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Objective: Although several genetic factors have been associated with defects in human
spermatogenesis, the unambiguous causative genes have not been elucidated. The male infertility by
haploinsufficiency of PRM1 or PRM2 has been reported in mouse model. The aim of this study was to
identify the single nucleotide polymorphisms (SNPs) of PRM1 and PRM2, related to the genotype of
Korean infertile men.

Methods: Genomic DNAs were extracted from peripheral bloods of infertile men with
oligozoospermia or azoospermia, and analyzed using polymerase chain reaction (PCR) and direct
sequencing. We carried out the direct sequencing analysis of amplified fragments in PRM1 (557
nucleotides from -42 to 515) and PRM2 (599 nucleotides from 49 to 648) genes, respectively.

Results: Three SNPs of coding region in the PRM1 gene was found in the analysis of 130 infertile
men. However, the SNPs at a133g (aa 96.9%, ag 3.1% and gg 0.0%), c160a (cc 99.2%, ca 0.8% and aa
0.0%) and c321a (cc 56.9%, ca 35.4% and aa 7.7%) coded the same amino acids, in terms of silence
phenotypes. On the other hand, as results of the PRM2 gene sequencing in 164 infertile men, only two
SNPs, g398c (gg 62.2%, gc 31.1% and ga 6.7%) and a473c (aa 63.4%, ac 29.9% and cc 6.7%), were
identified in the intron of the PRM2 gene.

Conclusions: There was no mutation and significant SNPs on PRM1 and PRM2 gene in Korean
infertile men. These results suggest that the PRM1 and PRM2 genes are highly conserved and essential
for normal fertility of men.

Key Words: Protamine 1 and 2 (PRM1 and PRM2), Single nucleotide polymorphism (SNP), Fertility,
Haploinsufficiency, Spermatogenesis
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g5k, o] F 164414 PRM29]
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2. Genomic DNAS| £& 4 ZEEAHMELS
(PCR)

ZF g’ Bkxbe] o) o 2 KE| AquaPure Genomic
DNA kit (Bio-Rad Laboratories, Hercules, CA, USA)S
o]-&-3to] genomic DNAE FE3F $ A& 7717
-20C e Rkl PCR WS o]-&3ke] PRML
FAAE FZ2]1717] Y8l PRM1-For (ccectgge-
atctataacaggccgc)sa‘r PRM1-Rev (tcaagaacaaggagagaa-
gagtgg)= AH&31 L, PRM2 -4 A= PRM2-For
(ctccagggcccactgcagcctcag)S&‘r PRM2-Rev (gaattgctatg-
gecteacttggtg) primer S o]-&3le] A1) (Fi-
gure 13} 2). PCR WHg-Z712 242t 10 pmol X 9]
primer, 10 mM Tris-HCI (pH 8.3), 50 mM KCI, 1.5 mM
MgCl,, Z+ 0.2 mM dNTPs, 1 unit Tag DNA polyme-
rase (JMR Holdings, London, UK)E &3 5 =14
HEg-Ho] 20 pl7t =7 Sk3ATh PCRE DNA thermal
cycler (ABI 2700, Applied Biosystems, Foster City, CA,
USA)lA] 4=8)315101, 94°CollA] 234, 94°C A
40%, 66°C Ttz 67CollA 40%, 72°ColA 139
cycleS 353] $=33 T HFH o7 72Tl A 10&
ZF HESAIR o T AHES 2% agarose gel 7]
FEHOE It

3. DNA Y7\ =0l

DNA §7149 &Rl& #18 WA PCR A&
PCR Product Purification Kit (Bioneer, Daejeon, Korea)
= o]-&3le] A5} Sequencing HHE-S 82
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Figure 1. (A) Schematic representation for the protamine 1 genes (PRM1) including the position of primers and the
SNPs. The sequences of the amplified fragments were determined by direct sequencing with the same primers (horizontal
arrows) used in PCR analysis. The vertical arrows indicate SNP positions, and the numbers indicate the nucleotide
numbers from the +1 that is the transcription start site of PRM1. (B) Direct sequencing results showing the flanking

region of the SNPs in the protamine 1 gene.

