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(PIC)  0.118—0.897( 0.655) Bonferroni , 47 -
(HWE), R 2 HWE ,
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(Microsatellites), 2—6 SLAF-seq DNA
9
( , 2003), ,
RAPD RFLP ,
( , 2007),
( )
2012; , 2015), 1
(Gonzalez et al, 2009; Wang 1.1 DNA
et al, 2016) 32 2014 3
(Enriched Genomic Library),
, , 95%
, , -20°C -
( DNA (Sambrook et al,
, 2009; Grover et al, 2016) , 2001)
, SLAF-seq 1.2 SLAF-seq
(Specific-Locus Amplified Fragment Sequencing) DNA
DNA SLAF-seq ,
(Sun et al, 2013),
, , SLAF 3
SLAF-seq , A , Dual-index
, PCR ¥ (
( ,2017) SLAF-seq , 2019), (Nlumina HiSeq 2500,
, (Parus [llumina Inc., San Diego, CA) “
palustris) ( , 2016) (Lepturacanthus 7 ) MISA
savala) ( ,2018) (Trichiurus japonicus) ( (http://pgrc.ipk-gatersleben.de/misa/misa.html/)
, 2019) fi2(Decapterus maruadsi) ( , 6 5
2018; Niu et al, 2018) )
5 Jeong (2003, 2007) 2 (D)
8 ,Liu  (2007) PCR 180—300bp; (2)
6 10bp ; 3) 17
16 , —23bp, <4bp; (4)
(2010) (2010) Yang (2015) Mao (2016) GC 45%—60%, 50—65°C; (5)
(FIASCO) 73 =8,
> =5
, 157
( ) ( ) «C )

1.3 PCR
4 DNA 157
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PCR (Rousset, 2008)
(20uL) (2018) (Fua)(Brookfeld-1 )
8% (160V, 60 (Fis) MicroChecker v.2.2.3  FSTAT 2.9.3
—70min) 1% 3—5min, (Goudet, 2001; Van Oosterhout et al, 2004)
2 2
2
1.4 SLAF-seq S
Schuelke(2000) M13 , DNA 3.47 M reads , GC
, 41.24%, (75.4%)
5 M13 (5'-AGGGTTTTCCC ( Q=30) ,
AGTCACG-3' 5'-GAGCGGATAACAATTTCACAC- 137358 SLAF ,
3", M13 , 415—514bp, 11.38x
5 FAM HEX , MISA (http://pgrc.ipk-gatersleben.de/misa/
misa.html/) ,
PCR (Schuelke, 2000), PCR 38797
(52—62°C) (Mono-nucleotide) 16308 ( 42.03%,
s 32 DNA ), (Di-nucleotide) 16901  (43.56%),
PCR PCR 20uL, (Tri-nucleotide)
PCR (Tetra-nucleotide) 3526  (9.08%) 1717
(2018) , PCR (4.42%), (Penta-nucleotide)
1 , (Hexa-nucleotide) 303 (0.78%) 42
PCR (0.11%)
157
1.5 , 4 DNA  PCR ,
(Acanthopagrus latus)(n=6, 57  (36.3%)
) (Acanthopagrus pacificus)(n=4, 5! M13 , 49
) (Acanthopagrus australis)(n=2, PCR ,
) (Acanthopagrus taiwanensis)(n=1, 13 12 6 9
) (Rhabdosargus sarba)(n=6) 9 ,

(Pagrus caeruleostictus)(n=2, ) GenBank, MG892346—MG892394
(Pagrus major)(n=>6, ) 49 32 DNA
(Evynnis cardinalis)(n=7, ) (Dentex 407 ,N. 2 (AS-5) 20(AS-4)
hypselosomus)(n=>5, ) 9 , 83( 1) H, 0.097 (AS4-2) 0.938

, (AS3-12) , H. 0.122 (AS2-10) 0.922 (AS4-3)
, 0.663  0.701 PIC , 49
PCR 1.4 PIC 0.6545, AS2-10 AS3-5
1 1 AS3-9 AS3-10 AS4-2 AS4-4 AS5-5 AS5-10
AS6-5 9 PIC 0.5 , 40
1.6 PIC 0.5,
, (V) Bonferroni ( P<0.0011), 47
(Ho) (He) (PIC) - ,
Cervus 3.0.7 (Kalinowski et al, 2007) , 2 (AS4-3, AS4-6) -

