[ Downloaded from koomeshjournal.semums.ac.ir on 2024-08-05 ]

V&Y 63 9 )3T (AN ) 7 o leasis ¥ Sl —yinegS

S9.30 Blao— b ;S gino S ylow g 45193 ¢ 3598 gSud g9

sla 3 (B.SC)™" (5 58 sloew (M.SC)' LS i 455 (M.SC)" Sliuesns | oo ‘(M.Sc)‘*r.uﬁ 0L b dol) (Ph.D) esljde ¢ ST1
(M.Sc)™ 1,Tols”

) el el (K o sl oKl o Ky 0dSKils 5, U5 S sl ool 5 Cly puadign 55—

Il wlitils S sliile S Ky psle sltils ( plié gyl 5 A7 gl suSCiils =¥

) oliile 1S o ooy 550 i Lo Sl plog syl o5 Sy 5 (o5l las i —F

I oliile 5 oliile S Sty o ole oKty oo o0l 0Kty 3y o Ky 556w i 350 —F

VEY/AIYY G0y B V- Y/VNY iedl o farhadobari@yahoo.com FAANNAYYOAVYE 103 ghose sious 53+

Ol o Sy aciwd ddgl dilgs 0 Wl Caxos 08 & pamin gbplul I oz b g S g (bu
Aoz 31 Jobw souial 8 5 6550 oy 5o (owlal Gidi 1o g w0 39294 3595gd (b Wgi 5 (. ol Il
o Wiz g9l Jokw 32 95001 3l 039 (5 )T ginn 93] 3l (25 V-0 (g3l (g S gne i JUSw JU] g s gL
0l Sz 3 )lg oyl @150 51 AT (g5 (50T g Ll Ao (g0 Wldgzgo JST 50wl (b yasS g pgi Gll3e U
3,15 (g y0lo (GoNI (5 )uiS go o9 il g (oS (ol Ly 39l oo o (sl y8 &y 35 0

Link JISI Web of Sceince WILY ONLINE LIBRARY JledMbl sbaSl ;I bdmwe wYlio b bgy g dlgo
W6 slows (530S gin (530l ilyg o Fylei SagII Loyl 4o 45 VoYY L 14#Y JLw 31 Pubmed Sciencedirect .Springer
B )5 51,8 axlllan 5590 g 92 glum (1l 0SS gm0

«(S3B951 9 p93lign (105 (292 4 diunly (GBEmlS0 3 (538 Gy giue Bl &S Cawl ol I (Sl azdl laassl
Ol 1 (2b)uS g g low dgboo 50T pgi JUDI 51 G pFela 5 oM SIS P R 2 go
£ (e dlly 5o slabawly (Lo (n] 1Ly 00y (Sl Ol o Lol sbogli 9 Jl sbedl ;o (5 05 s
el Lomo S5 39 3L 3 SMSde I & Baros o Slas slos slows 3 (S’

G gm0 50 i 3l (U (5y0ke 5N 53 (NS g 093] grwlign I (U (b S g (b Hlou 15 S AT
9 byeralS 90 ¢l 90920, gtalo Culid (S logiomsSlgl (slap yiuw (I (5 ko eyl B o Do Sl jiew 5o
S5 5ly8 (Gloys ()5 Bud a5 Wilgi (o e (p CSLl (]l Wil 0 oS (s — o (o leill

S0l 159 (g3 gimo ¢ 2L yuiS o (5B (S Hlows (T yleT (SN guuds’ (slrejlg

saY e 5o [V-F] a8 e By e |G, .&&6'@14;;5}1&}5 -\

4 2azme (2aplesle 4 g8 Al J8 o Ll slad sl 3 adsl Sypon oole iz o ol claKass

0 slins 25 2l al st il Sl S8 i 5 A 435 4 gt (PECS) LG sk
A5 ol s (0] sstie s (BI75) NV slrel (E65) & .0 555 55 i 535 bl s (ism
cdde 5 b S oS waly LIS B s Ol s S fat e s
S Ll e azy b s s ol saSeyles Ve 0 slaiss ssam GLbl 4 4 w5 S WaslE Il
TO 4 Gl by oS Cale 05 F slawsia o L a s ol adlsl 1y LS LSl Yo ais e (E10.5)
o s o ol o B e VL J8as bl gl sbaY iSsme 5o (a8l U
Sl 0hss 51 dss o) Ygame 058 e bl ]S 55

S0 b, Sl S ead Same )l ok 4 s Ao e

OFY


https://koomeshjournal.semums.ac.ir/article-1-7899-fa.html

[ Downloaded from koomeshjournal.semums.ac.ir on 2024-08-05 ]

Qb\m 9 ao‘ﬁ.\.ﬁ fJS\

oS st sblan 5 595058

s obs woabl Jol LY ) 63» &S S5l 0 H9a
ils b Comgsl [VF] il en509 S ek b Sl
b oS oSl b b 5 (Cristae) L S ais
ol U PA-Y ] el Solite Sl g Je (65058 52
w3y Sas o ol 6551 el = boHaS s J
ATP g 5o 1y eolimal o 5t Slosm sl et L &S
T LT e SV PR S N PO PR P
[YVAFAA-YO] wyls I8 Kass 5] dmy (& el 1S B)
32 oSar sb 4 S a8 g 5555858 Jsb s
0 g,aS e Sl IS5y 4 (K& BLIRE PSP
| e oS o805, o D)3 i3 Sp 5o Ssme 1L
2 ol S aS e b (oaS e i JolS codbse
SIbL s o e a5l S S 6,28 bl
A amles same palole s ol Soe
e rdiS st 45 ol ol dms Jlo ol b [YANANA]
A M Sass 5 6,88 55 4l 3 sad s 5Ly
ol a5, Jger 3 w5l cde ol 4 sl ol
iS5 Cde S ik 4B 0 05 1S oba [YE-YA]
XS gt TS 5 ol el 4 a4 S K
DAF XN ol ey Sass
ol o ol 4 Nlg e oS st CudS | Cedl
My oaS e glid Jedly alen 51zl

55 &S s (ROS) U oSl glawsS
ATPIADP o iiized 5 (MIDNA) (o085

oSl 4 oS gaal bW sl sls (S
REZZRVR (o) RV RPN I COR PN R U
sbul (OHe)  JeuSs ne JSol, 5 (H202) a1,
e 5l ol a5 (6)AS stee Az ) .S e
RUPE P JESC- S| VIR RSpWvn, Vg Tt S T Y S WS
SSdmd A 5o b sl Sl e S )
P S sldsSse 5o 5 Wb 1 sl leaw
S B olaedl el Ll s cov ates 65,0
S e 5850, el b o Sl Bl s (58]
Sty a4y oS e | Jole Sleses eas o
Sldshe 53 a8 sme il o ol ok S50
Py e Olaal plae 4 S cubon Kol
L1y oss Came sreb OS5 5l aloa b ae o
BIv% xﬁ’)t& S e Jlesl g 08510 255 2 J‘\-'
038 Jb 5 ool s AU Sl o i Jsb 5o bty
oS sin i) A e (28 i) Sstg] e S e
s eolg ol SIS 4 ) o ey S

oFY

opid 5 ead pakde alyl SIS L FSL Al
Ao Ay gy oo b s &S s o JSas |, Slaass
pr S s, b [FFV] a5 e sl ohlil
MRNA o 53 5 b o Ll 53 ol Ve e 5l i Sass
LSl 5 (Sdpbe ol g g Dy, ol b
IA] dnb o ammys (S 51 U8 5 25l ol ol
R R PE R QP I T e
S 4 > o a5l s, 5 Glates '&,L)'\ ol gl
S e 050058 5 (LH) saiSans g om0 618 sy
S d8 o 1 s IS8 5 Jml Bl (FSH) S
(Sass arasd) Jlposs JsSe5s S e ST o N8 Sass
5 Bador Colun o Soo b lapghges S ol o St
N . JPone i PR P | PR F0 Doen e el
Foh (B ol i ) i anlil gy &S
Oy e JSas ) Sl a2 a5 Gl
S Sss ISP S 30553 B 5 siSs
A8 e ST IS Sass 5l U 55 1) Jame same €]
Bz slaes Fob (s Je i (ol [YA]
SV 5 oas S5 w6y ool aes ins e S | e
S8 Ay b 5l s eSS s S e s
sbdole 5 &S ol G35 sy ke g SaY
oS on 3| Lais | aiSiylam gl pn s 5 13951 5
Sl il g, e [Y AN+ ] el o e K
(55 M Jste S dms eais [l 5 LS
g Ul o) ks Johe Slsen (Jhe S
Jsl oy Jols oSy s Spupl 5 Jske
Koo &S plab ol Bl oaSae o oS
sl Jesle 4 olal &S @.Wﬁj‘ﬁ‘ o\e‘-’b?
I VEC T JET e PP Pl B SN PRt Jesen |
IO ] el il s Kbl 5ol 5
Vo lgs Lbal cumes ol Sasw sl sl
S9d & Cumen ol (Sadu é'\e LS el (6,08 520

ol S A GoAS ge _,\,Ld,, Ol Ve
S L;)\.lf&.«.&d oy nFeeeem Yeoooo Sol> F.JL.,

Coler 4 Kasv il Sde Jsb L [NOY-VY]
S ol S oS 5 ST sbdse
S s Ko bl o B (I8 SKss
sy LSz S S5 1 ke 5 et S
IS IS I T WEX AP PP PR PENE W PR P
s Sas b a8 sme 50 el 455 b D 5o Al
28 ) ISz 5| oy Suss sy ol 4 o]


https://koomeshjournal.semums.ac.ir/article-1-7899-fa.html

[ Downloaded from koomeshjournal.semums.ac.ir on 2024-08-05 ]

VE-Y 655550 AA o) o les YO als

esS

9035 03 2 0B & NelS gl P55 SN sl
oS e o5 KLl WS Sy 55 om (DNA) P95
Ol 8L (laras £ 55 BN 5 2L S oy 4l
B0 CoMS s 055 L S s WY Pl s
Ol phad i b 5 (udS 05 lal Xpd e
S350 O] b 2Ll Sl 5 05 (OXPHOS) .S
55100) 0 g oSS 5l Rs ity Sy VY
Al [FAYR] Spe o Sl 255 by
S ol Gy, 4 analy 2loaSse by Shee
4 nlinn Gl oal st (B35 Sl 255 Lo
Lsg a3 Slas s P 51 2 slasle
oIS st 055 2l aS st 0535 52 i Jol>
ol wilwasles Ly 5 amas gileaslas S 5 sy
X5t o s 45 2l 53 > 5 00 At Sl s
A 5 loaSsne 255 s [YAS ] ool sl 5
Ak GBoge b Sazay 5 oeos Ooline i ool
Sop damiad (S anlp 5 dese B4 Lo oy
pos sl pam D ok s bk o
O PV JURN INCIN P RS PR VRSN o
o om oS 2 bals s biwmas Dol oS~ (s S S
32U laglan [FASN ] wiloass 4, JIS 4 Cosp s
ol 1y iy 5l nlen oS 6o s P55 0> e
] 5uS sn (s Sy A s 4 oS caias s
(Replicate Segregation) o S —Y—)
(Maternal linheritance) s sl cil,5 —Y-Y

