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ABSTRACT. The genetic diversity of Setipinna taty, which
is commercially fished in the China Sea, was studied based on
mitochondrial DNA control region sequences. PCR was used to
amplify the control region fragment in 100 individuals of S. taty
collected from Weihai (WH), Yantai (YT), Zhoushan (ZS), Xiangshan
(XS), and Ninghai (NH) in China. A control region fragment of 656
bp was successfully sequenced in these 100 individuals. The A+T
content of this S. taty control region was 71.7%; 172 variable sites
and 62 haplotypes were found. Nucleotide diversity in the WH, YT,
ZS, XS, and NH groups was 0.0228, 0.0247, 0.0441, 0.0126, and
0.0238, respectively. The haplotype diversity was 0.984, 0.911,
0.989, 0.926, and 0.979, respectively. Analysis of molecular variance
showed that 97.95% of genetic variation was within populations, and
only 2.05% among populations. The neighbor-joining phylogenetic
tree obtained based on genetic distance showed that no significant
genealogical structure exists throughout this range of S. faty. These
results indicate no apparent geographical differentiation in the
comparison of Yellow Sea and East China Sea populations of S. taty.
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Within the control region, we identified an extended termination-
associated sequence domain, a central conserved sequence block
domain and a conserved sequence block domain; insertions of short
tandem repeat sequence segments were found at the 5' end of the
control region.

Key words: Setipinna taty; Mitochondrial DNA; Control region;
Genetic diversity; Genetic structure

INTRODUCTION

The half-fin anchovy Setipinna taty belongs to the Engraulidae, and is distributed
in the western part of the Indian Ocean and the Pacific Ocean. Generally, the S. faty attains
a length of 15 cm and the fishing seasons are in spring and autumn. Spawning occurs in the
Yellow Sea from February to April, and in the north of the East China Sea from May to June.
S. taty spawns pelagic eggs and it is a carnivorous fish that eats zooplankton. The S. zaty is an
important commercial fish because of its delicious taste.

S. taty is a highly valued marine fish species; however, resources of S. tafy have been
reduced due to overfishing and water pollution. A number of studies on S. faty have been
carried out, but most were related to ecological aspects, temporal and spatial distribution,
community structure, and broodstock biological characteristics of S. taty (Sun and Ren, 2003;
Zhang et al. 2004; Liu Y et al., 2004; Liu et al., 2006; Xiong et al., 2009; Guo et al., 2010).
To date, little is known about the genetic variation of S. faty. As an important commercial
fish, the lack of appropriate polymorphic markers has limited the study of the phylogenetics
and population genetics of this species. Among various molecular markers, the sequences of
mitochondrial DNA (mtDNA) are one of the most commonly used molecular markers, which
have been successfully used in revealing population genetic diversity because they have sev-
eral intrinsic characteristics, such as rapid evolution rate and relatively short generation time
(Yang et al., 2008; Peng et al., 2010).

The mtDNA control region, which is also called the displacement-loop (D-loop) re-
gion, is located between tRNAP™ and tRNA* in mtDNA. The control region is the non-coding
region of mitochondrial DNA, and it has been proven to be an ideal marker for assessing
genetic structure of recently diverged or closely related populations or species (Avise, 1994;
Bremer et al., 1996; Iguchi et al., 1999; Rand, 2000; Tabata and Taniguchi, 2000; Ishikawa
et al., 2001). This region contains the DNA sequence associated with replication and tran-
scription. Structurally, it is divided into three domains, including the termination-associated
sequence domain, the central conserved sequence block domain and the conserved sequence
block domain (Southern et al., 1988; Sbisa et al., 1997; Guo et al., 2004). The structure of the
control region in some fishes has also been reported (Broughton et al., 1994; Lee et al., 1995;
Zeng and Liu, 2001; Liu 2002; Guo et al., 2003; Zhang et al., 2003). However, there has been
no reported study about the complete or partial sequence, conserved domains, and functional
motifs of the control region of the S. faty. For these reasons, the objective of this research was
to assess the genetic diversity of S. faty in these regions and analyze the structure of its control
region. This information will in turn provide an important theoretical basis for the protection
and sustainable utilization of this species.
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MATERIAL AND METHODS
Sample collection and genomic DNA extraction

Actotal of 100 samples of S. zaty were collected from five geographic locations, Weihai
(WH), Yantai (YT), Zhoushan (ZS), Xiangshan (XS), and Ninghai (NH) in China. Twenty
individuals were selected for per population. A small portion of the caudal fin was sampled
and preserved in 95% ethanol. Total genomic DNA was isolated from the caudal fin using the
standard phenol-chloroform method with some modification, and checked under UV light
after 1.0% agarose gel electrophoresis, which was subsequently dissolved in 100 pL TE buffer
and kept at 4°C for later use.

