (CT)1Nx(CA)y  unknown gi;?gfffc':?g f f ATET%TT A 50 5 259279 1 8:23;2 0.0581
Mimi-34-A09 GW670103  (A)y; unknown lgi?g;ﬁigmgﬁl 50 6 221-242 1 8?;;; 0.0244
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Table 1. Cont.
Mimi-35-E08  GW670215 (M1 unknown ﬁi:gg_f\ (S ;%:é%g’ég;ﬁﬁca 50 3 175-182 1 8;2:: 0.0995
o Gum (TTTO, | ATSRCT e MTMOCCTESOTSCT gy g 1 U5 oo
Mimi-40-C05 GW670563  (A)s unknown %g’g’g@gfgﬁgﬁiﬂ? 50 4 131-143 1 8‘7‘222 0.0152
Mimi-40-E05 GW&670585 (AAT)s Krueppel-like factor 6 ¢$ C(? é; chér?é;ig?;giﬁ 50 6 219-243 1 gijj: 0.0037
MimgoHi2 GWeross  (CcTS  unknown TCATCAGCACCASCCTCT g 5 gy o 03T g
Mimi-41-E11  GW670665  (GAA)s unknown iﬁ;ﬁggﬁgi&ﬁgﬁg 52 3 238-244 1 8 ii;‘c’) 0.0002 *
Mimi-42-E04 GW670734  (ATA), ?fgg”lki”'s receptor $¢2§AA§'§$§TCJTC';TCTC R 48 6 163-181 0 8;?82 0.1213
Mimi-42.G06  GWeToTs2  (TCO), — TTOTIGTCIOOGTONTOS oy ¢ oy o 0370 g
Mimi-43-H04 GW670839  (TTTC)s unknown $§;§%§£$gg;¥§ 52 13 141-217 1 gggié 0.6188
Mimi-49-C10 GW671186  (A)y elF5A %fgggéfg;gﬁg?g: 54 7 180-190 1 8;222 0.0192
Mimi-52-H10  GW671455 E%’j‘jg(CTGT)“' " unknown é;ggilzli:rrg;\%ﬁ::lz?c 50 4 188-202 1 8‘718;3 0.0001 *
Mimi-54-A11 GW671541  (CTGGTC)g unknown égigﬁggiiggimgg 52 5 128-152 0 8332; 0.0000 *
Mimi-54-D06  GW671567  (T)1s...(A)ss unknown ;g%%mﬁgégm 50 3 159-163 0 82;22 0.0000 *
MimiSsG05 GWeTITSL  (AGCK  unknown ASACACCCOACCAGARCC gy, gy o 0TI g
Mimi-57-A05 GW671772  (T)w unknown %ﬁ:gggfgggfgffg A 5 6 113-133 1 8 411:;2 0.0011 *

Ho: Observed heterozygosity; He: Expected heterozygosity; Tm: Annealing temperature; * indicates significant deviation from HWE after Bonferroni correction (P < 0.0017).
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3. Results and Discussion

Details of the newly developed micorastellite loci and variability measures are summarized in
Table 1. In total, 30 of 123 loci were successfully amplified and shown to be polymorphic in miiuy
croaker. The number of alleles per locus ranging from two to thirteen, and observed and expected
heterozygosities ranged from 0.1024 to 0.7917 and from 0.2732 to 0.8845, respectively. The remaining
93 loci were no products or monomorphic in miiuy croaker. Nine loci significantly deviated from
Hardy-Weinberg equilibrium in the sampled population after sequential Bonferroni correction
(P <0.0017), possibly due to the presence of null alleles, it is thought that these null alleles were
caused by genetic instability within this region, the remaining 21 loci conformed to HWE. Further, null
alleles were found in twenty-two loci (Table 1) and stuttering were found in nine loci (Mimi-16-A03,
Mimi-21-G10, Mimi-28-G08, Mimi-29-C05, Mimi-32-B08, Mimi-36-C02, Mimi-40-EQ5,
Mimi-41-E11, and Mimi-52-H10) detected with MICRO-CHECKER utility after Bonferroni
correction [14], but no evidence for allelic dropout were found in any of the loci. In total, 24 pairwises
(Mimi-16-E10 and Mimi-5-B04, Mimi-16-E10 and Mimi-13-G10, Mimi-16-E10 and Mimi-21-G10,
Mimi-49-C10 and Mimi-21-G10, Mimi-5-B04 and Mimi-21-G10, Mimi-16-A03 and Mimi-21-G10,
Mimi-16-H01 and Mimi-21-G10, Mimi-49-C10 and Mimi-32-A10, Mimi-16-H01 and Mimi-32-A10,
Mimi-21-G10 and Mimi-32-A10, Mimi-32-A10 and Mimi-34-A09, Mimi-34-A09 and Mimi-35-E08,
Mimi-4-C07 and Mimi-36-C02, Mimi-35-E08 and Mimi-40-H12, Mimi-36-C02 and Mimi-40-H12,
Mimi-35-E08 and Mimi-41-E11, Mimi-36-C02 and Mimi-41-E11, Mimi-49-C10 and Mimi-54-D06,
Mimi-32-A10 and Mimi-54-D06, Mimi-32-B08 and Mimi-54-D06, Mimi-35-E08 and Mimi-57-A05,
Mimi-36-C02 and Mimi-57-A05, Mimi-40-H12 and Mimi-57-A05, Mimi-41-E11 and Mimi-57-A05)
significant genotypic linkage disequilibrium were found among 285 pairs of the 30 loci after
Bonferroni correction (P < 0.0017).

4. Conclusions

In the present study, 30 polymorphic microsatellite DNA markers were developed by cDNA
sequences. These polymorphic microsatellite loci in miiuy croaker will enable studies of the genetic
variation, population structure, conservation genetics and molecular assisted selective breeding of the
miiuy croaker in the future.
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