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Abstract

Background: DNA methylation is one of the epigenetic marks that are created by de novo DNA methylation
and be maintained through cell division. This process is catalyzed by DNA methyltransferases. DNA
methylation establishment in germ line is important, since they have the potential to regulate gene expression
in offspring and improper DNA methylation patterns in germ lines has serious consequences on development
post fertilization. Dysregulation in epigenetic changes, especially sperm DNA methylation, may play an
important role in the development of numerous diseases and has a negative effect on male fertility. The aim
of this review study was to discuss about DNA methylation process and enzymes involved in this procedure
and also the impact of environmental factors on the spermatogenesis process.

Materials and methods: A search was conducted according to keywords in databases such as Scopus,
PubMed and Google Scholar. Then, all articles that met the inclusion criteria, between 1975 and 2017, were
examined.

Results: Disorders in expression of DNA methyltransferases increase cellular oxidative stress and lifestyle
can affect DNA methylation patterns during spermatogenesis and fertility potential in men.

Conclusion: As sperm DNA methylation is closely related to male infertility, it is important to understand
underlying DNA methylation mechanisms in order to develop therapeutic strategies.

Keywords: Epigenetic, DNA methylation, Spermatogenesis, Male infertility.

Cited as: Nematollahi A, Tavalace M, Rezaeian A, Nasr- Esfahani MH. The role and importance of DNA methylation in
spermatogenesis process. Medical Science Journal of Islamic Azad University, Tehran Medical Branch 2021; 31(1): 1-13.

Correspondence to: Marziyeh Tavalace

Tel: +98 95015682-31

E-mail: m.tavalace@royan-rc.ac.ir

ORCID ID: 0000-0001-9954-964X
Received: 7 Jun 2020; Accepted: 3 Sep 2020


http://dx.doi.org/10.52547/iau.31.1.1
https://dor.isc.ac/dor/20.1001.1.10235922.1400.31.1.11.9
http://tmuj.iautmu.ac.ir/article-1-1884-fa.html

[ Downloaded from tmuj.iautmu.ac.ir on 2025-10-20 ]

[ DOR: 20.1001.1.10235922.1400.31.1.11.9]

[ DOI: 10.52547/iau.31.1.1]

P59yl Aigy 30 DNA 1y gawdlaio Corodl g il oMol oty (S pole alxo /Y

ool 3137 oLiils (Ko iy pole aloxo Systematic
WEY Slrio AFee [l ) o)leds Y)Y 6,90 Review

PS?‘“W‘ “3) )é DNA owﬁluu . " : ‘ 9 & see
Yo ] VY- W W JUSUWE KV Y dobils,y aible ‘YM “GQ'" s 93,1

Il el (5,9 (55918 sy 09,5 Jroadg ( Sy Do S 0 2Kalsolgz (69l Cans s 09ty (g oty sl ulid 5
OIrl eoledal (5,9l (5593 Consj 09,5 Jrand g (S Slisdiog S po ¢ lEadoslen (559l Cunnj oSty (b oimgly Jlosils”

Olrl eoledal (5,5l (559 Consj 09,5 Jrand g (S Slinions 35 pe ¢ alailoole (6 )glid Cany 0aSamgl by oKty sl T

Sl ecledal leial 5 59,b6 5 559,k 35 50 el iz T

PRV

Gl g il S w0l bl de novo &jpo w0 &5 Gl (S5 o pdiis folae /S5 DNA gendiio B0 9 ddslw
JODNA ygedlizo 355 o 3B ety oo DNA sloyoy 55T Lanorgi' iy 8 oyl 095 o Lidm Mo gl i 0 Iloo s
ol pac g 0,I5 Lidi (cdm i 40 5F Olo it 10 45 ol 10, Casnl locolS 40 Ggeidliio Sl ol Ll so00,
059 ;‘_5.(....9@/ Olo by o Pl .o, Cbi’/)'/m 2855 sl s dlae Ll (sloos, ;0 DNA yacdlio Cawyo (slooS/
g ol g el sl Aol b amo folse jghaican g Al ol 0 foFo 6[‘310:’)5[5 DNA (pdlio ooy

e 8,5 pleed] loosly w LS l],s Google Scholar 4 Pubmed Scopus ki  Jledb/ clocSTl o sz i owyp W9
LS ey o PNV VD slo Jlv (s didg aellao 09,9 ,lvo (o, fs 45 Yo

slog Wy o i S S 5 03 o il |y Soloo 5luennST oy DNA methyltransferase slop, i/ Lo oYM vasdly
w03 8 b Coxi [y e (5y9pb el 5 piigilo s (o DNA (Mo

DNA ypedleio ol o (slopncilSo S0 3,0 5lope (6)5)06 b (0055 Lol ] o DNA. fygsdliio 45 o lowi] 116 3o dmasis
el oo oy Slos il dnnsi jslitod,

0o 53yl fgile s DNA gesdlio o« S o 5l 5 Ul

D)5 St g0 & Sl O Sl ) S5 oed dod
05 ok DNA s o i sloml (g0 45 (5 03

(F) A Cogs S oo alats

Wy gty el 58 (ygamdlasto St § (] Ol ks
oMol (gediite dloz il Sginn laps Ol
9 9592 «O9rlindsS 29— (ga—aDly yid

318 g VA0V Jlow o, gl Sl o8l
g e Jalas™ g0 | T aS 0t ooy IS 4 (9Kl
Q.\_J dg>g 4 Ceb aS L@QT Y game 5 boS om Jolre
S ey lebl gSialy 0,8 i ypa M ogd co adgid
4 4 ien DNA g coi ol died S5 ol slogy
oorte sloap il aawly & cmagig) 51 m (geedlSgeles

w;wsﬁﬂ@wpaRNAjomw;RNA

A Juiwl 09,5 G y0938] ,o (Histone acetyltransferase)

Ot Lawgs ] B a5 Jlo s f(F) 35 b (s
dg—s o plzsl (Histone deacetylase) HDAC ;dwls

ool T 03 S (Jradd 5 Sty o S0 Db sy olKin sy (Olehol 1 st oy 5 3]
(email:m.tavalace@royan-rc.ac.ir) Vs «s e o555l

ORCID ID 0000-0001-9954-964X

WY dlln il s fub

ENY s B dy 56


http://dx.doi.org/10.52547/iau.31.1.1
https://dor.isc.ac/dor/20.1001.1.10235922.1400.31.1.11.9
http://tmuj.iautmu.ac.ir/article-1-1884-fa.html

[ Downloaded from tmuj.iautmu.ac.ir on 2025-10-20 ]

[ DOR: 20.1001.1.10235922.1400.31.1.11.9]

[ DOI: 10.52547/iau.31.1.1]

Yol Sen g ) s 93,0

Voo )LQA' o ‘O)LOJZJ oY) 0399

(CPC) (g Slad 'y 595w 9 (CPA) (o] Slaws
DNA gDl Dol —ito pilSo 90 0515 (1)
Osedie o (Maintenance) (s,laeSS g Laa> ool olulils
S LDNA gDl ule IS s by (Denovo) o 5l
e DNA (gradliagule o Jlops Cuul Lo po (omasis)
o Sy9me adlie cpl dalsl j3.005 so (cmsis) (55l lad &
Ose—dite Sl s sloo Shos g Lo i 51 LS 50
g oo dilo, DNA

Ogedlio aiglyd 5 Juso sl o 31

DNA ) DNMTs ;e ils | DNA sl ags !
O Jio 09,5 Jlaml lawly o> lgicas (methyltransferase
sl (V) wiloass azslis DNA (jgedin b 0 DNA
Sl jo ke DNMT 0351 0 (60 Shos 5 (5, bl
DNMT3A DNMT2 DNMT1 Jol i cooi ol—wliss
5 azil 3led gl sk ;o DNMT1 DNMT3L DNMT3B