PCR amplification and sequencing

A primer pair was used to amplify the control region of S. taty. The two primer se-
quences in this procedure were MitDL-F (5'-CACCCYTRRCTCCCAAAGCYA-3") and
MitDL-R (5'-GGTGCGGRKACTTGCATGTRTAA-3") (Huang et al., 2009). The primers
used in this study were specifically designed to amplify the nearly complete control region of
fish mtDNA. The primer pair has been successfully used in the amplification of the control
region of nearly 20 fish species. The length of amplified products in this study was 1261 bp,
which is longer than that reported by Huang et al. (2009), due to the insertions of tandem
repeats. To analyze the genetic diversity of populations of S. faty, we examined the first hy-
pervariable region of the control region; to obtain the nearly complete sequence of the control
region, the amplified products were sequenced by using the pair of primers, and the sequence
fragments were then edited with the Seqman program (DNAstar) for a contig assembly. The
structural recognition was made by comparison with the key conserved sequence reported
in the other fishes. The PCR amplifications were carried out in a 50-uL volume, which con-
tained 35.5 pL sterilized water, 5 uLL. 10X PCR buffer (containing 1.5 mM Mg*"), 4 uL 2.5
mM dNTPs, 2 pL of the forward and reverse primers, 1 pL diluted DNA template, and 2.5
U Taq DNA polymerase (Tiangen). The PCRs were performed using the following schedule:
initial denaturation at 95°C for 5 min, followed by 30 cycles of denaturation at 95°C for 30
s, annealing at 55°C for 30 s, and extension at 72°C for 1 min, with a final extension at 72°C
for 10 min and then holding at 4°C. PCR amplification was performed with an ABI 9700. The
PCR products were checked on 1.5% agarose gel and then purified for direct sequencing by an
automatic DNA sequencer (ABI 3730).

Data analyses

MEGA 4.0 was used to calculate statistical values such as the base composition of
gene sequences and number of polymorphic sites. Meanwhile, multiple alignments of the
sequences and the construction of a neighbor-joining dendrogram were also performed by
MEGA 4.0. Haplotypic diversity (%), nucleotide diversity (P), number of haplotypes and gene
flow (N, ) were calculated using DNAsp 4.0, which was used to estimate the genetic variabil-
ity of S. taty populations. Analysis of molecular variance (AMOVA) was performed using the
Arlequin 3.11 software to estimate how variation was partitioned among populations.
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RESULTS AND DISCUSSION
Genetic variation

All sequences of the control region were edited and aligned using the MAGE 4.0 soft-
ware. A total of 656 bp of the control region fragment were successfully sequenced for 100
individuals from five populations of S. faty. When all the DNA sequences were aligned, 172
variable sequence sites in the mtDNA control region were found among 100 individuals. The
nucleotide composition of the mtDNA control region of the S. faty was calculated, in which
the average A, T, C, and G contents were 41.0, 30.7, 19.3, and 9.0%, respectively, and the base
distribution showed no apparent difference among populations. The results showed that the G
bases were relatively low. The A + T content was higher than the G + C content among the se-
quences examined, which was consistent with previous findings that the control region is an A
+ T-rich region of the mitochondrial genome (Brown et al., 1986; Saccone et al., 1987, Cheng
etal., 2010). For the five populations, the average transition/transversion ratio was 2.456, which
suggested that the transition was higher than transversion, which is consistent with conclusions
of other authors (Liu HY et al., 2004; Yang et al., 2008; Peng et al., 2010).

Among the 100 individuals, 172 variable sites (118 parsimony informative sites) and
62 haplotypes were found within the mtDNA control region. In general, three haplotypes
(Hap1, Hap2, and Hap7) were shared by the five populations in this study, and four haplotypes
(Hap9, Hap25, Hap30, and Hap31) were found in two populations, while the rest were all
exclusively found in single populations. The haplotypes resulted from mutations, which dem-
onstrated that the genetic diversity of S. taty is relatively rich. These yielded 62 haplotypes at
the population level, which suggested that high genetic diversity exists in this species.

The number of haplotypes, the values of P, and / within each population are presented
in Table 1. The average & and P, among the five geographic groups were 0.958 and 0.0255, respec-
tively. In addition, the haplotype diversity and nucleotide diversity showed little difference
in the five populations, where the ZS population showed the highest haplotype diversity and
nucleotide diversity, which suggested that the genetic diversity of the ZS population is rich.
The results revealed abundant nucleotide diversity in S. faty.

