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1998). M5 4 A W2 DAV S e g i d, AR 434k
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e R P E DL H WA BRILZ AL, AR
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TS, 3l 1R AR 2 A0 5 R
UV BT DR, DR MR Ay 22 B DR 0 R (Liew et al,
2012), HHULAT UL, a2 A PRI e ALz B PE DL A
PRFE I, IR T B 32 38 G R Y 52 e (B 4 4] 4,
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WE ST pH 6.5 4, R pH ZELIRBEME AR 72 5H #f
AP Ee 5] (Reddon et al, 2013).
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5 RNA B BERNAERE , TFHT 1.5% 9 BOiE M B M i Uk
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I (Cypl9alb .Dmrtl ,Amh .Gdf6a/6b F1 Sox9a/9b),
2 NCBI 845 % Blast X A PCR il F# 351E )5

FI ] Premier Primer 6.0 %31 /] F qRT-PCR By 4¢Pk
FIMGER ), R BCA 80~200 bp.
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Tab.1 Specific primers for five genes related to sex determination and differentiation
FH:[H 4 Gene name 519 F %1 Primer sequence (5'~3") =8 KN Product size/bp

Cypl9alb ACACTCTGTCCATCAGCCTCTTC 89
AGCGTTCATCTCCTCCACTATCC

Dmrtl CGGAGGTGATGGTGAAGAACGAAG 129
TGGAGGACGACGCTGAGTGAC

Amh CCAGAGCAGACCCCAGTAAC 106
TTGATGTTGGCGGTGTTTGG

Sox9a CCGGACTACAAGTACCAGCC 96
ATTGGGGGAAATGTGCGTCT

Sox9b CTGAGCCCCAGTCACTACAG 177
TGAGCCTTGACCATGCG

Gdf6a GGGTCACTCTGGGCAAATCA 187
GCTTCCTCCTTCTCTCCGAC

Gdf6b GATCTCCACCACTTCGCTTTG 174
TCTGTCGATGGAAGCTGGC

p-actin AGGGAAATTGTGCGTGAC 100
AGGCAGCTCGTAGCTCTT
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A, LA B-actin NS HMH, qRT-PCR LA R I
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WK Z 10 uL, PCR F2J¥: 94 C 305,94 C 5,

59 °C 15s, 72 °C 10s, 45 NMEH, BATLEFE S,
BE 3 ANEE, S Y # PCR Y (Light
Cycler96", Roche) il 4535 R 75 A [F] 20 ZURN 45 30T 1 i
A KT . IRIEEAFEARR Cr ), RA 2744
DA B AT AL, TR SR AR R A i, 5K
s 25 5 35 DL Y9 45 1 22 (MeantSD) £ /R o 2K
SPSS AT HLIA R J7 2243 M (one-way ANOVA),

P<0.05 N2 5%, P<0.01 NESWEZE.
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Fig.1 Histological observations on the gonads of R. canadum

PSC: WIZKSERANML; SSC: WK REANML; ST: Ki4uAE; SP: K575 NU: #{; OD: i; FM: JEIEH;
I: S5 MM AHBRREANM ; V. S IVEAHORBEA0AE; Vo 55 V I AR BRI RE A
PSC: Primary spermatocyte; SSC: Secondary spermatocyte; ST: Spermatid; SP: Spermatozoa; NU: Nucleolus; OD: Oil droplet;
FM: Follicular membrane; III: Oocyte at Stage II; IV: Oocyte at Stage IV; V: Oocyte at Stage V
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PR Chr22, HATHEEAE D B e Y Yetalk
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T2 Amh FEHE XX/XY Bak(eP %
Jfa N H A F WA AR SL R OF FOZ R T Y Y0
by, B, XEEE 6P P AR H AR )
PRI TR T (D 4), SRR, EEman
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Fig.2 Localization of five genes related to sex determination and differentiation on the chromosomes of R. canadum
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Fig.3 Analysis of covariance of five sex determination and differentiation-related genes
between genomes of R. canadum and other teleosts
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Fig.4 Analysis of covariance between the chromosome of R. canadum and XX/XY-type fishes
(O. niloticus and O. latipes)
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Fig.6 Expression of sex-determination and differentiation-related genes in stage I~V gonads of R. canadum
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Different letters in the superscript indicate significant differences in gene expression at different stages of gonad development
(P<0.05), where the ovaries are in capital letters and the spermathecae in lower case letters.
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Abstract

While sex determination in animals refers to the mechanism by which individuals

develop into females or males, it presents the process by which undifferentiated gonads develop into

mature testes or ovaries, with sex determination as a prerequisite. Among vertebrates, fish are at a

primitive stage in the process of sex evolution, and their sex-determining mechanisms are primitive,

diverse, and variable, and share the sex-determining modalities of all vertebrates. The mechanisms of

sex determination in fish are complex and diverse, including genetic sex determination (GSD),

environmental sex determination (ESD), or a combination of both. Among them, GSD can be

subdivided into two types: chromosomal sex determination and polygenic sex determination.