Opdlite (B 5T cnl (V) 05 o0 28l 28L3 s
o e sloog 57 (99,5 a8LaI L s slunilon 5l ans |,
ot sLangSIl gy o 23S o ik calite ot CpG
G2 gloar s, 4y guly 4l 511 DNA fgndlite
9 Jad S ol )15 B 3gd oe el g 0 oo Jiie
aLo> ;I DNMT3L 5S35 s DNMT3B .DNMT3A
|, DNA a5 st 535 Ggemdcio lolyansl 5 Lo DNA
5 WS oo alie Al plad la sk o 5 Ll b
9 Wb Ol (i ol sladghe )3 (VL (e
ploml oot alia CpG Lo Jlss (59,1 o 51 pgeadlie

de novo
DNA methylation

-Ccr

L=l

--C)

A T A T DNA replication

- (¥ o

c o

o . l.)f'«f‘s."lf iv‘\ ol dc-e
DNMT3B T

a T A

r A e T A

< G -g G

. . Gl ~c-.

c e -c G

o o (=3 c-.»

g 93 alS DNA a1 i bled (gndlin
5 39-bis e (ileg,Ten) ilag S 5L cunndg @ Loges
st 528 o S o JUib (53,Shee a1, o
1y Lo 5 o5 oilion,S w5155 & ke (ipmadliials
bsg (i gendlite S (oo Jlad pd (cmgig S
Histone )HMT jla wily | oo oo o3l
ool g (gt ygwdlites 4 (methyltransferase
& ,9—o (Histone demethylase) HDM DL —os (ygind
Slas 5 Cobige dy Ay i (gediie 9,25 e
JUd sl oS oanS pelais G ol alite slaarelogul
Ogie Jlio slp (Vi) Sl (cumgig) 092 St b

Od 9 (H3K36) 36 (3d o (H3K4) H3 g 4 o5
S 9o aS Jlejo oyl alaly 5 ol L (H3K79) 79

(H3K27) 3 (H3K9) H3 )5t 27 59 3l yommsdhiia

(7)) sl olyom ()5 Gl pae b

DNA b 55 (ygmdlio
Lacg )LSsn DNA s wdliio ozl DNA &l pss (5
SmC -y g Jeo=O VAVY Lo )0 e il ololils
V) ol ol Jg,5e DNA o (S-methylcytosine)
20 5SSl Jete 09,5 Sy DNA (ygeadliin (b )0
SAM (g Ji39301-8 wogis g0 a8lol (pgmms arpalag
(A) cwl J—in 09,5 0aao (S-adenosyl methionine)
&5 CPG a3stlS 560 slaculu ;3 DNA (gedlite lages
2l 2 CpG e loolSl> o & jusan Lol was oo
O23g dCPT) (e Dlad (gt aiilo 090 oo

Ap——a T Ar—— 1

%  DMNA methylation *°¢ 1
@ © of maintenance o cr.
A . T Al 7T
TP + A L 1A

bl 1
la DNMT1 ecl—la
______________ -

G 4 C oh 4 C-.

{e ect
(49 < o -
A T A—T
C e *cr—1G
G {Cc-» G o .

DNMT1

Ar =R akr L

| - >

A Ts A
cr {1G L= G
G 4 c-. G- c--
C :C ®o-C G
G c- G——c»

Jeie DNMT3B § DNMT3A a5 > o «eul 15,5 DNA Ggdlite 6,laeS5 5 Lai> o ooee b 4 DNMTI ) S

(VY) Moison, 2014) cuwl oads astine 30,8 S5, L CPG Colw ;o Juie 05,5 diiws denovo sl ausl


http://dx.doi.org/10.52547/iau.31.1.1
https://dor.isc.ac/dor/20.1001.1.10235922.1400.31.1.11.9
http://tmuj.iautmu.ac.ir/article-1-1884-fa.html

[ Downloaded from tmuj.iautmu.ac.ir on 2025-10-20 ]

[ DOR: 20.1001.1.10235922.1400.31.1.11.9]

[ DOI: 10.52547/iau.31.1.1]

P3990yl Wigy 50 DNA (ygamwdaio Cornd! g (ki

ool oLty iy pole alxo /¥

5caC (njgiem JonS 92,50 do oleyd g STC (i
Jolis TET (slanes 351 (V) (¥ JS—i) (F) 0 o o
Y 5,3 ool 4 5 Lo TET3 TET2 TETI
A Fe?' a4l atuly jL5STso 3 2-0G) &,5¢lS guST
4SS ales 5 et e dslllas cpaiz (VONF) w0 &,
oo clawly o> lgiedy ShmC slxy| L TET (slo iy
ujw){.u..a:) u.c)w IXVELY Sgdoe 6[@;‘@.@ 0‘9"“;4’ Sl
39 e L S ol Oless. (VFAY) asS e DNA
9 0SS |y Jobo o o Slee 5l an o ol
L;q_,.lf od—uS J.IJ_'.) &_g_l ub_,.c:\_a DNA QH)LH.A
Sl Sygods g 00g pAciS p g (Sl 45 Cul S5
DNA j5diin 395 o0 ol DNA (g5luasiles 1 ox
9SS kol (S5odn sloanld (B 50 5 )eme S
(5 Ol B epg9mag,S Dl g0gi) NS S i
Sol—w 3l oi (Reprogramming) soa—ows (55— ja—oli
mo = RNA ol o 9590wl 5 Ly «(Difrentiation)
Ll o=l 5o (V) 0,10 X p95849,5 (g5l Jlxd & g DNA
i DNA - ygudliie a5 asslools i iy Slalllas
slagy Jro 6,105 S> slap; 05 Jed b s 50 (ooke
=E b o edle () o)l 16 b 0 IGF2 4 H19
3 03 S gDl DNA S5 X pg5509,5 (55l Jled
X sLapsipesss 3l (5o 098 Jubsed sl OpG slacal
b coise slasbaw yoe Job jo 1) s3lodld 5 0l
30 0SS b 0 DNA edlie Cooal 4y ax g |y 0iS
aulhd o Ll sla Jolw 00, 10 yaewdliie Ol s 4 aalol
9 99 Ny (i (9SS 5 2@ loy U Bigle pen

o delgs w559,k 0 ol LAk

ey 9 0lgo

J=ye plos a5 sl diapllss (6590 adlllas S ¢ pol> aslllae
S50 5 S gyl 5 Dlllae QL i 5l el Giios
sine gLl Sl 5 ledlbl (5)5laez ol 85 500 )]
G97m> y5-i50 (y—ized g Pubmed Scopus 1y _ole
285 plosl aosls 0udS” elesl y Google Scholar

s 38 DNMT3L (V1) () JSa) (V.F) aas s
55 Shoe 5 a8 o Uil 1, ,555U858 25 5 005, (S JUlS
—Sos DNMT3B § DNMT3A L |, 55 5 &yguuidliie
plw b oo Slas 5 g lisle slacglss DNMT2 ojle 0
5 90— 3 e—wdhie 0l 8 ol o)l LeDNMTSs
3 e ()9S E8 1l Sl ed b dblas gl
;9 (CpG islands) CpG == slyls il Lo )y 7.0+
sladslo ;3 Lag] yidey a5 s (Lojises n (o5

