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(codon bias), ,
(Lynn et al, 2002), RSCU=1,
; RSCU>1
; GC , i
3 GC (GC3y) j RSCU (
(Adams et al, 2003; Romero et al, 2003) , 2007)
X X
RSCU,; = == = — y_,
X i
2 X
) j=1
> X i J
> N i (
1 1—6)
CodonW CDS
1.1 )
2016 RSCU 3 A UGC
( x & Px 3) 3 ( A3s U3s
) , G3s C3s); Microsoft Excel 2003  SPSS16.0
1 , 4
CDS FASTA
1.2 SSR 2
Krait (Du et al, 2018) 2.1
CDS SSR 2.1.1 CDS SSR
185532
CDS , GC 53%, 14225 SSR
10 6 5 4 4 4 Perl MISA ( 13613, 13597, 13315, : 3700),
(MISA, MicroSAtellite identification tool) (Lu et 12709  CDS ( 1 3215, 1 3172,
al,2013) : 2996, :3326), SSR 6.9%(
1.3 8.5%, : 7.8%, : 6.8%, :5.3%)
RSCU (Relative Synonymous CDS
Codon Usage), SSR , SSR 1
x1 B, HEREMMHERZ T CDS F5d SSR I m M RER
Tab.1 Results of SSR search in coding sequence of four sea-bream
1 37887 40641 44152 62852
2 (bp) 36848430 37735593 37773645 48081141
3 GC (%) 53.92 53.49 53.7 52.53
4 SSR 3613 3597 3315 3700
5 SSR (bp) 57689 58025 52856 58509
6 SSRs (bp) 15.97 16.14 15.95 15.82
7 SSR (%) 0.16 0.16 0.14 0.13
8 (loci/Mb) 98.05 95.32 87.76 76.95
9 (bp/Mb) 1565.58 1537.67 1399.28 1216.88
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10 SSR (%) 257(7.11%) 202(5.62%) 142(4.28%) 226(6.11%)
11 SSR (%) 550(15.22%) 514(14.29%) 515(15.54%) 572(15.46%)
12 SSR (%) 2666(73.79%) 2724(75.73%) 2529(76.29%) 2748(74.27%)
13 SSR (%) 69(1.91%) 66(1.83%) 62(1.87%) 86(2.32%)
14 SSR (%) 18(0.5%) 19(0.53%) 15(0.45%) 23(0.62%)
15 SSR (%) 53(1.47%) 72(2.0%) 52(1.57%) 45(1.22%)
2.1.2 SSR
, A/T,
CDS ( 75%), AC/GT)
( 15%), , 0.5%( 1) ,
81 (motif) ,
94 , 80 , 79 4
CDS ,
SSR 90%, )
AC AG AAC ACC ACG
AAG s CDS 4
A/T CDS 2

x2 B, APEREAHRZ TR CDS FIHMBESHEMARMMEGRITEERIBETIMER)

Tab.2 Composition and frequency of the dominant repeat motifs in the coding sequence of four sea-bream (in consideration of

sequence complementarity)

225 (87.5%)

173 (85.6%)

119 (83.8%)

192 (85.0%)

[A/T] [A/T] [A/T] [A/T]
309(56.2%) 304(59.1%) 297(57.7%) 316(55.2%)
[AC/GT] [AC/GT] [AC/GT] [AC/GT]
760(28.5%) 280(10.3%) 295(11.7%) 767(27.9%)
[ACG/CGT] [AAG/CTT] [AAG/CTT] [ACG/CGT]
20(29.0%) 4(6.1%) 14(22.6%) 12(14.0%)
[ACAG/CTGT] [AAAG/CTTT] [ACAG/CTGT] [AAAC/GTTT]
4(22.2%) 3(15.8%) / 3(13.0%)
[AAAAC/GTTTT] [ACCGC/GCGGT] / [AAAAC/GTTTT]
/ 2(2.8%) 3(5.8%) /
/ [AACCAG/CTGGTT] [AACAGG/CCTGTT] /
2.1.3 43.9%; 18bp (807 ),
CDS ( ) 22.3%( 1)
) 2 , SSR
1 2
CDS 3613 SSR , 5 8
, , 10—30bp , SSR 0,
, 15.97bp , SSR
15bp , 15bp 10 12
(1585 ), ( )
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Fig.1 Length distribution of microsatellites in the coding sequence of 4. schlegelii
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Fig.2 Variation of repeat times with the number of microsatellites in the coding sequence of 4. schlegelii

2.2
2.2.1
(60.88%),
GC
, 4

C
G3s U3s A3s( 3)

E

GC (GC3s)

*3 Bt ERERERMHRI TN CDS FIEBTH

(58.32%),

A U G

A3s. U3s. G3s. C3s
Tab.3  Values of A3s, U3s, G3s, and C3s in the coding
sequences of four sea-bream

GC3s

GC

A3s U3s G3s C3s
18.75 20.37 27.66 33.22
19.19 20.97 27.12 32.72
19.01 20.65 27.41 32.92
19.86 21.82 26.88 31.44
:A3s,U3s,G3s C3s A UG C

( %)

