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Abstract 

Background: Histones are replaced by protamines to condensate and package DNA 

into the sperm head during mammalian spermatogenesis.  Protamine genes defects 

have been reported to cause sperm DNA damage and male infertility. 

Objective: In this study relationship among some protamines genes family SNPs 

include PRM1 (C321A), PRM2 (C248T) and TNP2 (T1019C), (G1272C), (G del in 

1036 and 1046 bp) were studied in 96 idiopathic infertile men with azoospermia or 

oligospermia and 100 normal control men. 

Materials and Methods: Analysis of SNPs was performed using restriction 

fragment length polymorphism (PCR-RFLP), single strand conformational 

polymorphism (PCR-SSCP) and PCR sequencing. 

Results: No polymorphisms were found for tested SNPs except for PRM1 (C321A) 

and TNP2 (G1272C) in which frequency of altered AA and GG genotypes were 

slightly higher in infertile case group.  Statistical analysis showed no significant 

association related to PRM1 (C321A) p=0.805 and TNP2 (G1272C) loci p=0.654. 

Conclusion: These results are consistent with previous studies and indicating that 

all tested SNPs was not associated with oligospermia and azospermia and idiopatic 

male infertility in Iranian population. 
 

Key words: Male infertility, SNP, PRM1gene, PRM2 gene, TNP2 gene. 

 
Introduction 

 
pproximately 15-17% of couples who 
are attempting to conceive are 
infertile due to male infertility. More 

than 90% of male infertility is due to poor 
sperm quality. Idiopatic male infertility is a 
subgroup of infertile oliogospermic or 
azospermic males with unknown causes 
which is often associated with genetic and 
epigenetic abnormalities (1-4). Mutation in 
protamine genes have been reported to cause 
abnormal spermatogenesis and defect in 
imprinting and induce sperm chromatin 
damage and DNA breaks (1, 2, 5, 6). 

The nucleoprotein genes PRM1, PRM2 
and TNP2 are closely linked in a stretch of 
DNA, 13-15 kb long on human chromosome 
16p13.3 that are categorized in protamine 
gene family (Figure 1) (7-11). Protamines are 
the major DNA binding proteins in the sperm 
nucleus that cause DNA condensation and 
packaging in spermatozoa by histones 
replacement during spermatogenesis. The 
structure of chromatin become permanently 

remodeling undergo complex morphologic, 
physiologic and biochemical modifications.  

In the late elongation stage of spermatids 
development, transition proteins are replaced 
by protamines (4, 8, 11-16). It appears that 
protamines stabilize sperm chromatin by their 
assembly in the minor groove of DNA into 
densely packed arrays linked by 
intermolecular and intramolecular disulfide 
bonds. After this binding substitution the 
process of gene transcription is completely 
inactivated and result in formation of mature 
spermatozoa (12, 14). Mutation in protamine 
genes has been reported to be associated 
with sperm penetration dysfunction, failure of 
embryonic development and DNA sperm 
damage (14, 17). These sperm DNA damage 
and induction of apoptotic pathway induce 
sperm counts reduction and motility (2, 18, 
19).  

Protamine defected proteins cause 
abnormal condensation of sperm chromatin, 
increases sperm DNA strand breaks and 
immobility of spermatozoa that can led to 
male infertility (2, 12, 14, 20). Another 
important gene that play role in chromatin 
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condensation is transition nuclear protein 2 
(TNP2) that are replaced by the protamines 
PRM1 and PRM2 during chromatin 
condensation in the mature sperm nucleus 
(11, 12, 15, 16, 21). TNP2 is required in the 
establishment of species specific morphology 
of sperm DNA and changes of the nuclear 
shaping (22-24). 

Defects in TNP2 proteins lead to 
abnormalities in sperm head due to acrosomal 
defects, impairing migration of the 
spermatozoa through the female genital tract 
and inability of the spermatozoa to penetrate 
the zonapellucida that cause male infertility 
(25, 26). Recent investigations represented 
different variations in PRM1, PRM2 and TNP2 
gene sequences in human with various 
relationships to male infertility (1, 2, 4, 9, 18, 
28, 29). In this study, six SNPs in PRM1 
(C321A), PRM2 (C248T) and TNP2 (T1019C), 
(G1272C) and G deletion in nucleotides 1036 
and 1046 have been examined in idiopathic 
infertile men with oligospermia and 
azoospermia and normal individuals to 
analyze their relationships with idiopathic male 
infertility in Iranian cases.  
 