Table 1. The parameters of genetic diversity of Setipinna taty.

Population Number of haplotypes Haplotype diversity (/) Nucleotide diversity (P)
S. taty (WH) 18 0.984 0.0228
S. taty (YT) 13 0.911 0.0247
S. taty (ZS) 18 0.989 0.0441
S. taty (XS) 12 0.926 0.0126
S. taty (NH) 17 0.979 0.0238
Average value 62 0.958 0.0255

WH = Weihai; YT = Yantai; ZS = Zhoushan; XS = Xiangshan; NH = Ninghai.

The genetic distance between the ZS and YT populations was the highest, up to 0.045,
while that between the XS and WH populations was the lowest at 0.020 (Table 2). Among
the five populations, the average genetic distance was 0.031. The genetic distances within
groups were 0.026, 0.029, 0.062, 0.014, and 0.027, respectively. The genetic distance between
populations reflected genetic relationships between the populations. In the five experimental
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populations, the XS and WH populations showed the lowest genetic distance, which might
have been due to the time of population differentiation being short.

Table 2. Genetic distance (below the diagonal) between Setipinna taty stocks.

Population WH YT ZS XS
WH - -
YT 0.027 - -
ZS 0.043 0.045 - -
XS 0.020 0.021 0.037 -
NH 0.026 0.028 0.044 0.021

For population abbreviations, see Table 1.

Gene differentiation (F,) and gene flow (N ) are important indices evaluating the
population genetic structure (Zhang et al., 2007). F and N_ were also calculated to charac-
terize the gene diversity and the distribution of the variation using the DNAsp software. The
results showed that the pairwise genetic differentiation index F showed no significant ge-
netic differentiation between each population and revealed that the majority of genetic differ-
entiation resided within populations. N_ was low among the five populations, and the results
suggested little genetic differentiation among the populations. This might have been caused by
fish migration and the short distances between the populations.

The genetic variation based on AMOVA showed that 97.95% of genetic variation re-
sided within populations, while between populations it was only 2.05% (Table 3). This result
suggested that less significant geographical division was present, which may suggest a weak
and unstable regional genetic structure in this species.

Table 3. Analysis of molecular variance (AMOVA) for populations of Setipinna taty stocks.

Source of variation d.f. Sum of squares Variance components Percentage of variation F, P
Between populations 4 77.550 0.2865 2.05 0.0206 0.0850
Within populations 95 1297.400 13.6568 97.95

Total 99 1374.950 13.9434

d.f. = degrees of freedom.

A neighbor-joining tree was constructed based on Kimura 2-paramter genetic distances
of the S. taty mtDNA control region sequences (Figure 1). The results indicated that no significant
genealogical structure existed throughout the examined range of S. zaty. In Figure 1, we can see that
there is some crossing between the Yellow Sea and East China Sea populations, which also shows
no obvious geographical isolation with respect to Yellow Sea and East China Sea populations.

Structure of control region

The control region of S. taty was determined to be 1261 bp long, and had an overall
base composition that was rich in A and T (A + T = 71.7%). Within this sequence, an extent
termination-associated sequence (ETAS), central conserved sequence block domain (CSB-D,
CSB-E and CSB-F) and conserved sequence block domain (CSB-1, CSB-2 and CSB-3) can be
easily identified in S. fazy mtDNA (Figure 2), which are the characteristics of the control region.
The conserved ETAS sequence is “TACATACTATGCATTATAT” and the motif sequence of
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Figure 1. Molecular phylogenetic tree of five stocks of Setipinna taty. For population abbreviations, see Table 1.

COGAACTTTACCAATTTCTCTTGATACATAACTTTTTTGTCCCCGAAACCTGACAGTTAATACATTCAACCAATCATGG

GTACAATAAAAACATATAAATGCAAACATACACCTACAATACCACATAATAATGAGCCAAAACAGATATGTATACATAT
ETAS-1

AAMATAATGGCACTAATACATACCGCATATAANACATROTATEONTTATAT TACATATATAATGGTACTAA TREATACTH

ETAS-2 ETAS

-3 R1 ETAS-4
TECATTATAN TACATATATAATGG TACT AATRERTACTATGENTTATAT TACATATATAATGG TACTA A TRERTHETT

R2 ETAS-5 R3 ETAS-6
GONTTATRTTACATATATAATGG TACT A ATHCNTRCTATGENTTRTATN T ACATATATAATGGTACT A ATHENTACTATE

R4 ETAS-7 RS
CATTATAT TACATATATAATGG TACTAATACATACTATGCATTATAR T ACATACACTATGGTACTCCTACCACCTGAAG
R6
AAATTACTATCATGAATCTAAGTCCTAACTTTATATATATATCAACAAAATAGCCTTCAATGACTAAGCAAGCAAGCTT