(Homoplastic and ey 2 5 oDl gon =YY

Hetroplasmic)
N SS -

OB o\ oS e p55gms S 3 e paie Sy ol
Spsims S 5o S ol haz S8 laar S
03 &S Gme pd b o0 03 Sae 5 ) gee 61’ 5 Slaes
A GoMSge 25 daate b S Jole s r\{;_,,
Gl aS e ole ol H5b 4 5 sl iS5 g5u8 50
by 4 5 bE)MS e K3 B el Rz sAd Ee
ol N g gr s i3> Johe 93 0les ol b 4 555
[PA] 25 o0 axn bt 6 S8 ol sy dnns

ool il —Y=Y

3ls el @b Sl on oS5 55 W oo
dly o i 5 4, o ) 6-\24}}&3:,&@&@
S50 55 Dol M sdie 5ole S8 sk 55
T VN (KR ERIEJCE SN RSN U GO

o5¥

sor o Gan cwl 03 S L obsaS s sy
Ooly i s o e a0 S asds
sy Wy o &S SlouS e sboly 5 oS5
[EYE-rV] czls amlys Jis 4 o 5es 2l ede

S S s Slisle —¥

s gl g sl asm s ey, ol 5o bag uSsne
5 &l i ) Sl Lol adsl aaby s 5,0
4l (Sdslie S g 23 551 005 IS
oai 455 ol fuy s big,aS s el 2 Jds
o 4 ety sbely Wly o a8 s Sl o
T RGN RO IR SRC o et plie L2 E sl aals
U A5 e 2loaSsne Gasolan 250 Lol 5
S53 azb (NDNA) ganans b 5 (6,08 50 2535 Liger
Lol s L 38 s s oaSae OJls e
G, 5 538 (Sh orslie Gl epe Slaleis
g aSgme ams o D13 L b o s Sl
o Bl bl S eSSk ga skl
Sl G e ol 4 Aty 5 035 Dsline Ko il
L S S B R M W T e PR | W P
s YL ps‘j" SISl s 8 e bl 5 Loy, s
sdSoly as U dias o) s b |, g a8 s )
N2 63 4 arly (2l 4 il ol conlis cle
shls bg,aS sn ol @-‘*L’ 25 b ,aS e 352
LS S oS p 5 il e 55 4 o sate £y
S Dl Sl 5l 20l latea 255 L gLl Sulis
550 Su oladl (oS sme 2535 el L SL o554
s S5 5h s VPOPA 51 a8l lawa g sl
(\ JSe)ewd IRNA2 5 tRNA22 55 5 \Y iS5,
[¥A ]

Small
ribosom,

ND5

T O e
Oxjg; as""m;,e oATPase T ™
©3 " “subunité purt
sul

Joe g Sl oS5 pes ol an) g0 plisle N IS
[YA ] Glise sbsy s 053


https://koomeshjournal.semums.ac.ir/article-1-7899-fa.html

[ Downloaded from koomeshjournal.semums.ac.ir on 2024-08-05 ]

Qb&&hﬁﬂ\ﬁk—r;\

oS st sl 5 5585

r,;;\dwﬁ‘\f‘«sma\.ﬁ&&smﬁ
BEE 2 k. °°J§@ Solow Jsp cmse GO se
e ol dales ol GLyaSse el
ol o oo i3 sl Kb a8 s 755 03 Dy g
53 a8l g a8 sme 555 S S e do s o]
bl s gl aliad S 5) b M il s sk
AT 8l b s)lew

Soab oWkl ol abal ) s, e b
Gl ol slad [F0] asl 74+ spum Ko b ies
Oolize 63,5 4 oLl ol 4w Gl Lo
BESUIS JEC I VPR SV PV PP AN RPN
SolS e (Sl 5 B O (oS olacl
olee 31 Ss sm 3l s [FF] 4S5 Cﬁ;ﬁv\ﬂ s
23 5 gn 833 Gt &S (08 gte 55 J S g0 Lln VO
Jole (b o3 (S sS asns L anals s pm s bl oyl
4 dsde Jate cpir 4 s eaile B o LSS 5 as,
d s se ol Tl az; Sl 5 Congsl o Jie.ﬁ oole
s 4 5 oad LSS Lﬁ\w 5wl JalS (6,08 5 p 55
G 5SS 5 pialS cpl ) éj\e Comrgsl 53 iaddie
bottleneck WMol 55550 b s oxSsm o555 Lo
55 LS oy &S SFUS U s sl
o3 e Dgin by (g)ole 13 3 ) aBl yige (658 st
P 0> xS sme 055 51 ot ) AU G200 b s e
2l 258 e Kl eyl [FASV] 500
55 lier S ol cud b cdle oo
p95 YL s b Ll i colo (S s
SoAS e P55 03 s s 25l asly g (6)AS s
bl Sglite glates 255 0 aedlise U
eslise Cendy Jo sd Jae olisp 4 sl e
[PAT(Y JS2) sy )l 4 il e

OQ =) D U3 MDNA (51515 (655 55
000
QO,@ O JLyMEDNA 1yts srarsie
@ o

I N :

WS jo et ol o albin] as jl Soles gles Y S
[ YAl oS sm o535 50 i 51 s2U

0F0

S Gose il G S sue P55 I 5e Ll paas
olis L sae w30 !’J?‘“\ 23 GoXS ss 85 BE%;
CAS sine P55 Golwaslen C\.EJ S &S Cenl sn eals
2 0 e 8 58 oS g 4 L s sl B 5ok
.J)‘.J S99 L;JA\}L Lf‘ B 033‘& s u)\.w\.,.w J:‘.‘) lew
08 Jlhse Ol L rﬂw\ b ,aS s aas o plas o
Gl 5y Kasv u}\}’:‘\.} JYASYFY] BYP R 29l Ssw
Ao e 5 ot B, o Sl Sel b A8 255
Lo g oz syl W Pl [FF] 2ss o0 o sty

Golae Ol 4 1) iz 53 p (A8 e 2535 Gl i

IPA] 26,5 o e s o e (sl iz e s

sl e oy baw g oS oL oS s ol
Lo Gl &S gl Bl b Ja Soly W
el il@ly Slasan 253 50 A8 sne Jlasl saiSd xS
SNV 5 oS se 5 Shas 53 Plas 51 2l ey
A o S e Sy Ko

R o il

AT PR R Y SCCa N SR PN Wy R S R Y
S ol xS 10 255 S5 5e Dl Bl (g5l a5l
S5 lee St 03 Kleas i a8 s bao s
Condy opl & A GG A8 255 S se
S SN 5 P55 00 s (B st s S s sed
e samie Jalse 5 e Sl 150 Solese Jske
S5 S b 5 s e sl ST GLISsI, asle
daly 4Bl ey oM p S sl A8 e
e 25 8 Bl i JsSUse Sl o sl S
s b oaSsme 55 S (bolie ol Je (o
SoxSse p 3 ol bcwws Klg e wl e
oy s sbdsle ole Lo ) asl e 5 JL
2l Candg i e ai s ol 4 &S anl
S Logas 5 s sis lpaSsn bl 5 65k
P55 05 Ui S s ole 45 ol 1l e Coenl
5 Jly GLAS s 255 Sl 4 (Siey (58 s
s il sl sams JSis sl s asl g
s S5, o Lé/*-‘ﬁ oSk s e oly B alS
s (A8 gt PP 0O e 5 b oWl Koo
coly Koo s dildime ol ol o s s
o oodbe sl oolie wlye Al slagls s
55 sboier O Job sl La Sol oy
Dl ol s oS 358 bl S b 4 a8 e


https://koomeshjournal.semums.ac.ir/article-1-7899-fa.html

[ Downloaded from koomeshjournal.semums.ac.ir on 2024-08-05 ]

VE-Y 655550 AA o) o les YO als

esS

a s Shas— ac s 9 SF o olasl e 2

e oo Jols g ool b 5 [FAFA]
NARP (Neuropathy, Ataxia, Retinitis Pigmentosa Syndrome)-
MERRF (Myoclonus Epilepsy with Ragged-Red Fibers)-
MELAS (Neuropathy, Ataxia, Retinitis Pigmentosa Syndrome)-
LHON (Leber Hereditary Optic Neuropathy)

S a8l e b Sl gran Sl Slaesain iz s ol
(e Calis 4 olF e S pe 2l gl gl e
s e 258l 5 Lol (Sl s
sl on Gy e ol s o)l
oSOk a8l olen (5 NS5 25 slakais
5 05> Ol Gl Bl ool ol 5l el sl e o
093 elodr M oa B oo Joads I
Slaadlae Jls olgie 4 [00] cwl sas (38 6,aS yise
SVP/Y 1, AB43G libE i fand ol S s
Slee INY Lo e ol [OV] ol 0y pmass Sla N
Z¥ 5 L5k sadlidy) 5ol ge VY (S5 5 e Slsmena)lS
o) [rA] el sas 218 o) ohsal a4 Ol sl
ol 1 el bl b 2 S U
YY 5l o3 Y o0 SS5sh G 0 ) G amas
oWl sple S abas Glls tRNA o5
Tl O AP PYPS | EWAL Ay ey P+ S
o e sl AB243G sl S 5 5 sl s
LSl B o [FAOY] auls e (MELAS)
axlse o0 50 Sawisen 2= ;5 SIRNAL2 5 s
PR P R B RV SO e JE U RV
[YA] w\ls se (Preligual) sbs (i ozs
oS s 055 sbier oleolen -
b g Sl add oipls Slas - e e
Jola o] Cale 5 ons 8 Ve (5850 055 Slater
s 3l 5 i il 350 oSBT (s (Sl Hlind]
Shoe Cwl a2 Odae s Shee ob
Ragged-Red kol Mae gla s b ol a8 s
2 a8 cl (S sred o5 A5 25 RS
2 LS e olendsn 5 Slasle ol ids
sl b cwl Dae b s b
A8 5 Shas Pl Jolds Wil o 5 005 oy (28 5000
Ko oWlaal 5 alsab ol plsuad sre Gl
Sy o Sy 4 Ypane ol 5 ot a2l
Sbgie el o slasl s, s ane
S @.‘)d)\-&e I R ls 1, 5%-*3"43»@
s dliil (s 5 el Sy &) p0n
e o yae Koo s S elsle lael 51 om0

Y24

oS s 255 Ggier Y

A Ve s ge e b ol uS s P50 e
2 b Gl Gk e e ps Gl 55
slsler a2 8l 5 8US (5o se P55 0 e
55 b paed e B lae— e
aw [FO] cod saz 25158 Avee 5N spas (o,uS ke
il o gLl ()8 5 £ 55 0 i £

o3 5o eddse, o5 5o missense la g —
Osrehped Sy o Sl s w4 e &S
3 8 o S

(tRNA) JUisl RNA (sl s sladais sl g =
S5 Fie 4 o] o 45 (IRNA) 9550 RNA
K g g (SHAS ies

