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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 PRMI (557
nucleotides from -42 to 515) and PRM?2 (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 al33g (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 PRM{ and PRM2 gene in Korean
infertile men. These results suggest that the PRM1 and PRM?2 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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gholu]o} o] A7 B os Hofshs Azt
e st AsAE Esta okt

AN T AAEE A < A F
£ histones ¥ Ao} A2} FZ transition pro-
tein®) 4} protamines T e PgHINE e
o7 71x & gRdz AsEE Halagds #A
Hr}? oju <1zt Ax}e] DNAE 52 protamine 1
(PRM1)3} protamine 2 (PRM2)ll ]3] A} o]
<% (condensation) B} PRM1-2 50712] o}v] =4}
02 o]Fo|Z arginine?} cysteine®] - WA
o9, PRM2E TIFHAZYTE 61-1017§¢] ofv]
LA A9 AFEFARREY 448 Aok 27) o
Aol ti2 e, F 57709) ofm Al i 5479
ofuizate] ttlAg ZEAFe AR HIEHI
91‘:]_.4"6

HT o] AFNA PRMI mRNA®] premature
translation©] W82 & g3 Y O7|IL, sper-
matid®] 3} Fol & Fdsictn Bugd] wet A
Aol 2] & 2% (nuclear condensation) ]3] &
de 2 sheAol AAEHUTE e, Bl
B} B3zl prRM29] Fo] #A8) HAaET
e Bk gien, df B EQEAME A
Zre] & <ol PRM27F A3 §lE 4= Eud vh
AR o= iAo} Fae] Agohe thEA
PRM2 frAAe] EdWolo] 23 o] ofrfs o
PRM2 A TEA 9 22193 processingll 213 <
B Bolgixloa PRM27} ZHE Zojuta ¢efXl
uh QI Zajol = AFHE digo® § AellA
PRM1°]Y} PRM22] Z3 A] haploinsufficiency ]
Eo B9 fadths Rt Aok

B Ao ME @ EYEAE e
Az 8 S Fod 98S e PRMIH

4

PRM2 +#8x2}e] E4¥ ot single nucleotide poly-
morphisms (SNPs)Z 2R137] 93] Z+zke] F3iat
g SgaLAANEY PCR)I2E FHFAZ F
71X g-g gRlsdh

T oA 9 ek
1. AL oy
gxpA o2 Eolo) Qs 1309 FAREo
3|24 Ee Y EUBAE IR PRMIC
71 a8L oty o]F 1648l A PRM29)
A71H DL 245t EddolL} SNPse 58
ZAFEFSI T

2. Genomic DNAS| £& ¢ Fgta cMErS
(PCR)

zZt )t ghxle] PN o 2 RE] AquaPure Genomic
DNA kit (Bio-Rad Laboratories, Hercules, CA, USA)S
0]-83}e genomic DNAE &% § AME 7R
-20Col B3tk PCR € ©]83te] PRMI
FAAE FEZAF)7] $131A PRMI1-For (ccectgge-
atctataacaggecge)$t PRM1-Rev (icaagaacaaggagagaa-
gagtge)S A8, PRM2 A= PRM2-For
(ctccagggeccactgeagectcag) 9 PRM2-Rev (gaattgctatg-
gecteacttggtg) primer & ]88t FEA|ZT} (Fi-
gure 13} 2). PCR §H5-271-2 72} 10 pmol % 9
primer, 10 mM Tris-HCI (pH 8.3), 50 mM KCl, 1.5 mM
MgCl,, 2t 0.2 mM dNTPs, 1 unit Tag DNA polyme-
rase (JMR Holdings, London, UK)E £33t $ A
gkg-olo] 20 7F S A 331tk PCR-2 DNA thermal
cycler (ABI 2700, Applied Biosystems, Foster City, CA,
USA)l A a5kl en, 94CAlA 23, 94T A
40%, 66°C W& 67CoIA 40%, 72CAA 189
cycleS 3538) £ T HAFTHoZ 72THA 108
Zrukgzion, I AE2 2% agarose gel H7]
FeHoz FAsSich

3. DNA ¥7IM =l

DNA 7|48 & 98] WA PCR AES
PCR Product Purification Kit (Bioneer, Daejeon, Korea)
2 o] g3te] AASITh Sequencing HHES 8 pl¢]
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PRM1-For
s— Exon 1 Intron Exon 2
133 160 321
v 121 (JAAGTCGCAGACGA
v 125 AGCAGRATATTAC ‘ Te ¢
e bFoTT-
PRM1-125-F . PRMT-121-F \ ,
/i / ;
Wil A
v 125 AGCAGRITATTAC v 122 AAGTCGMAGACGA
c: {roTT : TC c
PRM1-126-F [’m PRM1-122-F :
._A_‘g.,.w_ “2\ x, f!

