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ABSTRACT 

       Sperm is the core of male fertility, which has to travel up to the fallopian tube for successful 

fertilization. Sperm motility depends on the electron transport chain producing ATPs in its 

mitochondria, which is a direct expression of the mitochondrial DNA (mtDNA) quality. Sperm 

motility is major determinant of fertility. It is already believed that mtDNA mutations are linked 

with infertility but the results are contradictory and previous researches are based on limited 

number of semen samples. Previous studies indicated a vacuum for more comprehensive study of 

sperm mtDNA from multiple aspects with sufficient number of carefully selected subjects to find 

more concrete findings. This case control study was designed on these hard facts to find 

association of sperm mtDNA deletions with fertility. We hypothesized that sperm mtDNA 

deletions have significantly associations with human male infertility. We collected 355 human 

semen samples (following WHO protocols), 74 samples normal controls (produced at least one 

child) and 281 infertile patients. Infertile samples were further classified into five groups, 



asthenozoospermia (As), oligozoospermia (Oz), oligotetrozoospermia (Ot), 

oligonecrozoospermia (On) and oligoasthenoteratozoospermia (OAT syndrome). Infertile 

individuals were cases of idiopathic infertility. We focused on the most coherent core part of 

sperm mtDNA, the COXIII subunit. DNA from semen samples was extracted by modified 

organic protocol and the DNA quantification was carried out spectrophotometrically at 

260nm/280nm.  

The data for control and infertile patients was compiled and analyzed with IBM SPSS version 22 

(SPSS, Chicago, IL, USA) Chi Square test was applied and P value less than (P=0.05) was 

considered as significant.  

The famous deletion (9480del15bp) was analyzed with COXIIIA and COXIIIB pair of primers 

and data analysis revealed highly significant association between infertile and deletions 

(P=0.001). In second set of experiments a bigger segment (50bp upstream to 9480del15) was 

explored with COXIIIC and COXIIIB primers of which the frequency of mutations was 

significantly higher in OAT samples (P=0.038). In third experiment multiple deletions were 

amplified simultaneously in larger segment by long PCR with MT1A and MT3 primers data 

analysis revealed highly significant association (P=0.001). Multiple mtDNA mutation had 

direct relation with poor semen quality and maximum incidence of mutations was identified in 

OAT syndrome. Sequencing analysis of COXIII indicated a polymorphism at position 9505, 

transition of C>G in all sample analyzed. Another transverse of codon at position 9526 marked 

by the change of C>A was discovered.  

This study demonstrated that sperm mtDNA deletions have significant roles in the diminution of 

fertility by deteriorating various sperm motility parameters. All four set of experiment revealed 

similar pattern of deletions associated to male infertility, highest incidence found in OAT group. 

The results are conclusive of “the male infertility is significantly associated to sperm mtDNA 

deletions.” We estimated that simple semen analysis parameters might be predictive of sperm 

mtDNA quality.  
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1.1.  HUMAN INFERTILITY 

 
“If a couple is unable to conceive after one year of unprotected sexual activity”. “Infertility 

is the inability to conceive after one year of intercourse without using any contraception or 

inability to carry pregnancy to live birth” (Cummins et al., 1994; WHO, 2010). Infertility is 

an increasingly reported problem10-15% of couples in total and 50% cases can be traced to 

either of the partners (Seshagiri, 2001; Guney et al., 2012). In Australia one out of 25 males 

presented with decreased sperm count and 1 in 35 is sterile. It is estimated that 20-25% of 

infertility cases are due to the male factors (Krestser et al., 1999). Males tend to report less and on 

later stages of infertility when compared to their female partners. Idiopathic 

oligoasthenoteratozoospermia affects approximately 30% of all infertile men (Cavallini, 2014). 

This reproductive health problem is affecting a considerable proportion of couples in Pakistan as 

well as the world over. The conventional diagnostic procedures have limited value so it is 

difficult to establish the very role of the male partner in infertility as a whole. The World Health 

Organization (WHO, 2010) has defined and declared a detailed diagnostic procedure of semen 

analysis for male infertility. Male infertility is more difficult to describe compared to female 

infertility (Cummins, 1994). Recent evidence suggests that male infertility has a genetic cause 

(Affara, 2001; Holyoake et al., 2001; Spiropoulos et al., 2002). Around 20-25% of the infertility 

cases are due to male factors (Krestser et al., 1999). British studies also suggest that 25% of 

couples do not conceive in their first year, just 15% out of these get medical help for infertility 

and about 5% remain infertile. Evidence indicates that each partner contributes 50% infertility, 

but males are the last to get medical advice. As compared to female infertility, the male infertility 

is less established in spite of the hard facts and is difficult to treat (Cummins, 1994). If one of the 

partners is more fertile, it compensates the other to some extent. Congenital, acquired, defective, 

infectious, hormonal and immunological spermiogenesis are the number of causes that result in 

male infertility. 

It is estimated that up to 80% of the infertile cases, semen analysis reveals the defective sperm 

status. The oligozoospermia represents reduced number of sperm, the asthenozoospermia is 

reduced motility and the teratozoospermia is the shape  

 



abnormalities. All these are collectively known as OAT syndrome 

(oligoasthenoteratozoospermia). Male infertility is problem with many aspects, bordering many 

different disorders. Unknown etiology is found in almost half of reported infertile cases and can 

be congenital or acquired. Semen analysis can serve as 1st most diagnostic parameter. Semen 

analysis may point out many sperm abnormalities, such as azoospermia, oligozoospermia, 

necrozoospermia, teratozoospermia, asthenozoospermia, pyospermia and OAT. It is estimated 

that 30% of men reporting infertility clinic had oligozoospermia or azoospermia of an unknown 

aetiology. This scenario demands a dire need to explore the cause of infertility. In infertile males 

sperm motility is usually the most important cause, which appears to be linked to multiple 

mitochondrial DNA (mtDNA) deletions. ATPs are the only available fuel for sperm motility 

allowing sperm reach up to fallopian tubes leading to successful fertilization (de Lamirande and 

Gagnon, 1992). ATPs are produced in the cell mitochondria by the process of oxidative 

phosphorylation. Creatine phosphate is the shuttle to transport ATPs from mitochondria to sperm 

tail (Tombes and Shapiro, 1985). Diffusion caudally is the second mechanism for ATP 

transportation to tail (Cardullo and Baltz, 1991). Sperm motility better ensures fertilization, 

which is directly dependent on mtDNA quality, which is the focus of the stage in present study. 

We focused our study to very core the COXIII subunit of mtDNA, attacking from different 

aspects to find motility and infertility linked degradations and mutations.  

 

1.2. MALE INFERTILITY AND ITS CAUSES 

Male infertility caused by obstructive lesions, spermatogenic failure, some sexual dysfunction, 

endocrine disorders and idiopathic sperm dysfunction (Cummins et al., 1994). Approximately 7-15% 

of the infertile men suffer from obstructive lesions and has ejaculatory problems. The spermatogenic 

failure disrupts spermatogenesis and its cause is still unknown (Namiki, 2000). The mutations in the 

germ line genes may be a cause of the defective spermatogenesis. Approximately 30% of all infertile 

men tend to show defection in spermatogenesis (Cummins et al., 1998). Idiopathic sperm 

dysfunction is related to environmental factors (smoking, drugs, heavy metals, etc.) and many cases 

of idiopathic  

 

infertility have a genetic or molecular basis (Seshagiri, 2001). The idiopathic OAT syndrome affects 

26.4% of male fertility. 

 



Table 1: Etiological %age causes of male infertility (Cummins et al., 1998). 

 

 

 

1.3. SPERMATOGENESIS 
 
Spermatogenesis is the cascade of sperm development process. Spermatogenesis occurs in the 

seminiferous tubules of the testes (Purves et al., 2004). Where the rounded immature sperm cells 

undergo successive divisions. First round cells from germinal layer go under mitotic then meiotic 

changes successively followed by metamorphic process, which results in spermatozoa. 

Mitochondrial DNA is reduced up to one tenth of the original content during spermatogenesis 

(Hecht et al., 1984).  In the final stage of mitosis a B spermatogonium produces two primary 

spermatocytes. Diploid number of chromosomes of primary spermatocytes is reduced to haploid 

number. In the process of meiosis a primary spermatocyte is transformed to two haploid 

secondary spermatocytes. During this process A-1 cell converted to spermatogonia and the A-0 

cell is saved for future. Mitochondrial DNA in sperm is produced out of this process including 

meiosis  

 

(Alcivar et al., 1989). The mitochondrial DNA is compact and is without intron and is devoid of 

the histones (Shoffner and Wallace, 1994). Multiple mitosis produce diploid spermatocytes from 

spermatogonia (Holstein et al., 2003). Each spermatocyte is converted to secondary 

 

CAUSES 

 

 
FREQUENCY (%) 

 Idiopathic with normal semen (mutations!) 

 Sexual related 

 UTI related 

 By birth anomalies  

 Non birth anomalies 

 Varicocele  

 Hormonal defects 

 Immunological  

 Idiopathic (OAT syndrome)  

 Miscellaneous 

48.50 

01.71 

06.62 

02.12 

02.60 

12.43 

00.61 

03.10 

26.40 

03.01 



spermatocytes by meiosis, which then divides to produce the four haploid cells the spermatids 

(Holstein et al., 2003). Finally moderate morphological and reorganization occur in 

spermatogenesis (Seitz et al., 1995) and further reduction in mtDNA copies per mitochondria 

also occurs (Hecht, 1984). 

 

 

Figure 1: Models of spermatogenesis. (Damien et al., 2012)  

 

 

1.4. HUMAN SPERM 

The “sperm” is from ''sperma'' a Greek word (means "seed" which is male gamete). The human 

sperm is haploid with 23 chromosomes. Human sperm head is 5x3µm in diameter and tail is 50 



µm long. Sperm propels at the speed of 1-3mm/minute.  ATPs are produced in mitochondria 

present in mid-piece of sperm cell. Defective sperm motility is mostly due to abnormality of 

flagellum structure and function (Tredway et al., 1975; Aitken et al., 1985; Hull et al., 1985). 

Defective internal structure and the organization of mitochondrial mid-piece have been reported 

in severe asthenozoospermia or necrospermia (Rao and Martin, 1989). Mitochondria are tightly 

packed in midpiece. Sperm cell contains around 20-28 mitochondria (St Jones et al., 2001). 

Sperm mitochondria contain the mtDNA, produced during meiosis and spermiogenesis (Alcivar 

et al., 1989). ATPs are produced in mitochondrion to provide energy for the sperm to swim (Kao 

et al., 1998). The defective internal structure and organization of mitochondria are linked to poor 

semen quality in human (Kao et al., 1998) and to low sperm motility (Thangaraj et al., 2003). 

Sperm motility is by lashing of sperm flagellum. Sperms are then emitted out through 

ejaculation. Mitochondrial DNA ratio between paternal and maternal range from 1:1,000–

15:1,000 (Birky, 1983; Chen et al., 1995; Manfredi et al., 1997). Just after ejaculation release of 

fibrinogen from the seminal vesicles results in agglutination. About 20 minutes after ejaculation, 

activation of sperm fibrinolysin liquefies the semen. Sperm head the acrosome produces enzyme 

to penetrate the ovum before successful fertilization (Chen et al., 1994). 

 

1.5. SPERMATOZOAL MITOCHONDRIA 

Sperm mitochondria are different from mitochondria of general somatic cells, in both structure 

and function. This differentiation is due to a specific enzyme isoform, with peculiar kinetics and 

regulatory properties. Mitochondrial ATPs production and utility is a basic factor, which support 

several sperm functions. The spermatozoa use different types of substrates, and activate the 

different pathways, dependent upon the available substrates and chemical physiological 

environment. This versatility is essentially critical  

 

for successful fertilization. The most valuable aspect of mitochondria function is the production 

of ATP used, here in the case of sperm’s ability to move. The mtDNA encodes several genes, 

which play an important role in ATP production through OXPHOS, which are the energy 

currencies of the cell (Bafaluy et al., 2003). The presence of structural as well as functional 

http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B8JDD-4RHXYM9-S&_user=10&_coverDate=08%2F31%2F1999&_rdoc=1&_fmt=high&_orig=search&_sort=d&_docanchor=&view=c&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=b191be64760f6a6e906497953bb4c93d#bib6
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B8JDD-4RHXYM9-S&_user=10&_coverDate=08%2F31%2F1999&_rdoc=1&_fmt=high&_orig=search&_sort=d&_docanchor=&view=c&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=b191be64760f6a6e906497953bb4c93d#bib10
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B8JDD-4RHXYM9-S&_user=10&_coverDate=08%2F31%2F1999&_rdoc=1&_fmt=high&_orig=search&_sort=d&_docanchor=&view=c&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=b191be64760f6a6e906497953bb4c93d#bib36
http://www.andrologyjournal.org/cgi/content/full/24/3/388#REF3


alteration in mitochondria from asthenozoospermic subjects leads to confirm the important role 

played by the sperm motility. 

 

Figure: 2 Mitochondrial structural diagram indicating outer and inner structural details. 
                                               (www.tutorvista.com)  

 

 

 

1.6. PHYSIOLOGICAL STRUCTURE OF MITOCHONDRIA 

 
The mitochondria are found in the cytoplasm of the eukaryotic cells and are completely 

separated from not only the nucleus but also the nuclear DNA. With an exception of red blood 

corpuscles, all cells contain multiple mitochondria. Mitochondria are semiautonomous organelles 

and vary greatly in size and shape (Darley-Usmar et al., 1994). Their basic structures are highly 

conserved in different types of organisms. Every mitochondrion consists inner and outer 

membrane. The outer membrane makes a  

 

permeability barrier for the cations (Cummins et al., 1998). The inner membrane is in the form 

of finger-like projections called cristae. Cristae are impermeable (Cummins et al., 1998) and they 

contain essential enzymes for the metabolic functions for ATP synthesis and respiration. ATPs 

are generated by oxidative phosphorylation (OXPHOS).  

The mitochondrion is the “power house” first described by Altman in 1890 (Cummins, 2001). 

Mitochondria the thread-like organelle is responsible for cellular metabolism, and for 



programmed cell death (Grossman, 1995; Cummins, 2001). Mitochondria have independent 

DNA. Mutations in the mitochondrial DNA have central role in some of the human genetic 

diseases (Wallace et al., 1999; DiMauro and Schon, 2001; Wallace, 2005). Sperm motility is one 

of the sole factors in male infertility (Ruiz-Pesini et al., 2000). The sperm movements require big 

quantity of ATP. `Defective mitochondrial mechanism lead to infertility (Kao et al., 1998; Ruiz-

Pesini et al., 2000). The mtDNA mutations result in either function-less, or malfunctioning 

proteins with defective or no motility at all (Thangaraj et al., 2003).  

                                It is the independent organelle of cells and means to produce energy. 

Mitochondria are main contributor of chemical energy (ATPs) and utilize 90% of oxygen 

(Chance et al., 1979). Sperm requires ATPs to travel in female reproductive tract before 

fertilization (de Lamirande and Gagnon, 1992). It was estimated that sperm contains 70-80 

mitochondria in mammals (DeMartino et al., 1979; Michaels et al., 1982; Alcivar et al., 1989). 

Mammalian male gamete contains multiple but lesser number of copies of mtDNA.  Both strand 

of mtDNA are transcribed upon as a single polycistronic transcript by specific regulatory 

proteins, strand-specific promoter PH (heavy stranded) and PL (light stand) (Attardi and Schatz, 

1988; Poyton and McEwen, 1996). Coordinated gene expressions of genomic and mtDNA 

results in successful mitochondrial respiratory chain function. Mutation in either DNA leads to 

the loss of OXPHOS.  Aging and its related changes occur due to somatic mtDNA mutation 

(Linnane et al., 1989; Wei, 1992). High ratio of mtDNA mutations is found in mitochondrial 

related diseases (Wallace, 1994; Sherratt et al., 1997).  

           Point mutations as well as large scale mutations lead to myopathies and 

encephalomyopathies (Wallace, 1992; Lestienne and Bataille, 1994; Larsson and  

 

Clayton, 1995), mutations found in diabetes (Ballinger et al,. 1994), and in other diseases 

(Sherratt et al. 1997). Mitochondrial DNA mutations are linked to lethal infantile mitochondrial 

myopathy (Moraes et al., 1991; Mazziotta et al., 1992; Tritschler et al., 1992), in spinal muscular 

atrophy (Pons et al., 1996), and fatal hepatic failure (Spelbrink et al., 1998). The oxidative 

phosphorylation is done by an electron transport chain, which is processed through varying 

protein complexes. The five main complexes are: NADH-CoQ reductase the complex I, 

succinate CoQ reductase the complex II, complex III is ubiquinol cytochrome b reductase, the 

complex IV is cytochrome c oxidase and the ATP synthase are the complex V. The complex I 



use energy in NADH to pump up protons into the inter-membrane. Complex I receive the 

electrons from succinate and these electrons are delivered to complex III by coenzyme Q. The 

complex III delivers the electrons to the complex IV and reduces oxygen atoms inside the matrix, 

to H2O. A proton motive force is established in the inter-membrane by putting together electron 

transport to the protein translocation at the complex I, II, and IV (Moore et al., 2000; Wallace, 2001; 

Wallace, 2005; Schắfer et al., 2006). Enzyme ATP synthase produces ATP as the protons are 

transported down the concentration gradient into the matrix. Complex I, III and IV are encoded by 

the mtDNA and are crucial for creating the proton motive force (Moore et al., 2000). Process of 

oxidative phosphorylation produces the reactive oxygen species, ROS (Raha and Robinson, 2001). 