R B T e B B i B
Al o

[FVCITN P TR AP PINE e s gbois
Aol cle a4y ah Solese Lo
48 23l ol onl ) (o2 el (San 5 s 05 Ol
2 Bl aly OaSsme p3 YL Ces b 0L
Sbiis ps e Ll Soda 5 e S sbdsl
by 53 0ad w2 e sl A8 sne 2535
bl de b K ) i o3lul [FA] s Sl
p55 oo Slanb a s Wil 5 asie Jolo
b sz e 0 bt el st @l )8 e
s b Vsame Sl 02 (o sis )b b
S il slpsuie dan 5l Slony sbpae s
95 00 SSlege bods ol sl olaS e
235 53 K5l SOAS yine
4 Yl o NN o (Substantia nigra) oL

sbos,s o

asly ol aal o C‘\"’ 0sS,b ohlew o St ol
SIS 2535 50 Swlase alis S was e pla
slew 0355 50 S5y baos 3 o8, w5l 53 oege e
e S aimen Jlasl ool oS ke s e s 0
= 5 bl Ses 55mSLl solen @Lw ;554
0355 )3 Bl sy (a5 255 S0 s> Sl i
2l 55l aenS) (gD s Sl o A At 53 5 ol
Dls 1 o aS se S eboas Gelas ol can
i do s dlie GDls ao Kl e s
55 Sl bl b obs e oslin gl
G550 sl LAl Wl o &S Whoad Caro s (HAS sue


https://koomeshjournal.semums.ac.ir/article-1-7899-fa.html

[ Downloaded from koomeshjournal.semums.ac.ir on 2024-08-05 ]

Qb\m 9 ao‘ﬁ.\.ﬁ fJS\

oS st sblan 5 595058

pow A 53 e Golen cpl S S8 ohles oleys
s 50 o85S 5o L"),\.S Ll asl o 3l oLl 5o 5 vf.,\l)‘
CSopPd el 93 B L e S A ol

asly S5 ) 5o i K S aS w8 a lag 550 43
Llg 5 2,80 o5 b cor ol s bain K> in
Sosba 258 JSia Sl Sas 4 i 5 p Gl
Sbls Jls olsis 45 485 13 5l cow 55
5 AU o s 3 e e e (Sl s
cdshe S a2 blp by jl8 ol 5,5
s ae bug ol Oldbl il 5 sss e e
S JJ L;.sb).s\.a 6)\-&.3.! 4 ;.))\.'2.3‘ JJJ.:L:.; ..s.sjfda J&.....a
GosS 4 e 5 ey i o0l s o Dl o5
a4 M 55 s o jc’\u old e oo olew ol gl oo
ol s e 5 ex sl SSUS ol s Aloldl
b b ol s Ss 5 Sl o i 5l a=b
23 G055 4 e Salg po g ead S b alS i
B a0l sl R\t R U R PRapP i g |
o beis anlee okt 4 U p b et Gbalay
@%J}hﬁ-\)rzﬁd)\s&}ffjwﬁw\fum
053 50 L s a4 ol ol ALK o DS
Sl 5l e VY spus el 5 das e @) GoAS s
bt 3l a5 3l s s 313 o 3 5l
S cl ol en gl Aéjla); ) d\""" 350
3 e (San ohlen el Sl e 35 5T 51 b
358 g BB b 5 moly lBl SO Ll o5 L
5 Ol 10 sgam ASossba ol 3sms s e 3 solew
[Y0] wslei A1, (olen WMo g J5U 565 V-
ol b oaSame pp5 oo Oslite (glabE ige sdoe
ND4 5 ,» G11778A U A el 03 92 a\ﬁh ol
st 5INDB 55 5 T14484C, ND1 3 5 G3460A,
ol e goleg 35050 A0 Jstee gl (sl o
Calidue (p g Aw g 039 MISSENSE b yigx 5 g 4w
ol obe cal 53 a3l oo D 1 5 S Jlisl s o
D gl o 0D J)\),a '/.?')J 9 el Jvc\.w Ao )‘ G11778A
Do 9 g oo sodlie Q\j,-g- Q\AJA B ‘\.».,\.e.r— L;)Lé..:-! .[OO]
obles 4z Sl g ons oS Jx L osn 4 5 ol
b St st 0el b Ypans T14484C ign |
axdly 5ilanSl o gl &S ams e plis b ey aes
r@v'-“)} ol S s el I bl 3 e

B S 0\5\4‘ "\‘\‘9‘6‘ Solaw S Pl @“A’“‘S‘WT

e

[YADY] spipn sy Sandhsor Sy50 4 olsls
2 Nl e ol S a5 2 a.é‘M?-e.T}é ssbay ol
Lo S b onSsme 255 sbier ol Lol il
ol aales & a wlas d |yl wy laen sbags
e85 sloier ol oo 25 S5 Al e e
s Al e lana Saps s awals Sb g a8 s
sbul [OF] wnls bow 1) LouSse 55 sl
sloaSse sl 5o s 5 s obe bl
EX Ko Susba w3y sdms 5 e o)lsen
s el Lo 3 S oo Wiy e pols adl e o a8 sie
3ol ol s s 5 SLdlansT b Ko 55 05 5 o)l
23 Kl o A8 e e85 00 Lol Gl Y Jiié oLk
Aw =i S PO wdg) e e R o 65 sallsl
(Pearson (5 sy ¢ox  (Kearns-Sayer)
L s <obs (MELAS) Ok syu. Syndrome)
S AB2U3G g ormer opd sk byl
5 W5 g el e okt 51 M a5 sl Vs
L 6J§e.° °3J§ B ">">J§ sk @.‘;&2‘5 5 Cabs 4 @ij
5 SlhomenlS wXsie oo 2B G sl
Pl s S R Sb sl sl e e
[FA T asl il (it 51 (20 Sl

b s G len S0 -0

(LHON) 3 obw ceae S, L, —0-)

L o) obew (LHON) L ol e 1 Shss s
e ol s S s o 5 bt Gl Gies
o Sca obouS . P55 03 L hd ol 4yl
sl 4l S5l b S sl st s
b oasl gl adlas ) s e slgity o] Shass Lo
apl S5 5588 Ky 5 OV Gags b
3 e DA s 2ose 25 Sose 5o 1) L ol
OY o amlm Glae gy s Glaeend s b
S ege s (MTHFR) (C677T, A1298C) 5Sss,
L9050+ 5 sl 505 YV Lo (MTRR) (AB6G) lSss,
Pk o Sl Byl e S 5 adlla 5y5e J S
s MTHFR (P<-./\) o3 C677T r‘““ﬁ)f‘ul‘ L
L e Dbl 3 MTRR (P<--/\) 3 AB6G
e, Yol e o5 AL298C (b se b
PPN L G Sl B sl adlas ol o sanlis
posd S54sml o 1, ABBG 5 COTTT xs\-ﬁp—w.i)f«:\i
S o Sl o Soge cmh s S ol
5 A el B (Gass A o S laaslSe


https://koomeshjournal.semums.ac.ir/article-1-7899-fa.html

[ Downloaded from koomeshjournal.semums.ac.ir on 2024-08-05 ]

VE-Y 655550 AA o) o les YO als

esS

S 0 5 olam oo S Lakie Cdoa D
BIETRCR-TYI QP KWL ESpUony Pt I BETINY VR g
oS ol SVl s a4 b &S sss 0 Dlsd
S0 SB SISl ancS s o elaal | ocld
il S p ol S5 Yo Ll a4 ol
G A3 o 53 S) 0 oD Sad 3 Jes Slains
Ble 5o gl bl sns 4 5 a5 Wl ) 555 alS
D anly ool U o e Gleacl slaeaie 5
Rl ol e b5t e e Sl S e
o ok s Ko om Ol Calg s s ead 5l e
ezl Sl ol S s Shae 5 G550 rae B
s ol sie3ls Lpas o8 55 oy oze 5 s 2y e
[00] 25800 (e Sk S 0 ol s 551

G 5o 255 Gl iy —0-T-)

Sl pi e ol | ol 3lse 7YO b Y
BENTENLY @.}'T i Sl 53 (A8 e 85 (S
Solem > S5 e & @.}@.Ll‘ S, i ATP W
25sdS s 5 «labas ey ag,aSse b L. J
2 e el o)l e (W MT-ATPG o5 55 AAAY
.Cwl MTND6 3 MTND5 .MTND3 .MTND2 ¢l
0 4x) A SOl a sl ) el (g S sue Po5
5 Sl Jame oS3l e s (Cie am 5 She N5
LOV] ey o0 ) 4 5 5 ;,fja:

Slaid o 55 Gigr —0-Y-Y

(Slas o535 058 0 Joli ) golan 55150 TA BV
S o Bl ams e JSas | ohlals o 55 el 2
Sope A of Sole sl byl ol oo u--e-" ALY
ol oSS (g opl S e Do € ie Jlegy s
1) (COX) (o laemasl oy St 5 sildnnas] & 5oy jad
SURFL» 05 55 i ol g8 cnipld 5 &S Jibee
ol 155 5 A ppisesS ah ssib s S e
2 5 3l sli ey 8 5 SURFL 5o 55 b i
olas 1) a5 YL e 5 olen e Lol 5 s
g5 Sl it Hleay Dlas o131 o (ol K, 5 Ay
i e F J ol 0 &S S5 i ) S
Sz 1) U550 > Slogmd s 3 Sas &S
gl sl ol SIS o)y e sl 5151 (S 45 a8
Fo bolSe ol o J len o laa oy e
el as e

NDUFAL0 5 BCSIL slass ¥ ps5sm5,S @

OFA

Mace 35 Ky pluiglin 3 53 sz 55 ks ans (2l
Syl gn 03) cmads LA ol 55 5 UY e byl s L) 4
[PY-08]

(NARP) 0, o st —0-

23 L Sl g e 658 s &) Lot £
Coiis 5 =SBl Shsos 3sn s MT-ATPE 5
S aS e S\, B, wLﬂ 05 o s e sy
8wl s oS b oSl Gl
@l U8 5 oS 5l oladd L S el o) goaS s
53 655 ol Jolo o8 33y (ATP) lidis i oo
olizle 51 S5 MT-ATPE 555, ol gll oo
Ay Ol s e cp Al s &S ol ATP Synthase o, 5
05 i e 3 2l 2 (ATP) Sladis 5 03591
er.ﬂ » @S 5 sl i ca 50 MT-ATPE
ATP WJg a8 L o el s 5 ooz ATP Synthase
My Pl 6585 45 sats Jaia S5b 98 axlse
sl pl 5 ODlae Gns (ol 55, o 50 ATP
oL SES &S @..La-(j 3 i e olan onl polas
5 e SOl 4 ole ) dais il LS e sl S
(Sl ot S Ve n |y e Sige i 53
A sbeaSse 6550 ol 5 de 4 Saw
VUV bk ol i el Jok
L, MT-ATP6 olasl i oladse oSy
740 b Ae Gl ms o e ol S amea b
as,le (o)l P oS Sl il e 50 o G AS s
590 35 5> (Leigh Syndrome) J srles o6 & s Ko
Ol i Am 3 olew 55 oal & Lol 5 a8 .
SR 5y cwl fSee s Wad e olml elae (S35
Kdizne Glihoe o Nipd s o3lsle S5l G SUSS
55 sl S5l 0 SUS b s boley al &S
K gl o D gt b SV e olew 93 5 03s aly
[00.05]

