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ABSTRACT

This study was focused on discriminating the molecular sexes of red deer and elk by duplex polymerase
chain reaction(PCR) using two primer sets. Sex differentiation of mammals is primarily dependent on the
presence or absence of sex determining region Y(SRY) gene encoded on Y chromosome which plays a key
role for male development. Zinc finger X-Y(ZFX-ZFY) gene, one of X-Y homology gene group was found
on X- and Y- chromosomes, respectively. At first, the nucleotide sequences were characterized for the
intron 9 flanking region of ZFX-ZFY genes. The intron 9 of ZFX and ZFY is 529-bp and 665-bp in
length, respectively. A transposable element sequence similar to bovine SINE element Bov-tA was detected
only in ZFY gene of Cervidae. Sexing analysis was conducted by duplex PCR assay for amplification of
SRY and ZFX-ZFY genes. Two differentially amplified patterns were found: one for females has a common
band amplified only from ZFX as a template, and another for males had three bands(a common ZFX and
two male-specific ZFY and SRY). On the separate tests using each gene, the results was identical to those
from duplex PCR assay. Moreover, the results from PCR assays provide also identical information to
phenotypic investigation of individuals of red deer, elk as well as their hybridized progenies collected from
two isolated farms. These results suggest that it may be a rapid and precise method for determining the
sexes by duplex PCR amplification using Y-chromosome specific SRY and X- and Y- homologous
ZFX-ZFY genes showing sexual dimorphism in red deer and elk without any other controls.
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Table 1. PCR Primers used for the amplification of SRY and ZFX-ZFY genes

Gene Primer name Nucleotide sequences” Acc. No.?
dSRY1f GCTGGGGTATGAGTGGAAAA ABO46700(sika deer)
SRY d AF148462(cattl
dSRYIR  GTTTTCCGACGAGGTCGATA an (cattle)
ZEXZEY dZFoiF GCTGACCCTGGAGAAGATGA AF454949(human)
intron 9 dZF9iR CTTCTTGTTGAGAGTCATTGACAG and NM_177491(cattle)

Y nucleotide sequences are displayed from 5' to 3'.

2

) used as standard sequences for the designation of each primer.
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Fig. 1. Analyses for molecular sexing in red
deer, elk and their hybrids between
both using SRY(a) and intron 9 flanking
region of ZFX-ZFY(b). The numbers
above lanes are followed: 1-2, red
deer; 3-4, elk; 5-8, F; progenies. PCR
products from male animals are 1, 3,
5, and 8, and those from female
animals are 2, 4, and 6, respectively.
The lane 7 is failed to amplify. M1 and
M2 are DNA size markers, 1-kb DNA
Ladder Plus and 50-bp DNA Ladder,
respectively.
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exon 9
Red deer ZFY ARATCARRRCCTTCRTGCCAATAGC! GTGGGCAGCAGC TI‘ATGGTAAGCCACATTGCAGC T TTAGGATTGTAT GGTTCTTGAACATGATTTCAAAATTAAAAAAGGTTT TGTTGTCTT
Red deer ZFX GTG. .AG.

T CGCCG T .C..G.G...A.G.C.C. CCTGG...C...GCC ....... €.
* k ok kR F RER KAE K K EX T wEE AEE &

Red deer ZEY AGGTTTCAGAAATATGAA TAC TAACGAAC TGATTTAAGTAARAGCTCAGARARAC GATATAGTCTATCA TTTGT
-G.ATI

TAGGAACTTTCTTTATGCTTATGTTATTTAAGAAGTATG
Red deer ZFX ........C... .TARG.GT. .TTT.A.TT...T. A——GA A- .GTC.A....T..TC.T.A. .- N

CtGTGCC TAAGGGT TTT A TT C Crra AG AGG AG

G...C A
Rk KRR KEEE FRE ALK
Red deer ZFY ARGARCTTCCRGGGGGCATCCCAGGTEGETCGETGETARRGAATCCATCTGCCAGTGARGGAGRCCTEEETTTIGATTCTTTGGTTGEARAGATACC CTGGAGGAGGGCAGGGCTACC CACT