The ROS are produced as OH, O2 and as H2O2 by reduction of oxygen molecule. ROS are very 

mutagenic and carcinogenic (Cummins, 2001). In human every mitochondrion produces 1 × 107 ROS 

almost, per day. Mitochondria occupy 25% of the total cytosol and whole cell is very susceptible to 

its oxidative damage (Cummins, 2001). This ROS can damage all mitochondrial and cellular 

proteins, lipids, the nucleic acids, as well as mtDNA resulting in interruption in energy production 

(Attardi et al., 1988; Wallace et al., 1999; Wallace, 2005). 

       Increased production rate of ROS can result in programmed cell death (apoptosis). The mtPTP, 

is processed through the activation of mitochondrial permeability transition pore (Wallace, 2001). 

Then cytochrome c is released (Green and Reed, 1998) and the latent form of special proteases, 

caspases are programmed to promote cell death by activating the cytosolic protein degradation 

pathway and by destroying the cytoplasm (Wallace et al., 1999). This inter related cascade is made 

up from about 1500 genes, distributed in the nuclear  

 

and mitochondrial genomes (Wallace, 2005). High incidence of the nucleotide substitutions is 

found in mitochondrial DNA linked to decreased semen quality (Holyoake et al., 2001).  

          Asthenozoospermia is found to be associated with mtDNA mutations triggered by ROS 

(St-John et al., 2001). Male infertility is evidenced to be associated with oxidative stress as well 

as oxidative damage (Cummins et al., 1994; Smith et al., 2006). The oxidative stress plays a core 

role in the etiology of defective sperm count (Sharma et al., 1999). The spermatozoa are 

vulnerable to rapid lipid peroxide damage. Increased production of ROS changes the 

spermatozoa membrane function, their morphology, impairs metabolism, motility as well as 

fertility (Cummins et al., 1994). Excessive ROS production decrease sperm motility and viability 

that result increase mid-piece sperm defects and the acrosome reaction (St-John et al., 2001). 



ROS are produced in inner membrane of mitochondria (Shearman and Kalf, 1977) even transient 

attachment of mtDNA in inner membrane results in degradation and mutations (Chance et al., 

1979; Richter et al., 1995). 

 

 

1.7. HUMAN MITOCHONDRIAL DNA 
 

Human mitochondrial DNA (mtDNA) consists of 16,569 bp in total (Anderson et al., 1981). The 

mitochondrial genome is double-stranded, and it is covalently closed circular DNA molecule 

with very little redundancy and exquisite forms of telomere like terminations (Cummins, 2001). 

The mitochondrial DNA in sperm is ejaculated in active form (semen) (Manfredi et al., 1997). 

The mitochondrial genome encodes 37 genes including the 2 ribosomal RNAs (rRNAs), 22 

transfer RNAs (tRNAs) and the 12 polypeptides (Wallace et al., 1999; Shanske et al., 2001; 

Wallace, 2005). The 12 polypeptides consist of seven subunits of NADH dehydrogenase (ND1, 

ND2, ND3, ND4, ND4L, ND5 and ND6) which make up complex I, complex III has cytochrome 

b, the three complexes of cytochrome c in the complex I, II, III and complex IV, as well as two 

ATP subunits, ATPase6 and the ATPase8, in complex V (Anderson et al., 1981). MtDNA is 

double stranded, rich in guanine (heavy, H) and cytosine (light, L) strand  

 

(Wallace, 1992). The heavier strand contains 12 of the 13 polypeptide encoding the genes, 14 of 

the total 22 tRNA encoding genes and both of the rRNA encoding genes (Wallace, 1992). There 

are no introns present in mtDNA (Anderson et al., 1981; Wallace, 1992). Non-coding segment of 

the mtDNA is the displacement loop (or D loop), which is a region of 1121 bp containing the 

origin of replication of the H strand (from OH), and the promoters for both L and H stands (PL 

and PH) (Wallace, 1999).  

                      Mitochondrial DNA replication starts at OH using an RNA primer specifically 

generated from the L strand’s transcript. H strand synthesis starts 2/3 of the way around mtDNA, 

displacing the parental H strand up until it reaches the L stand’s origin (OL), which is situated in 

the cluster of five tRNA genes (Holt, 1994). L strand synthesis starts at OL and continues to 

proceed back along the H strand (Wallace, 1992; Holt, 1994). Mitochondrial DNA replication is 

bidirectional. Two promoters in D loop, the PL and PH is the starting point for transcription of 

the mtDNA, which reads as anti-clockwise (Wallace, 1992). A mammalian egg contains 100,000 



copies of mtDNA and the sperm cells contain 100-150 mtDNA (Chen et al., 1995). When sperm 

mitochondria enter into the egg in fertilization and are discarded by the egg (Cummins et al., 

1997; 1999; Cummins, 2001; DiMauro et al., 2001).  

Evidence of low number of paternally transferred mtDNA (104 of the total mtDNA) has been 

detected in mice (Wallace, 1994). Deficient repair mechanism of mtDNA is one of prime cause 

of high mutation rates (Bogenhagen, 1999). There are no histones in mtDNA (Cummins, 2001) 

and mtDNA is badly exposed to oxidative damage of highly toxic ROS. This mtDNA damage 

cause mutations depleting cell function as the probability of damaging coding sequences goes 

higher. Mitochondria are deficient even in a nucleotide-excion repair (NER) as well as mismatch 

repair (MMR) system that may results more mutations accumulation halting cellular function. 

Imitated repair system imparts in the significantly higher rate of mutations in mitochondria 

(Bogenhagen, 1999; Copeland et al., 2002). mtDNA by default has no repair mechanism and is 

replicates fast (Clayton et al., 1974; Tomkinson et al., 1990; Driggers et al., 1996; Beckman and 

Ames, 1997; Croteau and Bohr, 1997). Very high ten times more mutation rate is found in 

mtDNA than in nuclear DNA (Cummins, 2001). Another feature of mitochondria DNA is the  

 

replicative segregation in the process of meiosis and mitosis (Wallace, 1999; Shanske et al., 

2001; Wallace, 2005). Almost all mtDNA in a cell are usually identical (homoplasmy) (DiMauro 

et al., 2003). By replicative segregation in mitosis and meiosis mitochondrial genomes are 

randomly distributed to the daughter cells (Wallace, 1999). The hetroplasmy, due to very high 

mutations rate mtDNA becomes a mixture of mutant and wild type DNA (DiMauro et al., 2003). 

Very very high ratio of the pathogenic mutations is heteroplasmic (Shanske et al., 2001; 

DiMauro et al., 2003). Presence of a certain numbers of mutant mtDNAs within a tissue is 

required before oxidative dysfunction occurs, the threshold effect (DiMauro, 2003).  



 

 
 Figure: 3 Map of the human mitochondrial genome (St. John et al., 1998) 
 

 

 

 

 



 

                    Figure: 4 Mitochondrial Genome.  
 

 

 

Different types of mutations have different threshold varies for types of mtDNA mutations. 

Phenotype changes occur if mutations surpass the threshold level (Shanske et al., 2001). Vital 

organs heart, brain etc. with a high ATP demand has the lowest regenerative capacity (Wallace et 

al., 1999; Wallace, 2005). A mix variety of wild and mildly deleterious mutations are found in 

human populations. Mitochondrial genetic code, which direct translation of mtDNA differs from 

the universal genetic code (Anderson et al., 1981). In the mammals’ mtDNA, UGA encodes 

tryptophan instead of being a termination codon. AUG encodes methionine instead of isoleucine 

and AUG and AGG are termination codons, instead of arginine (Wallace, 2005).  

 

 

  

1.8. MUTATIONS IN MITOCHONDRIAL GENOME AND DISEASES 

 



Mitochondrial dysfunction may be related to disease due to mutations in mtDNA. Oxidative 

disorders were first described by (Luft et al., 1958; Houshmand, 2003). Mitochondrial disorder 

refers mainly to the disorders with abnormal morphological aspects of mitochondria in muscle 

(DiMauro et al., 2000). Holt described the first myopathy associated pathogenic mutations in 

1988, which found large-scale mutations in mitochondria (Haushmand, 2003). In the same year, 

(Wallace et al., 1988) reported a point mutation in the ND6 gene associated with LHON (Leber’s 

hereditary optic neuropathy). In 1990 (Houshmand, 2003) two new mutations were discovered, 

A8344G in tRNAlys (Shoffner et al., 1990) and A3243G in tRNAleu (UUR) gene in MELAS 

(Mitochondrial encephalomyopathy, lactic acidosis, and strokelike episodes) (Goto et al., 1990).  

 To date more than 100 human diseases associated pathogenic mutations have been found 

(DiMauro et al., 2000). Mitochondrial DNA mutations may cause pathogenesis of brain, heart, 

muscle, vision, hearing and cancer (Jakupciak et al., 2005) also diabetes mellitus (Thomas et al., 

1996) and infertility (Ruiz-Pesini et al., 2000; Holyoake et al., to be involved with diseases. These 

are single nucleotide deletions in tRNA and rRNA genes and in protein-coding gene (Shanske et al., 

2001; DiMauro et al., 2001; 2003). These mtDNA mutations cause defective protein synthesis in the 

mitochondria.  

In many pathogenic cases, single nucleotide deletions in mitochondria are found (DiMauro et al., 

2001; Shanske et al., 2001). The most frequently found point mutation is A8344G of tRNAlys gene, 

located in MERRF (Myoclonic epilepsy with ragged-red fibers). Most mutations found are 

heteroplasmic widely distributed in different tissues different individual (Wallace, 1992). Another 

frequent pathogenic mutations is found in the tRNAleu gene. High incidence of A3243G mutations is 

discovered in muscles and ragged red fibers (Wallace et al., 1999). This is found to be associated 

with MELAS (mitochondrial encephalomyopathy lactic acidosis and stroke) and KSS (Kearns-Sayre 

syndrome).  

The mutations (T3271C and T3291C) are also found to be associated with MELAS (Goto et al., 

1994). T7512C, T9957C and T8357C mutations are also observed to linked with MERRF/ MELAS. 

Few rRNA mutations are linked with deafness, complex neurology and diabetes mellitus type II 

(DiMauro et al., 2003; Haushmand, 2003). These mutants are  

 

A1155G, G1606A. Point mutation discovered in a protein coding gene, is said to be associated with a 

maternally inherited disease called LHON (Leber's hereditary optic neuropathy) (Wallace, 1988). 

Complex I deficiency syndrome are related with human diseases that include LHON (Wallace, 



1999; 2005), MELAS and Parkinson disease. Four main mutations in the complex I gene (ND 

gene); G11778A in ND4, G3460A in ND1, T14484C and G14459A in ND6 are linked to LHON 

(DiMauro et al., 2003). Recently T4216C in the ND1 gene mutations found to link with LHON 

(www.mitomap.org, as for 18th may, 2006). LHON patients normally may lose their eyesight rapidly 

(Leonard et al., 2000; Houshmand, 2003; Howell et al., 1995; Brown et al., 1995). G11778A, 

G3460A and T14484C cause reduction in NADH respiratory substrates and also partially reduce 

complex I activity (Wallace, 1999). Another T8993C heteroplasmic mutation in the ATPase6 gene in 

mtDNA was found to be associated with maternally inherited NARP syndrome (Shanske et al., 2001; 

Wallace, 2005). The human mitochondrial ND1 gene is 956 bp long and situated between nt 3308 

and nt 4263 of the mitochondrial genome. ND2 is 1043 bp long and located beside the ND1 

gene. ND1 and ND2 genes encode 316 and 347 amino acid polypeptides, respectively 

(www.mitomap.org). ND1 and ND2 genes are found to be associated with a large number of 

substitutions (Howell, 1995; Thomas et al., 1996; Torroni et al., 1996; Macaulay et al., 1999; 

Rose et al., 2001; Harris et al., 2006). Twenty published polymorphism that are listed for the 

ND1 gene are associated with different diseases (www.mitomap.org, as for 18th may, 2006). 

These diseases occur due to primary mutations (homoplasmic mutations) (e.g.G3460A) or 

secondary mutations (heteroplamic mutations e.g. T4216C). Similarly, six published 

polymorphisms are listed for the ND2 in the NCBI database that are associated with different 

diseases (LHON, Alzheimer’s disease or Parkinson’s disease).  

 

1.9.  PRINCIPLES OF SEMEN ANALYSIS 

Semen analysis alone is not a sound predictive of fertility assessment. But semen analysis can 

predict some information about pathogenic defects in the genital organs of the male. Semen 

analysis is used to categories the semen type in different predetermined groups. Basic anomalies 

of a ejaculated semen are measured by semen (WHO, 2010). The basic  

 

physical chemical properties, count, motility assessment in different parameters as well as 

physiological and morphological defects are determined in semen analysis. Differential count 

agglutination debris and leucocytes are calculated. It was calculated that abnormal sperm are 

found in 30.0% of all cases having normal semen analysis. Out of 2-6 ml ejaculatory semen 

volume 65.0% is from seminal vesicles, 30.0-35.0% is the secretion of the prostate and 5.0% 



from the vasa. Partial or complete obstruction of seminal leads to drastic reduction is semen 

volume. Alkaline nature of seminal secretions results in pH 7.2-8.0 in spite of acidic prostatic 

secretion. Acidic ejaculate indicate blockage of seminal vesicles. Infection resultes alkaline 

ejaculate. Just after ejaculation semen quickly coagulate because of protein kinase. Prostatic 

proteolytic enzymes liquefy semen in 20-25 minutes. 

 

Azoospermic----------------no sperm 

Oligospermic----------------< 20x106  

 Normozoospermic--------> 20x106  

 Normozoospermic ------>50% motile 

Asthenozoospermic------<50% motile 

Teratozoospermia--------<15% normal morphology 

OAT -----------------------<20x106, <50% motile, <15% normal morphology 

Necrozoospermia---------immotile or dead sperm 

 

 

 

 

 

 

 

 

 

 

 

Sperm forward progression is calculated on a scale from 0-4 as described under;  

   Table: 2 Sperm motility grading with description according to WHO defined parameters 

(WHO, 2010). 

MOVEMENT GRADE DESCRIPTION 



           

There are 

many 

different defined protocols to evaluate sperm morphology. Different morphological sperm shapes 

are classified; normal-oval shaped, tapered, amorphous, doubleheader and immature sperms. 

Normal sperm is oval smooth contour with acrosomal cap comprising of 40-70% of head, normal 

midpiece and tail and reduced cytoplasm. Head must be between 5-6 µm x 2.5-3.5µm while 

normal tail should be 50µm. The expected low pregnancy induction is expected with abnormal 

sperm morphology: WHO defined criteria is >30% normal morphology (100 sperm). Strict 

criteria define the morphology of sperm obtained from internal cervical os after coatis, more than 

14% normal morphology out of 100 sperm. Normal morphology with less than 4% can not 

successfully fertilize. Acrosome is 40-70% of sperm head. Midpiece 1.5 times head’s length 

and1µm width. A patient with oigo-astheno-terato combination of trio together is labeled as 

oligoasthenoteratozoospermia (OAT), such cases mostly found infertile (Tuerlings et al., 2002). 

 

 

Lower reference limits for semen characteristics defined by (WHO Manual for Semen 

Analysis, 5th edition, 2010)   

 Table3: WHO defined semen analysis reference values (WHO, 2010) 

 

Parameter;                                                                                                   Reference values                                                          

 Oligozoospermia  

 Asthenozoospermia 

  Teratozoospermia 

     <15.0 million spermatozoa/mL 

           < 40.0 % motile spermatozoa  

< 4.0 % normal forms 

0   movement Zero movement 

1   movement Stagnant movement  without progression 

1+ movement Occasional forward movement of a few sperm 

2   movement Slow movement without any particular direction 

2+ movement Slow but directional forwad progression 

3- movement Fast non directional progression 

3 movement Particular directed fast movement  

3+ movement Directional and very fast movement 

4   movement Extremely fast directional movement  

http://www.andrologyjournal.org/cgi/content/full/24/3/388#REF22


 Semen volume(mL) 

 Total sperm count (106 per ejaculate) 

 Sperm concentration (106 per mL) 

 Motility (Progressive and non-

progressive) 

 Progressive motility (%) 

 Vitality percentage(%)  

 Morphological characteristics ( %)  

 

1.50 (1.4-1.7) 

39 (33-46) 

            15 (12-16) 

            40 (38-42) 

 

32 (31-34) 

58 (55-63) 

4 (3.0-4.0) 

 

Other defined values; 

 pH  

 Peroxidase-positive leukocytes  

 MAR test (motile spermatozoa with 

bound particles, %)  

 Immunobead test (motile spermatozoa 

with bound beads, %)  

 Seminal zinc (μmol/ejaculate)  

 Seminal fructose (μmol/ejaculate)  

 Seminal neutral glucosidase 

(mU/ejaculate) 

 

 

> 7.2 

106 per mL< 1.0 

< 50.0 

 

< 50.0 

 

> 2.4 

> 13 

>20 

 

1.10.  LEUKOCYTOSPERMIA 

Usually white blood cells are present in semen but if more than 1million per ml, indicative of 

infection. It is concluded that leukocytospermia affects 5-20% in different conditions. Chlamydia 

and Mycoplasma, aerobic and anaerobic organisms are ruled out by culturing semen. 

