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Tab.3 The results of composite interval mapping for QTLs associated with growth traits of S. sihama

QTL LOD /% /eM Lob LOD
/cM
qGRT-1 LG04 3.42 2.31 43.260~50.009 46.634 LG3_10501634 —
qGRT-2 LGO07 3.33 4.36 52.497~66.925 57.713 LG6 9129684 —
qGRT-3 LGOS 3.37 0.85 79.908~98.625 88.498 LG7_20534125 kdm5c
qGRT-4 LGO8 3.21 1.47 90.031~110.290 100.158 LG7_21679598 —
qGRT-5 LG17 3.11 3.23 45.763~57.115 55.000 cLG17.1oc55
qGRT-6 LGOS 3.97 1.01 87.269~106.297 95.864 LG7_21084872 tmem9
qGRT-7 LGOS 3.56 0.14 100.463~114.276 111.211 LG7_22598757 rbm10
qGRT-8 LG17 3.26 4.09 49.444~61.425 57.729 LG16 15413357 —
qGRT-9 LG18 3.40 1.82 4.295~24.542 14.419 LG17_2181895 —
qGRT-10 LGO08 3.04 5.74 86.041~106.297 96.170 LG7_21093433 ttil
qGRT-11 LGl16 3.23 6.00 25.157~40.498 30.373 LG15_6742111 —
qGRT-12 LGOS 3.06 8.42 21.789~32.219 27.005 LG4 3754362 —
qGRT-13 LG04 4.23 2.48 43.873~48.167 46.021 LG3_10319846 —
qGRT-14 LGO08 4.11 7.08 100.463~114.276 111.211 LG7 22598757 rbm10
qGRT-15 LG24 3.02 0.58 32.222~50.025 39.286 LG23_5155271 —
qGRT-16 LG24 3.77 2.02 50.025~57.388 51.559 LG23_7622430 —
qGRT-17 LG04 3.52 3.89 43.873~50.008 46.328 LG3_10321212 —
qGRT-18 LGO07 3.31 4.27 33.142~43.592 38.369 LG6_4597304 —
qGRT-19 LGOS 3.21 1.74 0~10.738 0.614 LG7_1159083 —
qGRT-20 LGO08 3.49 1.98 0~17.182 6.000 cLGO08.loc6
x4 ZHEE0N QTL KA EMEKEXERER
Tab.4 Growth-related genes in 20 QTL regions of 6 growth-related traits of S. sihama

ID

EVMO0021738 LGOS igf1 insulin-like growth factor-1

EVMO0006321 LGO5 igf2 insulin-like growth factor-2

EVMO0022219 LG17 tgfbr2 TGF-beta receptor type-2-like

EVMO0019806 LG17 gasl growth arrest-specific protein 1-like

EVMO0017787 LGl6 igfals insulin-like growth factor-binding protein complex acid labile subunit

EVMO0021175 LGl6 sstrs somatostatin receptor type five

EVMO0015404 LG24 sstla somatostatin-1A-like

EVMO0019956 LGO5 feft fibroblast growth factor 6

EVMO0011026 LG04 fef20 fibroblast growth factor 20-like

EVMO0012898 LGO08 mtor serine/threonine-protein kinase mTOR

EVMO0010667 LG24 slc2a4 solute carrier family 2, facilitated glucose transporter member 4-like

