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Abstract Mitochondria are the energy conversion center of cells, and participate in many physiological
activities such as apoptosis, calcium regulation, free radical metabolism, iron metabolism, signal transmission, etc.
The function of mitochondria depends on the normal mitochondrial genome. In the past, most studies on mitochon-
drial genome focused on mitochondrial DNA mutation leading to mitochondrial dysfunction and disease. However,
in recent years, the variation of mitochondrial DNA copy number has attracted the attention of researchers. Mito-
chondrial DNA copy number is one of the indicators of mitochondrial activity, and its variation reflects the biogen-
esis and function of mitochondria. Mitochondrial DNA copy number variation exists in a variety of human diseases,
but the mechanisms regulating mitochondrial DNA copy number have not been fully elucidated. This paper dis-
cusses the relationship between mitochondrial DNA copy number and diseases such as mitochondrial diseases, ag-
ing and age-related neurodegenerative diseases, cancer, and the regulatory mechanism of mitochondrial DNA copy

number. This paper provides theoretical basis for the treatment, diagnosis and research of related diseases.
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W AL AE B AE AL R R, AR N B AR
FRRKZEELR R T AN, (RERARTIRE T
— MR SRR A, B2 kLA L A 4 (mitochondrial
genome/mitochondrial DNA, mtDNA)!Y, Zkkifk S
5 ATPHI GTPE AW Re & P AR ¥ 77 42 DL K Fe-S
s MALRMEIERR I G R, 758 T, RIER
HH A TSR AR BE BN P, 2kl iA DNAFE DAL (mito-
chondrial DNA copy number, mtDNA-CN) & 2 4
EIERRIRZ —, SUIREE A AL SO 2
WL R FLAL AR B AR OGP, 57 % ) mtDNA#%
DUE 2538 AR A N A RLBOKSE T &, AT 523
mtDNA$ AT, BT 5 00 SRR A A% IR H DI RE D . 1
LKA T REPR AT 5 bR . e A Kt 2 IR AT
PSR . IR 2 A NSRRI G R, 1)
] mtDNA#% DUE 5 5008 K A R 2 TA) IR 96 R0 A
KPIRIZW. 1897 PUEA HEKE L, mtDNAHE
DLH] e 22 A N AH S K AR K R ARG BT AE
Fr&W. IR, mtDNA$E DK 8 5 L] Tk
TR TR

1 ZRIRDNAREDI#

FEAYI M A R H T4 mtDNA# L,
mtDNA# DUETE AN 4H i 9 5 H e & 7 SR ORFF—
B, BA SRS R T R 4L S0 A mtDNAGE i 5 i
PR 2P U DR E 2 I Re R, HAEEE. 4
Mo IR TT AR mtDNARES DUECAT g 2
RAEBETHS, FHHmtDNAFE U E S FmtDNA
AN BRI LR mtDNAJE K R IA B, AT
SN RLAR D RE , 6045 A AL B IR AL (oxidative phos-
phorylation, OXPHOS). ROS/=/E. 5585, 4l
M 20 A K AN R b A B 40 B A% AT 15 5 I %
54, mtDNAFE DB AT e 0 T 4 R 4ERF
B s e B E R P,

mtDNA 73 8 i 5 i R 5 I 2R A v i 2 4
mtDNA U1, 5% e AR A A 1) 2 mtDNA K i 5 41
LR BATE 0%, mtDNA S il 1) BARHLE AR B, B
ROAFAE = FPBEAY | BPBE B A | i 5 BEAZ AL TR
BN AEER A, R B A2 32
N[, N mtDNA B A F 5L IG07 5 (On) FI 2 5%
HCLADT 5 (O A Kl RS AR 17 4, mtDNA & il A
OuJT A, mtDNA#E TWINKLEZE K 74 DNA i ig i it
JiE, HEE 5 4R 1Ak DNA #4254 25 1 (mitochondrial