Materials and methods 
 
Sampling 

Patient and control groups were recruited 
from Navid infertility center, Tehran-Iran. 
Where they are referred for male infertility 
included individuals of Iranian origin at the 
same ages. Infertile patients included in this 
study were seeking a complete andrological 
diagnostic work-up for couple infertility.  

All infertile patients were defined as 
‘idiopathic’ and selected on the basis of a 
comprehensive andrological examination 
including medical history and physical 
examination, semen analysis, scrotal 
ultrasound, hormone analysis and karyotype 
screening. Patients with mono or bilateral 
cryptorchidism, varicocele, previous testis 
trauma, obstructive azoospermia, recurrent 
infections, iatrogenic infertility, 
hypogonadotrophic hypogonadism, karyotype 
anomalies were excluded.  

Cases group were contained of 19 
idiopathic severe oligozoospermic individuals 
with <5 million sperm/ml and 77 idiopathic 
azoospermic individuals with no detectable 
sperm in the semen. The normal control group 
consisted of 100 normospermic male couple 

with >20 million sperm/ml in their semen at the 
same ages with case group. A detailed 
medical history and physical examination 
were performed for the investigated control 
and all were fertile and had normal child. 
 
Analysis of the PRM1, PRM2 and TNP2 
genes 

DNA samples were extracted from total 
blood of infertile and fertile males using salting 
out DNA extraction method (32). PCR 
amplifications were performed using three 
primer pairs (Table I). Three PCR fragments 
were amplified as a 557bp fragment from 
PRM1 gene, a 599bp fragment from PRM2 
gene and a 473bp fragment from TNP2 gene.  

The PCR condition for amplification of 
PRM1 was as, 32 cycles of denaturation at 
94oC for 1 min, annealing at 66oC for 1 min, 
and extension at 72oC for 1 min. PCR 
condition for PRM2 was as, 32 cycles of 
denaturation at 95oC for 45 sec, annealing at 
70oC for 45 sec, and extension at 72oC for 30 
sec and for TNP2 it was as, 32 cycles of 
denaturation at 95oC for 30 sec, annealing at 
57oC for 1 min and extension at 72oC for 30 
sec. The PCR products were electrophoresed 
using 1.5% agarose gel. 
 
RFLP Genotyping  

For analysis of PRM1 C321A 
polymorphism RFLP assay, BstuI restriction 
endonuclease enzyme was used to 
recognized CGCG sequence. The enzyme 
digestion was carried out in 2 hours at 37oC 
that cut 557 bp PCR products contained wild 
type C allele into 321 and 196 bp fragments. 
For RFLP assay of PRM2 C248T 
polymorphism, BsrI restriction endonuclease 
enzyme was used to recognized CCAGT 
sequence.  

The enzyme digestion was performed for 2 
hours at 65oC that digest 599 bp PCR 
products contained wild type C allele into 400 
and 199 bp fragments. For TNP2 T1019G 
polymorphism, EarI restriction endonuclease 
enzyme was used to recognized CTCTTC 
sequence. The digestion reaction was in 2 
hours at 37oC that digested 473bp PCR 
products contained altered G allele into 353bp 
and 120bp fragments.  

For TNP2 G1272C polymorphism, HindIII 
restriction endonuclease enzyme was used to 
recognized AAGCTT sequence. This enzyme 
reaction was set up in 2 hours at 37oC that 
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digest 473 bp PCR products contained altered 
C allele in into 375bp and 95bp fragments. All 
DNA fragments were separated using 1.5% 
agarose gel electrophoresis and visualized on 
UV transilluminatore by ethidium bromide 
staining.  
 
SSCP Genotyping  

SSCP analysis was used to screen for G 
deletion in the nucleotides 1036 and 1046 in 
TNP2 PCR products and to identify possible 
unknown mutations because of its simplicity 
and applicability (Hayashi 1991). All PCR 
products from cases and controls were 
analyzed by SSCP Polyacrylamide Gel 
Electrophoresis (SSCP-PAGE). For the SSCP 
analysis, five microliters of PCR products were 
mixed with 25 microliters of SSCP loading dye 
(95% formamide, 100 mM NaOH, 0.025% 
Bromphenol blue, 0.025% xylene cyanol). 
Samples were denatured for 10 min at 94oC, 
cooled on ice and 10 µl were loaded into the 
polyacrylamide gels contained 6% 
polyacrylamide (acrylamide/ bisacrylamide, 
39:1), 5% glycerol and 1.0X TBE.  