OF) wloasle 3L alis e Slogus
959) $LeyeSl Jlail ol alieole sloigegn 5
gl 9 e - Sies e (5 Gl g 00 BB
Sl Loy (ommagig) )ltes Lo DNA (g dlito oo
&3l lsd 4 oo DNA (gdliogls 45 JLa o
9 Opgie SLSemw Lawgi Juto loog Siogd oo (smgis)
e S ST a2t lsiea a5 Wigd e ealf s
SAM) (igie JijsishS wdsi i 5 Wisd oo 5Ll
Jsbo 8y Ssboal a2 ol (b 5 (FA) g oo
4 THF e 095 o0 Lol (THF) &Y gd5 000l 5 4y 00l
bt g 5 Sshg,0 a5 L )+ 50
J— o5 a4 (MTHFR) jL_=Sg, &Y gdg,0al s
aloes Ly oS o J10—5 (SMTHF) &Y 484,00l 25
g S 093 o0 JolS Y8 JSes SMTHF (0
9 i Cmigie @551 L g oo Sl uttngen b
Oniimggod 4 SMTHF Jite a2lg B12 (aliyg ;525195
Soledys D9-doe ol wigate 4 SMTHF g onds Jiiie
S (MAT) 5lhaily ol (iseio w3l g (isene
J95 SAM) (yigie JojeiohS 4y g 485 Soo e
Sl o Jete 095 (seges oaims lgie 4 SAM 09 o
bl bajlanil 5 ooy gasd o2 9 sl sl 5 Jite DNA
5 asd, auld b e (V) (Y USTE) (ANY) S o i
DNA il 00d a5l DNA (ygeadliies 55 90 «polod
s o Ly b 2alS Ly oS Jlab i (pgedlitos
DNA , 55 £5-5 9 €V F) o205 s &, & ;.o DNMTI
GmC) 5o d 59) = 45 JLtd (gdliiad
TET 05,5 slap 1 bawgs (gmalannst )0 02 slo 255
=S 9,0.2-0 4y g odloF, (Ten-Eleven-Translocation)

Je 30 4 o 0050 ST(ShmC) (e Jio



http://dx.doi.org/10.52547/iau.31.1.1
https://dor.isc.ac/dor/20.1001.1.10235922.1400.31.1.11.9
http://tmuj.iautmu.ac.ir/article-1-1884-fa.html

[ Downloaded from tmuj.iautmu.ac.ir on 2025-10-20 ]

[ DOR: 20.1001.1.10235922.1400.31.1.11.9]

[ DOI: 10.52547/iau.31.1.1]

O o)) Sod g tdl o g3,

V.o )L@ o ‘O)Lo.& oY) 0399

Folic acid l

Serine l

THF

Folate
Cycle

DNA synthesis
& repair

5-MTHF

Transmethylation

Methionine

Methionine

Cycle
Methylation

THL‘jn‘lf}l'.l,'Err_!lr‘.c

l Transsulfuration

Redox potential
Glutathione

{(\Y) (Schaevitz, 2012) 40,5 G a5 2 pad pobio ¥ S0

NH, NH; Hy HH, NH; o
CH,
N N N H N 0 N H
DNMT TET1/2/3 | TET1/2/3 | TET1/2/3
; ; ;F#‘,ATP; ,;Fa",ATF’; ;Fe“.ATP;
N SAM  gay O N aKG+ O, co, N~ aKG+O, co, N~ GKG+O, co, © N
H H H H H

Cytosine S-methylcytosine

5-hydroxymethyleytosine

5-formylcytosine S-carboxycytosine

(5mC) (ShmC) (SFC) (5CaC)
JesgolS l deme 09,8 Sy Jil b ONMTS) il Jee DNA glaes 31 L (235 (O (g slisy it ¥ S0
o 9 Sthm SmC QWL\.....Sl M‘ysa (TETI /2/3) TET od‘yl} Lngu_-.bs).: U ‘55-“"‘54 Ja.\.u S5mC O (SAM) u—‘-‘j—‘-‘-‘

0SB 1) Fe2t 5 (ATP) olid 65 ool eoypmST ol bslsxs Wl fals gloass STy 5 @,k 5l 5caC 5 STC

(Y) (Liyanage, 2014)

5mC
LE) \ L f
| 0SS 0 e

o5 | methylation Oxidation
O
53 . Loss of 5hmC
_Icé) T 5hmC gun®®®

0 III:T:IIIIIIIIIIIIIIIIIII‘." L S

; ' _—

Epiblast 85 9.5 10.5 11.5 125 13.5 145

o J

Days

(VF) (Kohli et al., 2013) PGCs ;555 b ShmC ¢ SmC &l o5 . F JS&

SS9 e (555,16 355l sl DNA (50Dl
epigenetic, DNA  methylation, ) g,9,l— S5

spermatogenesis, male infertility, assisted reproductive
Ot S s gloaidly o)LL o 09y 4zl VY o (techniques

i 5 oS dllie ) (slaazily (SOl sl

69l DNA g Mo « S5 ! (slwosly wuds Tzl o
5 g 4Bl 000 dzess a5 ol oolaiul igile pel by ol 1o
S g o ool 53 (5 )9,k ST LSS ol wxy al> 5o
Slallas 51 g b dloss > po oyl jo 09 a8l YYV o
oS gl Gl SlalS L ol Bis a5 Wingy (U 4 by ye


http://dx.doi.org/10.52547/iau.31.1.1
https://dor.isc.ac/dor/20.1001.1.10235922.1400.31.1.11.9
http://tmuj.iautmu.ac.ir/article-1-1884-fa.html

[ Downloaded from tmuj.iautmu.ac.ir on 2025-10-20 ]

[ DOR: 20.1001.1.10235922.1400.31.1.11.9]

[ DOI: 10.52547/iau.31.1.1]

P59 Loyl W39y 30 DNA (gnwdliio ool g ks

ool oLty iy pole aloxo /9

DNA (gemdbie JolS Loyl s S @ y2ie PGCs
40 ¢ 3l DNA gl w9 ooy EI3.5 o
yolie g ool IES> Bble )3 o SeS il ply
Slotamgilo sl 4 pled £9,0 L g 998 00 £9,0 )5
Bl s S5t sy 5 S Sk
e PGC ;5 DNA (jseudiios anld (F) oi anlys
3@ Vb ez pole cews 51 (Y ewl dls e an el
passive ) Jld e alS :csdl ol ;0 DNA jsdlie
4 atly S iy, o Lo ShmC 4 SmC (dilution
SmC ygewloeST (Y «(TET 31 Jaiww) gjloasilen
TET2 5 TET1 (slo iy abowsy ShmC a4y suils 3L
e G b ShmC fols caws 51 (Y cld gl e
4 aiwly (passive dilution pathway) Jld,é ol
OF) (F US2) ¢ 5loasilon

P39 ol waly8 (b (gmwdlie

oasle el 50 Figmo sl aild (b ) mee Sl
L DNA & Joie slagsgis odas (230l waishle
ohy Sl peille Sy plyrear a5 Col baliy
4 e eelign &5 Iz Cslond a8 )5 L jo oyl
ey BBy Caled 53 g Gleg S pSoe (Suatay
O)gar Ot eelisn bl wnlp cpl (F) oeb
Slaggiman Jsl o5 50 sdoe plan slad> e g0
OFae  amiiys 28 glaaslepnl 3 S92 ge
SbiSon) sl lboetyn b omdlivl b
#oped e Gl (TPL Jll

Ami 5 alS 5 ol s (S Jy 5
al> e y0 a0l Bis aallhae 5l asogs bad e ggoge b aS
L Lol 4o adllan b 550 e 55 55 5 o3
Sl S 390 SdS pace b cdllae (1392 )15 4 4295
Lo o alols 5 Lo o allie S0 Colgs o st Bl axllas

i asllas oy 5 o bl Y+ IV B 14V

laasisly

Llj 00, ladobw 5o (ygamdlsio Ol pds
(Ghge ez 59) PIB 55, ;9 PGCs s90: 5Ly slo Sk
sladobs 1 (Ll H0) (Sl pgs atis (b
Y laJshe degarmon; 5l (Gm 00)) 4nS (Siloge
Froogue Comenr S lal o 5,8 e Lice cedy ol
oyl o.u“TL_,’_o S92 4 Ceds ol jo E7.25 54, 0 Jsle
Wgdoo SlglR i Slonds Jorie &yl (b
Oy 035, p,09858) 5,k I PGCs Yoo loga> (E9.5 o
4 E10.5-11.5 oga> ;0 5 0iS o0 Ozl 4 g9,0
5555 e Sl 43 5 (F) sy ol g
Ll ooy summe ghyasly WipS oo I3 iz P
S o Szl e 035, Jsb 3 s PGC o il
b (Ghge yo) (i V) g, 50 g (Lol i o)1 b
o PGC 598 o0 jle] o(plus] ;) (Kol ooy atan b
Wigdso 00pell ComgiS qwdz daé 4 0gy9 5l am oS
S atle guixr o> Sl Sl slul 4 90