2.2.2 UuC UAC CAC
CAG 28 RSCU 1,
( 4,
x4 BE. HREREMMERTFHK CDS FIREIFED
FH) RSCU
Tab.4 RSCU of preferable codons of coding sequences in four
sea-bream

uucC 1.25 1.22 1.23 1.18
UAC 1.39 1.37 1.38 1.31
CAC 1.31 1.29 1.31 1.25
CAG 1.52 1.51 1.52 1.49
AAC 1.39 1.37 1.38 1.30
AAG 1.17 1.15 1.16 1.16
GAC 1.27 1.25 1.26 1.20
GAG 1.41 1.40 1.40 1.35
UGC 1.06 1.03 1.04 1.01
CucC 1.33 1.32 1.32 1.26
CUG 2.70 2.65 2.67 2.50
UCu 1.01 1.04 1.03 1.08
ucCcC 1.32 1.30 1.31 1.31
AGC 1.46 1.43 1.44 1.36
AGA 1.46 1.50 1.48 1.61
AGG 1.57 1.56 1.57 1.60
GUC 1.17 1.15 1.15 1.10
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C ( CcGC ,
GUG 1.77 1.76 1.76 1.70 )
CCU 1.14 1.18 1.16 1.18 CUG, RSCU 25 ’ A
cce 1.13 1.12 1.12 1.11
CCA 1.09 1.11 1.10 1.10 u 7 4
ACC 1.36 1.34 1.35 1.32 cC G ,  NCG
ACA 1.15 1.19 1.17 1.18 (N A, U,G,C
GCU 1.14 1.18 1.16 1.17 )
GCC 1.40 1.38 1.39 1.36
GGC 1.20 1.18 1.19 1.10 ’
GGA 1.22 1.23 1.23 1.29 > 20
AUC 176 1.73 1.74 1.58 (Ser) (Leu) ( ),
RSCU 1, G/C
__ 1600000
Z 1400000
gg 1200000
40 1000000 - u R
<2 800000+
zﬂ% 600000 | = R
Wi 400000t w R
200000 - o
w 0 g
& N @@\ <&
& % 4
G F G E & &
A v A A
SEHB
3
Fig.3 The content of a variety of amino acid residues of coding sequences in four sea-bream
2.2.3 , 59 RSCU
, 4:
R RSCU ,
RSCU 1 (Trp) (Met) ,
UGG AUG, 3
Q 5 10 15 20 25
B 2
ER 3 ]
R 1 —
539 4
4 CDS
Fig.4 Cluster tree based on the RSCU values of coding sequences in four sea-bream
3 10.5kb 11.4kb 13.0kb 1 SSR 4
3.1 ( 75%);
CDS SSR ( 15%) (Siniperca chuatsi)
(  SSR Unigene /Unigene ) (Sinonovacula constricta)
8.5% 7.8% 6.8% 5.3%, 10.2kb ( , 2012; , 2015),
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(Ctenopharyngodon idellus) il (Takifugu
rubripes) (
,2006; &, 2011)
( ,2016) ,
AC ,
fis
(Toth et al, 2000; , 2006),
(Fenneropenaeus chinensis) AT
(Portunus trituberculatus) AG (
, 2004; , 2008), (
,2011) , ACG
) AAG ACC, AAG ,
ACC ACG ,
ACT AGG  AAT(
, 2008); AAT | AAG
ATC( , 2004); fig AAT
AGG ATC,GCC ( , 2006)
( , 2018);
(Pearson et al,
1998) 4
GC , DNA CpG ,
©) (T),
GC , GC DNA
, TG( AC )
(Schorderet et al, 1992)
SSR )
( , 2010) SSR
12—20bp ; 20bp
) 5 12bp )
(Temnykh et al, 2001) SSR
10bp SSR ,
CDS SSR
10—385 , 12—20bp
SSR ( SSR 85%),
4 CDS SSR
3.2

, 28
G/C ,
4
AFLP
(Ser)
GC ,

(Cyprinus carpio)

, C/G

(RSCU>1), 21
CUG (RSCU>2),

( , 2014)

20
(Leu) s
G/C

(Lynn et al, 2002)
4
3 GC

(Carassius auratus)

(

( , 2017),
(Danio rerio)HOX
, 2013)

(CDS

B

)
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ANALYSIS OF THE MICROSATELLITE SEQUENCES AND CODON BIAS OF THE
CODING SEQUENCE IN ACANTHOPAGRUS SCHLEGELII, PAGRUS MAJOR AND
THEIR HYBRID PROGENIES

CAO Guang-Yong"?, ~ZHANG Zhi-Yong?>, ZHANG Zhi-Wei?, CHEN Shu-Yin?, ZHU Fei?, JIA Chao-Feng?,
CHEN Zi-Qiang"? ~ZENG Hai-Feng’, TANG Xiao-Jian®
(1. Fishery and Life Science College, Shanghai Ocean University, Shanghai 201306, China; 2. Jiangsu Marine Fisheries Research
Institute, Nantong 226007, China)

Abstract The microsatellite sequences (simple sequence repeats, SSR) and codon bias in the coding regions (CDS) of
black porgy (Acanthopagrus schlegelii), red porgy (Pagrus major), and their offspring (orthogonal and reciprocal ones)
were analyzed and compared using the method of bio-informatics. The results are followed. The microsatellite sequence is
mainly composed of the three-base repeat type, followed by the two-base repeat, and the most fragment length of repeat
sequences is between 12bp and 20bp. The black porgy and the reciprocal cross (black porgy @ x red porgy3) have the same
dominant primitive type in the three and five bases, and the red porgy and the orthogonal (red porgy?x black porgyd)
dominant base types in the three bases as well, while the black porgy and the orthogonal are the same in the four bases.
Twenty-eight pieces of genetic codons such as UUC and UAC are the preferred codons in gene coding regions of the four
sea bream species, preferring to use the codons ended in C or G, and the GC content of the third codon base (GC3s). Both
are higher than the average GC content of the coding region of the gene. The preference of codon use of the red porgy and
the orthogonal is similar, which to some degree shows that black porgy and red porgy hybrids are of maternal hereditary
characteristics. This research may provide a theoretical basis for the study of microsatellite markers of sea bream, their
population genetic diversity, the construction of a transgenic expression system, and molecular genetic breeding.

Key words Acanthopagrus schlegelii; Pagrus major; coding sequence; microsatellite; codon usage bias