Table 1. Frequency of single nucleotide polymorphisms of protamine 1 gene in Korean and Japanese men

Position Number of SNP (%)
Protamine 1 Nucleotide Amino acid Genotype This study Tanaka et al. (2003)
Infertile Infertile Fertile
133 14 R ala 126 (96.9) 220(97.3)  168(99.3)
alg 4(3.1) 6(27) 2(0.7)
160 23 R clc 129 (99.2) 226 (100.0) 269 (99.6)
cla 1( 0.8) 0( 0.0) 1( 0.4)
321 47 R clc 74 (56.9) 125(55.3) 129 (47.8)
cla 46 (35.4) 86(38.1) 117 (43.3)
ala 10( 7.7) 15( 66)  24( 89)
Total 130 226 270
Terminator Ready Reaction Mix (BigDye Terminator sequencing primere} 3%} STHTE EFsl HF
Reaction Kit; Applied Biosystems, Foster City, CA, 20 pl= THERl o™ 96TCollA] 30%, 50Tl A 15%,
USA), 10~20 ng2] DNA template, 1.6 pmol2] a3 123 60°CoNA 452 cycleS 253] BHE S=3)3}
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Figure 2. (A) Schematic representation for the protamine 2 genes (PRM2) including the position of primers and the
SNPs. The sequences of the amplified fragments were determined by direct sequencing with the same primer (horizontal
arrows) used in PCR analysis. The vertical arrows indicate SNP positions, and the numbers indicate the nucleotide
numbers from the +1 that is the transcription start site of PRM2. (B) Direct sequencing results showing the flanking
region of the SNPs in the protamine 2 gene.
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Table 2. Frequency of single nucleotide polymorphisms of protamine 2 gene in Koearn and Japanese men

Position Number of SNP (%)
Protamine 2 Nucleotide Location Genotype This study Tanaka et al. (2003)
Infertile Infertile Fertile
398 Intron a/g 101 (62.2) 127 (56.2) 127 (47.0)
glc 51(31.1) 80 (35.4) 118 (43.7)
gla 0( 0.0) 0( 0.0) 1( 0.4)
cle 11( 6.7) 19 ( 8.4) 24 ( 8.9)
473 Intron ala 104 (63.4) 125 (55.3) 127 (47.0)
alc 49(29.9) 82(36.3) 118 (43.7)
cle 11( 6.7) 19 ( 8.4) 25( 9.3)
Total 164 226 270
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ST} Sequencing RHSAHEC 2 ple] 3M sodlum ace-
tate (pH 4.6)<} 50 pl<] ethanol Yo] Ao T A2

oA 1583+ WX|3FAth 1 - 12,000 rpmoﬂfﬂ 15
3 9AEEsa 1 FHAES YAl 70% ethanol
2 AHe T AxA7 e 20 ple] Hi-Di forma-
mide (Applied Biosystems, Foster City, CA, USA)=
F3AIATE 1 vS 90T A 53 &<t denaturation
X171 % automatic genetic analyzer (ABI Prism3100-
Avant, Applied Biosystems, Foster City, CA, USA)&
o]-2-3} capillary electrophoresis®} Seqgscape software
(Applied Biosystems, Foster City, CA, USA)E Al-&-3}
o] DNA Q7I1ME& #4313t

2 o
1. PRM1 ®8Atel =4 2ot

PRML 2ol ojgk v%i ARESE 73
3o transcription start site 2525-2] -42H A nucleotide
F-E] poly A signal HF—«] 515 A nucleotide”} =]
= 3%¥ 557 bp«] FTENES 98 F U F
1301¢] 2 EU3AE td o= PRML Frdzte]
DNA ¢71449 -g— 2493 A3} PRM1 coding -9
ol 4 3702] SNPsE &R1eh = dslom Edwiol
= AR 9k} (Figure 1). ©]E SNPs: 133,
160 123 32194 nucleotidecl] Al 21 ¥ o,
o]59] #7123 (genotype)S al33g, c160a, c321a
2 Z¥7} 14, 23 183 A7THA obi| w=AHS- coding 3
A9k opr)ak A F o] WshE UERR] @ silent
SNPsSITE Z1Zke] SNP #1218 9] M=E a133g2]
719~ ala homozygous type¥} a/g heterozygous type©]
717} 96.9%%} 3.1%= ek oM, c160acl A= cle
homozygous SNP$} c/a heterozygous SNP W1%=7) Z}
7} 99.2%%} 0.8%, “L2]il c321a SNP2] 7H-$- clc
major homozygous, c¢/a heterozygous, 12| 1L a/a minor
homozygous SNP2] W1 %7} 74z} 56.9%, 35.4%, 1
231 7.7%% 21|} (Table 1).