Immunohistochemical techniques are used to differentiate WBC from immature sperm cells 

(Ricci et al., 2000). WBC can enhance the production of ROS, which is mortal for sperm cells. 

Subsequently  



 

 
1.11. COX SUBUNITS AND INFERTILITY 

 

Sperm always needs a lot of ATPs for travelling to the extent of successful fertilization. While 

sperm mitochondria produce ATPs it generates ROS at a rate of 107 ROS per day (Erenpreiss et 

al., 2013). Most fractions of ROS produced are neutralized by cascade of enzymatic antioxidant 

mechanism but remaining small fraction has damaging effects on mtDNA lipids and proteins 

(Aitken et al., 1989). Sperm are prone to damage by ROS because it is without catalase and 

glutathione peroxidase and rich of unsaturated fatty acids (Aitken et al., 1992). A marker of 

oxidative damage to DNA, 8-hydroxy 2ʹ-deoxyguanosine (8-OH-dG) is inversely related to Vit 

C concentration in sperm (Fraga et al., 1991). Age related oxidative debilitation results in 

reduced fertility (Cummins et al., 1994). A prime component of respiratory chain Cytochrome c 

oxidase, transfers electrons from reduced cytochrome c to molecular oxygen and hence produces 

energy rich molecules. The human cytochrome is consisting of 13 subunits. Three largest 

subunits are encoded by mtDNA (COX I, COX II, and COX III). The enzyme complex contains 

four redox-active metal centers, two coppers, CuA, CuB, two hemes, and a3 (Capaldi, 1990; 

Michel et al., 1998). Three of these are located in COXI including the bimetallic heme a3-CuB 

center which is responsible for the reduction of oxygen (Iwata et al., 1995; Tsukihara et al., 

1996).  

 

 

COXIII is the only mtDNA-encoded COX subunit without prosthetic groups, is unknown but it 

is hypothesized to play a structural or regulatory role (Iwata  et al., 1995; Tsukihara et al., 1996). 

The structure of the bovine enzyme has revealed that two nuclear subunits, VIa and VIb, are 

involved in the dimerization of the enzyme. The functional significance of the other nuclear-

encoded COX subunits is unclear, but they are hypothesized to play structural or regulatory roles 

(Capaldi, 1990; Kadenbach, 1986; Poyton et al., 1996). COX deficiencies comprise a 

heterogeneous group of disorders that present a broad spectrum of clinical phenotypes of 

variable severity. COX deficiency has been documented in mutation generated disorders 

MELAS and mtDNA disorders caused by large deletions of mtDNA such as KSS. Usually these 



disorders present with multiple respiratory chain enzyme deficiencies including COX deficiency 

(Holt et al., 1989; Zeviani et al., 1991). Several types of isolated COX deficiency have been 

described including Leigh disease and a fatal infantile form presenting as a myopathy or 

cardiomyopathy (Di Mauro. et al., 1990; Robinson, 1993). The 9480del15 is 15 base pair frame 

deletion which first known mtDNA mutation related to cox deficiency. This in-frame deletion 

removed 5 amino acids (92del-Phe-Phe-Phe-Ala-Gly) from the COXIII polypeptide, one of two 

regions that contact COXI in the holoenzyme. In a study of patient with 92% skeletal muscle 

deficient of cox found out up to 98.6 cox mutation muscle fibers. Western research found 

decreased COX subunits II, IV, V and VI related to 9480del15 deletion.  

Famous 9480del15 harboring cell lines with 0%, 97% and 100% deletions were created. No 

COX activity found with homoplasmic mutation cells. The cells lines with 97% mutated mtDNA 

exhibited severe reductions in both COX activity and rates of ATP synthesis. The homoplasmic 

mutation of 9480del15 results in absence of COXI, COXII, or COXIII subunits.  Absence of 

whole holoenzyme as all these subunit is related and dependent on COXIII subunit.  

 

 

 

 

1.12. OBJECTIVES 

Infertility is reported to effect increasingly human life day by day. There is a lot of 

comprehensive work available on female infertility. But andrology (the male fertility) is still a 

new field with lot of scope for research work. In Pakistan andrology is still alien. Sperm is core 

male participation in fertility. Sperm motility is basic vehicle to reach fallopian tube and fertilize 

the egg. All the fuel for motility is provided by ATPs produced in sperm mitochondria. Any 

sperm mtDNA anomalies can seriously hamper fertility. In the past decade more than 200 point 

mutations have been identified in human mtDNA and at least 45 of them been found to be 

associated with diseases. Some deletions been indicated to degrade sperm quality and associated 

to human male infertility. This is still a field, which has tremendous scope for research only a 

few groups have worked on it specifically. The previous reported studies have conflicting 



conclusions, creating vacuum for our like study. Present case-control study was designed to 

explore this core aspect of human male infertility with comprehensive detail. Based on 

considerable number (355) of semen samples to cover all types of semen. It was designed to find 

significant association of sperm mtDNA to human male infertility. Moreover there are no 

reports, for any such study from Pakistan. 

We assume that sperm motility may be proved as an indicator of semen mtDNA quality and 

fertility. Decreased sperm motility may be directly associated with infertility. Increasing 

evidences of sperm mtDNA anomalies are linked to infertility. As COXIII subunit DNA 

anomalies can hamper whole cytochrome c oxidase electron transport chain and halts ATPs 

production altogether. That is the reason to focus on this particular mtDNA segment. We 

hypothesized that deletions in COXIII subunit are associated to abnormal semen parameters and 

infertility. We focused COXIII subunit of cytochrome c oxidase in this research. COXIII subunit 

deletion 9480del15, frequently occurring deletion reported to effect sperm motility.  

If we analyze large segment of COXIII subunit (8.7kb), expected to have multiple deletions 

simultaneously, associated to infertility. Sequencing analysis of same fragment may give very 

specific deletion associated to infertility. 

 

We hypothesize that human male fertility and sperm motility is significantly associated to sperm 

mitochondrial DNA deletions. OAT (oligoasthenoteratozoospermia) having multiple anomalies 

simultaneously is expected to present highest incidence of mtDNA deletions. 
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2.1. MATERIALS & METHODS  

This research project was approved from research ethical committee of Quaid–i-Azam 

University, Islamabad. To study, sperm mitochondrial deletions association with human male 

infertility, the present case control study was designed. 

 

2.1.1. SAMPLING  

A total of 355 semen samples were collected from human male volunteers (visiting AFIP CMH 

Rwp.) in specific semen collection containers after obtaining their written consent following 

WHO defined parameters (WHO, 2010). Out of 355 semen samples, 74 were from normal 

controls and 281 of infertile patients. The control group was with healthy male having no 

infertility related disease history and were father of at least one child. Patients with history of 

varicocele, surgery or any kind of trauma were excluded from the study. Infertile male were 

those who presented themselves for semen analysis for infertility investigation after 

recommendation from infertility clinics. There were no infertility factors in female partners of 

such males. All were with normal ovulatory function, tubal patency on hysterosalpingography 

and normal laparoscopic findings. Mean age of subjects was 34.45±0.619 years.  

 

2.1.2. VOLUNTEER EXAMINATION AND DATA RECORING 

All patients went through history taking, physical examination, recording general data and 

written consent was signed. The samples were collected in closed separate vicinity. All 

volunteers observed abstinence of 3-5 days before providing semen sample. Volunteer’s data 

were recorded along with history and examination details.  

 

 

 



2.1.3: SEMEN ANALYSIS 

Samples were kept at 37°C till the liquefaction (30-60 minutes).  Physical inspection and 

observation at 100x-400x magnification, mucus stand, agglutination, epithelial cells, round cells, 

WBCs and broken sperms head and tails were noted.  

 

  2.1.4: BASIC SEMEN PARAMETERS (WHO, 2010) 

          Table: 5. WHO defined standard values for semen analysis (WHO 2010) 

PARAMETERS STANDARD VALUE 

volume >2.0 ml 

pH 7.2-7.8 

concentration >20x106/ml 

motility >50% 

morphology >30% with normal morphology 

WBC < 1x106/ml 

 

The color of ejaculate was categorized as creamy white, grayish white or pale white which were 

normal parameters. More pale color was due to increased concentration of pus cells, 

discoloration due to jaundice or could be effects of vitamins. Reddish discoloration was due to 

increased red blood Corpuscles (RBC) in semen. Semen volume was recorded by plastic Pasteur 

pipette (3ml) and was expressed in milliliters. Mean calculated. 

 

   Table: 6. Liquid contents proportions of seminal fluid. 

 

 

 

 

2.1.5: CALCULATION OF SPERM CONCENTRATION 

PROPORTION FROM VOLUME (ml) CHARACTERISTICS 

Urethral and bulbourethral glands 0.1-0.2 Viscous and clear 

Testes, epididymis, vasa deference 0.1-0.2 Sperm present 

Prostate 0.5-1.0 Acidic and watery 

Seminal vesicles 1.0-3.0 Gelatinous and fructose positive 

Complete ejaculate 2.0-5.0 Liquefies in 20-25min 



Semen samples were mixed properly and a drop (5-10μl) was placed in the center of Horwel 

Chamber, avoiding bubbles and covered with glass slip (22x22mm) and maintained at 37°C. 

Number of motile sperms (millions/ml) were counted in 10 squares of grid under 200x 

magnification under phase contrast microscope. Three observations were recorded on each 

sample. Pus cells were calculated at x400 magnification. 

 

2.1.6: SPERM MOTILITY PERCENTAGE 

Mean number of total sperm calculated and used in determining mean sperm mathematically 

using formula:  

                                           

  Motility %=
Average number of motile sperm

Average number of total sperm
𝑋100 

 

2.1.7: MOTILITY GRADATION 

The motility gradation was done according to (WHO, 2010). Motility of each sperm was 

recorded by grade 0/4, 1/4, 2/4, 3/4, and 4/4. Three observations were made and a mean was 

calculated (table 7). 

 

Table: 7. Grading of sperm motility. 

GRADE OF MOVEMENT DESCRIPTION 

4/4 Good to excellent forward progression (fast forward). 

3/4 Sluggish to normal forward progression (sluggish forward). 

2/4 Non-directional sluggish progression (lateral sluggish progression). 

1/4 Non-progressive movement (non progression). 

0/4 Dead (non motile). 

 

 

 

 

2.1.8: SPERM MORPHOLOGY 



A drop (5-10μl) of sample prepared on labeled glass slide, smeared, dried and fixed with ethyl 

alcohol and dipped in Giemsa stain for 3-5 minutes. Slides were washed with distilled water and 

dried. Sperm morphology was observed by ocular micrometer at 1000x magnification. One 

hundred sperms were observed with special attention to head and tail of sperms. All head and tail 

defects were recorded. Using Kruger’s strict criteria, (where normal semen contains > 14% 

sperm with normal morphology). Whereas according to WHO criteria >30% morphologically 

normal sperm should be present. (Roelof et al., 1990; WHO, 2010) 

 

 

Table: 8. Sperm head mid piece and tail measurement (Kruger criteria 1986 & 1988) 

Head Shape Smooth, Oval 

Acrosome 40-70% 

Length (L) 3-5 µm 

Width (W) 2-3 µm 

W:L ratio 0.60-0.67 

Midpiece L=1.5x head length 

W= <1µm slender, axially attached 

Tail L= 45µm uniform, uncoiled 

Cut-off value for abnormality >14% 

Borderline forms Abnormal 

Cytoplasmic droplet as proportion of head size <1/2 

 

 

 

 

 

 

2.1.9: ABNORMAL SPERM GRADATION 

In one hundred sperm each abnormal sperm was further classified into seven categories with 

reference to their (morphologically) abnormality combinations (table 9): 



 

       Table: 9. Sperm head, mid piece and tail defects. 

SPERM PART  SPERM MORHOLOGY DEFFECTS 

Head Head (H)                Head-Midpiece (H-MP)                Head-Tail (H-T) 

Midpiece Midpiece (MP)       Midpiece-Tail (MP-T) 

Tail Tail (T)                  Head-Midpiece-Tail (H-MP-T) 

 

2.1.10: ABNORMALITY INDEX 

A new expression of sperm morphology parameter, i-e sperm deformity index (SDI), described 

in 1996, was considered in this study. Each sperm was assessed the strict criteria and classified 

more than once where more than one abnormalities found, and used for calculate of SDI as the 

formula given under. This index reflected the prevalence of abnormalities in a balance between 

normal and multi defective sperms from same sample. One hundred sperms were counted with 

following criteria: 

 Number of normal sperms. 

 % Age of normal sperms. 

 Number of sperms with defects. 

 Number of sperms with head defects. 

 Number of sperms with midpiece defects. 

 Number of sperms with tail defects. 

 Total number of defects. 

𝑠𝑝𝑒𝑟𝑚 𝑑𝑒𝑓𝑜𝑟𝑚𝑖𝑡𝑦 𝑖𝑛𝑑𝑒𝑥 (𝑆𝐷𝐼)  =
total number of defects

number of sperms counted
 

𝑇𝑒𝑟𝑎𝑡𝑜𝑧𝑜𝑜𝑠𝑝𝑒𝑟𝑚𝑖𝑐 𝑖𝑛𝑑𝑒𝑥 (𝑇𝑍𝐼)  =
total number of defects

number of sperms with defects
 

 

 

The TZI was calculated as described by (WHO, 2010; Kruger, 1996). TZI is number of defects 

per abnormal sperm. The TZI was read between 1.00 (one defect per sperm) to 3.00 (each sperm 

has head midpiece tail defects). According to WHO a TZI of more than 1.6 is associated with 



lower pregnancy rates in untreated infertile couples. SDI 1.6 is the threshold for the failure of in 

vitro conception. 

 

2.1.11: SPERM MOTILITY 

The progressive sperm motility is related to pregnancy rates (Jouannet et al., 1988; Larson et al., 

1996). For each sample, a wet preparation was prepared. Let the sample settle (stop drifting 60 

seconds). Then for motility categorization under given different grades were followed: 

 

Table: 10.  Types and description of sperm motility. 

Progressive movement (PR) Active movement with progression. 

Non-progressive movement 

(NP) 

All patterns of motility without any progression.  

Immotility (IM) No movement at all. 

 

Spermatozoa were observed randomly, 5 mm starting from the edge of coverslip.  Systematically 

slides were scanned. The grid section for PR category cells were scanned first, then NP (non 

progressive) spermatozoa and lastly IM (immotile) type of spermatozoa. 

 

 

 

 

 

2.1.12: SPERM VITALITY 

Sperm vitality was accessed by healthy sperm membrane. Vitality is especially important for 

samples with less than 40% progressively motility. Identifying those with an intact cell 

membrane among as the live spermatozoa. Sperm slides were stored for re-evaluation and quality 

control (Björndahl et al., 2003).  



 

2.1.13: CLASSIFICATION OF INFERTILE GROUPS 

Classification of semen sample was done according to the WHO manual of semen analysis 2010. 

Individual with normal analysis and proven fertility were categorized as “fertile group”. Infertile 

group consisted of samples with <14% morphologically normal sperms were grouped as 

Teratozoospermic (TZ), semen samples with >40% motility and >14% morphologically normal 

sperms were categorized as astheno-teratozoospermics (AT) and samples with >20x106/ml, 

>40% morphologically normal sperms were grouped as oligo-astheno-teratozoospermics (OAT). 

Infertile subjects with normal seminal parameters were categorized as idiopathics (ID).  

 

 

2.1.14. CLASSIFICATION OF GROUPS FOR CONTROL & INFERTILE 

SUBJECTS 
Out of 355 samples 74 (20.85%) were classified as normal and 281 samples as infertile 

(79.15%). Infertile group was comprised of Asthenozoospermic (n=65), Oligozoospermia 

(n=47), OAT (n= 139), Oligonecrozoospermic (n=7) and Necrozoospermic (n=23) subjects.  

Age and body weight of fertile and infertile patients were recorded and described in table 

number 11 and 12.  

 

 

 

 

 

Table: 11(a) Age, Count, Vitality and progressive classification of the subjects. 

Mean age of the subjects was 34.45years ranging from 20-58 years of age. 

 

Parameters Control Oligo Astheno OAT Oligonecro Necro 

Number 74 47 65 139 7 23 

Age (years) 31.84±4.09 33.90±6.94 33.76±4.92 34.48±4.51 33.89±10.64 36.33±6.76 

Count (millions/ml) 68.18±11.86 16.66±9.88 46.22±6.76 14.89±6.10 15.87±5.74 35.00±3.25 

Vitality (%) 69.11±7.64 66.66±5.42 63.92±4.82 12.58±3.90 12.34±6.56 12.50±4.79 



Progressive (%) 44.20±6.39 40.71±5.18 18.92±6.99 19.83±6.76 10.21±5.45 7.51±2.50 

Table 5,6,7,8 and 9 all explain normal WHO defined parameters. 