The electrophoresis was carried out at 40 
V, 11 mA, and 4oC in 1X TBE buffer 16 hours. 
Gels were visualized using standard silver 
staining procedure. Shifted fragments from 
normal controls were cut and gel purified for 
sequencing. The homology of new sequences 
with Genbank database was determined using 
SeqMan (DNASTAR) software. 
 
Statistical analysis 

Allele frequencies were calculated for each 
locus by allele counting. Comparisons of allele 
frequencies between case and control groups 
and between oligospermia and azoospermia 
with control group were determined using a 

Pearson 2 test by SPSS for windows version 
16.0 (Chicago, Illinois) software. All tests were 
two-tailed and p<0.05 was considered as 
significant value.  

 

Results 
 

All SNPs were analyzed in 96 idiopathic 
infertile men and 100 normal controls (Figure 
2-6) (Table II). The first studied SNP was 
C321A in the PRM1 gene for that the 
genotype frequencies of the C/C, C/A, and 
A/A were as 22.5%, 29.9% and 43.6%, in the 
case group and 24%, 29% and 47% in the 
control group respectively.  

Although the frequency of altered AA 
genotype is higher among cases in compare 
to that in control group but statistical analysis 
showed no significant difference (p=0.805) 
between the infertile and fertile Iranian male 
population (Table II). For the second SNPs, 
C248T in the PRM2 gene no altered allele 
was observed among case and control groups 
in that the genotype frequencies for C/C, C/A, 
and A/A were as 100%, 0% and 0% in both 
groups respectively (Table II).  

For the third SNPs in the T1019G of the 
TNP2 gene no altered allele was observed 
and the frequencies of the T/T, T/G, and G/G 
genotypes were 100%, 0% and 0% among 
both the case and the control groups (Table 
II). The genotype frequencies for the fourth 
tested SNPs in the G1272C of the TNP2 
genes G/G, G/C and C/C were 51%, 36.5%, 
and 12.5% whereas, the corresponding 
frequencies among the control group were 
50%, 33% and 17%, respectively.  

However, the frequency of altered allele 
was higher among normal controls in 
comparison with the case group and no 
significant difference (p=0.654) was obtained 
between infertile and fertile male in Iranian 
population (Table II). The PCR-SSCP and 
sequencing of amplified fragment for TNP2 
detected single G nucleotide deletion in the 
1036 and 1046 nt position of the TNP2 gene 
in both cases and control groups. 

Comparison of alleles frequency of two 
polymorphic loci in PRM1 (C321A) and TNP2 
(G1272C) genes between oligospermic and 
azoospermic with each other and with control 
group represented no significant p-values 
equal to 0.700, 0.847, 0.737 for PRM1 and 
0.293, 0.234, 0.838 for TNP2 respectively. It 
also was not significant when these two 
polymorphic loci PRM1 (C321A) and TNP2 
(G1272C) were considered simultaneously 
p>0.600 between cases and controls. 

 
 

Table I. Three primer pairs for amplification of the PRM1, 

PRM2 and TNP2 gene. 
 

Gene Primers 

PRM1 F primer   5'-cccctggcatctataacaggccgc-3' 
 

R primer   5'-tcaagaacaaggagagaagagtgg-3' 
 

PRM2 F primer   5'-ctccagggcccactgcagcctcag-3' 
 

R primer   5'-gaattgctatggcctcacttggtg-3' 
 

TNP2 F primer   5'-gtggttggtggatgaattggttag-3' 
 

R primer   5'-ttctcctttgggtgaaacacgcag-3' 
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Table II. Prevalence of single nucleotide polymorphisms in PRM1, PRM2 and TNP2 in fertile and infertile men.  
gene SNP AA 

Change 
 

Genotype Fertile 

Number of SNP 

Allele 

frequency 

Infertile 

Number of SNP 

Allele 

frequency 

p-value 

- C321A PRM1       

   CC 
 

24 (24%) C (38.5) 22 (22.5%) C (38.9) 