2. PRM2 REX] &4 A1t

O

PRM29] 79 247 nucleotideE] 647 )
nucleotide7}A] ZZ% 599 bpe] FTEZAES AS
T AAJTE F 16478 9] EQIFAE O o PRM2

A7ke] SNPE Z2AMSE A3 o ks W3k
=dulel= 33 4= gllom PRM2 3l Ate]
intronoll 4] 271¢] SNPs (g398c$} ad73c)S &eldt
T AT} (Figure 2). ZF SNPol gt F-AAE S
A8 2 A7 g398ce] 79 g/g major homozy-
gous, g/c heterozygous 22| 3L c/c minor homozygous
type] W17} ZHzh 62.2%, 31.1% 1E]3l 6.7%=
AR ATE HE3F a473c9] 79~ ala homozygous, alc
heterozygous 12| 3L c¢/c homozygous type2] W=+
Z}7} 63.4%, 29.9%, 6.7% % TEE T} (Table 2).

fr o

™~

=

k-

;<6] x}sﬂ S J,]J«IV] x]—o]]
3e] 2%E ApAJstaL
SESESINRES
37
o FAAZIY sagAze
sello] i o4 o
sl A&H AL ek olegh 102 Y A

|
1) 444 1 methylene tetrahydrofolate reductase %1

o
i
o
M

o
o
2
0,

r
!
o
fz
=2
i)
=
o
o r

)
l

il ze

& Tl
o

12

&

0y

ko
¢
o o E
o
A
S
2
b
o

il
sH 7149, w3}

S

lo t Jr E af
(e} F.Lu
s
e e
Ho
[

)
o &t
[-40
-+

H gl
Bl Els
&1 o] mitochondrial DNA polymerase
¢19 0] % androgen receptor®] CAG repeat,'’
1231 cytochrome P450-1A1 #71#k2]  polymor-

phism'® So] B AA, o]5 & 1 o AR
sl A Bl gololxy nE glolE o] W

Rl

!
=
=
==X
=

lo lo

#
_c'),]

it
Al Bolo Amsk 2= o)

[SIE== =1 EOETN\L—‘?I';S?JP’_;IL 1 2
of go2iz ool Tjgk ASAR A7k Wasl,
AApgsabd B Aje] 9 $5S 98 ol

Al HHE F3l 71E9] histone A S tran-
sition protein®} protamine Z-2 3714 Gl A= o
A= AL A G232 o] mpgel R
A= round spermatidsoll 4] L ofub histone wH 2
o] transition nuclear protein (TP13} TP2)S.= H}-#
ol 1 o]% elongating spermatidsel| 4] TP1
TP2 whdo] protamines YA 2 vl Al = o]

Zo] 9AHA At Lee T (1995)¢] 3 -2
J%"éoﬂ oo A4 75 ‘)f*é S
T o)Al E o7 AFAE o3 £
ol 4] protamine©] ZAFAY A3 THE X
o] B EJTEI Yoo TR} F31 mofo

s _HN' Jﬁ _E rr
< -
o

A

-

5«3 et

rr

O

—

- 283 -
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PRM1 - %}2] coding regionol A= 478 (a133g,
€160a, g320a, c321a) ~12]3L non-coding regionol 4]
= 17119] SNP (a43lg)E Zrollom PRM2 #4
Zpoll A= translation terminationS U ©.7]& 1701¢]
Zoldo] (c248t)<} intronoll A 27H2] SNP (g398c,
ad73c)E Zolitta ®Baskgit) o] FollA gluta-
mine 2717} stop codon®.Z HFA A o] PRM2 &
WAl WalE dog Aow AY7EE 248t B
Holo] A9 A 1534 F8AE A F 11
(0.65%) 0l A =F HAH ) o] EAW )7 hemizy-
gous AEIE EAEFA ek Cho 520 A% AFelA
43 mlel ko] protamine haploinsufficiency = <15
Aol A= EQlo] & = QIThH c248t EAW o7t
TR ddolEta F4E S Floltk
2 AFAE g EEAdES dido = PRML
7} PRM2 F7AE AL A7 PRML A7 AH9
coding regionell 4] 3702] SNPs (a133g, c160a, c321a)
E sopiolom, diEleA LA AW g320ast
a431g SNPs= e 4= glith (Figure 1). 3FAI%k
ShaQlof| A AR 37119] SNPse] 713 ¥l
S e B Ay dEQIS diite R 3 A¥
A Ao = e (Table 1). 3 PRM2 -
ZAxke] A 9- c248t EAWolE WA A] ko
T2 27119] SNPsi= dElelA] WA AE 217}
22 SNPs7F BAE AL 7 34be] FHFE Ta-
naka 522 13 Azle} W59} (Table 2).
o]4re] AnEEEl PRM17 PRM2 544 4
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