EVMO0008074 LGO08 bmp7 bone morphogenetic protein 7-like

EVMO0002813 LGO08 ttil TELO2-interacting protein 1 homolog

EVMO0008475 LGO08 wnt7a wingless-type MMTYV integration site family, member 7a

EVMO0019971 LGO08 wntSa wingless-type MMTYV integration site family, member 5a

EVMO0002580 LG24 p33 tumor suppressor protein p53




200 54
6 (gfgb) 20 (gfg20) i (Hemibagrus wyckioides) 2 067.35 cM,
(mtor) 4 2 369 0.87
(slc2a4) 7 (bmp7) cM (Zhou et al, 2021) ,
p33 (p53) fig; fig :
3 ’ .
s % N=24 (Lin et al,
) 2021)
(recombined inbred lines, RIL) (haploid, 24 i ,
HAP) (doubled haploid, DH) (F) i ,
(F») (back crossing, BC) ,
(Peng et al, 2016) RIL HAP QTL
DH , F, BC QTL
F,y QTL ,
, SNP QTL Zhang
, , (2018) & (Trachinotus blochii)
, 23 QTL
SNP (Tsigenopoulos et al, 2014; Zhu et al, Zhou (2021) QTL , 10
2014) , fif 4 (
SNP ( RAD 2b-RAD GBS ) 17 QTL, 7.4%~13.3%
SLAF ) , Zhang  (2020) (Pelteobagrus vachelli)
GBS-seq 8 QTL , 4
QTL,
(Elshire ef al, 2011) GBS-seq 11.2%~12% QTL
, 3.42%, (Fy )
(Guo et al, 2021; Weng et al, 2021) ( F, )
: fEF, :
1:1 SNP , , QTL ,
2 154.803 cM, 24 , 4 735 SNP LO8  79.908~114.276 cM 6
, 0.455 cM QTL 4
,  (Siniperca chuatsi) , QTL
1 694.3 cM, 2 328 , , LGO08
0.7 cM (Guo et al, 2021) (Nibea i
albiflora) 4300.20 cM, 6219 QTL , Wang (2018)

0.69 cM (Xu et al, 2021)

(Cyprinus carpio haematoperus) s



fiE(Sillago sihama)

QTL 201

QTL
(2020)

LG2

TR

22

1 (igfl)

1 (gasl)
5 (sstrd)

B 2 (tgfbr2)

; Yang

(Scatophagus argus)

QTL

E

; QTL

QTL ,

piits

, QTL

2 (igf2)
(igfals)
la (sstla)
6 (g/20)
20 (gfg20)

7 (bmp7)

cM
1 (til)
KDM35

>

mTORC2

>

2010) rbmli0

mRNA s

TR

QTL

puticy

RNA

, L0O8 79.908~114.276
(kdm5c) Tel2
10 (rbm10)

DNA
(Shen et al, 2021) il

mTORC1

(Kaizuka et al,
mRNA

(Li et al, 2020)

iy

QTL
QTL

F,

QTL ,
QTL

s ,2011.
[J1. , 35(1): 105-110.
s , , 2014, DNA
DNA [J1.
s , ,  ,2022.12 1
[J1. , 42(1): 137-143.
, 2020.
QTL [J1.
, s , 2016.
[J]. , 18(3): 8-14.
,2013. ﬁESillago sithama Forskal
[J]. , 33(1): 15-21.
BROMAN K W, WU H, SEN 8§, et al, 2003. R/qtl: QTL mapping
in experimental crosses [J]. Bioinformatics, 19(7): 889-890.
CHEN S F, ZHOU Y Q, CHEN Y R, et al, 2018. fastp: an
ultra-fast all-in-one FASTQ preprocessor [J]. Bioinformatics,
34(17): 1884-1890.
DONG C J, JIANG P, ZHANG J F, et al, 2019. High-density
linkage map and mapping for sex and growth-related traits

QTL

(4): 43-49.

b

, 39(4): 620-630.

of largemouth bass (Micropterus salmoides) [J]. Frontiers in
Genetics, 10: 960.

ELSHIRE R J, GLAUBITZ J C, SUN Q, et al, 2011. A robust,
simple genotyping-by-sequencing (GBS) approach for high
diversity species [J]. PLoS One, 6(5): ¢19379.

FENG X, YU X M, FU B D, et al, 2018. A high-resolution

and QTL fine

growth-related traits and sex in the Yangtze River common

genetic linkage map mapping for
carp (Cyprinus carpio haematopterus) [J]. BMC Genomics,
19(1): 230.

GUO W J, HE S, LIANG X F, ef al, 2021. A high-density genetic
linkage map for Chinese perch (Siniperca chuatsi) using
2.3K genotyping-by-sequencing SNPs [J]. Animal Genetics,
52(3): 311-320.

HUANG Q C, ZHANG S, DU T, et al, 2020. Modulation of
growth, immunity and antioxidant-related gene expressions in
the liver and intestine of juvenile Sillago sihama by dietary
vitamin C [J]. Aquaculture Nutrition, 26(2): 338-350.