single-stranded DNA-binding protein, mtSSB)&5 4,

2 ki /&K RNAZE & [ (mitochondrial RNA polymerase,
POLRMT) 4 & 1E 4k 1) 4% i3 ) ¥ (light strand pro-
moter, LSP) bl 7465k, A — % L+ MZH IR K
NAGIIRNAT 513 B 5] 3 4ok fk DNAR &
1 y(mitochondrial DNA polymerase subunit gamma,
POLG)A: S R HBE . A il i HEE AN s L i
HAEE, KR EE E SR, B EDIH R HI A .
LW EEES L 2/30, DIAKTIZAK, T 30RE
B 1Ok HR ik, POLGA I J5 LEE I OLZ )&,
JRHEE T8 I G, T S 5 mtSSBEE & H [ I
H5POLRMTi &, LLIRHEE MR & 225 % H
2R/ S PIRNA, TEPOLGHE FH & BB L EE -
WG, PR AE B B 4k 28 A %, B2 POLG IR
I OuE O, Hr il BE C L, &l 4h 5+
FJ 1 3o (topoisomerase 3a, Top3a)TER], JE5¢H]
B2 mtDNA 7> THELRTLY, mtDNAZ T 58 LR
(1)

2 HAIADNAE T

Z4 Rk, V2R C e 1ALV SN E i
FEAH mtDNA$E DA Ko (EARERE R, SMA
1A ) mtDNAPE UL ES08E AT B 2 2 R A4 ) BE AN
AAEHEESRDR, JF OIS ML 1) mtDNAFE
DL R RS S 35 AH 5C B0, SR, BT 4H A R £k
R KR A mtDNAFE VR SR AR, PR
15 FHAERR B 77120 EmtDNAYE DI 2 e 2L,

H BT A7 JUA 7732 7] H T € 2 mtDNA$E DL .
TEA ANARFE A FIRE A P 40 i Hh mtDNA $% DU A
P )12 B 75 5 J2 SIS 5Ot 5 B R i X S B
(quantitative real-time PCR, qPCR), #AT0, 41K %
BT 7T mtDNA KV 5 4% 58 KK (1 FEAB AR D9 Al
X mtDNAFE DIH U, X AG 43 AN AT 5T 2 [ mtDNA
P8 DUBOKF (1 EE AR H IR M . il , i U
PCR(droplet digital PCR, ddPCR){& ¢ A B FE 540 B
FITARA G v R M 2 48 0 mtDNA$S DUE U141, SR,
H T ddPCRIE &= A B, XF T 548 DUEORE A 1) ) & 25
RATRE AR

AT IR FE R B, mtDNA$E DU & & ) b
LN — AR 7 (next-generation sequencing, NGS)
THE R, NGSEFE ST T 4L F7 (whole-exome
sequencing, WES)F14: 3 K 41| 5 (whole-genome
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Initiation of leading
strand synthesis

Initiation of lagging

strand synthesis

Completion synthesis ]

8 POLRMT @ mtSSB

(@ Twinkle & roc

@ Top3a RNA
Parental H-strand ==s«ssseea Daughterl H-strand
Parental L-strand ====«ssxx = Daughterl L-strand

&1 mtDNASHIHI4E S fRiEHY

Fig.1 The asymmetric strand-displacement model

sequencing, WGS)!'*', NGSH R FE 5% mtDNAK
SPHT B R R SRR VP 1. WESEK
WGSHE K 1] e 22 N PEAS mtDNAFE T mtDNA
SR [ S bR o

Ak, itk DNAJ772:5%F TP mtDNA & &b
FREE, HT mtDNAZIREE M LL L mtDNAFE
HI'E AL, FEEUDNAR AT G 2B A mtDNA [ 58
B UOI Sy g S HERA I mtDNA$E DU & 77
%, AR O AT T V2 KT mtDNASREUT V1
BF 72 1921, LONGCHAMPS % U6V TR A FH 45 T 4R
(1771532 B mDNA B BAR A8 5, JF B H A
T3 1 TR HER