2 azme pyaelip &l o aiS e 093y (IS

il i st DNA s DNMT oLy s als e (55,b0 o BL3 )Y Jgo

&.;.a

DNMT 5 ¢ygumwdin Condy

&y9,b0 an 4l

Hartmann et al., 2006
Takashima et al., 2009
Kobayashi et al., 2007
Raman et al. 1995
Cheng et al.,2014
Filipponi et al., 2009

Marques et al., 2008

Bourc’his et al., 2004
Kaneda et al., 2004
Marques et al., 2010
Minor et al., 2011
Minor et al., 2011

Urdinguio et al., 2015

Tavalaee et al., 2014
Bahreinianet al., 2015
Tavalaee et al., 2009
Benchaib et al., 2005
Tunc et al. 2009

DNMTI1 nobs pé b 9 DNA ol pié ygundliia
Ll sloJsbe o DNA gdliogyle

sle (5 9 DNA a8 gt
(5)13 S>>
DNMTI )5 ;8 pomsdygo (o DNMT3A aidl i oylo
slaan slo sl ;5 DNA lnl Ggsdlie
Dnmt3a L, Dnmt3L  zalS
HI19 (5 ,0 DNA ygedle talS
el G Jsbs ;0 DNA by (gdliio (slagSl
DNMTs l,56 DNA (5 ool oo (i pé gDl

DNA nob i (gt

555l P51

2 oly ;95

o rolys)

Golowdl go el
e (99 (559,L0

s ly 40 D ()18 10 (59,LL

ICSI L IVF susls™ g, ol 3l

DNMT = DNA methyltransferase


http://dx.doi.org/10.52547/iau.31.1.1
https://dor.isc.ac/dor/20.1001.1.10235922.1400.31.1.11.9
http://tmuj.iautmu.ac.ir/article-1-1884-fa.html

[ Downloaded from tmuj.iautmu.ac.ir on 2025-10-20 ]

[ DOR: 20.1001.1.10235922.1400.31.1.11.9]

[ DOI: 10.52547/iau.31.1.1]

Voo )LQ{ o ‘O)LOJZJ oY) 0399

Ol dd (g sbdises Jolow 5 4525 Jle sl
» HA fgn )09) emdiwlnle S 5,00
YY) 20 oo lis 1) aasle el sloay Laowgilo po!
Syl ikl Sl @lesl s e TET lagysil
TET slap 3l ols Las YoV 8 Jlo 0 ool piiie anlllas
w3l boisd oo ol Sl Fislenul (b s a8
Sigbce 5T 5 L 3T o ye sloagile el o TET2
Y o) e o e 4 TET3 5 TETI o] Jlis 4 s
5 o9l Gl e Ngdioo Ol 95 slaasle e
asly, 2alS (liee wllo S8 L aalie )3 (oo sl i)
Syobe pois @ 5l ax (YF) o5)ls pynl jo | TET1-3
Glhe Gy Hgediie L B 0gd oo siyaelin o)l
@ el ook 5l G adsl pomdlite (S 09b
ol Jokw o3l az 31 (YD) S 5l & a0 &)
s LRNA 5 o)l eSS oo Sedd 4 Cowd
Pl DNA (gedlie (Jg )ls 09000 slogratisn
J 5o W58 e sln bl B cwl S
b ol aiS Ll Sy oledbl Gylg 5 eSS
) 592 pamin (o09i) 0358 (gedlite CpG Loy »
Olise 0P pamin hlhgn ool ahe jlams oo plis
il G NSSs lagy 53 N P pmedie
P 0sd alitegula g e (55 slaygegn olas
Fr 9 el (Pl Gl Gedlitognle ol
YF) 50 b 1y (Gsipems i o2isd |5 DNA ,olis glyi
Siloge sla ol 51 Sglite oyl DNA - grndlie
5 W3 &) Fyagn >lp 5l B W & Iz el
S 5l Sglate oyl DNA- Gonadliie (rizeen
Pl adgl lagiz 5 Jb slaSess B ol
30 DNA  jaodlie ol ol alce ol 4 2L
ps35 &8ls 5o (YY) Ceol ouds 05150 Sass il 99 p !
2z o)l pemdhite | el Loy ity oy
S bSeis S by CpG )l é bl
Ogdied (F) sams oo las 1) (IS gmdliagnla
3 am oole g 5 slediis i aS cadosls lis egdle
Q) wwsee ol e Geeadlies ol 2l
gemdaie By s Sl b 333 o5 455 olen
osmdtes ool Jlbyei 5 Jub J>le Jels DNA
B3 ,556,5 DNMTI jpar sae cde 4 byl
«(YA) <ol UHRFL &) ufsy el os
il TET ozl b JWd (geodliios o5 J> )0

3 TP1 0350l aS aes oo & ol Jusb sloagsle il
oo Slas oaslisy atlo bowslisy L TP2
5 9B &, dlwd o515 aims o ojlxl byl s lo alise
(0) S oo Ll S gl IS )0 (oo BB
o515 5l b oyl (5leg )5 e SeBS 4y sl 3959 51
Son oS Psn 09,0 Sloeelisn (rlnle 593 g,
S iy e oeele Sa 5l o Fte slogyios |
@Az b oS Oyge (R AY SIS sl ol
9 Pl elesS clbie JLS Lo sl bairaliy p Cuoenl
Saze Syl g el Guileg)S BSle G LS
SgpaS A5 Cewl 0ud cdalin o cwLlE o Ss ol
Comdy boCwl See Ho)ll plose po elign
SgeaS Cpizmes ((VA) wil g, )5S b2
Shl> 5 gl cunSh @ yomie Wilgoe ool (el
sy g, 2 oldlas .(V2) 05,5 ,4,LL ol 8l o
Gl 4 olows a5 aeo oo lid 35g5le penl solaisl
Sk i prel pg3) Ly DNA (gedliie conlie
5 5 Swll Gaediite Glie (V) 3500 gl Eob 5o
R L Cod |y i (2655 Jemily Sl (S 03l
G Ay 8L ,0 DNA - geedce Jlgy (V)) ano
aiognly (5 ol pln AL (Sleg slodl o
U515 logar aliiegnls gblie amo e olis |, i
Sl 518 05 sbimsn o) 6 sy
olis Sllls wites b e GC 5l i glo Jlg L as
Osdio b ool Jie  pigileyewl 4 Wlesls
global ) IS DNA gdline >ls ;0 DNA cow ol

Zewl la o (DNA methylation Regions
DNA 5 by sbodobw «Slogw slaJobo S5
OsMaio yole a5 oadosls  lis ad,ls alcegole
wad oo I8 b co ) Gl 6590k Ly sla sk
» CREM - Saegpn  oeeadliormla Jlo sl
@ ) oelsn bt S Seb laasle
el eileg)S (A8 0S15 by ogdiee ¥ el
gob (F) cl oo (6)9,bb b g ool S 20 a8
S b ool eSdl Glore 5 melign sl
LS, imprinted 5 V0 DNA el aidl poss
MEST SNRPN PLAGL1 PEG3 HI19 IGF2) <l
5 Sial amli paix 86 (YY) (KCNQIOTI
5 F55ile el (b SeLi gl TS s, caS eplas
el oy G0y 5595k 3y o) Jlex! b


http://dx.doi.org/10.52547/iau.31.1.1
https://dor.isc.ac/dor/20.1001.1.10235922.1400.31.1.11.9
http://tmuj.iautmu.ac.ir/article-1-1884-fa.html

[ Downloaded from tmuj.iautmu.ac.ir on 2025-10-20 ]

[ DOR: 20.1001.1.10235922.1400.31.1.11.9]

[ DOI: 10.52547/iau.31.1.1]