0.805    CA 
 

29 (29%)  32 (32.9%)  

   AA 
 

47 (47%) A (61.5) 42 (43.6%) A (61.1) 

PRM2 C248T Glu-Tag       

   CC 
 

100 (100%) C (100) 100 (100%) C (100) 

0    CT 
 

0  0  

   TT 
 

0 T (0) 0 T (0) 

TNP2 T1019G -       

   TT 
 

100 (100%) C (100) 100 (100%) C (100) 

0    TG 
 

0  0  

   GG 
 

0 T (0) 0 T (0) 

TNP2 G1272C -       

   GG 
 

50 (50%) G (67) 49 (51%) G (68.7) 

0.654    GC 
 

33 (33%)  35 (36.6%)  

   CC 
 

17 (17%) C (33) 12 (12.5%) C (31.3) 

TNP2 G deletion at nt 1036 -       

   GG 
 

100 (100%) C (100) 100 (100%) C (100) 

0    G/- 
 

0  0  

   -/- 
 

0 T (0) 0 T (0) 

TNP2 G deletion at nt 1046 -       

   GG 
 

100 (100%) C (100) 100 (100%) C (100) 

0    G/- 
 

0  0  

   -/- 
 

0 T (0) 0 T (0) 

Total    100  96   

 
 

 
Figure 1. Schematic representation of protamine genes in multigenic locus on chromosome 16p13 with position of SNPs in PRM1 

and PRM2 genes (33).  

 

 

 
Figure 2. PCR- RFLP of genomic DNA from fertile and infertile men which were analysis for C321A SNP of PRM1. 1) Molecular 

marker (100 bp), 2) Undigested PCR product for infertile men (AA)(557bp), 3, 4) Completely digested PCR product for fertile men 

(CC) (361bp, 196bp), 5) Partially digested PCR product for infertile men (CA) p (557bp, 361bp, 196bp), 6) PCR product (control). 
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Figure 3. PCR- RFLP of genomic DNA from fertile and infertile men which were analysis for C248T SNP of PRM2 gene. 1, 2, 3) 

Completely digested PCR product for infertile men (CC)( 400bp,199bp), 4) PCR product (control) (599bp) and 5). Molecular marker 

(100 bp). 

 

 

 

 
Figure 4. PCR- RFLP of genomic DNA from fertile and infertile men which were analysis for T1019G SNP of TNP2 gene. 1) 

digested PCR product (control), 2) PCR product (control) , 3, 4) Undigested PCR product for infertile men (TT)(473bp), 5) 

Molecular marker (100bp). 

 
 

 

                                                    
Figure 5. PCR- RFLP of genomic DNA from fertile and infertile men which were analysis for G1272C SNP of TNP2. 1) PCR 

product (control) (473bp), 2) Undigested PCR product for fertile men (GG) (473bp), 3) Completely digested PCR product for 

infertile men (CC)(379bp,94bp), 4) Partially digested PCR product for infertile men (GC)(473bp,379bp,94bp), 5) Molecular 

marker(100bp).  
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Figure 6. SSCP of PCR products related to TNP2 473bp fragment contained polymorphisms G deletion at nt 1036 and 1046, in 

infertile men (No 1-5) and normal control (No 6, 7). No polymorphism shifted bond was observed.  

 
Discussion 

 
Recent studies on the variations in human 

protamine genes in different populations have 
indicated different speculations (1, 3, 9, 14, 
18, 25, 28-30). Some investigations presented 
a significant relationship between reduced 
protamine and transition protein 2 gene 
expressions and male infertility (1, 4, 28, 30). 
Some SNPs such as C248T alteration in the 
PRM2 gene have reported in some 
populations which have been important in 
male infertility (4).  

This study has evaluated frequency of six 
previously reported variations in protamine 
genes cluster consisted of reported mutations 
in PRM1, PRM2 and TNP2 and their 
relationship to male infertility in Iranian 
population.  No significant association were 
observed among two SNPs, C321A in the 
PRM1 (p=0.805), C248T in the PRM2 (p=0), 
and four SNPs in the TNP2 consisted of 
C1019T (p=0), G1272C (p=0.654) and G-del 
1036 and 1046 (p=0) in 96 infertile males 
compared to that in 100 normal male controls. 
Comparison of allele frequencies of two 
polymorphic loci in PRM1 (C321A) and TNP2 
(G1272C) genes between oligospermic and 
azoospermic with each other and with control 
group showed no significant results. It also 
was not significant when these two 
polymorphic loci were considered 
simultaneously p>0.600. 