3 KRSERIADNAEIIHFE

£ R 7 DNA 5 DUSOR (7 515420 M 2 i 1 2
RIALK bR, LR T D) RE RIS 1 A b 64, 15
AT N RN G2 TS EE AR R I
2, miDNAFS DU 7] 5 AR T it 3
FLANTT SRR . S8 MR IRAT PR LK
AT 19 K21

3.1 SRR A mDNARE D1

2R R A 2 — 20 LA OXPHOS it [ AR E ) 38t
FEMEZTT , 1 A% R A S B mtDNA R IA K-
I, B R A M mtDNA SR AZ L% 2 A2 mtDN A Zii it 3
BRL =) ) D e B B2 ) P . mtDNAFE ¥ 25 & 1k
(mtDNA depletion syndrome, MDS)/& HH T2 5 % Fh
mtDNAZERFS R (R LRAARZ T RIS . mtDNA
il kiR Ao ) AR R R AR,
1M -FE mtDNAHE DUE I 3 PR AL P20, I3 il JH Dy g
WrG. KEBRZ. KK B WiEiEs)EG
PA S AR Z LSS — R PPAEIR , MDSHH{Ik mtDNA %
DUHOR BR Ol 2 [RGB &, SR LE FL A O
AR o mtDNA$E DUEUR BRI 2 18] 3 &
MASEIHf . X T B mtDNABLUR S8 PearsonZi &
fiE B8 A< B HT — 22 /R 25 & 1iE (Kearns-Sayre syndrome,
KSS) &7 #1T mtDNA$E VI 2, KILK 2508
) mtDNAFZ DLE8 0, H. mtDNA#2 U1 #5 mtDNA
2R B RN AL B TG R M, FEHE T 5 it m.3243A>G
AR (14 B2 R i JUL9 11 vy LI I A AR mp R R A

(mitochondrial encephalomyopathy with lactic acidosis



1592

and stroke-like episodes, MELAS) 3% H [IHF 70 i
EmtDNAPE VIS B HBIR AR A K. mtDNA
P2 VLB 7Kt 55 LR 25000 - BRE £ 21 4995 (my o-
clonic epilepsy and ragged red fibers, MERRF) & 3
ARG S . LAk, FEIE AT [F) 57 SR AL 1) Leberiit
FEPERL 2295 4% (Leber’s hereditary optic neuropathy,
LHON) & 1, mtDNAFE DUE/E S 1 4h B 22 v ke
TEH, m.11778G>A5m.3460G>A A% [ TR 15 77
& LR B B S I mtDNAFE DU,

IR 1 45 B H AR B 2R B mtDNA
P2 VUERT e 5 LR B R ANt e 5% . AR,
FEIX LGP T, mtDNAFE DUE 1S In ] 5e f2 — Fh 4
FF OXHPOSYEE IS KA R 55 2% B Rk 1Y
AMEBL I,
32 REFMFIRERRITHRRRTEIMDNAYE
N

X0} I 2 IR e AH O 1 3R AT 1R 5 998 1) AH SC AT 7T
F W7 mtDNAZE A A OXPHOS L i A5 71 X L
P93 A [ AR £ 1, SR T mtDN A L7 3 2 4
W IRAT VEZ h AR R ANTE 2