PRM1-Rev

P a—

p— B

v 118 AGACCG| GATGTA
‘cc g T o7
PRM1-118-F m /‘1 :
.l ..L‘A_Z
v 119 AGACCG] BGATGTA
! cc ToT
PRM1-119-F
~ 120 AcAccclATGTA
cc ToT
PRM1-120-F ?

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 PRM!. (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 I gene in Korean and J apanese men

Position Number of SNP (%)

Protamine 1 Nucleotide Amino acid Genotype This study Tanaka et al. (2003)

Infertile Infertile Fertile
o j? ‘T 7 __RV ala ) 126 (96.9) 220(97.3)  168(99.3)
a/g 4(31 6(27) 2(07)
160 23 R clc 129 (99.2) 226 (100.0) 269 (99.6)
cla 1(0.8) 0( 0.0) 1(04)
321 47 R c/c 74 (56.9) 125 (55.3) 129 (47.8)
c/a 46 (35.4) 86(38.1) 117(43.3)
a/a 10( 7.7) 15( 6.6) 24( 89)

Total 130 226 270

Terminator Ready Reaction Mix (BigDye Terminator
Reaction Kit; Applied Biosystems, Foster City, CA,
USA), 10~20 ng®] DNA template, 1.6 pmol2] &3

sequencing primers} 33}

Egste] H%

20 pE TEA LY 96TNA 30%, 50TCAAM 15%,
I 60CAA 479 cycle 253 ¥HE 52303}
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Q PRM2-For PRM2-Rev

— Exon 1 intron  Exon 2 —
308 473

© v 216 ItTec cTkkAaTGT v 67 |Jccc AAffcccerT
|rt.occcTepaT T lcccTaagEcce . T

PRM2216F | PRM2-67-F i
A T ™y
v 2 |TTecccTBEATGT v 68 JcccTaajpkcccarT
ft1 cceTl AT T cccTaAjccce T

PRM2-22-F PRM2-68-F |
MWL N\ Y
w 220 TTGC CTISLATGT v 69 CCC AALCEKCCCCGT
TT CCCTISCAT T lcccTaaklccce T

‘PRM2-220-F PRM2-69-F |
MY e My

(\ - - i

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. :

1

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 g/g 101 (62.2) 127 (56.2) 127 (47.0)

glc 51(31.1) 80 (35.4) 118 (43.7)

g/a 0( 0.0) 0( 0.0) 1( 0.4)

cle 11( 67) 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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At} Sequencing ¥HS-AHE) 2 1] 3M sodium ace-
tate (pH 4.6)$} 50 pl9] ethanol g Po] 412 & Ak
oA 1587 FAFUT 2 & 12,000 pmoll A 15
=3 ARSI FAES U] 70% ethanol
2 AHE & Adz2A7 o& 20 wel Hi-Di forma-
mide (Applied Biosysters, Foster City, CA, USA)&
SEAIZTE 2 thE 90°Coll A 5% %<} denaturation
AlZ] & automatic genetic analyzer (ABI Prism3100-
Avant, Applied Biosystems, Foster City, CA, USA)<t
o] &3t capillary electrophoresis$} Seqscape software
(Applied Biosystems, Foster City, CA, USA)E A3}
o] DNA §71ME& A3t

4 I
1. PRM1 /&8Xe 24 Z3t

PRMI 37 tigh SPEALANNSE 8
&t transcription start site 422} -42¥ 4 nucleotide
¥l poly A signal 9122 5157 nucleotide”7HA|
&9 557 bpo] FEIES & 5 AU 2
130789 A ELEAE o= PRMI 1A
DNA 471X8& B35 d3} PRMI coding -9
o4 37§2] SNPsE &R1% 4= gllon Eddwo]
T WEHA &t (Figure 1). ©1% SNPs: 133,
160 28] 3218 A nucleotideol| 4] 2HQIx Q) o1,
o]379] FH2H (genotype) al33g, cl60a, c32la
B 747} 14, 23 283l 4794 oh)hdkS coding®t
Ak oprlactt el Baks U 9 silen
SNPsQth. 74zke] SNP #4218 2] wlmi= a133g2)
739~ a/a homozygous type¥} a/g heterozygous type®]
7Y7F 96.9% 9k 3.1% % YERE oM, c160a0] A= ol
homozygous SNP$} ¢fa heterozygous SNP Wl %7} 7}
7t 99.2%} 08%, 1811 c321a SNPS A$ o/
major homozygous, c/a heterozygous, Z12] 3! a/a minor
homozygous SNP] WI%7} 2}2} 56.9%, 35.4%, 21
2L 7.7% %2 FR1E AT (Table 1).