 

 

 

Table: 12 Body weight, height and ethnic group classification of subjects. 

 

Classification of body weight was made according to (Xavier, Sunyer, 2013) 

as described earlier. 

 

Parameters 
Group 

Total 
Control Oligo Astheno OAT Oligonecro Necro 

Weight 
Fatty 4 10 14 38 2 0 68 

Average 38 20 32 57 2 5 154 

Lean 32 17 19 44 3 18 133 

Height 
Tall 16 12 13 28 1 4 74 

Average 49 27 38 89 5 13 221 

Small 9 8 14 22 1 6 60 

Ethnic 

Punjabi 48 32 41 103 5 13 242 

Pathan 19 11 19 26 2 9 86 

Sindhi 1 1 0 3 0 0 5 

Other 6 3 5 7 0 1 22 

Total in each category 74 47 65 139 7 23 355 

 

Underweight 19> kg/m2, normal 19-24.9 kg/m2, over weight 25<kg/m2 (Xavier F and Sunyer P, 

2013) 

 

 

 

 

 

 

 

 

2.1.15: PURIFICATION OF SEMEN SAMPLES 
                                                                              

  For the removal of epithelial and lymphocytes each sample was incubated at 8°C for 20 minutes 

with 50 mM Tris-HCl buffer (pH 6.8). Purified sperm cells were obtained by centrifugation at 

1000g for 5 min.  Sperm pellet was processed to DNA extraction (Douris et al., 1998). 

 

 

2.1.16: DNA EXTRACTION PROCEDURE 



DNA from semen samples was extracted by standard organic protocol of DNA extraction. As an 

additional step the samples were supplemented with 12 µl of 1 mol/l dithiothreitol (Sigma UK, at 

the step of cell lysis) and incubation at 55oC (Sambrook and Russell, 2001). The DNA 

quantification was carried out by spectrophotometer using 260nm/280nm wavelengths.  

 

First day procedure: 
 Each sample was mixed properly and 1ml of the sample was transferred in labeled eppendorf to 

which 1ml STE buffer (sodium chloride tris EDTA buffer pH 8.0) was added. Each sample was 

centrifuged at 12000 rpm at room temperature for 5-10 minutes. Supernatant was discarded and 

pellet was re-suspended in 500μl of STE buffer. Then 100μl of 10% SDS buffer (sodium dodecyl 

sulfate) was added to each eppendorf.  100μl of 50 mM Tris Hcl 6.8 pH (2-Amino-2-

(hydroxymethyl)-1,3-propanediol hydrochloride) added to each sample then 12 µl of 1 mol/l 

dithiothreitol (Sigma, UK) at the step of cell lysis and finally 1.5μl proteinase K (20mg/ml) was 

added. Then each sample was incubated overnight at 550C. 

Second day procedure: 

Remains of first day procedure were extracted with equal volume of eq phenol: chloroform: 

isoamyl alcohol  (25:24:1 V/V/V) in ice and shacked. Each sample was centrifuged for 10 

minutes at 14000 rpm. Removal of aqueous layer with cut tip, sample transferred into new-

labeled tubes (Kao et al., 1995). 1000μl of chilled chloroform- 

 

isoamylalcohol (24:1) was added. Then each tube was shaken for 5 minutes and kept on ice for 

another 5 minutes. Samples were centrifuged for 7 minutes at 14000 rpm, aqueous layer was 

removed with cut tips into separate labeled tubes, 5μl of RNase 10mg/ml (Ribonuclease) was 

added into it and samples were incubation for 45 minutes at 370C in water bath shaker. We then 

added 100μl of 10% SDS drop wise without vertex. Then we added 4μl of Proteinase-K 

(20mg/ml) and incubated at 550C for 25 minutes in water bath. It was extracted with 1000μl of 

equilibrated phenol, shacked for 5 minutes and kept on ice for 5 minutes. Centrifugation at 

12000 rpm for 7 minutes, aqueous layer was removed with cut tips into separate labeled tubes. 

We added 1000μl of chloroform-isoamylalcohol (24:1) and shaken for 5 minutes. After 

centrifugation at 12000rpm for 7 minutes removal of aqueous layer with cut tips and transferred 



in new-labeled tubes and again centrifuged. Addition of 100μl of ammonium acetate and 1000μl 

of chilled isopropanol or 1000μl of chilled absolute ethanol was done, then tubes were shaken 

until DNA precipitate was visible as white threads. Finally we kept each sample overnight at -

200C or for 15 minutes at -700C  (Sambrook and Russell, 2001).        

 

Third day procedure:   

Each sample was centrifuged at 12000 rpm for 20 minutes, supernatant was discarded and pellet 

was re suspended. It was washed with 1000μl of chilled 70% ethanol and spin for 10 minutes at 

12000 rpm. The supernatant was discarded and pallet was dried. It was re suspended in 10 mM 

Tris HCl pH 8.0 (volume according to pellet size 100-200μl). Each sample was refrigerated and 

then centrifuged. The supernatant was discarded and the DNA pellet was dried for each 

individual sample. Addition of TE (10mM Tris; 1mM EDTA) buffer was done to the dried pellet 

(the volume buffer added according to the size of the pellet). Samples were incubated in the 

shaking water bath at 55℃ to dissolve it 100%. DNA samples were stored at 4℃ in new 

eppendorf. 

 

 

 

2.1.17:  OPTICAL DENSITY CALCULATION 

 Addition of 6 µl DNA sample to 294 µl distilled water and optical density (OD) ratio was 

calculated as: 

OD=Absorbance at 260nm / Absorbance at 280nm 

The ratio from above formula should lie between 1.7-1.9 for good quality DNA. For the 

calculation of concentration of DNA samples given formula was used. 

DNA concentration (µg/ml) =Absorbance at 260nm × dilution factor ×correction factor 



 

Purity and concentration of the extracted DNA was determined by the ratio of absorbance at 260 

nm and 280 nm using a UV spectrophotometer. The concentration was calculated using the 260 

nm absorbance reading (1 optical density (OD) unit at 260 nm corresponds to 50 μg/ml double-

stranded DNA) (Sambrook et al., 1989).  

DNA concentration (μg/ml) = A260 × 50 / 2 (volume factor) × 2 (dilution factor)  

The purity of DNA extraction was determined by the ratio of OD at 260 nm to 280 nm.  

Purity = A260 / A280 according to Sambrook et al., 1989, a ratio of 1.8 is the estimation for pure 

DNA quality.  

 

2.1.18: PREPRATION OF DNA DILUTIONS 

A working DNA solution 40ng/µl produced from stock by the given formula: 

                                    C1V1=C2V2 

DNA stocks were added to 500μl with T.E buffers then 500μl of ch: isoamylalcohol (24:1) 

added, mixed by inverting several times. Spun at 14000 rpm for 10 minutes and collected 

suspension carefully without disturbing interphase proteins and organic phase. Added 1/10 

volume of 10M Ammonium Acetate (e.g. add 40μl in 400μl) and equal volume of absolute 

isopropanol (add 400μl in 400μl) was added. Mixed and left at -700C  

 

for 20 minutes, then centrifuged at 14000 rpm for 10 minutes and discarded the suspension. 

Pellet was washed with 500μl of 70% ethanol and vacuum dried. Finally the pellet was re 

suspended in 20-100μl of autoclaved deionized H2O. 

 

2.1.19: PRIMER DESIGNING 

 To amplify mitochondrial genes, 2 sets of PCR primers were designed, which were located in 

the flanking regions of each gene. Primers were based on the human mitochondrial sequence 

from the Entrez database; accession number NC_001807, provided by the National Centre of 

Biotechnology Information (NCBI) http://www.ncbi.nlm.nih.gov). The computer program 



Primer 3 (http://www.path.com.ac.uk./cgi.bin/primer3.cgi) was used to design the primer set to 

amplify the specific genes. The criteria for the primer design were the product size, the primer 

size, GC content and melting temperature (Tm). The oligonucleotide primers synthesized 

chemically by Invitrogen (Auckland, NZ). 

 

2.1.20:  PRIMER DILUTION 

Before opening briefly centrifuged primer vials, re suspended each primer pellet by adding 

autoclaved deionized H2O equal to micrograms of each primer. New vials were labeled and 

added 80μl of deionized H2O and then added 20μl of stock primer to make a useable dilution of 

the primer. 
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2.2. 9480del15 DETECTION IN SPERM mtDNA 

This set of experiments was designed for the detection of 9480del15 sperm mitochondrial 

deletion associated with human male infertility. Control and infertile all (355) subjects were 

analyzed by specific primers. Detection of mtDNA deletions was carried out by PCR 

amplification and agarose gel analysis as described below: 

 

2.2.1. DETAILS OF PRIMER DESIGN 

To reveal this deletion in different categories of semen, set of primer designed was COXIIIA as 

forward primer anneal with mtDNA sequence at 9440 to 9463: 5′ CCT TCG ATA CGG GAT 

AAT CCT ATT 3′ and COXIIIB as reverse primer for mtDNA position at 9525 to 9502: 5′ CTA 

GGC TGG AGT GGT AAA AGC CTC 3′.  This set of primer will generate fragments of 85bp 

and 70bp respectively for wild type and mutant mtDNA. Detail of this primer set is tabulated 

below:  

 

Table: 13. Details of primer set COXIIIA and COXIIIB 

PRIMER NAME POSITION PRIMER SEGMENT REVEALED 

COXIIIA (F) 9440 to 9463 5ʹ CCT TCG ATA CGG GAT AAT CCT ATT 3ʹ 85bp WILD TYPE 

COXIIIB (R) 9525 to 9502 5ʹ CTA GGC TGG AGT GGT AAA AGC CTC 3ʹ 70bp DELETED TYPE 

 

2.2.2. MIXTURE SOLUTION FOR POLYMERASE CHAIN REACTION 

(PCR). 

PCR was performed using DNA and PCR reagents for 10µl reaction mix. PCR conditions 

optimization achieved by varying annealing temperature. The details of each item used in PCR 

reaction are described in table 14. After the optimization with reproducible results, all the 

samples were amplified and analyzed by agarose gel electrophoresis.  

 



   

     Table: 14. PCR reaction mixture. 

S.NO INITIAL CONCENTRATION OF 

REAGENTS 

FINAL CONCENTRATION OF 

REAGENTS 

 VOLIUM µL/ 

REACTION 

1 d.H2O --- 5.4 µl 

2 10x PCR  buffer with MgCl2  1x buffer 1.0 µl 

3 2.5mM dNTPs 200µM dNTPs 0.8 µl 

4 5U/µl Taq DNA polymerase 0.5U Taq DNA polymerase 0.2 µl 

5 20µM Forward primer COXIIIa 1.0 µM 0.3 µl 

6 20µM Reverse primer COXIIIb 1.0 µM 0.3 µl 

7 40ng Sample Genomic DNA ng/µl 2.0 µl 

8 Total reaction volume --- 10 µl 

                 

2.2.3. PCR THERMAL CYCLING CONDITIONS  

The PCR amplification conditions were optimized with the set of primers were; initial 

denaturation at 94°C for 3 minutes fallowed by 32 cycles of denaturation at 94°C for 1 minute, 

annealing at 58°C for 30 seconds along with extension at 72°C for 30 seconds. And final 

extension phase was 72°C for 3 minute. This set of primers produced wild fragment of 85 base 

pair and 70 base pair fragment for deletion type. Study was based on primer shift PCR (Lee et 

al., 1998) to confirm the presence of the sought after amplicons. 

                     

 

 

 

 

http://molehr.oxfordjournals.org/content/7/1/103.full#ref-26
http://molehr.oxfordjournals.org/content/7/1/103.full#ref-26


   

Table: 15.  PCR thermal conditions: 

 

NO. OF 

STAGES 
NO. OF STEP 

TEMPERATURE 

°C 

TIME (minutes/ 

seconds) 

NO. OF 

CYCLES 

1 Denaturation 94 3 Min 01 

2 

Denaturation 94 1 Min 

32 

Annealing 58 30 Sec 

Extension 72 30 Sec 

3 
Final 

extension 
72 3 Min 01 

PCR performed in a thermal cycle with 96 well.  

 

    

  

2.2.4. VISUALIZATION OF PCR PRODUCTS BY AGAROSE GEL                    

ELECTROPHORESIS 

The analysis was done on 2% agarose gel. The gels were prepared by melting 3.75gm agarose 

(Promega), 30ml 10X TBE (10x Tris-Borate- Ethylene diamine tetra acetic acid buffer) and 

150ml distilled H2O in a bottle heated till the boiling and proper mixing. Ethidium bromide 

(0.5ng/ml concentration) 5ul was added to get the facilitate visualization of DNA after 

electrophoresis. The gel was poured in the tray and was allow solidifying for 45-60 minutes. 

2.2.5. GEL DOCUMENTATION 

A volume of 5µl 6X gel loading buffer was auditioned in each sample (Fermentas, Lithuania). 

Each Sample was loaded on agarose gel in a particular well. A DNA marker (Ladder Ferments 

Lithuania) 100bp was added in first well for size reference. The gel was run for 120 minutes at 

constant 200 volts in 1X TBE buffer. White DNA bands were apparent when visualized with 

300nm ultra-violet (UV) Trans illuminator.  

 

Hewlett-Packard 



 

 

 

  

      
 

 
 



 

2.3. Detection of 15bp mutation by COXIIIC & COXIIIB 

 

To explore deletions further, from same area of sperm mtDNA cytochrome c oxidase COXIII 

subunit, we focused 50bp up stream with new set of primers COXIIIC & COXIIIB. Total 355 

samples were analyzed including control (n=74) and infertile (n=281) in this set of experiment.  

 

2.3.1. DETAILS OF PRIMER DESIGN 

To reveal this deletion in different categories of semen, set of primer designed was COXIIIC as 

forward primer 9390 to 9413: 5ʹ ACA CGA GAA AGC ACA TAC CAA GGC 3ʹ and COXIIIB 

as reverse primer for mtDNA position at 9525 to 9502: 5′ CTA GGC TGG AGT GGT AAA 

AGC CTC 3′.  This set of primer will generate fragments of 135bp and 120bp respectively for 

wild type and mutant mtDNA. Detail of this primer set is tabulated below:  

 

Table: 16. Detail of primer set COXIIIC and COXIIIB. 

PRIMER NAME POSITION PRIMER SEGMENT REVEALED 

COXIIIC (F) 9390 to 9413 
5ʹ ACA CGA GAA AGC ACA TAC CAA GGC 3ʹ 

 
135bp WILD TYPE 

COXIIIB (R) 9525 to 9502 5ʹ CTA GGC TGG AGT GGT AAA AGC CTC 3ʹ 120bp DELETED TYPE 

                   

2.3.2. PCR MIXTURE 

PCR was performed using DNA and PCR reagents for 10µl reaction mix. PCR conditions 

optimization achieved by varying annealing temperature. The details of each item used in PCR 

reaction are described in table 17. After the optimization with reproducible results, all the 

samples were amplified and analyzed by agarose gel electrophoresis.  

 

          Table: 17. PCR reaction mixture. 

S.NO  INITIAL CONCENTRATION OF FINAL CONCENTRATION. VOLUME  µL/ 



REAGENTS REACTION 

1 d.H2O --- 5.4 µl 

2 10x PCR  buffer with MgCl2  1x buffer 1.0 µl 

3 2.5mM dNTPs 200µM dNTPs 0.8 µl 

4 5U/µl Taq DNA polymerase 0.5U Taq DNA polymerase 0.2 µl 

5 20µM Forward primer COXIIIC 1.0 µM 0.3 µl 

6 20µM Reverse primer COXIIIB 1.0 µM 0.3 µl 

7 40ng Sample Genomic DNA ng/µl 2.0 µl 

8 Total reaction volume --- 10 µl 

 

 

 2.3.3. PCR THERMAL PROFILE  

 

The PCR amplification conditions were optimized with this set of primers were; initial 

denaturation at 94°C for 3 minutes followed by 25 cycles of denaturation at 92°C for 20 seconds, 

annealing at 62°C for 35 seconds along with extension at 72°C for 3 minutes. And the final 

extension phase was 72°C for 3 minute. This study was based on primer shift PCR (Lee et al., 

1998) to confirm the presence of the sought after amplicons. 

                           

 

 

 

Table: 18. Thermal details for COXIIIC and COXIIIB. 

http://molehr.oxfordjournals.org/content/7/1/103.full#ref-26
http://molehr.oxfordjournals.org/content/7/1/103.full#ref-26


           The PCR was carried out in 96 well thermal cycler (Thermo Electron Corporation, Mill 

ford, USA) at the following thermal stages, steps and cycles.     

 

2.3.4. VISUALIZATION OF PCR PRODUCTS BY AGAROSE GEL                    

ELECTROPHORESIS 

The analysis was done on 2% agarose gel. The gels were prepared by melting 3.75gm agarose 

(Promega), 30ml 10X TBE (10x Tris-Borate- Ethylene diamine tetra acetic acid buffer) and 

150ml distilled H2O in a bottle heated till the boiling and proper mixing. Ethidium bromide 

(0.5ng/ml concentration) 5ul was added to get the facilitate visualization of DNA after 

electrophoresis. The gel was poured in the tray and was allowed to solidifying for 45-60 minutes. 