32 5 mtDNAPE DUEUH SSERT 78 7%, mtDNA
P2 ULHCLE Ik B 40 i R L VB0 AN o 5 2 4 R 1 G

M5 TR P H mtDNAE TV T BRAE 2%
TR R O B B S A AR I A mtDNA#E DL
BE @A R UL SON R B ARLRE 1 R A o B,
SR TT SoF I Y0 AR 9 T2 40 i L 9 16 A A g 47 () A 9 7
TSR, R BRI 2 R 52 2|
B FH DG ) mtDN AT VUKL FRAK . st — DA 5t
IEFR, ZF2 R 1) E VLA R mtDNAFE U
b I IEZH A mtDNAYE DIEOE hn . ¢ T 04 AR
(Parkinson’s disease, PD) & # mtDNA$E DA [ — L&
W7 B, PD A Iy A 2 5T o mtDNA#5 DUE %
IR, A 5T 3 B PD AR (LR mtDNA$E D1
Jn s AT 5T B PD G mtDNA$E DU iR
N A AR #5490, mtDNAFE DL )0 & 7 fif /K
RIEEERIN (Alzheimer’s disease, AD)SEEH H T, 5
X REZH A E AD B8 A0 12 )2 1 mtDN A DUE PR AIK
1 30%~50%, fEMLW. A FEa N H bR A
H mtDNA#E DUEAR PR 70 — IOk A8 KA 2H 21
H mtDNAJT 51 28 5 R0 #5 DU B 9, dF— 20 SCH
mtDNA# JUEL 5 AD 2 [A] (AR DG PR

X PDAT ADFRIE B2 W MRS A= s 50 ) e
SRAEHE T VAL 1 A A G W mtDNAFE DLE)
WL TAE. IXEIRIR ZHEE R2)ERM, £

F1 ZRAFESmDNAE KT R

Table 1 Mitochondrial disease and mtDNA copy number variation

VR L FE IR LR A FE R SR AR FEAH mtDNA$ UL FERITIE EE PN
Disease Nuclear gene/mitochondrial gene Sample type mtDNA copy number  Quantification method References
mutation
MDS ANT1I Skeletal muscle Down qPCR [30]
FBXL4 Skeletal muscle Down qPCR [31]
PLOG Blood Down qPCR [32]
TWNK Blood Down qPCR [32]
DGUOK Blood Down qPCR [32]
TYMP Blood Down qPCR [33]
SUCLG1 Leucocytes Down qPCR [34]
mtSSB Muscle/blood/kidney ~ Down qPCR [35]
TWNK Blood Down WES [36]
Pearson’s ~ mtDNA deletion Blood Up qPCR [4]
syndrome
KSS mtDNA deletion Blood/muscle Up qPCR [4]
MERRF m.8344A>G Leucocytes Up/unchanged/down qPCR [4]
MELAS m.3243A>G Leucocytes Up/unchanged/down qPCR [4]
LHON m.11778G>A Blood Up/unchanged qPCR [28,37]
LHON m.3460G>A Blood Up/unchanged qPCR [28,37]

WES: 44157207 ; qPCR: SEH] ¢ 2 #PCR.
WES: whole-exome sequencing; qPCR: quantitative real-time PCR.
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R REMHZRITHRLESmDNAE K LR
Table 2 Aging and neurodegenerative lesions and mtDNA copy number variation

R FEAZEM mtDNA$ UL SERITIE 225 R

Disease Sample type mtDNA copy number Quantification method References

Ageing Lymphocytes Down qPCR [38]
Blood Down WGS [48]
Liver Up NGS, ddPCR [40]
Skeletal muscle Down NGS, ddPCR [40,49]
Substantia nigra Up qPCR [50]

PD Blood Down ddPCR [43]
Blood Unchanged qPCR [45]
Substantia nigra Down qPCR [51]
Cerebellum Unchanged WES [41]
Cerebellar cortex Unchanged WES [41]
Cerebrospinal fluid Up ddPCR [52]

AD Cerebrospinal fluid Down qPCR [53]
Blood Unchanged qPCR [54]
Blood Down qPCR [47]
Cerebellar cortex Down WES [41]
Frontal cortex Down WGS [55]

WGS: 43 KA ; WES: 4 #MNi T4l 5, qPCR: SER 78 52 8 PCR; ddPCR: i sU4 7 PCR
WGS: whole-genome sequencing; WES: whole-exome sequencing; qPCR: quantitative real-time PCR; ddPCR: droplet digital PCR.