TT. T oIRATCEAT: ix=e JG.A..TAG. AALALTRCR TT.R.GC

Red deer ZFX

R MR k4 FORE A FRAE FEE A

Red deer ZFY C CZ\GTATTCTTGTCTGGGAAGTC CCAATGGACAGTGGAACCTGGC GGGC TACAGTC TGTGGGTTCACAAAGAGTCAGACAC GGCTGAGCACACATGCACGTAGATTTTCAAGCTCGAAC T
Red deer ZFX TG.AAI -G..AGA.AAT. .. A.-- -

Elk ZFY

Elk ZFX “GARC,(T.CC. L TATT. RIC-- . C.C6, ~-ACT --=---- 3 AA T..G, AGAGAC G 6.~ T.CAT ~- 6. e
1-' * * 9:1:9-' * kAt *%

Red deer ZEY TTPICATCTTTAGTATGTTACTIGTTTGAETGAGAATEACAG TTARTCGACCARARTEA TECTATA T TEGAACCTASCCATTTCCTTTEATC TTATATAAR TRAGC CRAGTETCTRTAC

Red deer 77X A.A.—-.T..... TGGARCCTAGGCATTICTTACAGTCTTCTATAA TRGATCTOG A TARAAC

BLE BN canaosou ansseososi uosiociss sy shos 70 o s e A 1 S i gy e D e

Elk ZFX Gib e ACIG L CIETAT. | ETAIETG, CAT:ACA

* % * EREEE
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Red deer X .C..TACCTRAGA..G..uneen.n A-TT TTATAAT

Elle CEY  fipiotleliniiiiiili :

Elk ZFX c TACCTAGA ;5

.C.C..TG ACTT.T R.AG
7\'*1\'7\' * 7:1\' kEEEAREARA AR LA R AL AR * K KEEEE K kEAE KAAEA
——p exon 10
Red deer ZFY TAATGCACACTGTTAGGTAATAATTCTGATGGAATTGAAAACCGGAA
Red deer ZFX

ol
*XAEAK KX

Fig. 2. Comparison between the sequences of intron 9 flanking region of ZFX and ZFY from
red deer and elk. Underlined sequences indicate the short interspersed nuclear
element(SINE)-like sequence similar to Bov-tA reported in bovine genome. Arrows
above sequences indicate the exon 9 and exon 10, respectively. Censor web program
was used for scanning repetitive DNA sequence.

Table 2. Comparison of sexing results from PCR tests and phenotype investigation

red deer elk Fr*
(n=22) (n=30) (n=12)
Male Female Male Female Male Female
Phenotype sex 8 14 21 9 7 5
PCR amplification 8 14 21 9 6 5
PCR sexing  sRy 8 14 21 9 6 6
ZFX-ZFY 8 14 21 9 6 5
Duplex PCR 8 14 21 9 6 5
Accuracy** of Duplex PCR 100 100 100 100 85.7 100

* produced between red deer and elk, and the samples were provided without information of sexes, and data of
their gender phenotype were obtained after PCR tests.

** is percentage calculated by comparing the sexing results from duplex PCR versus those from phenotype
genders of animals described by specimen providers.

3 duplex PCR A1 31018tk Fig. 32 & UAAIREAAME o0 st ddi
duplex PCRoIA &2 PCR AHzo] thdh 77| = T 3 /i) Wi=E b AAER 1Y
5 A Yehd Zlojty A Aol kel 4 Ank Table 2= ATt AAEEY Alss

$ ZFXAA fElE @Y W=rF yellen, oA R B2 A3, 3 a3 Fe
Tl A= ZFX, ZFY, SRYE Fgo 2 =X ok st TdF Y AR SRY, ZFX-ZFY,
# 3 /e M=yt 2833 g 71=0] g1 duplex PCR 5% o]83 ¥x} A7idHe Avs
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HA, 715 Aol lane 79 S
SRY, ZFX-ZFY, duplex PCRo|A =% PCR At
Eo] #EE A okti(Fig. 1, Fig. 3). SRY &
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S 3353 31, microsatellite?! BOVIRBPZ
positive controlZ ©]-83}%1 2™, Cao 5(2005)<
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ZFY
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4200
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Fig. 3. Duplex PCR assay for molecular sexing
in red deer, elk, and their hybrids using
the both primer sets for SRY and intron
9 flanking region of ZFX-ZFY. Information
of animals tested for each lane is
identical to those described in Fig. 1. M1
and M2 are DNA size markers, 1-kb
DNA Ladder Plus and 50-bp DNA
Ladder, respectively.
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