(Leigh Syndrome) J & 4 —0-Y

085 2 05V e s oSS p55 00 Llex
05 S s Sl 55856 sin 5 SURFL (5 alan 51 glazes
Yool as J olan sbnl 53 ke BV aler 51 C
o e T b 48 il g i s e
Slid s 5 oissl g sex 551 o RO WP
o b pboaSste p 85 00 g JJJ 4 A5l
O e pg5 ol Ly ol Glana pg5 s
A, G5 e s Ol S S8 Lol Sime


https://koomeshjournal.semums.ac.ir/article-1-7899-fa.html

[ Downloaded from koomeshjournal.semums.ac.ir on 2024-08-05 ]

u‘)&-’*‘” 9 ao‘ﬁ.\.ﬁ rJS\

oS st sblan 5 595058

ol o e e cx.j@.\—i el OlnSe a'ajj

[OA] cd RNAlRU o5 3 A3243G (glabsis g o5 ,len

(MERRF) G ,» podes —0-0

S 0 D 5 ke b G e g

SE Mg e kgt e

Sy gily 5o o OLoL 5 gl s e
LRI PP A S dres o
G555 S5l K5 b s Wl pars Slazale
.,\;,{T@ 03 e K, 4 ‘<<fﬁJ§if

L8 pliS e
slsal e

S sbodls rL?u'\ 5 2Uls pas o

S LISERV-ES

o sl e M 4 o)l IA- 23 ol )
& ok ) atas oS col G aS s £ 55 ATFY WS
Wl 05 Sk s G ol s 2
Cer Gose BoSs, cale s eas tRNA-Lys
LPY=Ve ] oS o Jide | sloes) (5Dl o

SR W W B ST TS B

MT-TK -

MT-TL1 -o

MT-TH -

MT-TS1 -&

MT-TS2 -&

MT-TF -~

o Sl o0 J oembs Gsels
.ol tRNAIleU o5 55 AB344G glaki

A1555G ;I asle ol 5o s i
Koo gor I s S SRNAL2 5 s A7445G
ANAR AN E SRS N P

(CPEO) s i oo 20 65N sdliél —0-7

(Chronic Progressive External Ophthalmoplegia)

SAhas shigity B 5 wke lan (e
Solam cnl 03 des Slater ol S s i L
et S5 sdds 5 e ool el e Sl wssle
RO a B A oS PN

L Bt s o Jae 5ol 5l aS (g a8 s P55
Slr s W a5 ek 0y gl A5 AS s &8 5,
L Gde azea gl (ATP) Claud o)l s
Cre 3 Sas 4 e (oA s 055 SIS 5o e
TG | ARGV B OV PR P | S WL PV, PPV e

054

NDUFS4  SDHA  slaps 0 psipsS @
NDUFA2 , NDUFAF2

NDUFAF6 5 :A r)j_g.ej_,g o

COX15 051\ pajsesS @

5 NDUFS8 NDUFS3 slap3 )\ ps5p055 @
FOXRED1

NDUFA12 , NDUFAQ (clay3 \Y 555058 @

NDUFS7 5\ p555055 @

ook ied Jsl eSS g Bl ol
[OV] 35,15 J S o 1 peilaga]

(MELAS Syndrome) M » i —0-¥

$olew S pU (MELAS Syndrome) e pjuie
5 S Gaaed St Jarsa oS el JUoaS s
| VWO VERENC NS S35) CUROY TGO IR V4] PPLS OGP
48 ol )5 0t Gos S8 JSs 4 3da VAAT
&)l ok ) L’ﬁ ol ) AS 50 2535 5 2 S
s> s 5 She e 93 2 3 Ol cpl e o
2 WS S50 L on Sl Gl Sbaiay 5 358 e
Sl )05 b oSS 5 S8 i) 35050 5l ol
nd Jols sl Do opne SET ol (e olEL
5 Pl (plgl gl Glasss e oy Ol
e Lles S ¥ Sl s ol ot ol s
$Bsn ST 53 (G5 a8 e L dipd e (6 ke A d
Sl S SMam LS5 b Ul e o 5 ol
SN (6558 Joli 45 5505 ssmy e 4 il
Sl mazs oblan cnl CAEl s ol il by (S
5 odd (S a4 jmie S 3l sy SSY
s Al u'<"‘“'> ‘.sjo(..i.z /t\,a;w\ o5 ke
Y F I PO Py PR KSR g Y
roileal) 535l sme Jalit )ls (5 S ans &S Sos WDle
wailsit ol St e Sl pas (e
S 0)lg P s Lo Wuls (S 5 I8 OIS
ol

Dl asle e poaie 5o aBl g by

;3 &S MT-ND5 5 MT-ND1 :3L55,455 NADH o

ke (g5 50 5 ool a4 ur-'—ﬂ s
MT-TV , MT-TL1 MT-TH : L= RNA .
MT-TLL s Lies

sdgote Golen ool el (Olen 25050 TAY Jsies
e gl W s slh ghasasls glos 5 ool
255ke 0 SGS slapleys (B ity s 1 ol

=dh Yo el Yo by N Q p—ij-".[}g 925 )l


https://koomeshjournal.semums.ac.ir/article-1-7899-fa.html

[ Downloaded from koomeshjournal.semums.ac.ir on 2024-08-05 ]

VE-Y 655550 AA o) o les YO als

esS

GNF Sler ol 53 ol 5l a5 Vee ) FpS oSt
5 08 paakis bug Ll e Ol ol ol s
e VAVA Jle 55 € g o 35lsle Sy (68 b
MMM@J&.QTéﬁjwﬁMWf
[VANA]

(Kearns-Sayre  jaw—ui S podie —0-A
Syndrome)

3 00 B Bl s s paw -l S poae
5oL 5l LLA—’U’\ loAS s 2535 AR e ) (2l)AS st
S Sose 4 s b 05 YV DNA Ll o) e o)l 4
DB a8 5o 5L s VF/0PA L gl pg55es S
cale Jsian gl G Y o5 slaw o) 5 ool a8 3
2okl Yy sl Jlsl ey e
RNA cale 55 as sue ¥ 5 Ll RNA call
ooy SbepSy &S S5\ ol ls oS s 90390
oo omls) 6,8 s 5 S e S oy S s
1S g e 03 WY ) 00 G 85 s
Sl i 5 058 Jae (65085 3 655 My 4
& sty T2z 6 spe saalie Llade 53 s o
Gazale e (o an ol&l s «ilm (oo 22>
sk 4S5 e SLSWILl (L sbamale (AU
sl le el 5o goos ol Sh s
Jelss (95 g Sad s Jow Sl e JL,aS e
s Jeis bl 65500 RO EISTRISTIN S5
5 o oy s (Je ax 2 ol a s g S e
Sl azes bl s Wy I s (ol gbadle S
£ s ol W S5 slier S Lol
Adlgs O oS5 bl pladde L s
ady 5 aal s e Dles s s 5o S sy
O S e 5 ol sl f,l\“ CorS st
Coys 0] St Sl 5 0 53 e s AS s5n
S o ((F55al) s n sy cal 4 o dalsi
o ‘_,A.A\-.uv‘isﬁe‘ s,y e gf}u S &8
Core GoMSse Ol A (o pae plUS Sepl s
5 Ol 3l gley am 55 55 L S ol pl 4 Ay o)
I S R e e e e R
el S sl G5 S S e oS e 53
oS Glasdlas yo aial accls o 5 wolate [y sbaalas
5 ol S (Jid S bawg Ml NAAY JL s
5 e Uiy S as 1S Slew o ol o S
L Ke pledhe Ul amals bp AV s gles
Pt S e gl 51 S g Csline Ka K

ov-

DSl (s cal 5 S slaasale asle plas) Loy
e ol i oo ONae J ol b
e 05 8 p 5l Soie al cakie & des (A8 5
oo PD\.:— a4 e ol el 4 el ‘_;Jf\ia
Syie Xt o el Nl (e s
cel &S 5l ssmy oaSse 255 olnal s
BNV VP S PSS PP S\ C AT > PPNt
L5885 53 a8 IRNA Gl sas cblis> 40l K
35ms G a4 A 05085 Jusl K ol 5o &S sl )5 FYFY
e o sl o a L el sl
5 SV el (A8 g gbyﬁﬁmﬂj 9 o Nyt
53 o gl Gl K el b wS i slasy sl
ol skgoote oo 2o Nl Gl oo S
WOLSS e &S Cad 3Lt FAVY aakss S sl e
I3 b s S HuS e 155 358 e il L s
Looler lakis s b S Gl Sl oS 3,8 0
S sz ool gl adles S asl laws o85Sl
o N sl Gl 5 S oL S s &) Sl
05 Slamad 2535 Bda ghils 5l o 0dd s dig, ke 00
AS 0 S pos a8 se 0y, 4S5 cd Twinkle

aalcal S s sl cos cal LT s
55 Sde ol boaaly s psland) sl ol
SNosdl lpe St 3l b a8k
58 oSl LSS L Gl Mo 4 siss i e 20
bl 5ol 5 sl Jl cnl bioms o ) 6008 5200 2535
e el ssie pl WSl
GoMSgima p 55 53 0 a8l p WSS L Bl s 4 kgt
Jusssl @olg a5 A Jlpssl ol oo oo o )
St oslae Uy sl cils wms ) cnl (Ses sl
oo o sl Cae 5 B JSal el
05 0 S5 sboer ) 2 WS sl
[VY-vV] u:L PEOL , POLG2 POLG ANT1

(Pearson Syndrome) ¢ sw o —0-V

S el GloaSae (@8l Sl S G podie
Sroosn Ol 5 Sy e Gs3S cse
aiy sl ol Lol sbaslas b 558 e eandlsy)
oWl (K gy ebs haadlid o d (S8
(Sl s 53) pdsd S 5 ras— e
byl & Kle e 03 F b oles b oble 51 (Sl s o
ol Sle Nl e € pan— i S R r,..))\.c Ol o>
5 Sl LS e 2935 0 G5 Bl ol sl (oles


https://koomeshjournal.semums.ac.ir/article-1-7899-fa.html

[ Downloaded from koomeshjournal.semums.ac.ir on 2024-08-05 ]