SR UA AR 2 R N FE 22 b L2 21 (2R R AR Th g T B&
5 mtDNA$E VAL E B s> o6 . (HIX LA 71
&k B0 AT A DR AR AR 110 J5 2 R 2E Bl T 77 A 7 A 2
PR, mtDNAZKF-5 408 AH GBI 2 18] ] BRA71E 1
PR 6 2R 75 B — 20 R S G 36 E
3.3 ERETHIMtDNAE D%

mtDNA$E UL 5 20 A 3 DR 20 b 18 Ak 452493
KPR EAR, Hdid 25 ROS™ A K 1 715 41 i
T4 . 7 I mtDNAFE DLE ] 5 850
mtDNAS AL RLHKSE T 5, 8 A0 R 1 mtDNA,
HETAEAS e bR D RE KL , 49 0 OXPHOSHY ZX &L AT
A BI040 Y ATPAE B2l M T fik i 40 R 7
SRR I BT 53 1) mtDNARE T PR 2 hL
AR AR, SO IEH A ThRE, 2 S U
JATH L, R, mtDNA$E DUECA] {4 2 Fiie 1
TEARED

A0 A AR A H mtDNA$S UL 1) A8 40 7E g 2%
B2 MAFE S, SAEMRA UL, FUIRE .
S R RIS g . B R A T oW
S F| mtDNAFE DUE IS, 78B4 s . 4
e B B A P TR rh R I mtDNAFE DU AT
mtDNA S UL 5 5 96 0 33k F XU 1) DR Bk A AT 4R
18, MR EmtDNA$E DUEL 5 bk ELR e, LR

S FoR T 81 i O R i e O e IS 3 A
%, AR5 = mDNARE DU B . B s
FESE R R EH @, A1 140 - mtDNAE I
5011 o 2 7K P AR AR RN w3 0 -5 T g RS 384 A
K, BB AEN LI 75 ZE 3k — D B oY, E L
Fleg iE S 7 b IE S FDR ZLUREAS | mtDNAF % D1
Bt e BEAG AFUS R 2, mtDNAFE ULE0H 88 hn A
DGR B, SEENTERYS
mtDNAFE JUE Ik S0 E ¢ il B
IV 20 B A A R B, BIF AR AL T
FEIE 5 = mtDNA$E DUECE O 10 SR 17 5 HH 0 70 5 IR
i B R R,

DA PR DA 3R 3PP (B R B, mtDNA#E DL
T BE S 2 PR E P TERR EW . SR, mtDNA$S
DUBAEAN R AE 2R o (1) 25 57, MRS AS [F)JehE ZH 21
FRERMRM T RAFRL R, K2HHARIRAT
mtDNARZ B mtDNAYE NI SR R, X TR
ST FT, [ PEAE mtDNAZEAE A mtDNAFE 1%, I
B IX e 25 5 mtDNAFIA A OXPHOSHE /1 FIVFAt Bk
FARLARNT T TR AE 1) A JRUR: LA B Tl f 28 O B 22

4 ZRRIADNARE DI EEE
H R mtDNA$E DU 2L 4 52 4 WA H
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Table 3 Cancer disease severity and mtDNA copy number variation

P mtDNA$E I e ERITIE EEPUN
Disease mtDNA copy number Disease severity ~ Quantification method  References
Primary breast tumour Down Increased WGS [65]
Colorectal carcinoma Up Increased qPCR [62]
Squamous cells carcinoma Down Increased WGS, WES [65]

Renal carcinoma Down Decreased WGS [64]

Renal oncocytomas Up Decreased qPCR [66]
Hepatocellular carcinoma Down Increased qPCR [64]

Lung adenocarcinoma, small cells lung cancer Up Increased qPCR [64]
Non-small cell lung cancer Down Increased qPCR [67]
Lymphocytic leukaemia Up Increased WGS [64]
Pancreas tumour Up Increased WGS [64]
Primary prostate cancer Up Increased WGS [64]
Thyroid cancer Up Increased WGS [64]

WGS: 4= R AL 7 ; WES: 2402 T4, qPCR: S %% 52 #PCR.

WGS: whole-genome sequencing; WES: whole-exome sequencing; qPCR: quantitative real-time PCR.