P59 ol 239y 30 DNA (yguadluio ool g gl

ooblol3T olRiils Sy pale aloxo /A

DNMT1 a5 oLl 51 .(2) Conl oads 3,155 ilos,S oy o
4 5800 Gt (Sl Sigile el sl sls glgil plos 5o
il sl 5535l (sl (oot 9356 S ey o 518
asy sladl ;o DNMTI L aob e olo oplplo
5 05 glolids 355kl (Al Shls ollass jledeloassay
YA caol oals 5)l55 hge Jae yo oo ol alie
ol a5 W8S ateie (V410) Lul)Kes § Ordinguio
L ohles 51 alols oyl sladsho ;5 DNA (ppedlss
b oanolie o Jglite (ol slagSll caizliils (555,L0
o0 DNA 4l ) coml ogdle a5 (FR) wisls olis 4g,b o)lo 5
5L e 55,Ll b glaog S )0 1) (il s wlgs o
OAF-F)) aes )3

G29LL 9 (i) S

2 @ w3 5 dame Jalse s g 4 adiea 125
aey (rl 5 (Sge Slalllas ilos S pols 4z g5 S5 )
SIledr Wl o I3 @5, Jelse a5 ol ool L
Slg e 525 ol 9 985 i3 Ly sladshe 5o 1, S5
WS Jie am Jed 1)l esd Sl oD )
4 Sl ool Joho (955 (Hlope yo (FYLFT)
oloy axia ¥ o Jlis 4y 5 0sS oo Jsb 55, #F &l o
2 i 3l 6t asim nlple sl mnaig) b
e 3 am ole A U el ColS (69, 2l glacole
Jo o Gl Ker ¢ Takumi (F) 0g owless egusxe
L ooadades sl jige oS wisls ylid LS:»J"LO).T SRRRRIN
win Sy sly oS riseie B ke b IS o3,
Ol a5 50 1 SAM) (st JisgiolS gl als
adllas yo (Y+-9) ol 5 Eustche ogdley (YY) wsols
Ol s b, Rl oy jo oS wisly (las as5
30 gl SO) genistein aloz | oleendieid Slge
by o sl b (bgw SYgame 5 Lo slaals
Cudigig) 9 S 25 Gl i sl olaai ol 4 2 oS 09,
olge ey (FO) o j i sladole yo Ll
Sloolas wiilyi oo @ imaling g (Gome Slge (olrerdigtd
Sgute (§0dxin Olalllae ais 13 30 cou |, S5l
WV b i sladaSe Gl S ol ] kS
95 9 (25 (P E esllg D rsling £ (sl
g 50 40 Y8 0gueS s, o (F) wilesls 1551, Zn
Sl Bsadlaio b Jroadss 51 5 atin T o 4 5ol
28l il etiecwgen 5 4l ialS o¥ss DNA
(F5) 091 ol yor (yliilais,d oS o olewsdly

L 05,5 o plsie a5 LE cldlas G5, g5 e
Jid Ggedlitod (hgdiws gl Sl dm 5 i pgl
£ 90 ,» a5 aad e olid 3l Sldlas (YV) 090 o0
e 1y Jlds g J pendlies 60k 9 5
3 Ogedletes a0 b Jd (gediies lie Jlcnll
Ol el YL osle (wsilS g9 4 S S egtlS i 0
el 5 YL adsl el o 4 ol Jlesla

(Y) el

3 -~
.

695U 9 Hgmmdlcto
Ol oyl DNA- (gedlite comnl (285 L5 o L
I ol aaw goasie Sldllae (Ssj o) (Lol causS pudas
oS I 5ol ot 131 nalia 4o 15, o131 0
3958 59 L0 S8l sladiged ()0 a5 Wlesls (Lis
=YY o)l 0929 piuwl DNA arndlise o yo (50t
Yool Jlo o LuilSea g Benchaib Liul, cpl o (Y
YL was e ol jo 6,0,L Gle a5 wisle lis
3 b Hgedlite (1Y) Cewl YL DNA (y9eadliie
Figle sl a4 e Wlgioe cad TS sl
55 SIES> b gl laye e d9d oanbond
s 5Pl sl s asiew HI9 el
Jsie) DNMTs slaes 31 lo Sl ogdle 4 (YFX0)
gyl 4 e (oud )5S (g gedliie
OgeMite mle g gdliogula (FF) sgdige ooy o
Jdobo nled wuld i jsbay coul S DNA il
ke o5 ans 5 i 2o 1 lysgile el & LisF ke e
YO Jle ,0 (AXF) 0ad (5,9,L0 L o subfertility «
;0 DNA  gedlie a5 wisls (o158 o, Ke 9 Minor
Pl sdsher )3 (4255 BB Hoboas HI9 (5 DMR bl
ok e b aslie jo goladl papnlysl Gllen ad
aS céb,o Y)Y Jle yo Pacheco .(YF) cuwl 009 YL
Osedhie DNA 5l il (slaglsee CPG b 1A
Ol S5 b il ge a5 wansls o)Ll Ghles )3 Sglins
Ol 50 il olyen 9, L3I b avslie ;o oyl sladiges
&S oyl ool ;o DNMT3A Lo ioli8l asllas
wadls oad dlieguls CpG sboacule ¢ oS S0
SV Sl Glaads Y Jga 0 (YY) wl oluls
45,6 o3l s | DNMT (sl s DNA ygedlie a5


http://dx.doi.org/10.52547/iau.31.1.1
https://dor.isc.ac/dor/20.1001.1.10235922.1400.31.1.11.9
http://tmuj.iautmu.ac.ir/article-1-1884-fa.html

[ Downloaded from tmuj.iautmu.ac.ir on 2025-10-20 ]

[ DOR: 20.1001.1.10235922.1400.31.1.11.9]

[ DOI: 10.52547/iau.31.1.1]

Voo )LQ{ o ‘O)LOJZJ oY) 0399

2 6L Sy el ok o tomalisn (slyis
Sseedlie (al 2 opdle (B)) DNA cpprdlite slassl
Sundg dOV) Ogimnd il Geedlite L olyea CpGs
L oS gt 45 (5 ooty S5 oo el | (eiley S
P9el> (omigiy) Comdy o 4 pmie (iley S (S0 a8
0 ol SS9 sl 59 8 Sl 55900 sk B SG a5
diewd giloenST ol Gaa oy Josee CpG plim 00
Sedsi b CpGs ;o oad alite slacn st Ogeliens]
a>ye a5 WS o0 (OH-MO) (pjgiem Jeie (oSg)ae0
e e Sl (See g Sanl Jlad (gDl sl 95
2l 5 ol pedle gl S ol lhaslis ols s
O35 o ygamlinunST Wloas aloe w04y aSCpG
51l (G2381s5-guS A sl (6l) 39S e b g
Sowd G oy SloyeSl Jlal e ol cans
mebas ols cews 5HUO)) 0gd oo S5 ) el ols
a5 S5d e phatell Gudgid e owls o S
385 5 oo 033 slu b rizen 5 W g Labas
DNA sl 020 o0 18 1306 Cow 1) oo oy i
22 s Ol ep glannST ol 5 (L3 gl
ksl & Sl (Sow 59,138 oo 13l po3909,S SSE
ol Sy 1) LOY) 0l e SaST g pal 90 2
s> gledeSe Grae L5 Glackl gslas]
5 cwll cuaS cul (Sew Sl slacslost sl
Wiy s ) B850 (Sl S e Gl ols
OV)