Qb\m 9 ao‘ﬁ.\.ﬁ fJS\

oS st sblan 5 595058

ROV [ KVG PR p—.'.}'T WP RS JUARE S I 5
S &S assS ol 5o A e p—.{jj ol omb CL.H
SNCA o5 L 0sd 00 Jlagissd Glo b slag,len
ol b hs e s n ) el 80 05Ol 4 Ml ) 5
o3 o ks Lol ol S T
2P U i g OOl Ol R 53 &S
Jelse 552 GBA 5 LRRK2 SNCA alax 5l b3 >
(Solpls e gn) ol il opmiSOl sl Ly S,
Jo sl LRRK2 o5 5 Giger el oas wslis
ol @3l 5 Sol sl il & Vel s sasaslis
P I 5 oSO (Solsle ans b sl o)l s o7
25855 GBA 13 53 L 05k e sk 63l 5,05
Do 05 ok o 53iSol & V) 55 S5 Sy
S 2Ll EYTSTEN 3 8es 53 oSk ol 4
Sl s (S e el | Je Sl oY s
Glozd slagolan Mo 4 cul (Sae 6 5miSHL 5505
L Q;JS,;W—LAJT St sl b Ul a5 by,
[08=50] 355 syl cns o L2alS

Yoo ovse Sobs —0-Y

o _id a3 by S 6l S sla o
Vs e el b phlen Sl odlae 1) sslas]
b onS st £ 55 53 b (g aim) [PY] s e ol
Jue 6 R Oleosar L kel &S sl b e culs
23 68 gt 5 Sas sl 51 ol s sl e olsal
I S U [FF] b oy S T g5 b
Cols mle F 5 L saas ssba xS e 535 il
R N AR

e 221501

azly &S5 6w ‘)*:'.’..“Jé 53 g,uS sa -V.T@ gy
Proof Reading — 5> Slas ;3 e K oo S Jals ozl
Lot g Sel 05 &) son POLG o5 L3
58 obnl 5 ead (a8 sme 25 3 I 5 sl
G g sl (3 R e Jsb paa obsS el
5 55w 5 Gonok G sl s 25
55 S peas &S dhes ol mls Gol sl
RTINS R [T S el (6,8 s
oals D3 G b aSepl e salas s s
5 e Sl 5T sl S8 Ll sne YL
Sl 5 @l G213 e Job 3l ol ol ol
Loyl b ol e 5l el cSLbl , s
St oWl 5 ok Glicw] b bg,aSpe

AR

cetls Salize Mol LoMe (¢, Kus 5 s |y s — i S
S anpl gt a3l g podie pU 4 550l &S
23 Oz poe oS Sl ol WS o Eada
e e S ok 4 Jos e e85 3l
sy &S Sl ools plas il sl e in g o 5s o
e 3 e B 2lodS e 285 oaelSss
5 phe — e S ok D3 sk cpl sl Sleg s AL
o sl 5o Ll ssd e s Ggem poe
pox 53 (S5 B o3l L)l sy Cekg, e e e
ol Joe ol KD A B V/Y Spum 53 5 ite pde — e S
S 8 el ol Ol JuaS e 095 0
Joe 4 U AFPA Sl o 5l S el kb F/40 g5
0y paw = S ohlan YV 5o 5 aas & \YAFY
[¥7] ssa 0
(Parkinson's Disease) ¢ swasS )b s lew —0-1
el Jols (o 5utSHL a8 el el plas Slidsy
IO spa ol ama Julse 5 S Julse ol sz
4 e ol amos wsla s (oaetSiL 4 M ol 3
05l 4 daee 513 TN b0 des (sulS)L
05 w5l S s e b4 S b Lbisobes
S5 s onl O (Socrals X5 e bl (asis
Jolos 5 s ol 4 e olma cwd Se
S92 o O3Sl 4 Ol sy s S
S5 e 05 b e ol Sty 5 ol ool
Sopon 05 4 5 A sl Soson 03 V) Bl o
XS oSl bl Lo &S sas anlis Oslas py )
UCHL1 PARK3 SNCA luls Jlsssl G slays
JMEM230 EIF4G1 HTRA2 GIGYF2 LRRK2
olas layj .ames VPS35 , RIC3 .CHCHD2
. ATP13A2 PARK7 PINKL PRKN ;I a5 le Jlys sl
«S . VPS13C 4, SYNJ1 .DNAJC6 FBXO7 PLA2G6
S L wmes i bos 4 bae Lo S
5 PARK12 PARKI10 alex 3| x,ls aslisl sl
O3Sl olew b 55 Q11 YY 5 i~ PARKIG
53 Somer b Al pyssl 5l IS el b
e 005l W tse 70 353> . lazasls ol jas LRP10
A5 oole a3 5o i cnl ames GBAL o5 55 i
a Ml K (e ol ey Sose 3 ol 1Y )
ol b b e gL cld Y B Y SOl
o o Llosls 1y sasas e oL Olases ol (g

b sipm S s 8l 5 A8 e 55 Somb


https://koomeshjournal.semums.ac.ir/article-1-7899-fa.html

[ Downloaded from koomeshjournal.semums.ac.ir on 2024-08-05 ]

VE-Y 655550 AA o) o les YO als

esS

(Cancer) ob o —0-\Y

o 03 O (YL s bl b se s eed oo
olis &S amen sl s (G3ln 5SS) 5] L3 s,
GoxSye > Shae 3 el Sl (Sas B)se s dad
OseeNisand U1, ol (655 g aS g analy aals
olse 4l Je o5mS) ba S S ay ssland]
Bl G b 51 Ssnl 5 w8 e a5 il Jpame S
S e f"“l"” (MPTP) (o 085 (s b Sl
S 08 gme 5 Gl 255 5o a5l a8 s
$o9r2 05 oS 285 5 05 VY [VF-VAT wleas
A ad obla S e IS planS] o s Dl i
Oladl 5ol oYL Jhes i ol 5 3005 59y Jsle
xSl 4 e ploaSse e85 ol Gl
G o e S S s s e
Sl Gl 4 Cumenr o (00 Shas lanasd ;5o L
Sbos oo G st DB s sbadase L L ahesls
Ol ly Slams 255 L sas I8 68 52
3 \-“’rx‘x] LoSbams oleSe 5 5bLas
T S R B bl IS8
o) Mg a8 a8 e Ll I S, R oS Wloals plas
Do SIS ws o)y |, (ATP) ©liss (5
2 GoNSse 55 iy A8 e Ll sl
o 5w ol e LAPVAL 5 Ve YAA laugs Sy
xS g 55 Selism s ter ul Lag e sl
wls b igr 5 s Bl Gbaien Sl Hses
JW L el e s ol o i U om0
P Sl oaSsme 255 G VA Dl e
$oASsie 255 g gl 55 AVY was NS s
b g ool Nsd oo Sl pses Cumem 53 &S s
sn5 Seilo s oy RNA oyl cla g 70Y ol
5 JRNA b igr YA (Juls RNA b jigr AYY
San Sl 5l sy el J S 4l sls i AD
Wzl oS pin 055 g sballa s Saie ol
L osess (ol amer Cosol i cpinr Jedoo 5 a5
s onl il )0 Jlm ERES ol
ol w93 a4l (Ses Bseg 5 (AS ke Po5
9 g

e 1 51l sy jaud oS gupas s te ()
ANy ams e Sl L e sl Ws S e
A o Gl B e cd sl

oVvY

wSb ot s b0l Bl s sl sl SIS,
[FVEN] 33 8 o

oS ga 231 o), 4l s claass s
23 e AS o2y Sla ks op 5o s (MFRTA) (o 5o
xS gime b o508 o585 cn) Ll G X)) il
W am s b e ol g Jeol Jele plae 4 )
(Mitochondrial Free Radical Theory of Ageing !
Y ce e b b aSsme L sbesly (MFRTA))
S oiS s 4 Il 58] 5 2l | S e )5
sl 4zt Jobe 5 (oS5t 255 ol alan
Fhde Olidey sl e p—“‘-.*.-"@)‘ PR IEM PR IE S IV
oSl paa 2 5 S alol 4 kol 4 ), gaas ol
st b S se Laraso 5o gl cedl 5 ad anl Js
Lo & oaSsie 055 ol 2oedle S e s
Jelse bl glpiea asdy JUb o5l Gan K ol e
Cxrops 4l ey S e haw 1 g & il
o5 sl 65 Jelse 4 m s sbaa s a8
pae Je olyie 4 S e oLl o Ll S
BRI (P PR [ SO U | W i
i 58 BB 550 al UK 5L as Usb
o505 4 o) OYNen! &S el (IGFL) oy gesl 4 5 5l
ol opg Bis 5 e db mIH L bl s
o K s el s e S plie ol e 5 60 s
Gilate Gl e 4wty el e (1S
el d e i Bl St g b sl
4 MFRTA 4 31 S e oylel st 8l 5 ok
Sloy ans s 1) 2l St Kl e 055 255
S K Jelye 5 ol 2wy o LB Lo
S &S A8 o wSU s f,...,;@)\ s Jele Ylas!
[PA-VO] cul gmsdim 5 sdzn sy SO

03 58 oS sie PHS e IS ke sy o b
R CON P POUEIN PRI BCA PSR CESRPLINCH &
SoASsue 255 iy SU Cov St S adS 5 uS
by 5 Comgy a5l daplil le b aylie 53 Sl pun
sl s BB osb 4 bise 85 e e
S tse 4 Sl s 03 (a8 e 55 L3 1y (slalai
g B 4y S e s sz s e b Ll (ol e
O o PO AN P - W RCA] CUI
5as S 3 NS e 3 Gl YE 51 58) olan b
b5 B e Lise S &b ol b Jls sl
[FA] A8 i 550 S5 ol Sl 55 53 1y (658 520


https://koomeshjournal.semums.ac.ir/article-1-7899-fa.html

[ Downloaded from koomeshjournal.semums.ac.ir on 2024-08-05 ]

Qb&&hﬁﬂ\},&f—r;\

sboaS e sl len 5 558

Come 3 Ses 4 mie OMSgme 25 sl o
29 3‘}T sl 4 ks EPUPPRPN KV R SpNOw, UV I
Sl anils Gom Koy w2 00 e S 02 SRS
iz Sl )y (A5 p 55 L JS s 5o
o St 4S5 A8 (I8 s S Gbanale ) el
boalie o Sobosw 5085 555 st U
Oladlas ppimen diied bay 5 Cwgy ke daplil L
2 oY YL ads b sl by o5 aes e i
oty 3 Shas 55 ab LS siler S e
sl S b 5l s oaSsie 55 Ssnl b s ol e
ool ) e 5 A ste 2 dsE 5 b o 5]
st 5l B G obaSse PHS 0 L

Db gn s dd odd S OS] s (g a8 e

edige 09 8 Jas 5 ale b cols Sl e

5 obiee (S pole oBails 52,08 Jshe p5ke 5 il

pole oBals (Suj g Olides S emes

K58 6o i cpl bl o3 ), L &S elaile S S
b o S5 alaes

O Sdugs yiadis 9 oS )lino

S e o5 S5 ils by dlie adl ol

a8y W (Gl e Gy piie ol ol A,
3 Al o) o8y s 5l se sl BT 5 LS s
il s il iE abg 0 OVl aes 5 GAn ez
s LILS sl BT oage 4 e 5,88 5 sl 8
ol oBuin s ol bug by o dlie &S el i