Some rare SNPs of the PRM1 gene were 
reported to be associated with male infertility, 
for instance, the G107C point mutation has 
been observed in 135 case out of 281 infertile 
men by Imken et al 2009 in Moroccan and 
France and the C190A substitutions was 

reported to be associated with male infertility, 
observed in 48.2% of 220 infertile men in 
Spanish populations and G197T point 
mutation observed in 10% of 30 infertile men 
in US population (1, 30). However, in other 
reported cases for instance, for G107C, was 
not observed in 672 infertile men in Island by 
Kichine et al 2008 and C321A that was 
studied by Tanaka et al 2003, indicated similar 
prevalence for infertile and fertile group in 
Japanese population (4, 34). 

Two mutations of C248T and C67T were 
identified in PRM2 gene in two different 
studies in infertile cases with azoospermia.  
First mutation was reported from Japanese by 
Tanaka et al in 2003 and second mutation 
was reported from Moroccan populations by 
Imken et al 2009 after genotyping of 135 
infertile men in both populations. However, 
G398C mutation in PRM2 gene was also 
studied in 135 infertile men in Moroccan and 
226 infertile Japanese men with no significant 
difference between infertile and fertile men in 
both populations (4, 9). 

For TNP2 gene, several SNPs have been 
listed in NCBI.  From them, some such as six 
SNPs, T76G, G117C, C129A, C301T, C391T, 
C78C in TNP2 gene were studied in 135 
infertile men in Moroccan and France 
populations with no significant difference (9). 
Two SNPs, T1019G and G1272C in TNP2 
gene were also studied by Miyagawa et al 
2005 in 282 Japanese infertile men but with 
no significant difference between infertile and 
fertile populations. In addition, some studies 
identified the linked genes in protamine cluster 
(PRM1, PRM2 and TNP2) are expressed 
specifically in haploid spermatogenic cells in 
mammals and rare variants in these genes 

1     2      3     4      5     6     7 
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may be potentially have a significant effect on 
male infertility due to altering gene expression 
or modifying RNA transcripts in 
spermatogenesis (12, 28).  

This result showed that the protamine 
genes were population specific variants and 
highly conserved during normal male 
fertilization.  Hence, protamine cluster 
mutations or SNPs that associated with 
infertility may be infrequent, considering the 
result from this research and previous studies 
that indicated that protamine SNPs were not a 
frequent cause of male infertility.  Therefore, 
tested SNPs in this study could not affect 
spermatogenesis and were not associated 
with caused oligospermia and azoospermia in 
idiopathic male infertility in Iranian population. 

 

Acknowledgments 
 
The authors wish to thank all members of 

the National Institute of Genetic engineering 
and Biotechnology who have contributed to 
our research. We would also like to 
acknowledge particularly all patients who took 
part in our research and who continue to do 
so in Navid infertility center. This project was 
supported by the National Institute of Genetic 
engineering and Biotechnology. 

 
References 

 
1. Iguchi N, Yang S, Lamb DJ, Hecht NB. An SNP in 

protamine 1: a possible genetic cause of male 
infertility? J Med Genet 2006; 43: 382-384. 

2. Miyagawa Y, Nishimura H, Tsujimura A, Matsuoka Y, 
Matsumiya K, Okuyama A, et al. Single-nucleotide 
polymorphisms and mutation analyses of the TNP1 
and TNP2 genes of fertile and infertile human male 
populations. J Andrology 2005; 26: 779-786. 

3. Salamlan A, Ghaedi K, Razavi Sh, Tavalaee M, 
Tanhael S, Tavalaee M, et al. Single nucleotide 
polymorphism analysis of protamine genes in infertile 
men. Int J Fertil Steril 2008; 2: 13-18. 

4. Tanaka H, Miyagawa Y, Tsujimura A, Matsumiya K, 
Okuyama A, Nishimune Y. Single nucleotide 
polymorphisms in the protamine-1 and -2 genes of 
fertile and infertile human male populations. Mol 
Hum Reprod 2003; 9: 69-73. 