Chromosomal sex determination is the main sex-determining (SD) gene located on the sex

chromosomes that determines the sex of the offspring; whereas polygenic sex determination is the

combination of multiple genes on the genome or the cumulative effect of multiple alleles on a pair of
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chromosomes determining the sex of the offspring; virtually all are the result of the direct or indirect
action of genes.

The cobia (Rachycentron canadum) is an important seawater net-pen cultured fish species in
southern China. No heteromorphic sex chromosomes exist in the chromosomal karyotype of cobia,
and there are no associated sex markers to distinguish between males and females. Furthermore, the
sex determination and differentiation of cobia is limited, and it is difficult to rely on the external
morphology of cobia to differentiate the sexes of male and female cobia parents during the breeding
process. In this study, based on the whole genome information of cobia obtained in the previous
period, some reported fish sex determination and sex differentiation related genes (Amh, Cypl19alb,
Dmrtl, Gdf6a/6b, and Sox9a/9b) were identified. The genes were subjected to chromosomal
localization, whole genome and gene annotation files of XX/XY-type Oryzias latipes and
Oreochromis niloticus, ZZ/ZW-type Cynoglossus semilaevis and Oreochromis aureus, and polygenic
sex-determined zebrafish were then downloaded from the NCBI database for inter-species covariance
analysis. Subsequently, phylogenetic analyses were performed, and the amino acid sequences were
compared using Protein BLAST on the NCBI database. The amino acid sequences of other
Osteichthyes and higher vertebrates were downloaded separately, and the phylogenetic tree was
constructed using the neighbour-joining (NJ) method; followed by real-time fluorescence quantitative
PCR (qRT-PCR) to detect the distribution of the expression of these genes in the tissues of adult cobia
and their expression levels in gonadal tissues of different developmental stages, with the aim of
screening for sex-specific genes, which will provide research materials for further exploring the
mechanism of sex determination and differentiation of cobia, as well as providing a reference for the
screening of sex markers in cobia.

Chromosomal localization revealed that the five genes were located on seven different
chromosomes of cobia without clustering. The results of covariance analyses showed that three of the
five genes in cobia were covariant with XX/XY, ZZ/ZW and polygenic sex-determining fish, of
which only the covariant gene for Amh was localized on the Y chromosome of XX/XY fish, all other
genes are localized to autosomes. The results of interchromosomal covariance analyses showed
homology between Chr7, where Amh is located, and the Y chromosome of XX/XY type fish.
Phylogenetic analyses showed that each of the five genes clustered together (Sox%9a and Sox9h
clustered together, Gdf6a and Gdf6b clustered together), and that the scleractinians formed a separate
branch in each of the gene clusters, independent of other higher vertebrates; Amh, Dmrtl, Cypl9alb
and Gdf6a were the closest relatives to Echeneis naucrates, Gdféb was the closest relative to
Lateolabrax japonicus, and Sox9a and Sox9b were the closest relatives to Seriola dumerili.

The qRT-PCR results showed that Amh and Dmrtl were specifically expressed only in the testis of
cobia, which represent the male-specific genes of cobia. Gdf6a and Gdf6b were both highly expressed in
the testis and skin, which may be male-biased genes. Finally, Cyp19alb, Sox9a and Sox9b were expressed
to varying degrees in tissues such as brain, skin, and heart. In the gonads of cobia at stages Il to V, the
expression of all five genes in the testis was extremely significantly higher than that in the ovary at the
same period (P<0.01), and all were significant increased followed by a decrease in gonadal maturation,
except for a significant decrease in Sox9b. The above results suggest that these genes may play important
roles in spermathecae development in cobia, and the results may lay a foundation for revealing the
regulatory mechanism of gonadal development in cobia.
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