) B

&U.o

[1] Pepling ME, Spradling AC. Female mouse germ cells
form synchronously dividing cysts. Development 1998; 125:
3323-3328.
https://doi.org/10.1242/dev.125.17.3323
PMid:9693136

[2] Collado-Fernandez E, Picton HM, Re D. Metabolism
throughout follicle and oocyte development in mammals. Int
J Dev Biol 2012; 56: 799-808.
https://doi.org/10.1387/ijdb.120140ec
PMid:23417402

[3] Findlay JK, Hutt KJ, Hickey M, Anderson RA. How is
the number of primordial follicles in the ovarian reserve
established? Biol Reprod 2015; 1: 93-97.
https://doi.org/10.1095/biolreprod.115.133652
PMid:26423124

[4] Wear HM, McPike MJ, Watanabe KH. From
primordial germ cells to primordial follicles: A review and
visual representation of early ovarian development in mice. J
Ovarian Res 2016; 9: 1-11.

ovY

Sl b 4 cul (See S saais o (Y
ol oS ol 52 S5 mas glalass LB ey
S I 5o 05, o Ol ssey G Sl S Jsb o
It sy oo 4 el 5l oss cob el (Sae a0
el ol sbacde 5 e ouSge 5 Shas
5 oS Gl e s Suss cl (S &S iy
[PA] a8 sl oo

)'\ Cwul"df‘\i 6)*“5}’%1-‘ f«"’J aS oals g\...... Slallas

5 g_;.uelé b £ onl s e Sadu sl rjf."'*" b
adie Sl GHMSse o5 dxls W e 5 4B, o
o 5 el 3l Lamie )0 yian 2555 Sl 1
OY s r\.u“ Sedi g ok Lo e 5o Llel S L) o a
L o 93 2 oMt 535 Sl baw s 0o sl
TS EE SN S Al e e ol ol 4
s s gy n b (g50le (5 E 0wl g (68 st
23 GoXS e 25 5l it 5 AU o b a8 W s
Coms b cadle o ole poenl Sl asbe 5555l b
colo uSame pp5 Wl i bl oml
Bl gy a5t 55 YL G b by 53
aalen lan b &S a8 55 i mea
NS 055 5> B 5wl Slogm olie Logac
wdd sl 035 53 S5 mels a8 ) o Sl s
Sl (S bgolen e &S0y, 0 Jlaasl 5500l 5
Axly A8t £ 55 SIS 5e a5l Lty s Sl 2L
Osrehy pied Fadd G 55 4o 53 5 olew 0355 )5 G
e e i 5o (LaSse D3 i il sl
OEE R b e oD e J Solew &?)U «
(v ke ‘&f"‘*}%ﬂ@)‘

02 s~ e )5l Lo sid 5588 s (L se 22,8
olas aslps sl glbs Gbaier 5 20 W5

cals

6\-‘5\’)-*#“

S TP Wy S B V5 e S -
G Wl e laea glags s azhy S (g,u8 e
Ll sbnl s haw | oaSsme 25 slaglan
lsed 2lraSse s by 50 Cwss 5 sl ol
GoMSgime p55 KN Slosk 4 w0y sdmn 5 Coe
5 )il s Culo Lo 3 S 5o wilg e ol asly e
S gl 5zl o e k] ST b K 55 )
M Gl s edS ey Gl b 5l oaS e 255
S b B o) S ames Gl St 5 el


https://doi.org/10.1242/dev.125.17.3323
https://doi.org/10.1387/ijdb.120140ec
https://doi.org/10.1095/biolreprod.115.133652
https://koomeshjournal.semums.ac.ir/article-1-7899-fa.html

[ Downloaded from koomeshjournal.semums.ac.ir on 2024-08-05 ]

VE-Y 655550 AA o) o les YO als

esS

[20] Dumollard R, Carroll J, Duchen MR, Campbell K,
Swann K.Mitochondrial function and redox state in
mammalian embryos. Semin Cell Dev Biol 2009; 20: 346-
353.
https://doi.org/10.1016/j.semcdb.2008.12.013
PMid:19530278

[21] Brinster RL, Harstad H. Energy metabolism in
primordial germ cells of the mouse. Exp Cell Res 1977; 109:
111-117.
https://doi.org/10.1016/0014-4827(77)90050-7
PMid:908367

[22] Cinco R, Digman MA, Gratton E, Luderer U. Spatial
characterization of bioenergetics and metabolism of
primordial to Preovulatory follicles in whole ex vivo murine
ovary. Biol Reprod 2016; 95: 129-129.
https://doi.org/10.1095/biolreprod.116.142141
PMid:27683265 PMCid:PMC5315427

[23] Dumollard R, Campbell K, Halet G, Carroll J, Swann
K. Regulation of cytosolic and mitochondrial ATP levels in
mouse eggs and zygotes. Dev Biol 2008; 316: 431-440.
https://doi.org/10.1016/j.ydbio.2008.02.004
PMid:18342302

[24] Dunning KR, Akison LK, Russell DL, Norman RJ,
Robker RL. Increased Beta-oxidation and improved oocyte
developmental competence in response to L-carnitine during
ovarian in vitro follicle development in mice. Biol Reprod
2011, 85: 548-555.
https://doi.org/10.1095/biolreprod.110.090415
PMid:21613630

[25] Dunning KR, Cashman K, Russell DL, Thompson
JG, Norman RJ, Robker RL. Beta-oxidation is essential for
mouse oocyte developmental competence and early embryo
development. Biol Reprod 2010; 83: 909-918.
https://doi.org/10.1095/biolreprod.110.084145
PMid:20686180

[26] Malott KF, Luderer U. Toxicant effects on
mammalian oocyct mitochondria. Biol Reprod 2021; 104:
784-793.
https://doi.org/10.1093/biolre/ioab002
PMid:33412584 PMCid:PMC8023417

[27] Van Blerkom J. Mitochondrial function in the human
oocyte and embryo and their role in developmental
competence. Mitochondrion 2011; 11: 797-813.
https://doi.org/10.1016/].mit0.2010.09.012
PMid:20933103

[28] Wang LY, Wang DH, Zou XY, Xu CM. Mitochondrial
functions on oocytes and preimplantation embryos. J
Zhejiang Univ Sci B 2009; 10: 483-492.
https://doi.org/10.1631/jzus.B0820379
PMid:19585665 PMCid:PMC2704965

[29] Al-Zubaidi U, Liu J, Cinar O, Robker RL, Adhikari D,
Carroll J. The spatio-temporal dynamics of mitochondrial
membrane potential during oocyte maturation. Mol Hum
Reprod 2019; 25: 695-705.
https://doi.org/10.1093/molehr/gaz055
PMid:31579926 PMCid:PMC6884418

[30] Cotterill M, Harris SE, Fernandez EC, Lu J, Huntriss
JD, Campbell BK, Picton HM. The activity and copy number
of mitochondrial DNA in ovine oocytes throughout oogenesis
in vivo and during oocyte maturation in vitro. Mol Hum
Reprod 2013; 19: 444-450.
https://doi.org/10.1093/molehr/gat013
PMid:23468533 PMCid:PMC3690804

[31] Roth Z. Symposium review: Reduction in oocyte
developmental competence by stress is associated with
alterations in mitochondrial function. J Dairy Sci 2018; 101:
3642-3654.
https://doi.org/10.3168/jds.2017-13389
PMid:29395145

[32] Hosseinikia R, Nikbakht MR, Moghadam AA,
Tajehmiri A, Hosseinikia M, Oubari F, et al. Molecular and
cellular interactions of allogenic and autologus mesenchymal
stem cells with innate and acquired immunity and their role
in regenerative medicine. Int J Hematol Oncol Stem Cell Res
2017; 11: 63.

[33] Nachvak SM, Hosseinikia M, Abdollahzad H, Pasdar
Y, Oubari F, Hosseinikia R, Shabanpur M. Pattern of kebab
intake as a potential carcinogenic risk factor in adult of

oY

https://doi.org/10.1186/s13048-016-0246-7
PMid:27329176 PMCid:PMC4915180

[5] Pepling ME. Follicular assembly: Mechanisms of
action. Reproduction. 2012; 139: 143-149.
https://doi.org/10.1530/REP-11-0299
PMid:22065859

[6] Jamnongjit M, Hammes SR. Oocyte maturation: The
coming of age of a germ cell. Semin Reprod Med 2005; 23:
234-241.
https://doi.org/10.1055/s-2005-872451
PMid:16059829 PMCid:PMC1482430

[7] Baker TG. A quantitative and cytological study of
germ cells in human varies. Proc R Soc London Ser B, Biol
Sci 1963; 158: 417-433.
https://doi.org/10.1098/rspb.1963.0055
PMid:14070052

[8] Karimi S, Alizadeh A, Tabibi N, Ghasemi S. Increase
the efficiency of MKN45 cell line to CD44 editing by
CRISPR-Cas9: a hypothesis about P53 suppression in Gene
editing. J Appl Biotechnol Rep 2022; 9: 453-457. (Persian).

[9] Van Blerkom J. Mitochondria in human oogenesis
and preimplantation embryogenesis: Engines of metabolism,
ionic regulation and developmental competence.
Reproduction 2004; 128: 269-280.
https://doi.org/10.1530/rep.1.00240
PMid:15333778

[10] Zhang X, Wu XQ, Lu S, Guo YL, Ma X. Deficit of
mitochondria-derived ATP during oxidative stress impairs
mouseMIl oocyte spindles. Cell Res 2006; 841: 16-850.
https://doi.org/10.1038/sj.cr.7310095
PMid:16983401

[11] Arab S, Alizadeh A, Asgharzade S. Tumor-resident
adenosine-producing mesenchymal stem cells as a potential
target for cancer treatment. Clin Experiment Med 2021; 21:
205-213. (Persian).
https://doi.org/10.1007/s10238-020-00674-9
PMid:33484380

[12] Barzilai A, Yamamoto KI. DNA damage responses
to oxidative stress. DNA Repair (Amst) 2004; 3: 1109-1115.
https://doi.org/10.1016/j.dnarep.2004.03.002
PMid:15279799

[13] Shakeri R, Kheirollahi A, Davoodi J. Apaf-1:
Regulation and function in cell death. Biochimie 2017; 135:
111-125.
https://doi.org/10.1016/j.biochi.2017.02.001
PMid:28192157

[14] Ghara AR, Ghadi FE, Hossaini SH, Alizadeh A,
Mirmahmoudi R. Antioxidant and antidiabetic effect of
capparis decidua edgew (Forssk.) extract on liver and
pancreas of streptozotocin-induced diabetic rats. J Appl
Biotechnol Rep 2021; 8: 76-82. (Persian).