5. Cho C, Willis WD, Goulding EH, Jung-Ha H, Choi 
YC, Hecht NB. Haploinsufficiency of protamine-1 or -
2 causes infertility in mice. Nature Genetics 2001; 
28: 82-86. 

6. De Yebra L, Ballesca JL, Vanrell JA, Bassas L, Oliva 
R. Complete selective absence of protamine P2 in 
human. J Biol Chem 1993; 268: 10553-10557. 

7. Balhorn R, Cosman M, Thornton K. The Male 
Gamete: From Basic Science to Clinical Applications. 
Balhorn R, Cosman M, Thornton K, Krishnan VV, 
Corzett M, Bench G, et al. Protamine mediated 

condensation of DNA in mammalian sperm. 
Anatomical Sciences Publications. Cache River 
Press; 1999. 

8. Corzett M, Mazrimas J, Balhorn R. Protamine 1; 
protamine 2 stoichiometry in the sperm of eutherian 
mammals. Mol Reprod Dev 2002; 61: 519-527. 

9. Imken L, Rouba H, EI Houate B, Louanjli N, Barakat 
A, Chafik A, et al. Mutations in the protamine locus: 
association with spermatogenic failure? Mol Hum 
Reprod 2009; 7: 1-22. 

10. Nelson JE, Krawetz SA. Characterization of a human 
locus in transition. J Biol Chem 1994; 369: 348-352. 

11. Oliva R. Protamines and male infertility. Hum Reprod 
Update 2006; 12: 417-435. 

12. Aoki VW, Emery BR, Lui L, Carrell DT. Protamine 
levels vary between individual sperm cells of infertile 
human males and correlate with viability and DNA 
integrity. J Androl 2006; 27: 890-898. 

13. Balhorn R, weston S, Thomas C. DNA packaging in 
mouse spermatids. Synthesis of protamine variant 
and four transition proteins. Exp Cell Res 1984; 150: 
298-308. 

14. Kempisty B, Depa-Martynow M, Lianeri M, 
Jedrzejczak P, Darul-Wasowicz A, Jagodzinski PP. 
Evaluation of protamines 1 and 2 transcript contents 
in spermatozoa from asthenozoospermic men. Folia 
Histochemica et cytobiologica 2007; 45: 109-113. 

15. Sassone-Corsi P. Unique chromatin remodeling and 
transcriptional regulation in spermatogenesis. 
Science 2002; 296: 2176-2178. 

16. Steger K, Pauls K, Klonisch T, Frank FE, bergmann 
M. expression of protamine-1 and -2 mRNA durin 
human spermiogenesis. Mol Hum Reprod 2000; 6: 
219-225. 

17. Ahmadi A, Ng SC. Destruction of protamine in 
human sperm inhibits sperm binding  and penetration 
in the zona-free hamster penetration test but 
increases sperm head decondensation and male 
pronuclear formatin in the hamster-ICSI assay. J 
Assist Reprod Genet 1999; 16: 128-132. 

18. Cho Ch, Jung-Ha H, Willis WD, Goulding EH, Stein 
P, Xu Z, et al. Protamine 2 deficiency lead to sperm 
DNA damage and embryo death in mice. Biol Reprod 
2003; 69: 211-217. 

19. Steger K, Fink L, Failing K. Decreased protamine-1 
transcript levels in testes from infertile men. Mol Hum 
Reprod 2003; 9: 331-336. 

20. Mengual L, Ballesca JI, Ascaso C, Olvia R. Marked 
differences in protamine content and P1/P2 ratios in 
sperm cells from percoll fractions between patients 
and controls. J Androl 2003; 24: 438-447. 

21. Tuttelmann F, Rajpert-De E, Nieschlag E, Simoni M. 
Gene polymorphisms and male infertility - a mete-
analysis and literature review. Reprod Biomed Online 
2007; 15: 643-658. 

22. Alfonso PT, Kistler WS. Immunohistochemical 
localization of spermatid nuclear transition protein 2 
in the testis of rats and mice. Biol Reprod 1993; 48: 
522-529. 

23. Keime S, Heitland K, Kumm S. Characterization of 
four genes encoding basic proteins of the porcine 
spermatid nucleus and close linkage of three of 
them. Biol Chem Hoppe-Seyler 1992; 373: 261-270. 