 

 

 

 

2.3.5. GEL DOCUMENTATION 

NO. OF 

STAGES 
NO. OF STEPS 

TEMPRATURE 

˚C 

TIME 

(minutes/seconds) 

NO. OF 

CYCLES 

1 Denaturation 92 3 MIN 1 

2 

Denaturation 92 20 SEC 

25 

Annealing 62 35 SEC 

3 Extension 72 3 MIN 1 



A volume of 5µl 6X gel loading buffer was auditioned in each sample (Fermentas, Lithuania). 

Each Sample was loaded on agarose gel in a particular well. A DNA marker (Ladder Ferments 

Lithuania) 100bp was added in first well for size reference. The gel was run for 120 minutes at 

constant 200 volts in 1X TBE buffer. White DNA bands were apparent when visualized with 

300nm ultra-violet (UV) Trans illuminator.  
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2.4. DETECTION OF 8.7kb FREGMENT by LONG PCR 

For the detection of multiple deletions in a large fragment of sperm mtDNA, third set of 

experiment was designed. Large fragment of 8.7kb out of total mitochondrial genome of the 

16.6kb was amplified. This region was supposed to be most heavily muted fragments of the 

genome and also the site of the 7.4kb deletions. Presence of 8.7kb indicated wild type mtDNA 

and absence of 8.7kb presented the deleted type of mtDNA. This big fragment of mtDNA 

consisted of genes complex III (cytochrome b), complex IV (the cytochrome c oxidase gene, 

COXIII) and complex V, the ATPase synthase genes ATPase 6 and 8. All 355 subjects including 

74 control group and 281infertile groups were analyzed by this specific set of primers. A higher 

incidence of deleted mtDNA was expected in the asthenozoospermic and 

oligoasthenozoospermic and highest in OAT (Oligoasthenoteratozoospermia) when compared 

with normozoospermic patients. 

2.4.1. DETAILS OF PRIMERS 

To reveal these deletions primer designed were MT1A as forward primer 8,224–8,247 : 5ʹ TCT 

AGA GCC CAC TGT AAA G 3ʹ and MT3 as reverse primer 13,580–13,551: 5ʹ AGT GCA TAC 

CGC CAA AAG A 3ʹ.  Wild type of mtDNA indicated by the presence of 8.7 kb band while 

absence of 8.7 kb band indicated the mutated type mtDNA. Detail of this primer set is given in 

table 19. 

       Table: 19. Long PCR primer set details. 

 

PRIMER 

NAME 

POSITION PRIMER 
SEGMENT 

REVEALED 

MT1A (F) 8,224–8,247 
5ʹ TCT AGA GCC CAC TGT AAA G 3ʹ 

 
8.7kb WILD TYPE 

MT3 (R) 
13,580–13,551 

 
5ʹ AGT GCA TAC CGC CAA AAG A 3ʹ ABSENCE OF 8.7KB 

 

 



2.4.2. PCR MIX 

     Optimization for each primer was obtained by varying annelation temperature. After the 

optimization with reproducible results, all the samples were amplified for target DNA fragment. 

The PCR reaction was done for each sample in final volume of 10µl containing 1µl of 10X PCR 

buffer with MgCl2 (Fermentas, Lithuania), 0.8µl 2mM dNTPs (Fermentas, Lithuania), 0.08µl of 

Long PCR enzyme (Fermentas, Lithuania), 0.3µl of 20µM of each forward and reverse primers, 

2µl of 40ng/ µl human genomic DNA and volume of the reaction was made up to 10µl with 

autoclaved deionized water. This regime was multiplied with the number of reactions or samples 

required. 

 

  Table: 20. Reaction mixture for long PCR. 

S.NO  INITIAL CONCENTRATIONOF 

REAGENTS. 

FINAL CONCENTRATION.  VOLUME µL/ 

REACTION 

1 d.H2O --- 5.52µl 

2 10x PCR  buffer with MgCl2  1x buffer 1.0µl 

3 2.5mM dNTPs 200µM dNTPs 0.8µl 

4 Long PCR enzyme mix  0.08µl 

5 20µM Forward primer MT1A 1.0µM 0.3µl 

6 20µM Reverse primer MT3 1.0µM 0.3µl 

7 40ng Sample Genomic DNA ng/µl 2.0µl 

8 Total reaction volume --- 10µl 

 

 

 

 



2.4.3. PCR THERMAL PROFILE  

 

In this long PCR 10μl volume was used for each sample. Each reaction contained 5.52µl of 

deionized water, 1.0µl of 10xPCR buffer with MgCl2, 0.8µl of dNTP, 0.08µl of long PCR 

enzyme, 0.3µl of each primer MT1A and MT3 and 2.0µl of mtDNA sample making 10 µl in 

total (Lestienne et al., 1997). Thermal reaction conditions were: initial denaturation at 94°C for 2 

minutes, 34 cycles of denaturation at 94°C for 10 seconds, annealing at 52°C for 30 seconds and 

extension at 68°C for 10 min.  

 

 

Table: 21. Thermal conditions for long PCR. 

 The PCR was carried out in 96 well thermal cycler (Thermo Electron Corporation, Mill ford, 

USA) at the following thermal stages, steps and cycles.   

   

 

 

 

  

NO. OF 

STAGES 

NO. OF 

STEPS 

TEMPRATURE 

˚C 

TIME (minutes/ 

seconds) 

NO. OF 

CYCLES 

1 Denaturation 94 2 MIN 1 

2 

 

Denaturation 94 10 SEC 

34 

 

Annealing 52 30 SEC 

Extension 68 10 MIN 



 

2.4.4. VISUALIZATION OF PCR PRODUCTS BY AGAROSE GEL                    

ELECTROPHORESIS 

The amplified PCR products were analyzed on 2% agarose gel. The gels were prepared by 

melting 3.75gm agarose (Promega), 30ml 10X TBE (10x Tris-Borate- Ethylene diamine tetra 

acetic acid 

buffer) and 150ml deionized water in a Pyrex bottle (heat in oven with loose bottle cap until 

agarose boils to mix in liquids). Ethidium bromide (0.5ng/ml concentration) 5ul was added to get 

the facilitate visualization of DNA after electrophoresis. The gel gels were poured in the tray and 

were allow to solidifying for 45-60 minutes. 

 

2.4.5. DOCUMENTATION OF PCR PRODUCT 

To each sample 5µl 6X gel loading buffer (Fermentas, Lithuania) was added. Samples were 

loaded on agarose gel. In the first well of gel, 250bp DNA marker (Ladder Ferments Lithuania) 

was loaded as size reference. The gel was run for 120 minutes using the Maxicell EC360-M 

electrophoretic gel system (EC Apparatus Corporation, St. Petersburg, Florida, USA) at 200 

constant volts by using BioRad Power Pack 3000 (BioRad, USA) in 1X TBE buffer. DNA bands 

were visualized under ultra-violet (UV) Trans illuminator (300 nm) and photographed using 

Syngene gel documentation system (Gene Genius, Syngene, UK). 
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2.5. SEQUENCING ANALYSIS FOR mtDNA 

This was final set of experiment. To further evaluate the association of sperm mtDNA with human 

male infertility, automated DNA sequencing was performed using the Applied Bio System Big Dye 

(TM) termination V 3.1 cycle sequencing kit. Total 50 carefully selected samples were analyzed for 

DNA sequencing analysis of COXIII subunit from different fertility groups. 

 

2.5.1. DETAILS OF INITIAL PRIMER DESIGN 

 

To analyze DNA sequencing in the particular segment primer were COXIIIC as forward primer 

9390 to 9413: 5ʹ ACA CGA GAA AGC ACA TAC CAA GGC 3ʹ and COXIIIB as reverse 

primer 9525 to 9502: 5′ CTA GGC TGG AGT GGT AAA AGC CTC 3′.  Wild type of mtDNA 

was 135bp, while deleted type was 120bp. Detail of this primer set is given in table 21. 

 

Table: 22. Initial primer set detail for PCR leading to sequencing. 

     

 2.5.2. PCR MIX PER REACTION 

After the optimization with reproducible results, all the samples were amplified for target DNA 

fragment for sequencing purpose. The PCR reaction was done for each sample in final volume of 

50µl containing 5µl of 10X PCR buffer with MgCl2 (Fermentas, Lithuania), 4.0µl 2mM dNTPs 

(Fermentas, Lithuania), 1.0µl of 5U Taq DNA polymerase enzyme (Fermentas, Lithuania), 5µl of 

20µM of each forward and reverse primers, 10µl of 40ng/ µl human genomic DNA and volume 

of the reaction was made up to 50µl with  

 

 

PRIMER NAME POSITION PRIMER SEGMENT REVEALED 

COXIIIC (F) 9390 to 9413 
5ʹ ACA CGA GAA AGC ACA TAC CAA GGC 3ʹ 

 
135bp WILD TYPE 

COXIIIB (R) 9525 to 9502 5ʹ CTA GGC TGG AGT GGT AAA AGC CTC 3ʹ 120bp DELETED TYPE 



autoclaved and deionized water. This regime was multiplied with the number of reactions or 

samples required.  

 

Table: 23.  PCR reaction mix details for sequencing. 

S.NO REAGENTS WITH INITIAL 

CONCENTRATION. 

REAGENTS WITH FINAL 

CONCENTRATION. 

QUANTITY  USED 

IN µL/ REACTION 

1 d.H2O --- 5.4x5=27 µl 

2 10x PCR  buffer with MgCl2  1x buffer 1.0x5=5.0 µl 

3 2.5mM dNTPs 200µM dNTPs 0.8x5=4.0 µl 

4 5U/µl Taq DNA polymerase 0.5U Taq DNA polymerase 0.2x5=1.0 µl 

5 20µM Forward primer COXIIIC 1.0 µM 0.3x5=1.5 µl 

6 20µM Reverse primer COXIIIB 1.0 µM 0.3x5=1.5 µl 

7 40ng Sample Genomic DNA ng/µl 2.0x5=10 µl 

8 Total reaction volume --- 50 µl 

            

2.5.3. PCR THERMAL CONDITIONS 

The thermal cycler was optimized as, initial denaturation at 92°C for 3 minutes. Denaturation 

was 25 cycle at 92°C for 20 seconds, and annealing at 62°C for 35 second. Final extension phase 

was of 72°C for 3 minute.  

 

 

 



Table: 24. Thermal conditions for pre sequencing PCR. 

   The 

PCR was carried out in 96 well thermal cycler (Thermo Electron Corporation, Mill ford, USA) at 

the following thermal stages, steps and cycles. 

 

        

 2.5.4. ANALYSIS OF PCR PRODUCTS BY AGAROSE GEL 

ELECTROPHORESIS 

Product of DNA and amplified PCR were analyzed on 2% agarose gel which were prepared by 

melting 3.75gm agarose (Promega), 30ml 10X TBE (10x Tris-Borate- Ethylene diamine tetra 

acetic acid buffer)  and 150ml deionized water in Pyrex bottle (heat in oven with loose bottle cap 

until agarose boils to mix in liquids). Ethidium bromide (0.5ng/ml concentration) 5ul was added 

to get the facilitate visualization of DNA and PCR product after electrophoresis. Set the 

20cm×20cm gel plate with combs at suitable distance and pour the gel solution. The gel was 

polymerized in 45-60 minutes. 

 

 

NO. OF 

STAGES 

NO. OF 

STEPS 

TEMPRATURE 

˚C 

TIME 

(minutes/seconds) 

NO. OF 

CYCLES 

1 Denaturation 92˚ 3 MIN 1 

2 Denaturation 92 20 SEC 25 

Annealing 62 35 SEC 

3 Extension 72 3 MIN 1 



 

2.5.5. DOCUMENTATION OF PCR PRODUCT 

Before loading the sample in the gel, 5µl 6X gel loading buffer (Fermentas, Lithuania) was 

added in each sample. Then after the addition of the gel loading buffer, samples were loaded on 

agarose gel. In the first well of gel, 20bp DNA marker (Ladder Ferments Lithuania) was loaded 

as size reference for amplified target DNA. The gel was run for 120 minutes using the Maxicell 

EC360-M electrophoretic gel system (EC Apparatus Corporation, St. Petersburg, Florida, USA) 

at 200 constant volts by using BioRad Power Pack 3000 (BioRad, USA) in 1X TBE buffer. DNA 

bands were visualized under ultra-violet (UV) Trans illuminator (300 nm) and photographed 

using Syngene gel documentation system (GeneGenius, Syngene, UK). 

 

 

2.5.6. PRIMERS FOR SEQUENCING 

 
   To get the whole sequence for every sample primers were carefully designed using primer 3 

programme. 

 

Table: 25. Primers for sequencing of COXIII. 

Primer 

name 

Genomic 

location (bp) 
Sequence (5’- 3’) 

GC 

content 
Tm (1mNa+) 0C 

COXIIIC F 

 

 

COXIIIB R 

 

9390 to 9413 

 

 

9525 to 9502 

5ʹ ACA CGA GAA AGC 

ACA TAC CAA GGC 3ʹ 

 

5ʹ CTA GGC TGG AGT 

GGT AAA AGC CTC 3ʹ 

50% 

 

 

54% 

 

66 

 

 

68 

 
F= Forward primer, R= Reverse primer, bp= base pair position related to the reference human mitochondrial 

sequence.  

 

 

 

 

 

 



2.5.7. AUTOMATED SEQUENCING 
 

All sequencing reactions were carried out in 20μl of sequencing reaction mix containing 0.5μl of 

BDT (Big DyeTM), 1.75μl of 5X sequencing buffer, 1μl of primer (stock concentration: 3.2μM), 2.5μl 

of purified PCR products and 10μl of ddH2O. Thermal cycling  carried out on the thermal cycle 

(mastercycle@gradient.Eppendroff) with the following parameters: 96 0C of initial denaturing for 

10s, 50 0C of annealing temperature of 10s and 60 0C of primer extension temperature for 1.5 min for 

25 cycles. 

 

 2.5.8. 

SEQUENCING REACTION CLEAN UP 

 
Sequencing products were purified using sequencing cleanup plates (Whatman unifilter filtration 

GF/C 800 # 1 long drip detector micro plates, Global). The cleanup plate wells contained a column of 

sephadex resin beads. Sequencing reactions were applied to each well according to the protocol. The 

plate was centrifuged at 750 × g for 5 min for several times. Then the plate was sealed with PCR 

sealing film and was made ready to go for automated sequencing in ABI PRISM, 3100 genetic 

analyzer using Big DyeTM termination V 3.1 cycle sequencing kit (Applied Bio System). 

 

 

 

 2.5.9. EVALUATION OF DNA SEQUENCE  

 
All the data obtained from automated sequence was edited with a computer based program 

Sequencer TM. These sequences were compared with the reference sequence (NCBI database, 

accession number: NC-00187) to determine the nature of mutations. 

 

 

 

 

 

Hewlett-Packard 



 

 

 

  

      
 



 

3.1.  RESULTS, ANALYSIS FOR 9480del15  

 

For the detection of famous 15bp deletion, the 9480del15 in COXIII subunit of sperm mtDNA, 

primers design was COXIIIA and COXIIIB. It has produced 85bp wild and 70bp deleted type 

fragments. COXIIIA: 9440 to 9463: 5ʹ CCT TCG ATA CGG GAT AAT CCT ATT 3ʹ and 

COXIIIB: 9525 to 9502 5ʹ CTA GGC TGG AGT GGT AAA AGC CTC 3ʹ. Three genotypes were 

wild 85bp (ww), deleted 70bp (dd) and hybrid (wd) was double band. Electrophoretograms of 

PCR amplified samples are shown in figures 8,9,10 and 11. Statistical analyses results are shown 

in Table 26. Out of total 355 subjects, 143 did not amplify due to DNA degradation, and 

excluded from statistical analysis, therefore 212 samples, including infertile (n=143) and control 

(n=69) subjects were placed for statistical analysis. 

           

3.1.1. GENOTYPE CLASSIFICATION  

In control group (n=69), ww (n=27) were 39.13%, dd (n=11) were 15.94% and wd (n=31) was 

44.93%. Oligozoospermic group consisted of only two samples, both hybrid type (n=2) were 

100%. Asthenozoospermic group (n=37) consisted of ww (n=7) 18.92%, dd (n=10) were 27.03% 

and wd (n=20) were 54.05% respectively. In OAT group (n=88), ww (n=16) were 18.18%, dd 

(n=33) were 37.5% and wd (n=39) was 44.32%. In Oligonecrozoospermic group  (n=2) both 

samples were dd (n=2) that was 100%. Necrozoospermic  (n=14) comprised of ww (n=2) were 

14.29%, dd (n=6) were 42.86% and wd (n=6) was 42.86%. Highly significant difference 

(P=0.007) was noted when groups were compared as shown in table 26, figure 5.   

 

 

 

 



Table: 26. DISTRIBUTION & ANALYSIS OF PCR PRODUCT. 