KAIZUKA T, HARA T, OSHIRO N, et al, 2010. Ttil and Tel2
are critical factors in mammalian target of rapamycin
complex assembly [J]. Journal of Biological Chemistry,
285(26): 20109-20116.

KESSUWAN K, KUBOTA S, LIU Q, et al, 2016. Detection of
growth-related quantitative trait loci and high-resolution
genetic linkage maps using simple sequence repeat markers
in the kelp grouper (Epinephelus bruneus) [J]. Marine
Biotechnology, 18(1): 57-84.

LI H, DURBIN L R, 2009. Fast and accurate short read alignment
with Burrows—Wheeler transform [J]. Bioinformatics, 25(14):
1754-1760.

LI Z Q, XUE Q, XU J X, et al, 2020. The role of RBM10
mutations in the development, treatment, and prognosis of



202

54

lung adenocarcinoma [J]. Cell Cycle, 19(21): 2918-2926.

LIN X H, HUANG Y, JIANG D N, et al, 2021. Chromosomal-level
genome assembly of silver sillago (Sillago sihama) [J].
Genome Biology and Evolution, 13(2): evaa272.

LIU HY, FU B D, PANG M X, et al, 2016. QTL fine mapping
and identification of candidate genes for growth-related
traits in bighead carp (Hypophthalmichehys nobilis) [J].
Aquaculture, 465: 134-143.

LIU D, GUO Y S, WANG Z D, et al, 2012. Phylogenetics inferred
from mitogenome and control region of Silver Sillago, Sillago
sihama [J]. Mitochondrial DNA, 23(4): 255-263.

PAN Y Y, LIN X H, CHEN F Y, et al, 2021. Genome-wide
identification and expression profiling of glutathione
S-transferase family under hypoxia stress in silver sillago
(Sillago sihama) [J]. Comparative Biochemistry and
Physiology Part D: Genomics and Proteomics, 40: 100920.

PENG W Z, XU J, ZHANG Y, et al, 2016. An ultra-high density
linkage map and QTL mapping for sex and growth-related
traits of common carp (Cyprinus carpio) [J]. Scientific
Reports, 6(1): 26693.

SHEN H F, ZHANG W J, HUANG Y, et al, 2021. The dual
function of KDMS5C in both gene transcriptional activation
and repression promotes breast cancer cell growth and
tumorigenesis [J]. Advanced Science, 8(9): 2004635.

TSIGENOPOULOS C S, LOURO B, CHATZIPLIS D, et al, 2014.

Second generation genetic linkage map for the gilthead sea
bream Sparus aurata L [J]. Marine Genomics, 18: 77-82.
TIAN C X, LIN X H, SAETAN W, et al, 2020. Transcriptome
analysis of liver provides insight into metabolic and
translation changes under hypoxia and reoxygenation stress
in silver sillago (Sillago sihama) [J]. Comparative Biochemistry
and Physiology Part D: Genomics and Proteomics, 36: 100715.

VAN DER AUWERA G A, CARNEIRO M O, HARTL C, et al,
2013. From FastQ data to high-confidence variant calls: the
genome analysis toolkit best practices pipeline [J]. Current
Protocols in Bioinformatics, 43(1110): 11.10.1-11.10.33.

VAN OOIJEN J W, 2011. Multipoint maximum likelihood
mapping in a full-sib family of an outbreeding species [J].
Genetics Research, 93(5): 343-349.

WANG X H, FU B D, YU X M, et al, 2018. Fine mapping of
growth-related quantitative trait loci in Yellow River carp
(Cyprinus carpio haematoperus) [J]. Aquaculture, 484:
277-285.

WANG K, LI M Y, HAKONARSON H, 2010. ANNOVAR:
functional annotation of genetic variants from high-throughput
sequencing data [J]. Nucleic Acids Research, 38(16): e164.

WENG Z 'Y, YANG Y, WANG X, et al, 2021. Parentage analysis
in giant grouper (Epinephelus lanceolatus) using microsatellite
and SNP markers from genotyping-by-sequencing data [J].
Genes, 12(7): 1042.

XU D D, ZHANG W C, CHEN R Y, et al, 2021. Chromosome-scale
assembly and high-density genetic map of the yellow drum,
Nibea albiflora [J]. Scientific Data, 8(1): 268.