AMACCCTAAGACATCCATAAAGCATAAAGATAATACTTAAAAAAAAATTAAGGACACCCGGATATATCGTAAAATCCAC
CSB-F
ACTACTTTAGACCAACATTTTCTATGCGTTCCTCAGCATTACTCGGTGTTCCCTTATTTARTGTAGTARGARACCACEA
CSB-E

uw'ugg&lg:laurnrm|\lrx1u[a|na|&1n\rrﬁGGGAPAACTATTGTGGGGﬁ|IIrmr\m\\lux;[TATTnCT

GECATCTGGTTECTACTTCAGGGCCCCACTTCCCTTGATCCCCCCTGCATGCGCGTTTGCGCATAAGTTAATGGTGGAG

TACTAATTATCCTGTCACTCACCATGCCGAGCGTTCACTTAGTAGGCATTTGGTATTTTTTTTTCGGCTTACTTTCACT

TTGCATTTGACGAGTCCTTCCTAATGTTAACATCTTAAGGTTGAACATTTTCCTTGCTTOCAAGTGCTAAATATCCAAT
CSB-1

ACTTCATCAACATTGATAGAAGAATTGCATHAGTGATATCAGG TACATAAAG TACTATCCATTACTCCACAACCCCCTA
CSB-2
TCACAGTGCCCCCCCTGCCTCTGARATCAAACTTTTTCGCGCG TATAMMCCCCCTTACCECCETACGACCCAGACAAGCC
CSB-3
TATTTTTCTCRGTEAAACCCCCARACCAGGAAAGACCGCACTGGTGTCATCTAGCAAGTTCCGTTTATGTGCTAGTCT

ATAGTGCTGCAAAAATGCAATTTCGTTTA

Figure 2. Sequence and structure of the control region of Setipinna taty. The tandem repeats were underlined and
marked with R1, R2, R3, R4, R5, and R6, respectively. The conserved domains were shadowed and marked (ETAS,
CSB-F, CSB-E, CSB-D, CSB-1, CSB-2, and CSB-3).

ETAS is TACAT with one palindromic sequence, ATGCA, which was detected in S. taty. The
same phenomenon was reported in Coilia fishes (Zhu et al., 2008). On the other hand, the ETAS
sequence (TACATACTATGCATTATAT) of 19 bp was identified, where the motif was repeated
six times. The mechanism of slippage and mispairing during replication of the mitogenome
could explain the tandem repeats in the control region (Broughton and Dowling, 1997). Several
fragments comparable to termination-associated sequences were identified in ETAS, which are
thought to act as a signal for the termination of H-strand elongation, and this domain is a hyper-
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variable domain that may be useful in analyzing interspecies variation within S. 7a#y populations.
Insertions of short tandem repeat sequence segments were found at the 5' end of the control re-
gion, and a tandem repeated sequence of 39 bp was identified that was repeated six times, which
are the characteristics of this region. The short tandem repeat sequence segments in the control
region of S. taty may be caused by slide mismatches, which exhibited length variability between
individuals. In the central conserved sequence block domain, we identified the CSB-F, CSB-E,
and CSB-D regions. The consensus sequence of CSB-F is “ATGTACTAAGAAAACCACCA”,
which serves to differentiate the central conserved sequence block domain from the termination-
associated sequence domain. CSB-E is located downstream of CSB-F, and its consensus se-
quence is “AGGGACAACTATTGTGGGG”, characterized by the GTGGGG box. CSB-E was
followed by CSB-D (consensus sequence “TATTACTGGCATCTGGTTCCT?). The consensus
sequences of CSB-F, CSB-E, and CSB-D in S. taty were highly conserved and consistent with
those described in other fishes. In addition, the sequences of conserved sequence blocks CSB-
1 (ATAAGTGATATCAGGTACATAAA), CSB-2 (TAAACCCCCTTACCCCC) and CSB-3
(TGTCAAACCCCGAAACCA) were conserved, which is consistent with the CSB-2 and CSB-
3 identified in other fishes (Liu and Cui, 2009), and they are thought to be involved in positioning
RNA polymerase both for transcription and for priming replication (Clayton, 1991; Shadel and
Clayton, 1997). These features suggest that the asymmetrical replication mechanism revealed for
mammalian mitochondrial DNA also operates in S. taty.
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