[15] Ramalho-Santos J, Varum S, Amaral S, Mota PC,
Sousa AP, Amaral A. Mitochondrial functionality in
reproduction: From gonads and gametes to embryos and
embryonic stem cells. Hum Reprod Update 2009; 15: 553-
572.
https://doi.org/10.1093/humupd/dmp016
PMid:19414527

[16] Chiaratti MR, Garcia BM, Carvalho KF, Macabelli
CH, da Silva Ribeiro FK, Zangirolamo AF, et al. Oocyte
mitochondria: Role on fertility and disease transmission.
Anim Reprod 2018; 15: 231-238.
https://doi.org/10.21451/1984-3143-AR2018-0069
PMid:34178146 PMCid:PMC8202466

[17] Ramalho-Santos J, Amaral S. Mitochondria and
mammalian reproduction. Mol Cell Endocrinol 2013; 379: 74-
84.
https://doi.org/10.1016/j.mce.2013.06.005
PMid:23769709

[18] Bradley J, Swann K. Mitochondria and lipid
metabolism in mammalian oocytes and early embryos. Int J
Dev Biol 2019; 63: 93-103.
https://doi.org/10.1387/ijdb.180355ks
PMid:31058306

[19] Kidder GM, Mhawi AA. Gap junctions and ovarian
folliculogenesis. Reproduction 2002; 123: 613-620.
https://doi.org/10.1530/rep.0.1230613
PMid:12006089



https://doi.org/10.1186/s13048-016-0246-7
https://doi.org/10.1530/REP-11-0299
https://doi.org/10.1055/s-2005-872451
https://doi.org/10.1098/rspb.1963.0055
https://doi.org/10.1530/rep.1.00240
https://doi.org/10.1038/sj.cr.7310095
https://doi.org/10.1007/s10238-020-00674-9
https://doi.org/10.1016/j.dnarep.2004.03.002
https://doi.org/10.1016/j.biochi.2017.02.001
https://doi.org/10.1093/humupd/dmp016
https://doi.org/10.21451/1984-3143-AR2018-0069
https://doi.org/10.1016/j.mce.2013.06.005
https://doi.org/10.1387/ijdb.180355ks
https://doi.org/10.1530/rep.0.1230613
https://doi.org/10.1016/j.semcdb.2008.12.013
https://doi.org/10.1016/0014-4827\(77\)90050-7
https://doi.org/10.1095/biolreprod.116.142141
https://doi.org/10.1016/j.ydbio.2008.02.004
https://doi.org/10.1095/biolreprod.110.090415
https://doi.org/10.1095/biolreprod.110.084145
https://doi.org/10.1093/biolre/ioab002
https://doi.org/10.1016/j.mito.2010.09.012
https://doi.org/10.1631/jzus.B0820379
https://doi.org/10.1093/molehr/gaz055
https://doi.org/10.1093/molehr/gat013
https://doi.org/10.3168/jds.2017-13389
https://koomeshjournal.semums.ac.ir/article-1-7899-fa.html

[ Downloaded from koomeshjournal.semums.ac.ir on 2024-08-05 ]

Q\)&&ﬁ“‘,}:k‘f;‘

sboaS e sl len 5 558

ected off spring. Brain 1998; 121: 1889-1894.
https://doi.org/10.1093/brain/121.10.1889
PMid:9798744

[48] Holt 13, Harding AE, Morgan-Hughes JA. Deletions
of muscle mitochondrial DNA in patients with mitochondrial
myopathies. Nature 1988; 331: 717-719.
https://doi.org/10.1038/331717a0
PMid:2830540

[49] Servidei S. Mitochondrial encephalomyopathies:
gene mutation. Neuromuscul Disord 2004; 14: 107-116.
https://doi.org/10.1016/S0960-8966(03)00240-2
PMid:14702949

[50] Majamaa K, Moilanen JS, Uimonen S, Remes AM,
Salmela PI, Kéarppa M, et al. Epidemiology of A3243G, the
mutation for mitochondrial encephalomyopathy, lactic
acidosis, and strokelike episodes: prevalence of the mutation
in an adult population. Am J Hum Genet 1998; 63: 447-454.
https://doi.org/10.1086/301959
PMid:9683591 PMCid:PMC1377301

[51] Morovvati S, Nakagawa M, Sato Y, Hamada K,
Higuchi I, Osame M. Phenotypes and mitochondrial DNA
substitutions in families with A3243G mutation. Acta Neurol
Scand. 2002 Aug; 106(2): 104-8.
https://doi.org/10.1034/j.1600-0404.2002.01172.x
PMid:12100370

[52] McFarland R, Schaefer AM, Gardner JL, Lynn S,
Hayes CM, Barron MJ, et al. Familial myopathy: new insights
into the T14709C mitochondrial tRNA mutation. Ann Neurol
2004; 55: 478-484.
https://doi.org/10.1002/ana.20004
PMid:15048886

[53] Cock HR, Cooper J, Schapira A. Nuclear
complementation in Leber's hereditary optic neuropathy.
Neurology 1995; 45: 294.

[54] Man PY, Griffi ths PG, Brown DT, Howell N, Turnbull
DM, Chinnery PF. The epidemiology of Leber hereditary
optic neuropathy in the North East of England. Am J Hum
Genet 2003; 72: 333-339.
https://doi.org/10.1086/346066
PMid:12518276 PMCid:PMC379226

[55] Rak M, Tetaud E, Duvezin-Caubet S, Ezkurdia N,
Bietenhader M, Rytka J, di Rago JP. "A yeast model of the
neurogenic ataxia retinitis pigmentosa (NARP) T8993G
mutation in the mitochondrial ATP synthase-6 gene". J Biol
Chem 2007; 282: 34039-34047.
https://doi.org/10.1074/jbc.M703053200
PMid:17855363

[56] Parfait B, de Lonlay P, von Kleist-Retzow JC,
Cormier-Daire V, Chrétien D, Rétig A, et al. The neurogenic
weakness, ataxia and retinitis pigmentosa (NARP) syndrome
mtDNA mutation (T8993G) triggers muscle ATPase
deficiency and hypocitrullinaemia. Eur J Pediatr1999; 158:
55-58.
https://doi.org/10.1007/s004310051009
PMid:9950309

[57] "Leigh syndrome". Genetics Home Reference.
National Institute of Health. 23 September 2013. Retrieved
16 October 2013.

[58] Tranchant C, Anheim M. Movement disorders in
mitochondrial diseases. Revue Neurologique 2016.
https://doi.org/10.1016/j.neurol.2016.07.003
PMid:27476418

[59] Puschmann A. New genes causing hereditary
parkinson's disease or parkinsonism. Curr Neurol Neuros
Rep 2017; 17: 66.
https://doi.org/10.1007/s11910-017-0780-8
PMid:28733970 PMCid:PMC5522513

[60] Quadri M, Mandemakers W, Grochowska MM,
Masius R, Geut H, Fabrizio E, et al. LRP10 genetic variants
in familial Parkinson's disease and dementia with Lewy
bodies: a genome-wide linkage and sequencing study. The
Lancet Neurol 2018; 17: 597-608.
https://doi.org/10.1016/S1474-4422(18)30179-0
PMid:29887161

[61] Chen Y, Cen Z, Zheng X, Pan Q, Chen X, Zhu L, et
al. LRP10 in autosomal-dominant Parkinson's disease.
Movement Disord 2019; 34: 912-916.
https://doi.org/10.1002/mds.27693
PMid:30964957

ovo

Kermanshah , Iran: 2015. Int J Hematol Oncol Stem Cell Res
2018; 12: 23. (Persian)

[34] Hosseinikia M, Oubari F, Hosseinkia R, Tabeshfar
Z, Salehi MG, Mousavian Z, et al. Quercetin
supplementation in non-alcoholic fatty liver disease A
randomized, double-blind, placebo-controlled clinical trial.
Nutr Food Sci 2020; 50: 1279-1293. (Persian)
https://doi.org/10.1108/NFS-10-2019-0321

[35] Pasdar Y, Oubari F, Nikougoftar Zarif M, Abbasi M,
Pourmahmoudi A, Hosseinikia M. Effects of quercetin
supplementation on hematological parameters in non-
alcoholic fatty liver disease: a randomized, double-blind,
placebo-controlled pilot study. Clin Nutr Res 2020; 9: 11-19.
https://doi.org/10.7762/cnr.2020.9.1.11
PMid:32095444 PMCid:PMC7015726

[36] Abbasi E, Vafaei SA, Naseri N, Darini A,
Azandaryani M, Kian Ara F, Mirzaei F. Protective effects of
cerium oxide nanoparticles in non-alcoholic fatty liver
disease (NAFLD) and carbon tetrachloride-induced liver
damage in rats: Study on intestine and liver. Metabol Open
2021; 12: 100151. (Persian)
https://doi.org/10.1016/j.metop.2021.100151
PMid:34870139 PMCid:PMC8626579

[37] Nikbakht MR, Nikougoftar Zarif M, Oubari F,
Mansouri K, Hosseinikia R, Hosseinikia M, Tajeh miri A.
Mesenchymal stem cells transplantation: immunobiology,
therapeutic applications and challenges- review article.
SJKU 2015; 20: 113-139. (Persian)

[38] Morvati S. Inheritance in mitochondrial genome and
related diseases. Sci J Med Organiz Islamic Repub Iran
2010; 3: 314-325. (Persian)

[39] Schapira AH. Mitochondrial disease. Lancet 2006;
368: 70-82.
https://doi.org/10.1016/S0140-6736(06)68970-8
PMid:16815381

[40] Taanman JW, Muddle JR, Muntau AC.
Mitochondrial DNA depletion can be prevented by dGMP
and dAMP supplementation in a resting culture of
deoxyguanosine kinase-deficient fi broblasts. Hum Mol
Genet 2003; 12: 1839-1845.
https://doi.org/10.1093/hmg/ddg192
PMid:12874104

[41] Morovvati S, Modarresi M, Habibi G, Kiarudi Y,
Karami A, Peyvandi AA. Sequence analysis of mitochondrial
DNA hypervariable regions: an approach to personal
identification. Arch Med Res 2007; 38: 345-349.
https://doi.org/10.1016/j.arcmed.2006.10.011
PMid:17350487

[42] Sutovsky P, Moreno RD, Ramalho-Santos J,
Dominko T, Simerly C, Schatten G. Ubiquitin tag for sperm
mitochondria. Nature 1999; 402: 371-372.
https://doi.org/10.1038/46466
PMid:10586873

[43] Sutovsky P, Van Leyen K, McCauley T, Day BN,
Sutovsky M. Degradation of paternal mitochondria after
fertilization: implications for heteroplasmy, assisted
reproductive technologies and mtDNA inheritance. Reprod
Biomed Online 2004, 8: 24-33.
https://doi.org/10.1016/S1472-6483(10)60495-6
PMid:14759284

[44] St John J, Sakkas D, Dimitriadi K, Barnes A, Maclin
V, Ramey J, et al. Failure of elimination of paternal
mitochondrial DNA in abnormal embryos. Lancet 2000; 355:
200.
https://doi.org/10.1016/S0140-6736(99)03842-8
PMid:10675122