Status 
Genotype n (%) 

Total 
Chi-square 

df=10 
p 

ww dd wd 

Control 27(39.13) 11(15.94) 31(44.93) 69 

24.210 0.007 

Oligozoospermic 0(0) 0(0) 2(100) 2 

Asthenozoospermic 7(18.92) 10(27.03) 20(54.05) 37 

OAT 

(oligoasthenoteratozoospermic) 
16(18.18) 33(37.5) 39(44.32) 88 

Oligonecrozoospermic 0(0) 2(100) 0(0) 2 

Necrozoospermic 2(14.29) 6(42.86) 6(42.86) 14 

Total 52(24.53) 62(29.25) 98(48.23) 212 

ww= wild wild 85bp, dd= deleted deleted 70bp, wd= hybrid wild deleted  

 

  

Figure: 5. 

COXIIIA and COXIIIB PCR product analysis in control and infertile group. 
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3.1.2.  PROPORTION OF THE DELETION 9480del15 IN CONTROL AND 

INFERTILE GROUP 

In infertile group (n=143), ww (n=25) were 17.48%, dd (n=51) were 35.66% and hybrid wd 

(n=67) were 46.85%. Incidence of mutation 9480del15 in infertile group was more than two 

times (2.04x) that of wild type. Control group incidence of 9480del15 was two times less (0.4x) 

than wild type. Chi-square test had shown highly significant difference (P=0.001) as given table 

27. 

Table: 27.  Proportion and analysis of 9480del15 in control versus infertile group. 

Status 
Genotype n (%) 

Total 
Chi-square 

df=2 
p 

ww dd wd 

Control 27(39.13) 11(15.94) 31(44.93) 69 
15.220 0.001 

Infertile Patients 25(17.48) 51(35.66) 67(46.85) 143 

Total 52(24.53) 62(29.25) 98(48.23) 212   

     ww= wild wild 85bp, dd= deleted deleted 70bp, wd= hybrid wild deleted  

 

 

Fig: 6. Distribution of 9480del15 in control versus infertile group. 
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 3.1.3.  PROPORTION OF THE 9480del15 IN CONTROL AND OAT GROUP  

In control group (n=69) ww (n=27) were 39.13%, dd (n=11) were 15.94% and hybrid type wd 

(n=31) were 44.93%. OAT type (n=88) ww (n=16) were 18.18%, dd (n=33) were 37.5% and 

hybrid wd (n=39) were 44.32%. In control group incidence of this deletion was two times less 

(0.4x) than wild type. While in OAT group incidence of deletion was two times more (2.06x) 

than wild type. Statistical analysis confirmed highly significant results (P=0.002) as shown in 

table 28 and figure 7. 

  

 

Table: 28.  Proportion and analysis of 9480del15 in control versus OAT group 

 

Status 
Genotype n (%) 

Total 
Chi-square 

df=2 
p 

ww dd wd 

Control 27(39.13) 11(15.94) 31(44.93) 69 
12.968 0.002 

OAT 16(18.18) 33(37.5) 39(44.32) 88 

Total 43(27.39) 44(28.03) 70(44.59) 157   

 

ww= wild wild homogenous 85bp, dd= deleted deleted 70bp, wd= hybrid wild deleted  

 

Incidence of deletion was very highly significant in OAT syndrome as compared to control group 

(P=0.002). 

 

 

 

 

 

 

 

 



 

 

 
Fig: 7. Distribution of 9480del15, in control versus OAT group.  

 

 

3.1.4.  DESCRIPTION OF RESULTS & STATISTICAL ANALYSIS 

Control group had highest ratio wild type (n=27, 39.13%). OAT group revealed maximum ratio 

of deleted type (9480del15) (n=33, 44.32%). Significantly lower incidence of wild type DNA in 

Oligozoospermic, Asthenozoospermic, Oligoasthenoteratozoospermic, Oligonecrozoospermic 

and Necrozoospermic type of semen was found as compared to control group. Higher incidence 

of 9480del15 was found in Asthenozoospermic, OAT, Oligonecrozoospermic and 

Necrozoospermic type of semen as compared to control group. Whereas higher incidence of 

hybrid type found in Oligozoospermic, Asthenozoosperic, Oligoasthenozoospermic, and 

Necrozoospermic as compared to control group. Statistical analysis of results evidenced highly 

significant association of deletion with infertile groups (P=0.007).  

 

 

Incidence of 9480del15 was low in control group and many times more incidence was found in 

infertile group. Statistical analysis revealed highly significant difference (P=0.001).  
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The control group revealed more than twice (2.45:1) the number of wild (n=27) as compared to 

the deleted (n=11). Infertile group showed hybrid type DNA (n=67) more than two and half 

times (1: 2.68) as compared to wild DNA (n=25) and the ratio of the deleted type DNA (n=51) 

was more than twice (1: 2.04) as compare to the wild type. Data analysis revealed highly 

significant difference (P=0.001). 

Comparing control group with infertile group found similar trend of deletions. Oligozoospermic, 

(n=2) hybrid type DNA only. In Oligozoospermic, the ratio of deletions was higher as compared 

to wild. In OAT group, wild type were (n=16) and muted type were (n=33) more than twice 

comparatively. Necrozoospermic revealed wild (n=2) muted (n=6) 1:3. Overall data analysis 

indicated highly significant association (P=0.007). 

 

 

       M   1,  2,  3,  4, 5,  6,  7,  8,  9, 10, 11,12,13,14,15,16,17,18,19, 20,21,22,23, 

24,25,26,27,28,29,30,31,32,33, 34,35,36,37,38,39 

Figure: 8. COXIIIA AND COXIIIB ELECTROPHORETOGRAM NO.1 

Figure (n=39) demonstrates PCR product of COXIIIA and COXIIIB. This primer set produced 

two bands, upper band is wild type with 85bp and lower band is deleted with 70bp. Control 

group is represented with (n=2) lane 38 wild type (ww) and 39 is hybrid type (wd). All other 

samples are Asthenozoospermic in this gel (n=31) lane 2,11,34 and 35 are wild type (ww). Lane 

5,6,7,8,13,14,18,20,22,23,25,26,27 and 32 are hybrid type (wd). Lane 10,12,15,16,19,24,29,31 

and 33 are deleted type (dd). Whereas lane 1,3,4,9,17 and 28 were not amplified. 

 

 

 

 

 

  ww(85bp) 

dd(70bp) 

wd 

 



 

 

      M   1,  2,  3,  4,  5,   6,  7,  8,  9,  10, 11,12,13,14, 15,16,17,18, 19, 20,21,22,23, 24, 25,26, 

27,28,29,30, 31,32                                                                                                           

  Figure: 9. COXIIIA AND COXIIIB ELECTROPHORETOGRAM NO.2: 

Figure demonstrates PCR product of COXIIIA and COXIIIB. This primer set produced two 

bands, upper band is wild type with 85bp and lower band is deleted with 70bp. Ladder used was 

100bp. Discription of samples   (total n=32, control n=14 and asthenozoospermic n=18). Control 

group samples are lane 19,20,21,22,23,27,29,31 and 32 are wild type (ww). Lane 24,25 and 26 

are hybrid type (wd). Lane 28 and 30 are deleted type (dd). Asthenozoospermic  group 

represented by lane 2,3,6,11,14 and 16 are wild type (WW). Lane 1 is muted type (dd). While 

lane 4,5,7,8,9,10,12,13,15,17 and 18 are hybrid type (wd). 
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    M   1,  2,  3,  4,  5,   6,  7,  8,   9,  10, 11,12,13,14, 15,16,17,18, 19, 20,21,22,23, 24 

25,26,27,28,29,30, 31,32 

 Figure: 10.  COXIIIA AND COXIIIB ELECTROPHORETOGRAM NO.3 

Figure demonstrates PCR product of primer set COXIIIA and COXIIIB, total samples (n=32, 

amplified n=27 and not amplified n=5). This primer set produced two bands, upper band is wild 

type with 85bp and lower band is muted with 70bp, while lanes with both bands simultanously 

presents hybrid type, ladder used is 100bp. Total sample from control group (n=13) lane 

11,12,13,15,16,17,19,20,21,22,23 and 26 are wild type (ww). Lane 14 is deleted type (dd). 

Oligozoospermic (n=6) lane 28,29,30 and 31 are wild type (ww). Lane 27 is deleted type (dd). 

Lane 32 is hybrid type (wd). Asthenozoospermic are (n=8) lane 1,5 and 6 are wild type (ww). 

Lane 8 is muted type (dd). Lane 2,4,9 and 10 are hybrid type (wd). Lane 3,7,18,24 and 25 are not 
amplified. 

 

 

 

 

 

 

   M   1,  2, 3,  4,  5,  6,  7,  8,  9, 10,11,12,13,14, 

15,16,17,18,19,20,21,22,23,24,25,26,27,28,29,30,31,32,33,34,35,36,37,38 

Figure: 11.  COXIIIA AND COXIIIB ELECTROPHORETOGRAM NO.4 (all 

samples from OAT group) 

Figure demonstrates PCR product of primer set COXIIIA and COXIIIB (total n=38, amplified 

n=35 and not amplified n=3). This primer set produced two bands, upper band is wild type with 

85bp and lower band is muted with 70bp.  Ladder used is 100bp. Samples in lane no: 31,32,37 

  wd 

  ww (85bp) 

  dd (70bp) 



and 38 are wild type (ww). Lane 4,5,7,8,9,11,19,20,23,24,26,28,34 and 35 are deleted type (dd).  

Lane n 1,2,3,6,10,12,13,15,16,17,18,21,22,25,,27,33 and 36 are hybrid type (wd).  
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3.2.  RESULTS, DETECTION OF 15bp DELETION 

 

In the previous set of experiment COXIIIA and COXIIIB primers used to amplify COXIII 

subunit. For the confirmation of sought after amplicons by primer which was 50bp upstream 

from COXIIIA, the COXIIIC 9390 to 9413: 5ʹ ACA CGA GAA AGC ACA TAC CAA GGC 3ʹ in 

combination with COXIIIB was designed. This produced molecule of 135bp for wild and 120bp 

for deleted type. The amplified products were revealed in electrophoretogram in figures 13,16, 

17, 18 and 19. Out of total 355 subjects, 161 were excluded from statistical analysis because they 

were not amplified properly due to DNA degradation. Total subjects analyzed statistically were 

n=194. These subjects included control (n=44) and infertile (n=150). 

 

3.2.1. GENOTYPE CLASSIFICATION OF CONTROL AND INFERTILE 

GROUP.  

 

Amplification of all samples by COXIIIC & COXIIIB revealed control group (n=44) consisted 

of wild (n=4) were 9.09%, deleted (n=130) were 29.55% and hybrid (n=27) were 61.36%. 

Oligozoospermic group (n=20) consisted of deleted (n=6) were 30% and hybrid (n=14) were 

70%. Asthenozoospermic group (n=36) consisted of deleted (n=12) were 33.33% and hybrid 

(n=24) were 66.66%. OAT group consisted of total (n=88) wild (n=2) were 2.27%, deleted 

(n=41) were 46.59% and hybrid (n=45) was 51.14%. Oligonecrozoospermic group (n=02) 

consisted of hybrid type (n=2) that was 100%. Necrozoospermic (n=4) wild (n=1) were 25% and 

hybrid (n=3) that was 75% as shown in table 29 and figure 12.  

 

 

 

 



Table: 29. 15bp deletion analysis, in control versus infertile groups. 

Status 
Genotype n (%) 

Total 
Chi-square 

df=10 
p 

ww dd wd 

Control 4(9.09) 13(29.55) 27(61.36) 44 

19.17 0.038 

Oligozoospermic 0(0) 6(30) 14(70) 20 

Asthenozoospermic 0(0) 12(33.33) 24(66.66) 36 

OAT(oligoasthenoteratozoospermic) 2(2.27) 41(46.59) 45(51.14) 88 

Oligonecrozoospermic 0(0) 0(0) 2(100) 2 

Necrozoospermic 1(25) 0(0) 3(75) 4 

Total 7(3.61) 72(37.11) 115(59.28) 194 

ww= wild 135bp, dd= deleted 120bp, wd= hybrid   

 

 

Figure: 12. 15bp deletion analysis of control versus infertile group.     
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3.2.2. PROPORTION OF 15bp DELETION CONTROL VERSUS 

INFERTILE GROUP 

Control group (n=44) revealed wild (n=4) were 9.09%, deleted (n=13) were 29.55% and hybrid 

(n=27) were 61.36%. Infertile group consisted of wild (n=3) the 2% deleted type (n=59) were 

39.33% and hybrid type (n=88) were 58.66%. Statistical analysis revealed no significant 

difference (P=0.056) as shown in table 30 and figure 13.  

 

Table:  30.  COXIIIC and COXIIIB PCR product of control versus infertile group 

Status 

Genotype n (%) 

Total 

Chi-

square 

df=2 

p 
ww dd wd 

Control 4(9.09) 13(29.55) 27(61.36) 44 
5.6 0.056 

Infertile Patients 3(2) 59(39.33) 88(58.66) 150 

Total 7(3.61) 72(37.11) 115(59.28) 194   

 ww= wild 135bp, dd= deleted 120bp, wd= hybrid   

 

 

      Figure: 13. Proportion of 15bp deletion in control versus infertile group. 
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3.2.3. PROPORTION OF 15bp DELETION CONTROL VERSUS OAT 

GROUP 

Control group was (n=44) consisted of wild (n=4) were 9.09%, deleted (n=13) were 29.55% and 

hybrid (n=27) were 61.36%. OAT group was (n=88) wild type (n=2) were 2.27%, deleted type 

(n=41) were 46.59% and hybrid type (n=45) were 51.14%. Results were not significant 

(P=0.059) as shown in table 31 and figure 14. 

 

  Table: 31. Analysis and proportion of 15bp deletion, in control versus OAT group. 

Status 

Genotype n (%) 

Total 

Chi-

square 

df=2 

p 
ww dd wd 

Control 4(9.09) 13(29.55) 27(61.36) 44 
5.66 0.059 

OAT 2(2.27) 41(46.54) 45(51.54) 88 

Total 6(4.55) 54(40.91) 72(54.55) 132   

ww= wild 135bp, dd= deleted 120bp, wd= hybrid   

   

 

 

           Figure: 14. Proportion of 15bp deletion in control versus OAT syndrome. 
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3.2.4. STATISTICAL ANALYSIS  

Lower or zero incidence of wild type was found in Oligozoospermic, Asthenozoospermic, 

Oligoasthenoteratozoospermic, Oligonecrozoospermic and Necrozoospermic group. In control 

group, wild type 9.09% as compared to OAT group was 2.27%. Highest percentage of deletions 

46.59% was found in OAT syndrome. As a general trend, lower incidence of wild type was 

found in all groups of this experiment. Statistical analysis evidenced a significant association 

(P=0.038) of deletions to infertile groups.  

 

 

 

 

 

 

 

Figure: 15.  COXIIIC AND COXIIIB ELECTROPHORETOGRAM.1 

 Figure demostrate PCR gel product of COXIIIC and COXIIIB (n=24). Wild type DNA,135bp is 

presented by upper band, deleted type 120bp is lower band and  hybrid type is presented  with 

both bands. Ladder used 100bp. Control group samples are n=2, lane 23 deleted (dd) and 24 is 

hybrid type (wd). OAT group sample is n=22 lane 4,8 and 21 deleted type (dd). Lane 

1,2,3,5,6,7,9,10,11,12,13,14,15,16,17,18,19,20 and 22 are hybrid type (wd). 

 

 

 

ww 

dd 



 

 

 

 

 

 Figure: 16.  COXIIIC AND COXIIIB ELECTROPHORETOGRAM .2 (ALL 

SAMPLES REPRESENT CONTROL GROUP) 

Figure demonstrates PCR product of primer set COXIIIC and COXIIIB, 135 bp band is wild 

type and 120 bp band is indicative of deleted mtDNA. Lane 7 and 9 are deleted type (dd) and 

lane 1,2,3,5,6,8,10,11,12,13,14,15 and 16 are hybrid  type (wd). Laddar used is 100bp.  
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 Figure: 17.  COXIIIC AND COXIIIB ELECTROPHORETOGRAM .3 (all 

Asthenozoospermic samples)  

Figure demonstrate amplification of asthenozoospermic sample (n=39) by primer set COXIIIC 

and COXIIIB, 135 bp band is wild type and 120 bp band  indicates deleted mtDNA. Sample lane 

1,2,25,35,38 and 39 are wild type (ww). Lane 21 and 27  are deleted type (dd) and lane 

3,5,6,7,8,9,10,11,12,13,14,15,17,18,19,20,22,23,24,25,25,28,29,30,31,32,33,34,36 and 37 are 

hybrid type (wd). 