2. PRM2 mEAtel 24 A

PRM2°] 7% 24WA) nucleotideF-E] 647H A
nucleotide7bA] ZEZH 599 bpy FEZAEL P&
T AU F 1649 BEUIANE O PRM?
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Azte] SNPE 2AMSH A7) ofp|imAks: WshAl)
=AW= 2 F HAew PRM2 FAAY]
intronl] 4] 2712] SNPs (2398c%} ad73c)E el
T ASATh (Figure 2). ZF SNP| 3t A28
Al 2 27 ¢398c9] 7% g/g major homozy-
gous, g/c heterozygous 28] I c/c minor homozygous
type®] WIZ=7F 242t 622%, 31.1% ZLE]1 6.7%2
ZAE AT B8 ad73c9] 79 a/a homozygous, alc
heterozygous 18] 3L c/c homozygous typed] ¥l%i=
27t 63.4%, 29.9%, 6.7% % 2T} (Table 2).
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A= round spermatidsol] 4] DoLhH histone T 2
©] transition nuclear protein (TP1Z} TP2)C. & n}#
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TP2 @¥)do| protamines WA 2 vl A o]
SFo] A D Lee T (1995)9] 8 &
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$18)0) Aluto] YA = B34} (round-headed
sperm syndrome)-f] 3¢ PRM27F Ag =} vk
217} A3} DNA9 Z§38E PRM17 PRM2
o] A ]EOI a1zt A7 drhs B 2o
T22 [ee Fo| FAL RAsHs B2 A7 s
itk ey olgd A AFE FolE protamine
gl Z o] o] W} FHxte] Bl A

O

F

83 Aoz Aztert
2o Tanaka 50| 22672 YA e} 2707
o] A dBQIS tio R AFE Aol o5k
PRMI 437+e] coding region?l A& 47 (al33g,
c160a, g320a, c321a) L8] 3L non-coding region®l 4]
= 17}¢] SNP (ad31g)5 Zrol i om PRM2 A
1}01]*1 “ anslation termination® € .2.7]1% 1719
Eao] (c248)%} intronol| A 270¢] SNP (g398c,
24730) S Folditkn Bus3ith o] FollA gluta-
mine 2717} stop codon &2 v A =o] PRM2 T
WAl wgts do7 Aow PzhEE 248 B
Bole] A MA 1538 FAAF 4 T 13
(0.65%)01]/\1“& WA} o] EFH0]7t hemizy-
gous AFENE EA|3HA]TF Cho 8o} Az AFeA
uk3) ule} 7o) protamine haploinsufficiency & <13}
Al ME Belo] & 4 QlrhA 248t SR}
gAzEe] Yelojgtn 48 £ Ug Aot
B AFoME 3 EUALEE WSS = PRMI
3 PRM2 FrARNE FALG A3 PRMI FAAAHE
coding region®ll 4] 3712} SNPs (al33g, ¢160a, c321a)
2 opyigon], EQ)A LAHUL g320a%t
ad3lg SNPs¥= 27 4 ¢IATh (Figure 1). M4
sZlo| Al WA AT 3709 SNPse] FH%E W=
£ zAlE) 2 AT dEle
AR Ao \Jra}kkc‘r (Table 1). 53+ PRM2
Axe] A 248t BRI LA A ¥koH
o2 2709 SNPsE YRl HAHAA 3
72 SNPs7t ‘”745]31‘3} 7} gAte] FHEE Ta-
naka $2¢] A8 Ao} v T (Table 2).
ol4te] AFERE PRMIT PRM2 FHAE 7

AP TA A EHQ w2 2dwe)r}
o glo] wi¢ & BEE b Eal t
ATk 3 oj59] o] NAYHY 7
& fdhe AR

olel 7]¢1% vl Hdolzkr| Bt protamme
ZA+] transcription®| 4 translation Tl 32 post-
translation processing AN A 2] HAAFA QN 24,
Z o] wAg x-ehE B2 regulatory protein®]
ooz Q3 uigAHl wEe] Al T &
4 So G v =5 23 94 £9E
AN E Aee AZEn webd dew # <
Fol| A ER181A] E3F protamine 312+ promoter

Holo| )3t 2A} B2 31w, o]9} 7 protamine
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