[45] Nussbaum RL, Mclnnes RR, Willard HF. Thompson
and Thompson Genetics in Medicine. 7th ed. Philadelphia:
Saunders Elsevier. 2007; 381-387.
https://doi.org/10.1016/B978-1-4160-3080-5.50020-1

[46] Poulton J, Morten KJ, Weber K, Brown GK, Bindoff
L. "Are duplications of mitochondrial DNA characteristic of
Kearns-Sayre syndrome?". Hum Mol Genet 1994; 3: 947-
951.
https://doi.org/10.1093/hm@/3.6.947
PMid:7951243

[47] Chinnery PF, Howell N, Lightowlers RN, Turnbull
DM. MELAS and MERREF. The relationship between
maternal mutation load and the frequency of clinically aff



https://doi.org/10.1108/NFS-10-2019-0321
https://doi.org/10.7762/cnr.2020.9.1.11
https://doi.org/10.1016/j.metop.2021.100151
https://doi.org/10.1016/S0140-6736\(06\)68970-8
https://doi.org/10.1093/hmg/ddg192
https://doi.org/10.1016/j.arcmed.2006.10.011
https://doi.org/10.1038/46466
https://doi.org/10.1016/S1472-6483\(10\)60495-6
https://doi.org/10.1016/S0140-6736\(99\)03842-8
https://doi.org/10.1016/B978-1-4160-3080-5.50020-1
https://doi.org/10.1093/hmg/3.6.947
https://doi.org/10.1093/brain/121.10.1889
https://doi.org/10.1038/331717a0
https://doi.org/10.1016/S0960-8966\(03\)00240-2
https://doi.org/10.1086/301959
https://doi.org/10.1034/j.1600-0404.2002.01172.x
https://doi.org/10.1002/ana.20004
https://doi.org/10.1086/346066
https://doi.org/10.1074/jbc.M703053200
https://doi.org/10.1007/s004310051009
https://doi.org/10.1016/j.neurol.2016.07.003
https://doi.org/10.1007/s11910-017-0780-8
https://doi.org/10.1016/S1474-4422\(18\)30179-0
https://doi.org/10.1002/mds.27693
https://koomeshjournal.semums.ac.ir/article-1-7899-fa.html

[ Downloaded from koomeshjournal.semums.ac.ir on 2024-08-05 ]

VE-Y 655550 AA o) o les YO als

esS

detected in a family with MERRF/MELAS overlap syndrome.
Biochem Biophys Res Commun 1995; 214: 86-93.
https://doi.org/10.1006/bbrc.1995.2260

PMid: 7669057

[72] Mancuso M, Filosto M, Mootha VK, Rocchi A,
Pistolesi S, Murri L, et al. A novel mitochondrial tRNAPhe
mutation causes MERRF syndrome. Neurology 2004; 62:
2119-2121.
https://doi.org/10.1212/01.WNL.0000127608.48406.F1
PMid:15184630

[73] Millar N, Newman N. Walsh & Hoyt's clinical neuro-
ophthalmology, The Essentials (5th ed). 1999.

[74] Houshmand M, Panahi MS, Hosseini BN, Dorraj
GH, Tabassi AR. Investigation on mtDNA deletions and
twinkle gene mutation (G1423C) in Iranian patients with
chronic progressive external opthalmoplagia. Neurol India
2006; 54: 182-185.

[75] Zeviani M, Di Donauto S. Mitochondrial disorders.
Brain 2004; 127: 2153-2172.
https://doi.org/10.1093/brain/awh344
https://doi.org/10.1093/brain/awh259
PMid:15358637

[76] Copeland WC. Inherited mitochondrial diseases of
DNA replication. Ann Rev Medi 2008; 59: 131-146.
https://doi.org/10.1146/annurev.med.59.053006.104646
PMid:17892433 PMCid:PMC2271032

[77] Van Goethem G, Dermaut B, Lofgren A, Martin JJ,
Van Broeckhoven C. Mutation of POLG is associated with
progressive external ophthalmoplegia characterized by
mtDNA deletions. Nature Genetics 2001; 28: 211-212.
https://doi.org/10.1038/90034
PMid:11431686

[78] Pearson HA, Lobel JS, Kocoshis SA, Naiman JL,
Windmiller J, Lammi AT, et al. A new syndrome of refractory
sideroblastic anemia with vacuolization of marrow precursors
and exocrine pancreatic dysfunction. J Pediatric 1979; 95:
976-984.
https://doi.org/10.1016/S0022-3476(79)80286-3
PMid:501502

[79] Rotig A, Colonna M, Bonnefont JP, Blanche S,
Fischer A, Saudubray JM, Munnich A. Mitochondrial DNA
deletion in Pearson's marrow/pancreas syndrome. Lancet
1989; 1: 902-903.
https://doi.org/10.1016/S0140-6736(89)92897-3
PMid:2564980

A\

[62] Stoker TB, Torsney KM, Barker RA. Pathological
mechanisms and clinical aspects of GBA1 mutation-
associated Parkinson's disease. In Stoker TB, Greenland JC
(eds.). Parkinson's Disease: Pathogenesis and clinical
aspects. Brisbane

[63] Davie CA. A review of Parkinson's disease. Br Med
Bull 2008; 86: 109-127.
https://doi.org/10.1093/bmb/ldn013
PMid:18398010

[64] Kalia LV, Lang AE. Parkinson's disease. Lancet
2015; 386: 896-912.
https://doi.org/10.1016/S0140-6736(14)61393-3
PMid:25904081

[65] Stumvoll M, Gan-Or Z, Dion PA, Rouleau GA.
Genetic perspective on the role of the autophagy-lysosome
pathway in Parkinson disease. Autophagy 2015; 11: 1443-
1457.
https://doi.org/10.1080/15548627.2015.1067364
PMid:26207393 PMCid:PMC4590678

[66] Trifunovic A, Wredenberg A, Falkenberg M,
Spelbrink JN, Rovio AT, Bruder CE, et al. Premature ageing
in mice expressing defective mitochondrial DNA polymerase.
Nature 2004; 429: 417-423.
https://doi.org/10.1038/nature02517
PMid:15164064

[67] Schriner SE, Linford NJ, Martin GM, Treuting P,
Ogburn CE, Emond M, et al. Extension of murine life span
by overexpression of catalase targeted to mitochondria.
Science 2005; 308: 1909-1911
https://doi.org/10.1126/science.1106653
PMid:15879174

[68] Lauri A, Pompilio G, Capogrossi MC. Capogrossi.
The mitochondrial genome in aging and senescence. Ageing
Res Rev 2014; 18: 1-15.
https://doi.org/10.1016/j.arr.2014.07.001
PMid:25042573

[69] Brandon M, Baldi PA, Wallace DC. Mitochondrial
mutations in cancer. Oncogene 2006; 25: 4647-4662.
https://doi.org/10.1038/sj.0nc.1209607
PMid:16892079

[70] Petros JA, Baumann AK, Ruiz-Pesini E, Amin MB,
Sun CQ, Hall J, et al. mtDNA mutations increase
tumorigenicity in prostatecancer. Proc Natl Acad Sci USA
2005; 102: 719-724.
https://doi.org/10.1073/pnas.0408894102
PMid:15647368 PMCid:PMC545582

[71] Nakamura M, Nakano S, Goto Y, et al. A novel point
mutation in the mitochondrial tRNA(Ser(UCN)) gene



https://doi.org/10.1093/bmb/ldn013
https://doi.org/10.1016/S0140-6736\(14\)61393-3
https://doi.org/10.1080/15548627.2015.1067364
https://doi.org/10.1038/nature02517
https://doi.org/10.1126/science.1106653
https://doi.org/10.1016/j.arr.2014.07.001
https://doi.org/10.1038/sj.onc.1209607
https://doi.org/10.1073/pnas.0408894102
https://doi.org/10.1006/bbrc.1995.2260
https://doi.org/10.1212/01.WNL.0000127608.48406.F1
https://doi.org/10.1093/brain/awh344
https://doi.org/10.1093/brain/awh259
https://doi.org/10.1146/annurev.med.59.053006.104646
https://doi.org/10.1038/90034
https://doi.org/10.1016/S0022-3476\(79\)80286-3
https://doi.org/10.1016/S0140-6736\(89\)92897-3
https://koomeshjournal.semums.ac.ir/article-1-7899-fa.html

[ Downloaded from koomeshjournal.semums.ac.ir on 2024-08-05 ]

Koomesh -Volume 25, Issue 6 November and December 2023, 562-576

Folliculogenesis, inheritance, and mitochondrial diseases: a
review article

Akram Alizadeh (Ph.D)!, Raheleh Naserian Moghadam (M.Sc) ™, Samira Sistani (M.Sc)?, Raghayeh Hosseini Kia
(M.Sc)?, Sajad Oubari (B.Sc)®*, Farhad Kian Ara (M.Sc) "4

1- Dept. of Tissue Engineering and Applied Cell Sciences, School of Medicine, Semnan University of Medical Sciences, Semnan, Iran
2 - Faculty of Nutrition Sciences and Food Industries, Kermanshah University of Medical Sciences, Kermanshah, Iran

3- Dept. of Hematology and Blood Bank, Imam Hossein Hospital Laboratory, West Health Center, Kermanshah,Iran

4- Medical Biology Research Center, Health Technology Institute, Kermanshah University of Medical Sciences, Kermanshah, Iran

= Corresponding author. +989183358776  farhadobari@yahoo.com Received: 2023 Feb 1; Accepted: 2023 Dec 18

Introduction: Oocyte mitochondria are unique organs that are established from the basal population in the
primordial bud. Oocytes are formed in the mammalian ovary after birth, during folliculogenesis, and have a
fundamental role in energy production and cellular processes, including metabolism and signal transduction. Each
mitochondrion contains 5-10 copies of the mitochondrial genome, therefore each cell contains several hundreds to
thousands of mitochondrial genomes. In most organisms, including humans, the father's mitochondria, which enter
the ovule through the sperm, are never transmitted to the children, so the inheritance pattern of the mitochondrial
genome has a maternal pattern.

Materials and Methods: Related articles from WILY ONLINE LIBRARY, ISI Web of Science, Link Springer,
ScienceDirect, and Pubmed databases from 1963 to 2022 in which inheritance patterns, maternal inheritance,
mitochondria, and mitochondrial diseases were searched and studied.

Results: The findings indicate that the removal of paternal mitochondria and mechanisms related to ubiquinone,
proteasome, and autophagy cause the destruction of paternal mitochondria and prevent the transfer of the
mitochondrial genome. Mitochondrial diseases are mitochondrial changes in adult tissues and the resulting
differences in clinical manifestations, so the mediating mechanisms in the relationship between genetic variation and
human diseases are still a mystery, mainly due to problems in modeling.

Conclusion: Mitochondrial diseases caused by mutation of the mitochondrial genome in the maternal pattern
caused by mutations in mitochondria are seen in MELAS, MERRF, NARP syndromes, Leigh, oligosymptomatic
syndromes, diabetes mellitus, cardiomyopathy, myoglobinuria, and sensory-neural deafness. Therefore, the
recognition of this mutation can be the target of gene therapy in the future.
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