GenePop 4.3 -
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R2 BIERARIDERICE I AR L PROEYMY I

Tab.2 Cross-species amplifications of the 43 A. schlegelii microsatellite markers in nine sparid species

(n=6) (n=2) (n=4) (n=1) (n=6) (n=2) (n=6) (n=7) (n=5)
AS2-1 +(9) +(4) +(7) - - - - - -
AS2-2 +(10) +(2) +(6) - - - - - R
AS2-3 +(12) +(4) +(8) - - - - - R
AS2-4 - +(2) +(7) - +(8) +(2) +(6) - -
AS2-9 +(7) +(3) +(5) - - - - - -
AS2-10 +(6) +(2) +(1) - - - - . )
AS2-11 +(7) - +(7) - +(5) - - - -
AS2-12 +(10) +(2) - - - - - - -
AS2-13 +(8) +(2) +(4) - - - - - -
AS3-1 +(6) +(3) +(4) - - - - - -
AS3-2 +(9) +(3) +(4) - . - - . +(7)
AS3-3 - +(3) - - +(9) - - - -
AS3-5 +(6) +(2) +(5) - +(7) +2) +(10) +(7) +(7)
AS3-6 +(9) +(2) +(4) +(9) - - - -
AS3-7 +(9) +(4) - - - +(4) +(6) +(14) +(10)
AS3-8 - - +(3) - +(3) +(5) +(5) +(3) -
AS3-9 +(10) +(2) - - - - - - -
AS3-10 +(8) +(2) +(4) - +(6) - - - -
AS3-11 +(11) +(2) +(7) - +(6) +(2) - +(7) +(5)
AS3-12 +(12) +(4) +(8) - +(12) +(4) +(12) +(12) +(10)
AS3-14 +(7) +(2) +(5) - - - - - -
AS3-15 +(7) +2) +(6) - - - - - B
AS4-2 +(11) +(4) +(8) - - - - - -
AS4-3 +(9) +(3) - - - - - - -
AS4-4 +(6) +(4) +(@8) - +(11) - - - -
AS4-5 +(6) +(2) +(4) - +(4) - +(6) _ _
AS4-6 +(6) +(4) - - - - - - -
AS4-7 +(6) +(3) +(5) - +(6) - - - -
ASS5-2 +(7) +(2) +(7) - +(6) +(5) - +(6) +(4)
AS5-4 +(11) +(2) - - - - - - -
AS5-5 +(6) +(2) +(4) - - - - - -
AS5-7 +(6) +(3) +(5) - +(6) - - - -
AS5-8 +(10) +(2) +(6) - - - - - -
AS5-9 +(4) +2) +(4) - - - - - -
AS5-10 +(6) +(2) - - - - - - -
AS5-12 +(12) +(4) +(2) - - - - - -
AS6-1 +(3) +(2) - - - - - - -
AS6-2 +(6) +2) +(8) - - - - - B
AS6-4 +(9) +(4) +(7) - - - - - -
AS6-5 - - +(4) - - - - - -
AS6-6 +(8) +(3) - - - - - - -
AS6-7 +(12) - +(4) - - - - - -
AS6-8 +(6) +(3) +(4) - - B . B 3
AL% 90% 90% 76.7% 0% 32.6% 16.2% 13.9% 13.9% 13.9%