 

 

 

 

 

 

 

 

 

 

 

 

Figure: 18.  COXIIIC AND COXIIIB ELECTROPHORETOGRAM .4 
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 Figure demonstrate PCR product of COXIIIC and COXIIIB, total (n=39). Upper band is 135 

wild type and 120 bp lower band is indicative of deleted type DNA. Asthenozoospermic (n=1) 

lane 2 hybrid type. Oligozoospermic (n=3) lane 16,22 both hybrid and 23 which is muted. OAT 

type (n=38) lane  5, 14 and 37 are wild type. Lane 11,12,13,23,32,33,34,35,38 and 39 are deleted 

type. Lane 1,3,4,5,6,7,8,9,10,15,16,17,18,19,20,21,22,24,25,26,27,28,29,30,31,36 and 37 are 

hybrid type. 
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Figure: 19.  COXIIIC AND COXIIIB ELECTROPHORETOGRAM .5 

Figure demonstrate PCR product primer set COXIIIC and COXIIIB, total (n=39). Wild type is 

135bp upper band and 120bp lower band is indicative of deleted DNA. Asthenozoospermic (n=5) 

lane 1,2,3,4  are hybrid type and lane 19 is deleted type. Oligozoospermic (n=8) lane 16 and  24 

are muted type. Lane 7,8,11,17,25 and 26 are hybrid type. Oligonecrozoospermic (n=3) lane 

13,27 and 28 all are hybrid type. Necrozoospermic (n=9) lane 21 is wild type. Lane 10 and 20 

are deleted type.  5,6,9,12,14 and 23 are hybrid type. OAT (ologoasthenoteratozoospermic) 

(n=14), lane 22 and 36 are deleted type. Lane 15,18,29,30,31,32,33,34,35,37,38 and 39 are 

hybrid type DNA. 
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3.3.  RESULTS, DETECTION OF 8.7kb FRAGMENT  

Long polymerase chain reaction (PCR) was performed to detect multiple deletions 

simultaneously in a large segment. Out of 16.6kb total, 8.7kb was amplified by MT1A: 5ʹ TCT 

AGA GCC CAC TGT AAA G 3ʹ and MT3: 5ʹ AGT GCA TAC CGC CAA AAG A 3ʹ. There were 

three categories of genotypes wild type 8.7kb band, deleted type was shown by the absence of 

8.7kb band and multiple bands along with 8.7kb band was the indication of hybrid type as shown 

in figure 24, 25, 26 and 27 table 31. Out of total 355 subjects, 152 were excluded from statistical 

analysis because they were not amplified due to DNA degradation. Total 203 subjects included 

infertile (n=161) and control (n=42). 

 

 

3.3.1. PROPORTION OF 8.7kb FRAGMENT IN CONTROL AND 

INFERTILE GROUP  

Control group (n=42) contained wild type (n=5) was 11.9%, deleted type (n=23) was 54.76%, 

and hybrid (n=14) was 33.33%. Oligozoospermic group (n=22) contained deleted (n=11) were, 

50%, and hybrid (n=11) were 50%. Asthenozoospermic group (n=39) contained deleted (n=19) 

was 48.72% and hybrid type (n=20) was 51.28%.  OAT group consisted of (n=96), wild (n=1) 

that was 1.04%, deleted type (n=64) was 66.67% and hybrid type (n=31) was 32.29%. IN 

oligonecrozoospermic group (n=3) wild type (n=2) was 66.67% and hybrid type (n=1) was 

33.34%). Necrozoospermic group consisted of (n=1), deleted type (n=1) that was 100%. Data 

analysis reveled highly significant association (P=0.001) as shown in table 32 and figure 20, 21. 

 

 

 

 



   

   Table: 32.  Proportion of MT1A and MT3 product in control versus infertile groups 

Status 
Genotype n (%) 

Total 
Chi-square 

df =10 
p 

w d wd 

Control 5(11.9) 23(54.76) 14(33.33) 42 

29.85 0.001 

Oligozoospermic 0(0) 11(50) 11(50) 22 

Asthenozoospermic 0(0) 19(48.72) 20(66.66) 39 

OAT 

(oligoasthenoteratozoospermic) 
1(1.04) 64(66.67) 31(32.29) 96 

Oligonecrozoospermic 2(66.67) 0(0) 1(33.34) 3 

Necrozoospermic 0(0) 1(100) 0(0) 1 

Total 7(3.45) 119(58.62) 77(37.93) 203 

 w= wild 8.7kb, d= deleted absence of 8.7kb and wd= hybrid (multiple bands simultaneously)  

 

 

 

Figure: 20. Proportion of MT1A and MT3 product in control versus infertile group. 
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Figure: 21.  Percentage of 8.7kb segment in control versus infertile groups. 

Very lower incidence of 8.7kb wild band found in all infertile groups as compared to control 

group. Highest incidence of deleted type was found in OAT group. This analysis indicates highly 

significant association (P=0.001) of multiple deletions to infertile group.  

 

3.3.2.  PROPORTION OF 8.7kb FRAGMENT IN CONTROL AND 

INFERTILE GROUP  

Control group consisted of (n=42) wild type (n=4) was 9.52%, deleted type (n=24) was 57.14% 

and hybrid type (n=14) were 33.33%. Infertile group (n=161) revealed wild (n=3) that was 

1.86%, deleted (n=95) was 59% and hybrid type (n=63) was 39.13% as shown in table 33 and 

figure 22. 
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Table: 33. Analysis of 8.7kb fragment in control versus infertile group 

Status 
Genotype n (%) 

Total 
Chi-square 

df =2 
p 

w d wd 

Control 5(11.9) 23(54.76) 14(33.33) 42 
6.970 0.031 

Infertile Patients 3(1.86) 95(59.01) 63(39.13) 161 

Total 7(3.45) 119(58.62) 77(37.93) 203   

     w= wild 8.7kb, d= deleted absence of 8.7kb and wd= hybrid (multiple bands simultaneously). 

    

 

 

           Figure: 22.  Proportion of 8.7kb fragment in control and infertile group. 

 

Data analysis of multiple deletions revealed significant association as (P=0.031).  

 

0

10

20

30

40

50

60

70

80

90

100

normal infertile

G
EN

O
TY

P
ES

GROUPS

8.7kb
control vs infertile

ww

dd

wd



3.3.3. PROPORTION OF 8.7kb FRAGMENT IN CONTROL VERSUS OAT 

GROUP 

Control group (n=42) revealed wild type (n=5) was 11.9%, deleted type (n=23) was 54.76% and 

hybrid type (n=14) were 33.33%. OAT group reveled (n=96), wild (n=1) was 1.04%, deleted  

(n=64) was 66.67%) and hybrid type (n=31) was 32.29%. Data analysis indicated significant 

association (P=0.019) of deletions to OAT group as shown in table 34 and figure 23. 

 

Table: 34. Analysis of 8.7kb fragment, in control versus OAT group. 

Status 

Genotype n (%) 

Total 
Chi-square 

df =2 
p 

w d wd 

Control 

5(11.9) 23(54.76) 14(33.33) 

42 

7.899 0.019 

OAT 

1(1.04) 64(66.67) 31(32.29) 

96 

Total 5(3.79) 88(66.67) 45(34.09) 132  
 

  w= wild 8.7kb, d= deleted absence of 8.7kb and wd= hybrid (multiple bands simultaneously)  

   

 

 
Figure: 23.  Proportion of 8.7kb fragment, in control versus OAT group. 

0

20

40

60

80

normal oligoasth

G
EN

O
TY

P
ES

GROUPS

8.7 kb
control vs OAT

ww

dd

wd



 

 3.3.4. DESCRIPTION OF RESULTS 

Deletion analysis of 8.7kb by long PCR revealed multiple deletions, control group consisted 

upon (n=69) wild type (n=5), deleted type (n=23) and hybrid type were (n=14). Infertile group 

showed up very high incidence of hybrid type (n=63) as compared to wild type (n=3) and even 

higher incidence of deleted type (n=95) was observed. This indicated a significant association 

(P=0.031) of deletions to infertility.  

 OAT group revealed very higher incidence of deletions indicating a strong association  

(P=0.019) of deletions, wild (n=1) was 1.04%, deleted  (n=64) was 66.67%) and hybrid type 

(n=31) was 32.29% in OAT group.  Overall analysis of data from all groups revealed highly 

significantly association (P=0.001).  
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 Figure: 24. MT1A AND MT3 ELECTROPHORETOGRAM .1 (MOSTLY 

OAT TYPE) 

Long PCR (MT1A & MT3) gel showing number of bands, presence of 8.7kb band indicates wild 

type DNA, absence of 8.7kb band is indicative of deleted type DNA, presence of 8.7kb band 

along other bands indicate hybrid type. This gel has total (n=35), Control group sample is (n=1) 

lane 10 which is hybrid type. Oligozoospermic (n=1) lane 15 which is deleted type, 

necrozoospermic (n=1) lane 1,it is muted type DNA. All other samples are OAT type (n=33). 

Lane 22 and 25 are wild type. Lane 1,3,7,8,9,11,12,13,14,16,17,19,20,22,23,24,29, 30,31,32,33 

and 34 are deleted type, lane 4,5,6,10,18,21,26 27,28and 35 are hybrid type. 

 

 

 Figure: 25. MT1A and MT3 ELECTROPHORETOGRAM .2 

(ASTHENOZOOSPERMIC) 

Long PCR (MT1A & MT3) gel showing number of bands, presence of 8.7kb band indicates wild 

type DNA, absence of 8.7kb band is indicative of deleted type DNA, presence of 8.7kb band 

along other bands indicate hybrid type. All sample in this gel are asthenozoospermic type (n=32). 

Ladder is 1kb fermentos.  Samples lane no: 29 and 30 are wild type (n=2). Lane 

7,10,16,17,19,20,24 and 31 are deleted type (n=8). Lane 2, 11,12,13,14,15,18,23,25,26,27 and 32 

(n=12) are hybrid type.  
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 Figure: 26. MT1A & MT3 ELECTROPHORETOGRAM .3  

Long PCR (MT1A & MT3) gel showing number of bands, presence of 8.7kb band indicates wild 

type DNA, absence of 8.7kb band is indicative of deleted type DNA, presence of 8.7kb band 

along other bands indicate hybrid type. This gel has total (n=32), control (n=10) Lane 20,23 and 

24 are hybrid (n=3) whereas 21,22,25,26,27,28,and 31 are deleted (n=7). All other lane are 

presenting OAT group (n=20) variety of sperms,  deleted (n=5) lane number 2,7,16,18 and 32. 

While hybrid type are (n=15) lane 1,3,4,5,6,8,9,10,11,12,13,14,15,17 and 19.  

 

8.7Kb 
band 
Wild 
type 



 

Figure: 27.  MT1A & MT3 ELECTROPHORETOGRAM .4 

Long PCR (MT1A & MT3) gel showing number of bands, presence of 8.7kb band indicates wild 

type DNA, absence of 8.7kb band is indicative of deleted type DNA, presence of 8.7kb band 

along other bands indicate hybrid type. This gel has total (n=36), normozoospermic (n=9), wild 

(n=1) lane 11, deleted (n=2) that is lane15 and 22 and hybrid (n=5) lane 6,12,18,27 and 36. OAT 

type total (n=11), deleted type (n=9) lane 14,23,25,26,30,31,32,33 and 34 while hybrid are (n=2) 

in lane 17 and 28. Oligozoospermic (n=11), deleted (n=4) lane 3,4,5 and 8, while hybrid are 

(n=7) lane 1,2,7,9,10,13 and 19. Asthenozoospermic (n=1) lane number 20 which is deleted. 

Ladder is 1kb fermantos. 

 

 

 

  

Chapter. 3.4 

      
 

 
 
 

8.7Kb 
band 
Wild 
type 



 

3.4.  RESULTS, SEQUENCING  

To further expand our genetic analysis of sperm mtDNA for infertility we planned sequencing of 

some carefully selected samples. Total 39 samples were analyzed for sequencing on ABI 3130 

sequencer.  COXIIIB primer was used for sequencing. 

 

3.4.1. PRE SEQUENCING, PCR GELS 

 

 

Figure: 28.  Pre sequencing electrophoretogram 

 

 

 

 

 

 

 



 

3.4.2. CHROMATOGRAM 

Sequencing analysis revealed by chromatogram showing transition indicated at 92 position in 

figure 30 “C” is changed with “G” in black color spike. 

 

 

Figure: 29. Chromatogram presenting sequencing of COXIIIB indicating C to G transition at 

nucleotide position 9505 C>G 

 

 

3.4.3.  SEQUENCE ANALYSIS  

Sequencing analysis details of all the subjects done is given in the table number 35. All 100 

percent samples showed transition of DNA sequencing at position 9505 of “C” with “G”. 

Polymorphism in all samples indicated probably a normal sequence of mtDNA in our part of 

world in contrast to international recorded sequence. 

 

 

 

 

 

 



 

Table: 36.  Sequence detail of all 39 samples analyzed (C>G). 

 

 

 

 

       SEQUENCE HOMOLOGY                                      ( 9505 position) 
            Normal reference                 GAGCCTTTTACCACTCCAGCCTAGCCCCTACCCC 

1        GTTTTTTTCTTCGCAGGATTTTTCTGAGGCTTTTACCACTCCAGCCTAGCCC 

2           TTTTTTTCTTCGAAGGATTTTTCTGAGGCTTTTACCACTCCAGCCTAGA 

3      AGTTTTTTTCTTCGCAGGATTTTTCTGAGGCTTTTACCACTCCAGCCTAGAC 

4                                                                    CTGAGGCTTTTACCACTCCAGCCT 

5             TTTTTTTCTTCGCAGGATTTTTCTGAGGCTTTTCCCCCTCCAGTCCTAGA 

6        AGTTTTTTTCTTCGCAGGATTTTTCTGAGGCTTTTACCACTCCAGCCTAGC 

7     AAGTTTTTTTCTTCGCAGGATTTTTCTGAGGCTTTTACCACTCC 

8        AGTTTTTTTCTTCGCAGGATTTTTCTGAGGCTTTTACCACTCCAGCCTAG 

9           GTTTTTTTCTTCGCAGGATTTTTCTGAGGCTTTTACCACTCCAGCCTAGC 

10           GTTTTTTTCTTCGCAGGATTTTTCTGAGGCTTTTACCACTCCAGCCTAGAC 

11   GAAGTTTTTTTCTTCGCAGGATTTTTCTGAGGCTTTTACCACTCCAGCCTAG 

12        AGTTTTTTTCTTCGCAGGATTTTTCTGAGGCTTTTACCACTCCAGCCTAGAC 

13           GTTTTTTTCTTCGCAGGATTTTTCTGAGGCTTTTACCACTCCAGCCTAGA 

14        AGTTTTTTTCTTGCCAGGATTTTTCTGAGGCTTTTACCACTCCAGCCTAGA 

15                                               AGGATTTTTCTGAGGCTTTTACCACTCCAGCCTAGCC 

16         AGTTTTTTTCTTCGCAGGATTTTTCTGAGGCTTTTACCACTCCAGCCTAGA 

17         AGTTTTTTTCTTCGCAGGATTTTTCTGAGGCTTTTACCACTCCAGCCTAGACC 

18      AAGTTTTTTTCTTCGCAGGATTTTTCTGAGGCTTTTACCA 

19                               CTTCGCAGGATTTTTCTGAGGCTTTTACCACTCCAGCCTAGA 

20         AGTTTTTTTCTTCGCAGGATTTTTCTGAGGCTTTTACCACTCCAGCCTAGAC 

21         AGTTTTTTTCTTCGCAGGATTTTTCTGAGGCTTTTACCACTCCAGCCTAGA 

22                                          GCAGGATTTTTCTGAGGCTTTTACCACTCCAGCCTAG 

23          AGTTTTTTTCTTCGCAGGATTTTTCTGAGGCTTTTACCACTCCAGCCTAGC 

24                TTTTTTTCTTCGCAGGATTTTTCTGAGGCTTTTACCACTCCAGCCTAG 

25           AGTTTTTTTCTTCGCAGGATTTTTCTGAGGCTTTTACCACTCCAGTCCTAG 

26         AGTTTTTTTCTTCGCAGGATTTTTCTGAGGCTTTTCCCCCTCCAGTCCTAGAG 

27           AGTTTTTTTCTTCGCAGGATTTTTCTGAGGCTTTTACCACTCCAGTCCTAG 

28                                                                        CTGAGGCTTTTACCACTCCAGCCT 

29                      TTTTTCTTCGCAGGATTTTTCTGAGGCTTTTACCACTCCAGCCTAG 

30              AGTTTTTTCTTCGCAGGATTTTTCTGAGGCTTTTACCACTCCAGCCTAGA 

31                 AGTTTTTCTTCGCAGGATTTTTCTGAGGCTTTTACCACTCCAGCCTAGA 

32             AGTTTTTTTCTTCGCAGGATTTTTCTGAGGCTTTTACCACTCC 

33                GTTTTTTTCTTCGCAGGATTTTTCTGAGGCTTTTACCACTCCAGTCG 

34            AGTTTTTTTCTTCGCAGGATTTTTCTGAGGCTTTTACCACTCCAGCCTAGCC 

35             AGTTTTTTTCTTCGCAGGATTTTTCTGAGGCTTTTAC 

36        AGTTTTTTTCTTCGCAGGATTTTTCTGAGGCTTTTACCACTCCAGCCTAGACC 

37             AGTTTTTTTCTTCGCAGGATTTTTCTGAGGCTTTTACCACTCCAGCCTAG 

38             AGTTTTTTTCTTCGCAGGATTTTTCTGAGGCTTTTACCACTCCAGCCTAG 

39                GTTTTTTTCTTCGCAGGATTTTTCTGAGGCTTTTACCACTCCAGCCTAGA 



 3.4.4. TRANSITION OF CODON IN DIFFERENT GROUPS 

Table:  37.  Change of sequence from C to G in different groups. 

