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Molecular Sex Determination Using Sexual Dimorphisms between ZFX and ZFY Genes in Korean
Hares (Lepus coremus Thomas). Sang-Hyun Han, In-Cheol Cho, Sung-Soo Lee, Moon-You Oh' and
Hong-Shik Oh™. National Institute of Subtropical Agriculture, R.D.A., 'Department of Life Science, College of
Natural Sciences, Cheju National University, “Department of Science Education, College of Education, Cheju
National University — This study was performed to develop the molecular marker for sex determi-
nation of hare (Lepus coreanus) distributed in Korea which focused on sexual dimorphism between X
and Y chromosomal homologous genes, zinc finger-X (ZFX) and -Y (ZFY). The intron 7 regions of ZFX
and ZFY genes exhibited differential amplification patterns between male and female hares. The
lengths of intron 7 region of ZFX and ZFY genes were 538 and 233-bp, respectively. Especially, the
ZFX intron 7 contained a repetitive sequence identified as member of RNA-mediated transposable ele-
ments which was similar to CSINE2 commonly found in the rabbit genome. However, it was not pres-
ent in intron 7 of ZFY gene. The molecular sex typing by polymerase chain reaction (PCR) was also
carried out to determine the sex of hare based on difference in lengths between the intron 7 regions
of ZFX and ZFY genes. All DNA samples tested had common band amplified from ZFX. However,
the male hare DNAs had two distinct bands which amplified from ZFX and ZFY genes, respectively,
The results from ZFX-ZFY PCR sex typing were identical to those from phenotypic investigation and
from amplification patterns using male-specific sex determining region Y (SRY) gene as well. Finally,
this study suggested that the sexual dimorphism between intron 7 regions of ZFX and ZFY could be
useful genetic marker to determine sex of hare.
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SHEINE fEdte T3 4TS F3 1923 )R-

S E7) (Lepus coreanus)e E73} (Leporidae)o) &3}n 2 THF AZA FEHE /P BHEQ DNA-ZE @
AFEE A9 el 1o de) £Xxde Folot 7t WA 2 el zinc finger (ZF)& Uzl AIA 800 oF ol 4
2032 o] &= JE7 (rabbit, Oryctolagus cuniculus)s} 2 9 QA Eo] o AHT YrH16]. o] T HLENA o] ¢
2&o nlshy, MWy § AR EAH 2§ BEA gtgjolgle ZFX9 ZFYY) QIEE AdA A% 2 FL
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B3 =] AxHn dE 7H¢H, mDNA CTYB §3%
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ol TN, QAZHE WF &, F, A FAA ol §A
AEe o|YPAHL TAZ X, Y GHAE TRt A
olgslde 75 Bu¥m Jr}52021]

4713 R AFAQ FFo) AWEq M ARG
ARE ANG 5 o, A7 AAG Fee ARG
EA qF AE S 98 BB BALAE ol &
3 A =7t =T vk 3 EA[6,13], Barr body ol <]
2] &Y EA4A0E A gAAY EBY X gAAg &
AL 3 g g FRE AFen, 4-5o] FA A
NI %3 53¢ Ads) Yz o H2 Y @44 59
probe& ] &8 in sifu hybridization 7|-& Y 4449 &
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%2 & sucrose-proteinase K lysis buffer[4]& o] &3¢0,

22 BRe Y% WYse] SYsiUch DNA 3

RNaseE #2)8}513, o|% phenol 32} ethanol 3 A

Z A 3489 TE bufferd] £33t PCR ZZ.& 93
FHog oty

o o
lo 4

S AHMHS(PCR)

fiEWMW 273 DNAE #3802, 10xPCR 9% 92
o, 20 mM dNTP, z}7} 10 pmol primer, 2.0 units Tag DNA
polymerase (TaKaRa, Japan)o] @3 @o]24+5 H7}elo
25 b $%02 PCR 93-S F83t¢lth. PCR ZZ & pri-
merE2 7]&o] Ry ¥ AMEHRES EAE A 1haty
2, ¥ R Table 19 A8kt ZFX-ZFY §A#}
o] A2 73} 109 A 1S hZFe7F9} hZFel0RE B E7] ¢
EE 789 A& 837 9 AA, A& 73 109 ¥ T34
Mg AR & A% PCR FFof o] &a gt FAA Ao
= %fﬂl B o] E ol JEE 78 TYT HHY
& hZFe7F9} hZFe8RS o] 431931, $4 Eo]7 SRY &
{*XM & ¢ haSRYFS} haSRYR Ze}o|o{E o] &3}
Atk PCR ZEL 471€ kg zAo) wgton zbztel
Zztolu] M E 9] annealing € £& gradient PCR 4 & &
8 37 22 & AAegla, PTC200 (MJ Research, USA)&
ol &3ttt A L 94T 28 I &, 94T45 %,
annealing %1 &, 72C-1 & (ZFX-ZFY QI E& 7, SRY) &
£ 28 (ZEX-ZFY 94 7-10)0.2 o]ojx|& Z=Zuke-S 303

¢

w3 3 7 C—10 B HZNA8 0, o] F 4ToN nasty
o 3% 282 ethidium bromider} 348 1.5% agarose
A oA @7]"3531 2, UV gell A #elsta AL 8
Aot