Ln M S ; AL%: ;
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, 43 22489
1 1 ( 2 , ( ) 20427
AS3-5 AS3-12 8 , 90.8%; ( )
AS3-11  AS5-2 7 , AS3-7 (9.2%), ,
6 , AS2-4 AS3-8 AS4-5 3 2062 ,
5 ,AS3-2 AS3-6 AS3-10 , ,
AS4-4 AS4-7 AS5-7 6 4 ,
,AS2-1 AS2-2 AS2-3 AS2-9 AS2-10 AS2-11
AS2-13 AS3-1 AS3-14 AS3-15 AS4-2 AS5-5 157
AS5-8 AS5-9 AS5-12 AS6-2 AS6-4  AS6-8 49 ’ 5
18 3 ,AS2-12 AS3-3 AS3-9
AS4-3  AS4-6 AS5-4 AS5-10 AS6-1  AS6-6 ’
AS6-7 10 2 . AS6-5 ’
! SLAF-seq 24
,43 31
3 (Jeong et al, 2003, 2007;
’ 90% (39 , 2010; , 2010; Yang et al, 2015; Mao et al,
) 90% (39 ) 67.7% (33 ); 2016) PCR ,
, 32.6% (14 );
(Restrepo et al,
, 13.9% (6 ) 16.2% (7 2015)
) 49 (Wu et al, 2016)
, 28
(AS2-1, AS2-2, AS2-3, AS2-9, AS2-10, AS2-13,
AS3-1, AS3-2, AS3-5, AS3-6, AS3-10, AS3-11, AS3-12, SLAF-seq
AS3-14, AS3-15, AS34-2, AS4-4, AS4-5, AS4-7, AS5-2, ’
AS5-5, AS5-7, AS5-8, AS5-9, AS5-12, AS6-2, AS6-4, )
AS6-8)
, 2 (AS3-5 AS3-12) (
, 2017),
3 3.2 -
3.1 SLAF-seq 49
407 , N, 8.3,
Jeong (2003, 2007) Jeong (2003,2007) Yang (2015)
) 8 Nao( 10.0—13.5
; Yang  (2015) 10.15)
FIASCO 42 36 69.7%) R
, 13 ; (2010)
(2010) Mao  (2016) FIASCO (Castoe et al, 2012) , N,
101 60 71 (2010) Mao (2016)
) 30 22 8 Ny( 543  3.625)
SLAF-seq Botstein  (1980) PIC
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, (PIC>0.5) (Natural selection) (Population
(0.25<PIC<0.5) (PIC<0.25) degradation) HWE
49 , 9 PIC (Pemberton et al, 1995; Yu et al, 2002)
0.5 , 40 PIC 0.5 AS4-3 AS4-6 (
, 0.442  0.454) ( 0.203
, , 0.209),
, HWE
( )
, HWE ,
, , ( , 2010; , 2011),
(Nei, 1978)
H, 0.097—0.938( 0.663), Jeong ,
(2007) Yang (2015) Hy( ( ,2015) ,
0.844—0.854 0.786), (2010) AS4-3  AS4-6
Mao (2016) Hy( 0.549 HWE
0.629) DeWoody  (2000) 32 Chapuis  (2007)
H,(0.63), (Fua<0.05)
, (0.05=Fua<0.2) (Fua=0.2)
, (Founder 49
effects) (Random genetic drift) -0.167—0.209 ,
(Artificial breeding) (Natural selection) 20 ( 40.8%, ; Fua<0.05),
(Mjelnered et al, 20 (PIC>0.5), AS2-10
1997; Norris et al, 1999), , 19 (0.449—
(Epinephelus coioides) (Larimichthys crocea) 0.897),
(Wang et al, 2011, 2012)
, ( , 2010; , 27 (55%, 0.05=<Fua<0.2),
2015) ,
s (Chapuis et al, 2007), ,
(Koljonen et al, 2002; , 2003), 27
(Wang et al, 2012) AS4-3  AS4-6 (Fua=0.2),
- (HWE) ) HWE,
, HWE 33
Primmer  (1996) DNA
(Schaid et al, 2006) , )
Bonferroni 2 (AS4-3  AS4-6)
HWE, (Carreras-Carbonell et
(Null alleles) (Wahlund effect) al, 2008; Wu et al, 2016; Zhang et al, 2016)

(Inbreeding) (Human disturbance)