$29)k S5 GSisS

SRl Jyore Sl 9 mre slapleys 51 (o 09l
Assisted ) ART (5,5,b S5 slaSuSG 51 oolazwl 9,LU
IVF | Jol> ol3e8 oydgl .ol (Reproductive Techniques
Jle yo g b aleie YAYA Jlw o (In vitro fertilization)
(Intra Cytoplasmic Sperm Injection) ICSI oSS 144Y
3ol slass al (Bxe o gHe,LL leys sl
3590 40 2l SIS (Sl g Sl Dledllas Jolds (Y lin
ART I Jol> (laij 2 50 Gl slag Lo Jls (Al
=yae W GersYaglpgm (OFB0) wlos S z)he |,
Osedie By (OmeFedlS YL jeo b (o NS S
(OFDF) ars oo I8 50 Cow 1) s A, g (eSS
DNA 5 5 Ol cawl (Sow 3w iz slozl ol
slas g (pleadly sl Codl 5 Lo pesli (i 05 Ol

ol (FVY) 23l Sy Chiba «(0F) wil avils glaies

ol alas Yo 5l YN0 Jlo jo end e bl SO
5 oy Bl e gl sime bl eanSeS L VYOV OA
63,8 Sl 1y eas W (el g sl ol el
(39198 )90 syl S Sgne 039 RS Lo 4 (YY)
0dud i hge ;0 a2 g Hludl 0 o8 DNA Cudlu g S o0
SLO) (em9) )0 et Bl 5 slase prml S0 g 0B
oSl jghien g mMIRNA Lo g adan 0 Ll sl sl
QL eols QL.M.: ‘) LQU" f:)"""‘" BE] DNA QW)LM L;L?ul.:
L ool (Ko SBl> 5l ooU subfertility ol by «(FA)
el odle sk slansle el 0 0 I3 w5,
as iyl 1y Plowls eiwws Glo juals DNA gendlio
OFwd  gmdoiwl (iolidl g DNA  cuSs & e
sobar oyl i Wl 1) DNA ygewdlies b oS Ll |,
)lia DNA ujw)l#ﬁ Q .Iaj..v}o ;_;LQM o L;‘o;)).uj
Sldlas 0gi 0 DNA Heodin aile o5 clale | oS
Opedied Wilgige po C ey 45 00,5 AT 5
lpls oS W TET slae 51 s 2ol580 L |, DNA
WSy o Ogup |, ShmC alies p,8 4 SmC Lugs
S wile Jelge (B iy a5 aidl o Gl pizmen (V)
AL e ek Sl (See 6 g S
oS s 103K, 36 53553k sl b DNA ¢ gendhiie
O3 Fyean =9 50 DNA fodlte Jialfl cely )0
38 (Omel JB1 Jawslawd 4y oaigd Jate (nuig,) pebpl
ol Olllas (pnl cggamme 10 (8°) dd o0 Shge A
OXd Bds g sl slaudss sle,es a5 ses e
b s | LQQT g b DNA 51 oleends slolis
Cal 305 5 05y 5 St gl @ ol 5 aipd e 8
OPgy b Gl ks jsbay 1) w8 slags
ot Jelge alaz 5l gslannsST ol mlaw oljslacs
S Gileg S 5Ll (59, (il 53U Wlgi e a5 e
lawg ob) Jlew Jloizl 4 Ll sas o 7, b Jsle ples
gz ey ek U3 glacslas sl
Cadl gl e Joke 5 Sess daasle pl ol
PV KVOWL 3 IR C B AR St B YRR TL WS COR SR PO,
2l byl joame (I3 30 o G,k g0 4 JBlas


http://dx.doi.org/10.52547/iau.31.1.1
https://dor.isc.ac/dor/20.1001.1.10235922.1400.31.1.11.9
http://tmuj.iautmu.ac.ir/article-1-1884-fa.html

[ Downloaded from tmuj.iautmu.ac.ir on 2025-10-20 ]

[ DOR: 20.1001.1.10235922.1400.31.1.11.9]

[ DOI: 10.52547/iau.31.1.1]

759500yl gy 30 DNA (ygamwdio cornd! g il

eolol3T olRiils Kby pole aloxo /e

aslllas eizman (V) wited axlpe DNA (jedliiogsle
Sl b & 85 sl gl e 5 ol
sy oL il oS Sy @ a3 55 e

ssba eyl Geslign 95eS 5 DNA (ol ROS
O g oy ool ogdle g YL o8l pl o (g lo sime
L oawslio ;0 JuwsSols a0 Mo ol,81 o DNA gewdliio
S Bl sl a5 w25 p0 Slis s (pl g 7S 590k 1o e
DNA el olime ol ok 42,8 Josoy & Swo
ras ;5 (V) &)ls (6 5aidly yoss el Condy 5 SYL
2 2y BB oolis (ART) 5550k S5 slacs sl
Ay ol Glagwir 5 IVE slaguin cis Lo
ple Sl Sen (anme Jolge b 0y93 0 09d o0 i3S
Oy 58 iz Sl (i jobay g 00ls i | S5
TET2 zghaw a5 ool ovnlice .ams 1,8 ;30 cou |, ol
oS slaze) 5 SILL Ol b ol sine ssbd ol 5o
O Gbgre bLijl odey ojls blsjl IVF ljo
YY) 9,10 0925 (Shol> 500 b p ool DNA - gsdliie
S ol (K55l pelis Jelye ) S DNA bl
o 3lad 5 8, o 53 05 oot shol Foubis lyie
Slp & slaan slagy ol DNA (gedlite )ls 5
P S oo el |y Sl (5908 5l el (oo Gl
3DNA gmmiliie sl 53 Jois slagesil )3 ol 4555
S ey o s ol alaz 51 Lol b
Sla s b 5 (e Jobe 5 4 sl S
Seslinal wig, 5o o)l o3l pleys (b s o
DNA sedlite 6551 1 Wl oo 5595k SoS slosiass
S |y oai] Jud (S 5 ez 0 5 Cdles 5 0,138 6
IREXJC R}

sﬂo)“&’és s & e

die) 45 g, oBaegh lgias 5,0 5l dbwy

Syl ST g Ak w0 ygl ool B 1) Gaiod ol sl

slo 5 IVEICSD) ART oSS g5 45 wo)S
el 9 S g cws @bl (abgye sla s,
50 OV) 098 e iz y0 1) (5 AT S slallas wilgs o
S oy 3 (o35 WY Ao 5l n & Bge Sl
odd NS> ()5 ez gl g Gl g oad
ool g 09 a8l o35 (GRB7 GRB10 JIGF2 H19 aile)
O b yd Al 4 e (S gl Sleel Oy
YL gond ludl jo (BA) 205 o ART Sllg> o
lapyhin oot HNTS> Slis b s e slap o
Beckwith-Wiedemann ) BWS sl oy SO
, (Angelman syndrome) AS ol 4 (syndrome
ouds Waie gloaz b duslin ;0 ART jl cadalsie gloax
YL Sy Sldllas (038 ) ol oals 5,55 b
I dls oS58 LS5 ooy 3 1,1 g5 s b Bl
2=l !l V) sl o oolo lis (gl asdllas yo 55 ART
oSl Wy plEin o L & ART (glaosyld il ams o L
LT oo JLS )5 ol (> b (S0 olgs Bl o
o ool cedw sl wlalllas ol B 1 adl 0el o
oo Cdhs 1 laligs aST w138 ICST SuSS
Wols L aslllae (paiz (PY) gy 50,05 5 sy 5 >,
o (5,08 S> sloll> ;0 DNA ygndlite &l puss oS
YOFY) dsyo0 &yl 4 (co,mmlg ol lose oyl o
5layil anpe; yo Slegdge (nnSilion I JusSs)ls
il JosSe fy o o 51 o5 (5B S e
oS (phg) jg S oo I8 b oS ) Sphn o Shee Ly
@ Cod JrusSoly 31 50 silaneST ol Gliee oo
cel ROS odg ol a5 (BF) <l 5YL 4L ol 8l
oyl 50 DNA o] ial38l 5 YU goud ygumlonnsTy,
O s o gxe bLI LSS ol s ogdle 0gd oo 0181 oyl
Ol ;o DNA ygedline aiile S o) &l s 9 ROS
Sl oa 5,155 sl ol 50 (FO) Cowl s 5,155 49,L0
o3l o gylogxe jsbas DNA  jgedie Sol oS
ol ol 3L anglie o wslails JusSs,lg oS oo ply 363
b riin Dud b (go sl B30 i 00gr 5ol

REFERENCES

1. Waddington CH, Ed. The Evolution of an Evolutionist. Ithaca, NY: Cornell University Press; 1975.

2. Liyanage VR, Jarmasz JS, Murugeshan N, Del Bigio MR, Rastegar M, Davie JR. DNA modifications function and
applications in normal and disease States. Biology (Basel) 2014; 3: 670 -723.