SEQUENCE C (9505) >G    CODON AMINOACID 
CONTROL 0 4 AGC>AGG Serine>Arginine 
OLIGOZOOSPERMIC 0 5 AGC>AGG Serine>Arginine 
ASTHENOZOOSPERMIC 0 7 AGC>AGG Serine>Arginine 
OAT (oligoasthenoteratozoospermic) 0 21 AGC>AGG Serine>Arginine 
NECROZOOSPERMIC 0 2 AGC>AGG Serine>Arginine 

TOTAL 0 39   

 

All (n= 39, 100%) sequence results revealed a change at position 9505 “C” > “G” resulting 

Serine > Arginine. This polymorphism was observed in Pakistani samples collected from all 

ethnic group of men in services. 

 

Figure: 30.  Transition of sperm mtDNA sequence (C > G) in different groups (transition along 

vertical axis and groups along horizontal axis). 

 

Forty samples were analyzed in sequencer (ABI 3130), 39 samples successfully revealed DNA 

sequence. Samples were selected from all groups, control and infertile groups. We found a 

change of codon “C”>“G” in DNA sequence in all samples irrespective of group type. This 

polymorphism is probably 1st time analyzed and reported from Pakistan according to our 

knowledge. 
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3.4.5. SECOND SEQUENCING TRANSITION AT 9526 POSITION 

 

Table: 38. Change of sequence from C to A in different groups. 

 TOTAL  AT (9526) C AT (9526) A    CODON AMINOACID 

NORMO 4 3 1 AGC>AGG Serine>Arginine 

OLIGO 5 4 1 AGC>AGG Serine>Arginine 

ASTHENO 7 3 4 AGC>AGG Serine>Arginine 

OAT 21 12 9 AGC>AGG Serine>Arginine 

NECRO 2 1 1 AGC>AGG Serine>Arginine 

TOTAL 39 23 16   

Maximum transition of sequence was found in OAT syndrome and Asthenozoospermic type of 

semen. This result was indicative of similar scenario of maximum deletions related to most 

depleted infertile groups. 

 

 

     Figure: 31. Transition of sperm mtDNA sequence in different groups (number of transition of 

codon along vertical axis and groups along horizontal axis). 
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3.4.6. DESCRIPTION OF RESULTS 

Sequencing with primer COXIIIC revealed a polymorphism at position 9505, C>G in all 39 

samples that is 100% incidence of this polymorphism. Codon change AGC >AGG, resulting in 

Serine>Arginine found in all samples successfully sequenced. Probably in our part of world it is 

the normal pattern of mtDNA sequence. Second sequencing transition at position 9526, C>A is 

significantly more frequent in OAT and Asthenozoospermic groups, which is complying with 

rest of our results.  
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                                4. DISCUSSION 

Importance of researches on human male infertility is increasing with increasing modern civic 

life and its increasing effects on human fertility. Industrial life is increasingly affecting social 

and personal life with each advancing day. Sperm, the core reproductive contribution from a 

male, should have the ability to move energetically up to the fallopian tubes for successful 

fertilization. The sperm quality and motility is the central core of male infertility. For sperm 

movement, the beating of the flagellum is mostly ATP dependent. The fuel for this movement, 

the ATP, is dependent upon electron transport chain, which needs optimum quality of sperm 

mitochondrial DNA. Sperm mtDNA deletions halt whole path of ATP production hampering the 

sperm movement. To explore the sperm mtDNA deletions 355, human semen samples of 

different categories aging 20-58 years were carefully selected following WHO (2010) defined 

parameters. Samples included subjects from all over the Pakistan and all ethnic groups. 

COXIII subunit of cytochrome c oxidase of mtDNA has been focused by a few previous 

infertility studies, and 9480del15 is one of the most common known deletions associated with 

mtDNA diseases. Previously sperm mtDNA male infertility researches presented contradictory 

results creating vacuum for decisive research work. For the exploration of this COXIII subunit 

our first experiment concerned analysis of 9480del15 with primer set COIIIXA and COXIIIB. In 

this experiment, control group (n=69) could be categorized as wild type (n=27) deleted (n=11) 

and hybrid type (n=31). Infertile group hybrid DNA (n=67) incidence was significantly higher 

(2.5 times) when compared to wild type (n=25). Similarly, incidence of the deleted type of DNA 

(n=51) was two times higher to the wild type (n=25). This indicates a significant (χ2, IBM SPSS, 

P=0.001 as shown in table 26) association of deletions in infertile group. Finally, for 9480del15 

control versus OAT syndrome were analyzed (table 27) where OAT group revealed a 

significantly higher incidence (more than two times) of 9480del15 deletions as compared to the 

wild type, and the hybrid DNA (n=39) that was also significantly higher (2.4 times) as compared 

to wild DNA (n=16), P=0.002. This first set of experiments supports our hypothesis with highly 

significant results. 

In the second set of experiments for further evaluation of COXIII subunit, we amplified larger 

segment 50bp up stream. PCR results of 194 subjects were statisticaly evaluated, including 



control (n=44, wild n=4, deleted n=13 and hybrid type were n=27), as in (table 28). Infertile 

group showed up with very high incidence of hybrid type (more than 29 times, n=88) as 

compared to wild type (n=3), and a high incidence (19 times, n=59) of the deleted type. The χ2 

test was used to determine the significant difference (P= 0.038), which again supported our 

hypothesis that COXIII subunit deletions are directly associated to infertility.  

 In the third set of experiments, deletion of large fragment 8.7kb by long PCR revealed multiple 

deletions simultaneously. Total number of subjects included in statistical analysis was 203, 

including control group n=42 (wild n=5, deleted n=23 and hybrid n=14) shown in table 31. 

Infertile group revealed extremely high hybrid incidence (more than 20 times, n=63), as 

compared to wild type (n=3), and a very high deleted type incidence (more than 31 times, n=95) 

as compared to wild type. The Chi-square (χ2) test determined the significant difference 

P=0.031. Statistical analysis of control group as compare to OAT group P=0.019, as, control 

group total n=42, (wild n=5,11.9%, deleted n=23, 54.76% and hybrid were n=14, 33.33%). OAT 

group total n=96 (wild (n=1, 1.04%, deleted n=64, 66.67% and hybrid n=31, 32.29%).  

Collectively when all infertile groups statistically analyzed for Chi-square test P=0.001, highly 

significant. 

 Lastly, the fourth set of experiments consisted of DNA sequencing analysis of COXIII subunit 

which revealed a polymorphism at position 9505 (table 35) and all 39, hundred percent of 

samples showed same transition of (C=G). This is may be a normal sequence pattern in our part 

of world. Another transition of (C=A) was found at position 9526 significantly higher incidences 

in OAT and Asthenozoospermic groups as shown in table 37. This transition pattern is similar to 

our infertility-associated findings in other experiments and more emphasize the highly 

significant association of infertility with COXIII deletions.  

Possible mutations within a nucleotide sequence can be detected by various methods. 

Polymerase chain reaction (PCR) is one of the unique, uncomplicated and rapid techniques that 

can amplify millions of copies of a gene from just one starting molecule (Brown et al., 1995). 

The importance of PCR can be demonstrated by the successful amplification of DNA from an 

isolated sperm cell, containing just one haploid copy of a human genome or a few mitochondria 

(Brown et al., 1995; Holyoake et al., 1999). Thus, its ease of application and reliability allows it 

to be widely used in genetic screening and research (Klug and Cummings, 1997). In this study, 

COXIII reign and 8.7kb segment was analyzed for 355 semen samples, from different fertility 



groups. For this study, the PCR products were sequenced with forward and reverse primers, and 

the mutations were confirmed by at least two or more sequencing reactions. Mutation rate of 

mitochondrial DNA is estimated to be tenfold higher than that of genomic DNA (Copeland et al., 

2002). The mtDNA mutations are associated with various human diseases (Wallace, 1992; 1994; 

1999; Torroni et al., 1996; Wallace et al., 1999; Shanske et al., 2001; Copeland et al., 2002; 

DiMauro et al., 2003; Houshmand, 2003; Leob et al., 2005).  

The aim of our study was to find some solid evidence of sperm mtDNA deletions association to 

infertility.  

For the removal of epithelial and lymphocytes each sampe was incubated at 8°C for 20 minutes 

with 50 mM Tris-HCl buffer (pH 6.8). Purified sperm cells were obtained by centrifugation at 

1000-g for 5 min.  Sperm pellet was processed to DNA extraction (Douris et al., 1998). Previous 

studies like (Kao et al., 1995; Cummins et al., 1998) have contradictory results possibly due to 

the contamination by other cells like WBCs. It is believed that leucocytes possibly facilitated the 

elimination of mutated mtDNA. Solid evidences for the presence of deleted fragments is 

provided by first set of experiment, revealing the smaller 9480del15 deletion in the COXIII, 

which is the first mtDNA deletion discovered and had previously been detected in muscle 

(Keightley et al., 1996). There is already a hypothesis stating that individually, each multiple 

ΔmtDNA are poor predictors of the overall incidence of deletion (Khrapko et al., 1999; Zhang et 

al., 1999).  The multiple mtDNA mutations observed in different fragments were found to have 

direct association with poor semen quality. OAT syndrome was found to be highly significantly 

associated with highest incidence mutations in our studies, which renders sperm ability to be 

motile and fertilize. All infertile groups are associated with mutations with varying degrees. 

Similar to our study, previous studies found multiple mutations by long PCR technique in 

oligoasthenozoospermic patients (Kao et al., 1998; Reynier et al., 1998). Our long PCR revealed 

very few wild-type bands and most rendered hybrid type with many bands of multiple deletions. 

This was indicating that the simultaneously multiple deletions are important, more than 

individual mutations. So the semen parameters can be predictive of the nature of sperm quality, 

as OAT syndrome does indicate the worst possible motility anomalies probably related to 

mutations, leading to infertility. The relevance of the predictive nature of multiple ΔmtDNA is 

important when one considers the composition of patients seeking medical help for infertility. 

One study indicated that15% patients attending infertility clinics are suffering from OAT 



syndrome or oligoasthenoteratozoospermia (Irvine, 1998). This is the fraction of the infertile 

supposed to be present with maximum incidence of mutations in different segments of their 

mitochondrial genome.  It is observed that random deletions of different sizes are indicative of 

depleted sperm quality (Reynier et al., 1998). ROS are the proved prime cause of depletion of 

sperm quality and survivability (de Lamirande et al., 1997). A definite link is now associated 

with ROS and mtDNA mutations during spermatogenesis (Cummins et al., 1994). These reactive 

oxygen species are not the only mutant event initiator of the vicious circle leading to the 

complete halt of sperm motility and life (Ozawa, 1995). Intrinsic anomalies during the process of 

spermatogenesis may be parting definite role in mutations, which is probably much smaller role 

than that of ROS, for which clonal expansion hypothesis is already proposed (Tengan et al., 

1997). If deletions are already present in germinal layer of testis, spermatogenesis would produce 

very low number of sperm and highest ratio of mutations similar to OAT syndrome, analysis 

revealed. The increasing number of mutations harbor in case of spermatogonial defective 

background, favoring the amplification of deleted molecules (St John et al., 2000). When 

somatic cell mtDNA amplified, it substantiated this picture (Dunbar et al., 1995; Holt et al, 

1997). Even morphological changes and moderate depletion of copy number of mtDNA occurs at 

final stages of sperm production due to the loss of transcriptional factor activity (Hecht and 

Liem, 1984) (Larsson et al., 1996; 1997). Control subjects also revealed multiple deletions in 

long PCR. A possible explanation for these mutations is the hetroplasmic nature of mtDNA. The 

experimentally proved incidence of deletions is more in OAT syndrome as compared to the 

control group, indicating a direct association to infertility. To devise a relationship of deleted 

mtDNA and its final effect on spermatozoa and mitochondrial basic function, further 

considerable studies and research are needed (St John et al., 2000). Electron transport chain 

mechanism and its ATP production for the sperm motility tend to be species specific (Storey, 

1980). But patient for mtDNA diseases were found to have definite loss of mitochondrial 

functions in those tissues and sperm mitochondria (Folgero et al., 1993). It was observed in 

oligozoospermic that mtDNA integrity was depleted (Lestienne et al., 1997). To this extent, cell 

models systems are required to determine how these important relationships function (St. John et 

al., 2000). Long PCR proved significantly more deletions in OAT group. So for 

interacytoplasmic sperm injection OAT sperm use may result in serious consequences.  



      Spermatozoa needs a lot of energy to swim and reach the fallopian duct to fertilize human 

ovum, the cascade of reactions to produce enough ATPs by mitochondria is one of the basic most 

requirement for male fertility (Tombes and Shapiro, 1985; de Lamirande and Gagnon, 1992). 

During respiration about 5% of the oxygen utilized by the mitochondria is transformed to 

superoxide anions and ROS species. The ROS are then converted to hydrogen peroxide (H2O2) 

by superoxide dismutase. Sperm is unable to process it any further because of the deficient 

catalase and glutathione peroxidase (Aitken et al., 1992). As a consequence, H2O2 builds up and 

is converted to hydroxyl ion with the help of divalent metal ions through the Fenton reaction. 

The DNA of mitochondria is transiently attached to the inner membrane of the organelle, making 

it an easy target for ROS molecules during active oxidative phosphorylation process (Fraga et al., 

1996). (Aitken et al.,1989). It is already established that oxidative damage to lipids and DNA of 

sperm is associated with decreased motility and reduced fertility of spermatozoa (Chen et al., 

1997; Kao 1998). Damage to mtDNA by oxidation is shown to be much higher than the damage 

to somatic DNA in human (Richter et al., 1988; Yakes and van Houten, 1997). In mtDNA big 

multiple deletions and even total strand breakups may occur due to ROS and free radicals 

(Nagley and Wei, 1998; Lu et al., 1999). In our study we detected the common multiple deletions 

were associated with poor semen. These multiple deletions simultaneously may cause complete 

removal or truncation of some basic genes and tRNA genes of mitochondrial DNA. This in term 

resulted in muted DNA, defective subunits and impaired enzymes, and finally loss of respiration. 

Muted mtDNA results in reduced production of ATP. Vicious circle of increased formation of 

ROS as well as more free radicals leads to increasing damage to mtDNA, leading to immotility 

and infertility. It is already documented that the number of mtDNA and mitochondria itself are 

much higher in tissues of heart and skeletal muscle because of their higher energy requirement 

(Robin and Wong, 1990; Veltri et al., 1990). The mtDNA quantity at an optimum level is critical 

for normal functioning, and sperm mtDNA is subsequently reduced in spermatogenesis (Larsson 

et al., 1997). Our study is strongly indicative of the direct association between depletions of 

sperm mtDNA and reduced sperm motility and fertility. 

    Previous studies indicate that mtDNA depletion is not because of the defective mitochondrial 

biogenesis. This is already observed and reported that the effect is not on number of 

mitochondria itself, rather on the number of mtDNA molecules per mitochondrion, which are 

defective and reduced mostly by different pathophysiological conditions (Larsson et al., 1994; 



Bentlage and Attardi, 1996). Some previous studies have already indicated that mtDNA 

mutations, deletions and rearrangements occur at high frequency in sperm with motility disorders 

(Kao et al., 1995; Lestienne et al., 1997; Kao et al., 1998). This may be related to changes of the 

microenvironment, free radical levels, oxygen pressure and toxic metabolites of xenobiotics 

(from cigarette smoke affecting the sperm during or after spermatogenesis). It is important to 

note that exogenous sources of ROS or free radicals can aggravate oxidative damage resulting in 

mutations of mtDNA in human tissues (Yang et al., 1995; Fahn et al., 1998). Mitochondrial DNA 

molecules may be unstable due to oxidative damage causing reduction in mtDNA copies number 

and reduced sperm motility. This hypothesis is also supported by the reduced mtDNA contents in 

the lung tissue of heavy smokers (Lee et al., 1998). So it is concluded by our study and studies 

from other laboratories that mtDNA mutations are significantly linked to human infertility.  

    However, our study revealed multiple COXIII subunit mtDNA mutations in infertile cases. 

This establishes a proportionate relation of infertility with multiple mutations, especially with 

OAT syndrome (oligoasthenoteratozoosperic type of infertile semen).  Highly significant results 

were found on amplification of COXIII subunit at two different fragments with COXIIIA 

COXIIIB and COXIIIB COXIIIC primer sets, which supports our hypothesis “mtDNA deletions 

are directly proportionate to male infertility”. Amplification results of large segment (8.7kb) of 

mtDNA genome fortified further our multiple deletions hypothesis. All our experiments brought 

us to the conclusion that human male infertility is significantly associated with sperm mtDNA 

deletions.  

This study demonstrated that sperm mtDNA deletions have significant roles in the diminution of 

fertility by deteriorating various sperm motility parameters. All four set of experiment revealed 

similar pattern of deletions associated to male infertility, highest incidence found in OAT group. 

The results are conclusive of “the male infertility is significantly associated to sperm mtDNA 

deletions.” We estimated that simple semen analysis parameters might be predictive of sperm 

mtDNA quality.  
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