COlI )
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(Rhabdosargus) ( 24
), (Pagrus) (Evynnis) , 47 HWE
(Argyrops) (Dentex) (
) , 2015) R
(76.7%—90.0%), , 28
(32.6%),
(13.9%—16.2%)
COI
, Primmer (1996)
, , , 2016.
’ (
( > ), 43(3): 252—257
2015) R , ,2017. de novo
, (Sepiella japonica)ESTs
,48(4): 877—883
(Chen et al, 2015); ’ , . 2016.
, 20 ,221
( , s , 2015.
1993); DNA . ,39(11): 1593—1603
’ ’ , 2011. .
(Iwatsuki et al, 2006) ( ) , 149
, , R , , 2009.
,28(10): 2130—2137
s , , 2012. PCR
=3
, ( , 34(5): 213—220
2 ), DNA , s , 2006. RAPD 5
,30(4): 469—474
, 1993. . , :
s , 364
, , , 2007.
, 34(4): 54—57
’ R , ,2019. SLAF-seq
> (Trichiurus japonicus)
1 , 38(2): 574—585
DNA ’ s s ,2018. SLAF-seq
(Lepturacanthus savala)
; 28 ,37(8): 3331—3338
( ) R s , , 2015. COI
3 , 46(3):
611—619
, 2010. (Acanthopagrus schlegeli)
> (Cynoglossus semilaevis)
, , 927
s s , 2010. 5
, 34(2): 75—79
4 s R ,2015. mtDNA
3 . , 34(1):
SLAF-seq 56—63
DNA , 2010.
’ ,21—36
49 ; 25 , 2007. DNA
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DEVELOPMENT OF MICROSATELLITE MARKERS FOR ACANTHOPAGRUS
SCHLEGELII BASED ON SLAF-SEQ TECHNOLOGY AND GENERALITY IN THE
FAMILY SPARIDAE

WU Ren-Xie, XIAO Yao, NIU Su-Fang, ZHAI Yun, ZHANG Hao-Ran, CHEN Wei-Yong, LI Xiao
(College of Fisheries, Guangdong Ocean University, Zhanjiang 524088, China)

Abstract The black porgy (Acanthopagrus schlegelii) (Perciformes: Sparidae) is a meso-demersal warm-water fish
and widely distributed in the western Pacific coastal waters. It has become an important target species of mariculture in
China. However, studies on the microsatellite markers of A. schlegelii are scarce. To make an accurate assessment of its
current germplasm resources, based on specific-locus amplified fragment sequencing (SLAF-seq) technology, we identified
22 489 di- to hexanucleotide repeats microsatellites from the genomic DNA of 4. schlegelii. The shorter repeats motifs
(2—3 mers) accounted for 90.8%, while the longer repeat motifs (4—6 mers) for 9.2% of the total microsatellite sequences.
Finally, 49 high polymorphic microsatellite markers were developed from 157 pairs of randomly synthesized primers,
among which 25 are shorter repeats motifs loci and the other 24 are longer repeat motifs loci. The allele number per locus
ranges from 2 to 20 (mean 8.3), and the observation and expected heterozygosity varies from 0.097 to 0.938 (mean 0.663),
and 0.122 to 0.922 (mean 0.701), respectively. The polymorphism information content (PIC) ranges from 0.118 to 0.897
(mean 0.655). Only two microsatellite loci are deviated from the Hardy-Weinberg equilibrium (HWE) after the Bonferroni
correction, while the other 47 loci are consistent with HWE and no linkage disequilibrium was detected among these 47
loci. The results show that most of the microsatellite markers are highly polymorphic, and contained abundant genetic
information. These polymorphic microsatellite markers provide abundant and various effective molecular markers to assess
the population genetic resources. In addition, as shown in cross-species amplification, 43 microsatellite markers could be
successfully amplified in nine species of family Sparidae. Among them, 28 are transferable in Acanthopagrus pacificus,
Acanthopagrus latus, and Acanthopagrus australis; 2 are transferable in Rhabdosargus sarba, Pagrus caeruleostictus,
Pagrus major, Evynnis cardinalis, and Dentex hypselosomus. The transferable markers provide new analytical tools for
elucidating phylogenetic relationships among species and genus of the family Sparidae, and for understanding the
population genetic of Acanthopagrus species in the future.

Key words Acanthopagrus schlegelii; SLAF-seq technology; microsatellite markers; cross-species amplification



