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Fig. I Genotypic sex identification by using sex-linked markers
in yellow catfish (X-955 bp; Y-826 bp)
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Tab. 1 The effects of high temperature and cortisol treatments on the growth of yellow catfish

4 K-Total length i i AHHT HEIRLICR B R REALCS
(cm) XXOXX  XXIXX  XYIXY  XXOXX  XXIXX  XYIXY  XXQXX  XXIXX  XYIXY
Female Male Male Female Male Male Female Male Male
22 DPH 1.35+0.25" _ 1.200.25"  1.24+0.34" _ 1.28+0.29"  1.14£0.20° _ 1.23+0.25®
32 DPH 2.1840.51% _ 2.41£0.65° 1.85+£0.33% _ 1.85+0.30  1.69+0.52° _ 1.55+0.22°
42 DPH 3.22+1.00° _ 2.78+0.66"  2.19+0.40° _ 2.12+0.42  2.61+0.64" _ 1.78+0.36°
62 DPH 4.4740.63° 5.45£0.53° 5.16£0.72"  4.40£0.79% _ 4.94+0.89%  3.85£0.36" 5.51£1.27° 4.40£0.76"

122 DPH 6.70£0.33"  7.16£0.62" 6.70+£0.59" 7.16£0.29" _ 7.62+0.88"°  7.85£1.40° 8.24+1.25" 7.39+£0.76°

VE: RPN P IEAbRE 225 R — AT AN A bR R B35 M 22 73:(P<0.05); DPH. Hi#%
Note: Data are displayed as Mean+SD; Different superscript letters indicate significant differences in each line (P<0.05); DPH: days
post-hatching; HT. High Temperature; CR. Control; CS. Cortisol
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Fig. 2 Representative gonadal histology at 22 days post-hatching (DPH) of XX and XY yellow catfish
A, a iR AIXX, GRR A B, b MR AXY, AN, C, c. X RRALXX, VS AAE; D, d. S HRALXY, JRAA A E, . BREE
XX, IR A, F, £ R RARAXY, JRAGE AN, PGC. JRAGEFHANNE; OG. SR A, [ b = e 48 M e ITE RO G B #k

R AN, T H

A, a. High temperature group XX, oogonium; B, b. High temperature group XY, primordial germ cells; C, c¢. Control group XX, oogonium;

D, d. Control XY, primordial germ cells; E, e. Cortisol group XX, primordial germ cells; F, f. Cortisol group XY, primordial germ cells;

PGC: primordial germ cells; OG: oogonium. Triangles indicate the position of gonad; arrows indicate germ cells. The same applies below
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Fig. 3 Representative gonadal histology at 32 days post-hatching (DPH) of XX and XY yellow catfish

G, g. JWRBEAXXS, SREAHML; H, h REAXYS, JEMAAIM; OC. UFEE; PO. ¥4 5N REAIA; XX Q. XXM, XX 3. XXM
P XY 3. XYHENE. B = M T 48 m BT 7E A B, 7348 ) A Z A

G, g. Cortisol group XX, oogonium; H, h. Cortisol group XY, primordial germ cells; OC. ovarian cavity; PO. primary oocyte; XXQ: XX

female; XXJ. XX male; XYJ. XY male. Triangles indicate the position of gonad; arrows indicate germ cells

K 4 ﬁ%ﬁﬁﬂXX 55Xy L8462 H i M Il 21

Fig. 4 Representative gonadal histology at 62 days post-hatching (DPH) of XX and XY yellow catfish
BEAIXX A, WIZORE BHANAE; H, h. B BRFALXY 3, K JRA0AE; PO: W12 IR BHATAE; OC. BN HLIES; SG. K& IR ANAL; PS. WIZUR; BRI
G, g. Cortisol group of XX, primary spermatocyte; H, h. Cortisol group XY, spermatogonia. PO. primary oocyte; OC. ovarian cavity;

G, g. li

SG. spermatogonia; PS. primary spermatocyte
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EFFECTS OF HIGH TEMPERATURE AND CORTISOL ON SEX
DIFFERENTIATION OF YELLOW CATFISH
(TACHYSURUS FULVIDRACO)

QI Piao-Piao, CHEN Min, YU Yue, CHANG Le-Yi, LI Ya-Ning, WANG Ling-Yu, YUAN Yong-Chao,
FAN Qi-Xue and SHEN Zhi-Gang

(Key Laboratory of Freshwater Animal Breeding, Ministry of Agriculture, Engineering Research Center of Green development for
Conventional Aquatic Biological Industry in the Yangtze River Economic Belt, Ministry of Education, Hubei Provincial
Engineering Laboratory for Pond Aquaculture, College of Fisheries, Huazhong Agricultural
University, Wuhan 430070, China)

Abstract: The sex differentiation of fish is extremely susceptible to environmental stresses (such as high temperature,
high density, etc.), and generally causes masculinization. In the critical period of sex differentiation, environmental
stresses invariably lead to elevated serum cortisol in the process of masculinization. Cortisol treatments caused female-
to-male sex reversal, while antagonist of cortisol synthetase rescued the high temperature-induced masculinization. Es-
trogen 17B-estradiol (E2) rescued cortisol- and high temperature-induced masculinization. These findings suggest that
cortisol is the vital mediator in stress-induced masculinization. Few studies have been explored physiological mecha-
nisms of stress-induced masculinization. The present study investigated the effects of high temperature and cortisol ad-
ministration on the histological process in the masculinization of XX genotype using yellow catfish Tachysurus
fulvidraco with confirmed sex chromosome XX-XY and sex-linked marker as the research object. Combining genoty-
pic sex identification via applying sex-linked markers and phenotypic sex identification through histology, we found
that 24 days (12—35 days post-hatching) treatment of high temperature or cortisol induced partial masculinization of
XX individuals. During this process, germ cell development of XX gonad was repressed, and therefore it developed into
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testis-like structure. In addition, we observed seminiferous lobules and typical male genitalia in XX pseudo-male,
strongly suggesting that these pseudo-males may have reproductive capacity. We also found that testis size and body
weight of XX pseudo-male were significantly higher than those of the XY males and XX females. These results provide
important information for understanding the mechanisms of environmental stress factors-induced masculinization. We
also found that some XX individuals were not sensitive to high temperature (or cortisol) treatments, and meanwhile,
high temperature accelerated ovarian development. The genetic difference between the two different temperature-sen-
sitive XX individuals deserve further investigation.

Key words: Yellow catfish Tachysurus fulvidraco; Masculinization; Sex reversal; Stress; High temperature; Cortisol
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