TR 22D HIIMY 2

22 Z‘E"L%‘ﬂ] HE 47152 2H S H5te] DNA se-
quencingS #3834t AAE SRYS} ZFX, ZFYd] u)sh
PCR ZEE& TOPO TA Cloning Kit (Invitrogen, USA)<|
PCR2.0 vectore] AZA¢ ¥ tj4+F OneShot Topl0F com-

Table 1. PCR Primers used for the amplification of SRY and ZFX-ZFY genes

Gene Name Nucleotide sequencesl Acc. No2
ZFX-ZFY hZFe7F** GCTGACCTTGGAGAAGATGAC AF032867 and AF032365[20]
hZFe8R® TGGCATGTGACCCACCATAAGC
hZFe10R* CGGTTTTCAATTCCATCAGAAT
SRY haSRYF® TTGGTTAGCACAAACCACCA AY785433[8]
haSRYR® AGCATTTTCCACTGGTGTCC

! nucleotide sequences are displayed from 5 to 3.

2

*used for molecular sex determination.

*used for sequence determination of ZFX and ZFY genes.

sused as the standard sequences for the designation of each primer.
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petent M ¥o] FAAHRNHD, AFF plasmide Wizard
Plus SV Minipreps (Promega, USA)Z 33yt &3
plasmid DNAE $3 92 dye-termination Y58 48319
3 MegaBase 500 (Amersham Pamacia, USA)S- o] 8-} 4
7IMEES 4359 2449 ErIAge 7I1Ed Exd A
GE (Table 1) 71F02 AEQQEE ZAE FAe %1,
H7IMET vlnE HE usAHEL CLUSTAL W pro-
gram27]& o] g3tk & A7NA NEA 2HE HES
ZFEX-ZFY MYEEL databased] 52314t (GenBank
Accession EF110883-EF110886). I3k QIEE 7 Aol A vkE-A
ge] &A= CENSOR web program (http://www.girinst.
org/censor/) 0.2 &<ls4 ).

EEU

EGF9 A 3] (sex differentiation)= Y J41A 53,
SRY f-2ze) g3 sjopdA Fo] AGEAE JAAAM
SAjo] &4 3% z3te g4y AAeolth. f12 AAL
& 2F3e 24 9 E F Rl ZF §34 F X, YEH
Aol 35 ZFX-ZFYY JIEE F71ME oA d4dx
Agol H A £E] GE Zol9 AolE e R
2= 49A Aok

ZFX-ZFY A7IMY0IM MY olgM
HE7 9 QA7) HI THY FALE
HAE8 F

s 47t 24
S5 2 A NN ZEXS ZFY A A& 79 8

DA 108 5 JfA| R olax o i3l DNA €7
Mg BAg st gy deole ZEX7} 1,778-bp,
ZFY+= 1,613-bpolx, o] & QEZ 79 Zo|= ZFX-ZLY A
Z}z} 538-bp, 233-bpE FAEHAL. 24 E FIIMEE F
A BEAEe) §57& CENSOR Z2agdos g Ax
ZFX9) QIEE 7o) A 321-bps} AHo] HEH (O. cuniculus)
ofAl Hig CSINE2S} fAbSH HHEAMIR 5 ATH11].
Figure 1& o E7] & - & 0¥ )M B2HF ZFX8} ZFY
FHAAMEES s A E3to vepd Rolth #A9 SINE
like ¥HEA Y& LSINEL 2 HHsl4.on, BLAST A4S
GenBank database W] M &3] GAES AMg dx A
E7A Bug {3A A FoistA BXxstn 9
= Aoz #&e53t} (data not shown).

7189 dao) mad, Ak FAEAY oF 20% o] &
BAHOZ ANRIA NEAA FAste] FeTd Aoz 4
A QtH24,17]. o]F d¥t H =+ long terminal repeat (LTR)
o] 91 SINE ®$]9#18 LTRE 2= LINE A9xte] 8
el o8] A S Yl § 9le ALR HuHT it
[715]. B3], X, Y A 0] wr=le AAAAY B, A
AHA ] HAFAHY JGAAHAA X, Y FAA *}°l°ﬂH
N ez HEFH Y dAaFdxe AY/AHEHA
AN 18 FAE 80 HYIE @ 3
AdH ZF 14 AE Yol A v H o2 EAsts A
AAY WAL AR o|PA S o 43 Awd TARIAR
A AbgEsE ofUgt &, HA, F 5 7tFAME oS F
gA o] 853 ItH5,20.21].
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Fig. 1. Comparison between the sequences of intron 7 flanking region of ZFX and ZFY from hares. Arrows above sequences in-
dicate the exon 7 and exon 8, respectively. Dashes and dots indicate the identical sequences and gaps, respectively.
Underlined sequences indicate the LcSINE of short interspersed nuclear element (SINE)-like sequence similar to CSINE2

reported in the rabbit genome.
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Fig. 2. PCR amplification patterns of the intron 7 flanking re-
gion of ZFX-ZFY genes (a) and SRY (b) in Korean
hares. M1 and M2 are DNA size markers, 1-kb DNA
Ladder and 100-bp DNA Ladder, respectively.
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