24. Oko RJ, Jando V, Wagner CL. Chromatin 
reorganization in rat spermatids during the 
disappearance of testis-specific histone, H1t, and the 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

rm
.ir

 o
n 

20
26

-0
1-

30
 ]

 

                               7 / 8

../../3\)%20July-Aug%202012/54\)%2089-109-2.doc#_ENREF_12
../../3\)%20July-Aug%202012/54\)%2089-109-2.doc#_ENREF_28
http://digital.library.adelaide.edu.au/dspace/browse?type=author&value=Balhorn%2C+R.
http://digital.library.adelaide.edu.au/dspace/browse?type=author&value=Cosman%2C+M.
http://digital.library.adelaide.edu.au/dspace/browse?type=author&value=Thornton%2C+K.
http://digital.library.adelaide.edu.au/dspace/browse?type=author&value=Krishnan%2C+V.+V.
http://digital.library.adelaide.edu.au/dspace/browse?type=author&value=Corzett%2C+M.
http://digital.library.adelaide.edu.au/dspace/browse?type=author&value=Bench%2C+G.
http://digital.library.adelaide.edu.au/dspace/handle/2440/5292
https://ijrm.ir/article-1-298-fa.html


Siasi et al 

336                                                         Iranian Journal of Reproductive Medicine Vol. 10. No.4. pp: 329-336, July 2012 

appearence of transition proteins TP1 and TP2. Biol 
Reprod 1996; 54: 1141-1157. 

25. M Adham I, Nayernia K, Burkhardt-Gottges E, 
Topaloglu O, Dixkens Ch, F Holstein A, et al. 
Terazoospermia in mice lacking the transition protein 
2 (TNP2). Mol Hum Reprod 2001; 7: 513-520. 

26. Yu YE, Zhang Y, Unni E. Abnormal spermatogenesis 
and reduced fertility in transition nuclear protein 1-
deficient mice. Proc Natl Acad Sci USA 2000; 79: 
4683-4688. 

27. Kistler WS, Henriksen K, Mali P. Sequential 
expression of nucleoproteins during rat 
spermatogenesis. Exp Cell Res 1996; 225: 374-381. 

28. Ravel C, Chantot-Bastaraud S, EI Houate B, 
Berthaut I, Verstraete L, De Larouziere V, et al. 
Mutations in the protamine 1 gene associated with 
male infertility. Mol Hum Reprod 2007; 5: 1-4. 

29. Tuttelmann F, Krenkova P, Romer S, Nestorovic AR, 
Ljujic M, Stambergova A, et al. A common haplotype 
of protamine 1 and 2 genes is associated with higher 
sperm counts. Int JAndrol 2010; 33: 240-248. 

30. Gazouez C, Oriola J, De Mateo S, Vidal-Taboada 
JM, Ballesca JL, Olvia R. A comman protamine 1 
promoter polymorphism (C190A) correlates with 
abnormal sperm morphology and increased 
protamine P1/P2 ratio in infertile patients. J Androl 
2008; 29: 540-548. 

31. Steger K, Wilhelm JLK, Stalf T, Greb R, Diemer T. 
Both protamine-1 to protamine-2 mRNA ratio and 
Bcl2 mRNA content in testicular spermatids and 
ejaculated spermatozoa discriminate between fertile 
and infertile men. Hum Reprod 2008; 23: 11-16. 

32. Sambrook J, Fritsch E, Maniatis T. Isolation of DNA 
from mammalian cells. Molecular cloning. New 
York,USA: Cold spring Harbour Press; 2001.  

33. Imken L, Rouba H, EI Houate B. Mutations in the 
protamine locus: association with spermatogenic 
failure. Mol Hum Reprod 2009; 7: 1-22. 

34. Kichine E, Msaidie S, Bokilo AD, Ducoumeau A, 
Navarro A, Levy N, et al. Low frequency protamine 1 
gene transversions C102G and C2107G do not 
correlate with male infertility. J Med Genet 2008; 43: 
382-384. 

 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

rm
.ir

 o
n 

20
26

-0
1-

30
 ]

 

Powered by TCPDF (www.tcpdf.org)

                               8 / 8

https://ijrm.ir/article-1-298-fa.html
http://www.tcpdf.org