3. Hashimoto H, Vertino PM, Cheng X. Molecular coupling of DNA methylation and histone methylation. Epigenomics

2010; 2:657-69.


http://dx.doi.org/10.52547/iau.31.1.1
https://dor.isc.ac/dor/20.1001.1.10235922.1400.31.1.11.9
http://tmuj.iautmu.ac.ir/article-1-1884-fa.html

[ Downloaded from tmuj.iautmu.ac.ir on 2025-10-20 ]

[ DOR: 20.1001.1.10235922.1400.31.1.11.9]

[ DOI: 10.52547/iau.31.1.1]

N/ oly%0n g ! cuosi 93,1 YFeoo Jlos @ ) oploi ® ¥ 6,90

4. Schagdarsurengin U, Steger K. Epigenetics in male reproduction: effect of paternal diet on sperm quality and
offspring health. Nat Rev Urol 2016; 13: 584-95.

5. Stuppia L, Franzago M, Ballerini P, Gatta V, Antonucci I. Epigenetics and male reproduction: the consequences of
paternal lifestyle on fertility, embryo development, and children lifetime health. Clin Epigenetics 2015; 7:120.

6. Boissonnas CC, Jouannet P, Jammes H. Epigenetic disorders and male subfertility. Fertil Steril 2013; 99: 624-31.
7. Razin A, Riggs AD. DNA methylation and gene function. Science 1980; 210: 604—10.

8. Yuan HF, Zhao K, Zang Y, Liu CY, Hu ZY, Wei JJ, et al. Effect of folate deficiency on promoter methylation and
gene expression of Esrl, Cavl, and Elavll, and its influence on spermatogenesis. Oncotarget 2017; 8: 24130-141.

9. Uysal F, Akkoyunlu G, Ozturk S. DNA methyltransferases exhibit dynamic expression during spermatogenesis.
Reprod Biomed Online 2016; 33:690-702.

10. Jin B, Li Y, Robertson KD. DNA methylation: superior or subordinate in the epigenetic hierarchy. Genes Cancer
2011; 2:607-17.

11. Moison C, Guieysse-Peugeot AL, Arimondo PB. DNA methylation in cancer. Atlas Genet Cytogenet Oncol
Haematol 2014; 18: 285-92.

12. Sun X, St John JC. The role of the mtDNA set point in differentiation, development and tumorigenesis. Biochem J
2016; 473: 2955-71.

13. Schaevitz LR, Picker JD, Rana J, Kolodny NH, Shane B, Berger-Sweeney JE, et al. Glutamate carboxypeptidase II
and folate deficiencies result in reciprocal protection against cognitive and social deficits in mice: implications for
neurodevelopmental disorders. Dev Neurobiol 2012; 72:891-905.

14. Kohli RM, Zhang Y. TET enzymes, TDG and the dynamics of DNA demethylation. Nature 2013; 502: 472-9.

15. Tan L, Shi YG. Tet family proteins and 5-hydroxymethylcytosine in development and disease. Development 2012;
139:1895-902.

16. Williams K, Christensen J, Helin K. DNA methylation: TET proteins-guardians of CpG islands? EMBO Rep 2012;
13:28-35.

17. Branco MR, Ficz G, Reik W. Uncovering the role of 5-hydroxymethylcytosine in the epigenome. Nat Rev Genet
2012; 13:7-13.

18. Aoki VW, Emery BR, Carrell DT. Global sperm deoxyribonucleic acid methylation is unaffected in protamine-
deficient infertile males. Fertil Steril 2006; 86:1541 3.

19. Tavalace M, Razavi S, Nasr-Esfahani MH. Influence of sperm chromatin anomalies on assisted reproductive
technology outcome. Fertil Steril 2009; 91:1119-1126.

20. Trasler JM, Hake LE, Johnson PA, Alcivar AA, Millette CF, Hecht NB.DNA methylation and demethylation events
during meiotic prophase in the mouse testis. Mol Cell Biol 1990; 10:1828 —34.

21. Mayer W, Niveleau A, Walter J, Fundele R, Haaf T. Embryogenesis: demethylation of the zygotic paternal genome.
Nature 2000; 403:501-502.

22. Hammoud SS, Purwar J, Pflueger C, Cairns BR, Carrell DT. Alterations in sperm DNA methylation patterns at
imprinted loci in two classes of infertility. Fertil Steril 2010; 94:1728-33.

23. Sonnack V, Failing K, Bergmann M, Steger, K. Expression of hyperacetylated histone H4 during normal and
impaired human spermatogenesis. Andrologia 2002; 34:384-90.

24. Ni K, Dansranjavin T, Rogenhofer N, Oeztuerk N, Deuker J, Bergmann M, et al. TET enzymes are successively
expressed during human spermatogenesis and their expression level is pivotal for male fertility. Hum Reprod 2016;
31:1411-24.

25. Potok ME, Nix DA, Parnell TJ, Cairns BR. Reprogramming the Maternal Zebrafish Genome after Fertilization to
Match the Paternal Methylation Pattern. Cell 2013; 153:759-72.

26. Molaro A, Hodges E, Fang F, Song Q, Mc Combie WR, Hannon G.J, et al. Sperm methylation profiles reveal
features of epigenetic inheritance and evolution in primates. Cell 2011; 146:1029-41.

27. Reik W, Dean W, Walter J. Epigenetic reprogramming in mammalian development. Science 2001;293:1089-93.

28. Kagiwada S, Kurimoto K, Hirota T, Yamaji M, Saitou M. Replication-coupled passive DNA demethylation for the
erasure of genome imprints in mice. EMBO J 2013; 32:340-53.


http://dx.doi.org/10.52547/iau.31.1.1
https://dor.isc.ac/dor/20.1001.1.10235922.1400.31.1.11.9
http://tmuj.iautmu.ac.ir/article-1-1884-fa.html

[ Downloaded from tmuj.iautmu.ac.ir on 2025-10-20 ]

[ DOR: 20.1001.1.10235922.1400.31.1.11.9]

[ DOI: 10.52547/iau.31.1.1]

)J)ylo).a.w‘ gy 4o DNA Ry v Mo | g o 6031»:‘ é‘)’T il sS.w)J pole alxo VY

29. Smith ZD, Chan MM, Humm KC, Karnik R, Mekhoubad S, Regev A, et al. DNA methylation dynamics of the
human preimplantation embryo. Nature 2014; 511:611-5.

30. Houshdaran S, Cortessis VK, Siegmund K, Yang A, Laird PW, Sokol RZ. Widespread epigenetic abnormalities
suggest a broad DNA methylation erasure defect in abnormal human sperm. PLoS One 2007; 2:¢1289.

31. Tavalace M, Bahreinian M, Barekat F, Abbasi H, Nasr-Esfahani, M.H. Effect of varicocelectomy on sperm
functional characteristics and DNA methylation. Andrologia J 2014; 47:904-9.

32. Bahreinian M, Tavalace M, Abbasi H, Kiani-Esfahani A, Shiravi AH, Nasr-Esfahani MH. DNA hypomethylation
predisposes sperm to DNA damage in individuals with varicocele. Syst Biol Reprod Med 2015; 61:179-186.

33. Benchaib M, Braun V, Ressnikof D, Lornage J, Durand P, iveleau A, et al. Influence of global sperm DNA
methylation on IVF results. Hum Reprod 2005; 20:768-73.

34. Kobayashi H, Sato A, Otsu E, Hiura H, Tomatsu C, Utsunomiya T, et al. Aberrant DNA methylation of imprinted
loci in sperm from oligospermic patients. Hum Mol Genet 2007; 16:2542-51.

