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Although its captive population has exceeded 10 million individuals, it is listed as Critically Endangered on
The IUCN Red List of Threatened Species. Sexual identification of giant salamanders has long been
challenging, although it is crucial to captive breeding and conservation. Consequently, the development of
molecular markers targeting female-specific DNA fragments could offer a dependable method for
distinguishing between males and females. [Methods] In this study, 15 5-month-old and 17 17-month-old
individuals from an artificial breeding farm in Hanzhong, Shaanxi were randomly selected and dissected. The
gonad was utilized for tissue section and Hematoxylin and Eosin staining. DNA was extracted from each
individual and the female-specific DNA fragments were amplified using four pairs of primers. [Results] The
primers adf225 and adf340 yielded the best amplification results, which were consistent with the
morphological analysis of gonads (Fig. 1). In both male and female 5-month-old juveniles, the gonads were
undifferentiated, appearing as slender, semi-transparent stripes (Fig. 2a, b). In contrast, 17-month-old juveniles
displayed obvious differentiation in gonads, with granular ovaries or smooth, and white testes (Fig. 2c, d).
Tissue section analysis revealed no significant morphological differences in germ cells between male and
female 5-month-old individuals (Fig. 3a, b). However, in the 17-month-old individuals, ovarian cells had
differentiated into larger oocytes, while still maintaining the primordial follicles (Fig. 3c). Additionally, sperm
nests of testes had differentiated into spermatogonia lobules composed of spermatogonia and sertoli cells (Fig.
3d). Interestingly, there were no visible morphological differences between male and female 5-month-old or
17-month-old juveniles, indicating that external morphology alone is insufficient for sex determination (Fig.
4). [Conclusion]| This study successfully identified molecular primers that are highly effective in determining
the gender of juveniles. This significant finding provides a practical solution to the challenges posed by sex
allocation and holds promising implications for the conservation and management of this species.
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Table 1 Primers to amplify the female-specific DNA fragments of giant salamanders (from Hu et al. 2019b)

514 gl B KL PRI
Primer Sequence (5'-3") Annealing temperature ('C) Product size (bp)
adf318a TATGTCAGGGTGATCAAACTCTTCA 60 266
adf318s CTAGAAGACGTGGTGGCCATG
adf225a CCATGCCCTGTACATTTGCG 60 162
adf225s CCGTGAACATGGAGGGGTTT
adf340a GGTTTAGGGCGGCTCTGATT 60 251
adf340s TTAACGGCCCTAACACCAGG
adfd31a TCCAGAATGAAGTCCTGGCCT 60 178
adfd31s CGAGCCTCCATTGTGCCTT

4 4 @ 2 4 4 2 ¢

Al A2 A3 A4 Bl B2 B3 B4

adf431

M Al A2 A3 A4 Bl B2 B3 B4

Bl 4 PR 5T 552 5 MY AR EE

Fig. 1 Amplification of four primers that target female-specific DNA fragments

M. DNA 2> F &bk, M EZETF25%1558 2000, 1000, 750, 500, 250, 100 bp; 45 LA A FF3kR 5 AESAME, BAB IFkR 17 A AN

Al. A2, Bl. B2 AlfEME (3); A3, A4, B3. B4 Atk (9.

M. DNA marker, showing lengths of 2 000, 1 000, 750, 500, 250 and 100 bp from up to down. The individuals with code A were 5 months old,
whereas B were 17 months old after hatching. A1, A2, B1, and B2 were males (J3); A3, A4, B3 and B4 were females (Q).
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Fig. 2 Gonadal morphology of female and male Andrias davidianus juveniles aged 5 months or 17 months
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a. 5-month-old females; b. 5-month-old males; c. 17-month-old females; d. 17-month-old males. K. Kidney; O. Ovary; T. Testis; U. Ureter; UG.
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Fig. 3 Schematic diagram of gonad tissue sections of female and male Andrias davidianus juveniles aged

5 months or 17 months (H.E staining, 40 x)
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a. 5-month-old females; b. 5-month-old males; c. 17-month-old females; d. 17-month-old males. GC. Germ cell; Oo. Oocyte; PF. Primordial

follicle; SC. Somatic cell; SeC. Sertoli cell; SL. Seminiferous lobule; SP. Spermatogonia
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Fig. 4 Morphological measurements of female (?) and male (J) Andrias davidianus juveniles
aged 5 months (SM) or 17 months (17M)
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height; TL. Tail length; TOL. Total length; TW. Tail width; W. Weight
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