YANG W, WANG Y R, JIANG D N, et al, 2020. ddRADseq-
assisted construction of a high-density SNP genetic map and
QTL fine mapping for growth-related traits in the spotted
scat (Scatophagus argus) [J]. BMC Genomics, 21(1): 278.

YOU X X, SHAN X X, SHI Q, 2020. Research advances in the
genomics and applications for molecular breeding of
aquaculture animals [J]. Aquaculture, 526: 735357.

ZHANG G S, LI J, ZHANG J J, et al, 2020. A high-density
SNP-based genetic map and several economic traits-related
loci in Pelteobagrus vachelli [J]. BMC Genomics, 21(1): 700.

ZHANG S Y, ZHANG X H, CHEN X H, et al, 2019.
Construction of a high-density linkage map and QTL fine
mapping for growth- and sex-related traits in channel catfish
(Ictalurus punctatus) [J]. Frontiers in Genetics, 10: 251.

ZHANG G Q, ZHANG X H, YE H Z, et al, 2018. Construction of
high-density genetic linkage maps and QTL mapping in the
golden pompano [J]. Aquaculture, 482: 90-95.

ZHOU Y L, WANG Z W, GUO X F, et al, 2021. Construction of
a high-density genetic linkage map and fine mapping of
QTLs for growth and sex-related traits in red-tail catfish
(Hemibagrus wyckioides) [J]. Aquaculture, 531: 735892.

ZHU C, TONG J, YU X, et al, 2014. A second-generation
genetic linkage map for bighead carp (Aristichthys nobilis)
based on microsatellite markers [J]. Animal Genetics,
45(5): 699-708.



1 : fiE(Sillago sihama) QTL 203

CONSTRUCTION OF A HIGH-DENSITY GENETIC LINKAGE MAP AND QTL
DETECTION OF GROWTH TRAITS OF SILVER SILLAGO (SILLAGO SIHAMA)

TIAN Chang-Xu"?, ZHU Yi-An', ZHONG Jian’, LIN Xing-Hua', YE Ming-Hui', HUANG Yang'?,
ZHANG Yu-Lei"?, ZHU Chun-Hua"? LI Guang-Li"?

(1. Guangdong Provincial Key Laboratory of Aquatic Animal Disease Control and Healthy Culture, Guangdong Research Center on
Reproductive Control and Breeding Technology of Indigenous Valuable Fish Species, Fisheries College, Guangdong Ocean University,
Zhanjiang 524088, China; 2. Southern Marine Science and Engineering Guangdong Laboratory (Zhanjiang), Zhanjiang 524088, China;
3. Zhanjiang Customs District Technology Center, Zhanjiang 524022, China)

Abstract Construction of high-density genetic map and quantitative trait loci (QTL) mapping are powerful tools for
identifying genetic markers and candidate genes that may be responsible for such polygenic trait as growth. The first
SNP-based high-density genetic linkage map was constructed by sequencing 163 silver sillago (Sillago sihama) individuals
(2 parents and 161 F, offspring) according to a genotyping-by-sequencing (GBS) method. The consensus map spanned
2 154.803 cM, on average marker interval of 0.455 cM. In total, 4 735 SNPs were assigned to 24 linkage groups (LGs).
Then, the QTL of 6 growth related traits was mapped via composite interval mapping (CIM), including body weight, body
length, body thickness, body height, pre-dorsal length, and eye diameter. Twenty significant QTLs were identified on 8
LGs and explained 0.14%~8.42% of the phenotypic variance. The logarithm of odds (LOD) value ranged from 3.02 to 4.23.
Specially, 8 QTLs were distributed on one linkage group (LGO08), and the regions showed overlapping on LG08. Through
the functional annotation of the genes in the candidate QTL interval, 19 potential growth-related genes were screened,
including igf1, igf2, sstr5, sstla, tgfbr2, gasl, igfals, gfg6, gfg20, bmp7, kdm5c, ttil, and rbm10. These genetic markers and
candidate genes are useful genomic resources for marker-assisted selection (MAS) in silver sillago and the QTLs are useful
tools for growth mechanism analysis of this fish.

Key words Sillago sihama; genotyping-by-sequencing (GBS); quantitative trait loci (QTL); growth-related traits;

candidate genes