35. Marques CJ, Costa P, Vaz B, Carvalho F, Fernandes S, Barros A, ef al. Abnormal methylation of imprinted genes in
human sperm is associated with oligozoospermia. Mol Hum Reprod 2008; 14:67-74.

36. Minor A, Chow V, Ma S. Aberrant DNA methylation at imprinted genes in testicular sperm retrieved from men
with obstructive azoospermia and undergoing vasectomy reversal. Reproduction 2011; 141:749-57.

37. Pacheco SE, Houseman EA, Christensen BC, Marsit CJ, Kelsey KT, Sigman, M, et al. Integrative DNA methylation
and gene expression analyses identify DNA packaging and epigenetic regulatory genes associated with low motility
sperm. PLoS One 2011; 6:¢20280.

38. Marques CJ, Joao Pinho M, Carvalho F, Bieche I, Barros A, Sousa M. DNA methylation imprinting marks and
DNA methyltransferase expression in human spermatogenic cell stages. Epigenetics 2011; 6:1354-61.

39. Urdinguio RG, Bayon GF, Dmitrijeva M, Torano EG, Bravo C, Fraga MF, ef al. Aberrant DNA methylation
patterns of spermatozoa in men with unexplained infertility. Hum Reprod 2015; 30:1014-28.

40. Eskandari N, Tavalace M, Zohrabi D, Nasr-Esfahani MH. Association between total globozoospermia
and sperm chromatin defects. Andrologia 2018;50.

41. Aghajanpour S, Ghaedi K, Salamian A, Deemeh MR, Tavalace M, Moshtaghian J, et al. Quantitative expression of
phospholipase C zeta, as an index to assess fertilization potential of a semen sample. Hum Reprod 2011; 26:2950-2956.

42. Lambrot R, Xu C, Saint-Phar S, Chountalos G, Cohen T, Paquet M, et al. Low paternal dietary folate alters the
mouse sperm epigenome and is associated with negative pregnancy outcomes. Nat Commun 2013; 4: 2889.

43. Radford EJ, Ito M, Shi H, Corish JA, Yamazawa K, Isganaitis E, et al. In utero effects. In utero undernourishment
perturbs the adult sperm methylome and intergenerational metabolism. Science 2014; 345:1255903.

44. Takumi S, Okamura K, Yanagisawa H, Sano T, Kobayashi Y, Nohara K. The effect of a methyl-deficient diet on the
global DNA methylation and the DNA methylation regulatory pathways. J Appl Toxicol 2015; 35:1550-6.

45. Eustache F, Mondon F, Mondon MC, Lesaffre C, Fulla Y, Berges R, et al. Chronic dietary exposure to a low-dose
mixture of genistein and vinclozolin modifies the reproductive axis, testis transcriptome, and fertility. Environ Health
Perspect 2009; 117:1272-9.

46. Mejos KK, Kim HW, Lim EM, Chang N. Effects of parental folate deficiency on the folate content, global DNA
methylation, and expressions of FRa, IGF-2 and IGF-1R in the postnatal rat liver. Nutr Res Pract 2013; 7:281-6.

47. Campbell JM, Lane M, Owens JA, Bakos HW. Paternal obesity negatively affects male fertility and assisted
reproductive outcomes: a systematic review and meta-analysis. Reprod Biomed Online 2015; 31:593-604.

48. Fullston T, Palmer NO, Owens JA, Mitchell M, Bakos HW, Lane M. Diet-induced paternal obesity in the absence
of diabetes diminishes the reproductive health of two subsequent generations of mice. Hum Reprod 2012; 27:1391-400.

49. Palmer NO, Fullston T, Mitchell M, Setchell BP, Lane M. SIRT6 in mouse spermatogenesis is modulated by diet-
induced obesity. Reprod Fertil Dev 2011; 23: 929-39.

50. Xu W, Fang P, Zhu Z, Dai J, Nie D, Chen Z, et al. Cigarette smoking exposure alters pebpl DNA methylation and
protein profile involved in MAPK signaling pathway in mice testis. Biol Reprod 2013; 89:142.

51. Dattilo M, Giuseppe D, Ettore C, Ménézo Y. Improvement of gamete quality by stimulating and feeding the
endogenous antioxidant system: mechanisms, clinical results, insights on gene-environment interactions and the role of
diet. J Assist Reprod Genet 2016; 33:1633-48.


http://dx.doi.org/10.52547/iau.31.1.1
https://dor.isc.ac/dor/20.1001.1.10235922.1400.31.1.11.9
http://tmuj.iautmu.ac.ir/article-1-1884-fa.html

[ Downloaded from tmuj.iautmu.ac.ir on 2025-10-20 ]

[ DOR: 20.1001.1.10235922.1400.31.1.11.9]

[ DOI: 10.52547/iau.31.1.1]

W/ ol )0 g bl caoi 95,1 YFeoo Jlos @ ) oploi ® ¥ 6,90

52. Rose NR, Klose RJ. Understanding the relationship between DNA methylation and histone lysine methylation.
Biochim Biophys 2014; 1839:1362-72.

53. Chan RC, Severson AF, Meyer BJ. Condensin restructures chromosomes in preparation for meiotic divisions. J Cell
Biol 2004; 167: 613-625.

54. Kitamura A, Miyauchi N, Hamada H, Hiura H, Chiba H, Okae H, et al. Epigenetic alterations in sperm associated
with male infertility. Congenit Anom (Kyoto) 2015; 55:133-144.

55. Ghosh J, Coutifaris C, Sapienza C, Mainigi M. Global DNA methylation levels are altered by modifiable clinical
manipulations in assisted reproductive technologies. Clin Epigenetics 2017; 9:14.

56. Sato A, Otsu E, Negishi H, Utsunomiya T, Arima T. Aberrant DNA methylation of imprinted loci in superovulated
oocytes. Hum Reprod 2007; 22:26-35.

57. Chiba H, Hiura H, Okae H, Miyauchi N, Sato F, Sato A, et al. DNA methylation errors in imprinting disorders and
assisted reproductive technology. Pediatr Int 2013; 55:542-9.

58. Khosla S, Dean W, Brown D, Reik W, Feil R. Culture of preimplantation mouse embryos affects fetal development
and the expression of imprinted genes. Biol Reprod 2001; 64:918-26.

59. Gosden R, Trasler J, Lucifero D, Faddy M. Rare congenital disorders, imprinted genes, and assisted reproductive
technology. Lancet 2003; 361:1975-7.

60. Castillo-Fernandez JE, Loke YJ, Bass-Stringer S, Gao F, Xia Y, Wu H, et al. DNA methylation changes at
infertility genes in newborn twins conceived by in vitro fertilisation. Genome Med 2017; 9:28.

61. Chen M, Norman RJ, Heilbronn LK. Does in vitro fertilisation increase type 2 diabetes and cardiovascular risk?
Curr Diabetes Rev 2011; 7:426-32.

62. Deemeh MR, Tavalaee M, Nasr-Esfahani MH. Health of children born through artificial oocyte activation: a pilot
study. Reprod Sci 2015; 22:322-8.

63. Sharma R, Biedenharn KR, Fedor JM, Agarwal A. Lifestyle factors and reproductive health: taking control of your
fertility. Reprod Biol Endocrinol 2013; 11:66.

64. Smith R, Kaune H, Parodi D, Madariaga M, Rios R, Morales I. Increased sperm DNA damage in patients with
varicocele: relationship with seminal oxidative stress. Hum Reprod 2006; 21:986—93.

65. Tunc O, Tremellen K. Oxidative DNA damage impairs global sperm DNA methylation in infertile men. J Assist
Reprod Genet 2009; 26:537—44.


http://dx.doi.org/10.52547/iau.31.1.1
https://dor.isc.ac/dor/20.1001.1.10235922.1400.31.1.11.9
http://tmuj.iautmu.ac.ir/article-1-1884-fa.html
http://www.tcpdf.org