BA7 JLARBEAR AR SR Af R mtDNAFE DU 4%
Z 5 mtDNA S il FI4E R (1) 25 10T BE A& 4 R A 5
mtDNAZKF 58 [ & . POLG5 mtDNA U1 ¥
VIAH , MEDEIROSS I 72 2 B 2 b A4 5 H
Wk IR 25 T BE KT 1T POLG I & AN P =X, AT
P mtDNA$Z L. Twinkle 7] i 75 40 i b mtDNA
5 ILHUKE, 7E mtDNA S Hill i F2H, Twinkle th 2 2
TR K mtDNAK 1 0, 725 B2 PR/ B b Twinklefi#
T )3 0k 4 S EmtDNAFE TIHHE N0, mtDNA
RAFL T R AEEmDNAR DIR X IR A, DI RAR
A 8 2 O8 mtDNA 207 5 _EAZ 4t DNAR) LA
WA R TG oEM )7, AT SE mDNARE %, &
AR ROSAE IR EL™, B2 41 mtDNA
T 2 kAR B 2B, TS 2 mtDNAYE DLE
AU R, DI X0 2038 2 7 B mtDNA
P2 UUEL iR o FELRRLIR IR T, 2 R e 5 [
¥ A(mitochondrial transcription factor A, TFAM)¥
mtDNAGLSE s RAR %, B BRI AL T 56
T 1.4 mtDNA S+ 71, BB DR/ R b TFAMIR) i 36
15 FEmDNARE DA N, /L4 S mtDNA K il Fl
Y RF i R AR OC 1) R 428 DR AT A SR AR B 2R A T R A
L mtDNAFE VLR, H2 52000 1 & A R
FIEARE AW IImDNA ) $5 D1,

B T & AT mtDNA$E DIEA), mtDNA$E I
AR AT BE R T ANTPI o] 4, 2 ik
DNA S 4 # T ANTP T {3587, 45 5T 7t 2 W 4

INERLAR ANTP A B AT L% R POLGHR B 1 i 21 4k
AR mtDNAPE VLA g/ 4. MPV172& —Fi 2k
KRN IREH , ZEHERES SERRER AR T RIS,
MPV 17k 2K 5 B 2R A4 I 0% T R AN 12 1 1 3 30
mtDNA % JLEL AT,

AT 1 — U U B, 2 R e O Y 2k A
Ji5i (the inner mitochondrial membrane, IMM)_I [] &
A& 7> 2433 FE 5 1 1 (mitochondrial fission process 1,
MTFP 1) 7K1 K 5 9\ 2 KL A4 fil & AT I 15 mtDNA
P2 UK. MTFP L) 2 br ik fil 5, 8759 22 b A4 1)
2R3 B E B MTEPL /N 2R Ri A (small MTFP1-
enriched mitochondria, SMEM), 11 SMEM ' & &
mtNDA, SMEMIE i £ b 4% [ 6 f6 A, 328 171 B 1 4
LN I mtDNAFS DUEL,

BEAh , mtDNAE DU P R E R R BT, 2
P& DUECPE 31 R BRI, 2R 20 PR 3R 25 fiill K mtDNA &
MU 18, IS mtDNA$S DU RI TF. 445 I
BTt = B BRAER, 21 SRR B R R Ak T
M mtDNAFEAE, MK mtDNAFE LR 2 1E % 7K
-, DLAERFAE I N mtDNAAH N A E B 7K-F Bl 24
B 1EH mtDNAE DUELRPR A5 55 22K A B0 25 1E %
mtDNAFE VU AN AR 2R, 7T BE 2 19 0 SR % 0
B JRUGE o AH S BIE 7 2% B A1 JA) A 40 i mtDNA$5 U
B HE L KPR AR AN i #4815 e 0 XL 18
RO, B X mtDNAHE UUBCAE B b 4738 (i)
IH, B mtDNA$E USG5 HHE A BT 2ok
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Mutations
A Nuttionsg | ¢ D
xMutations ..
OO0 N ! AN, dATP arTP
AN ‘)‘;) A X < ma\,\) T @, \dGl,
LN Yy ? MPV17
\ é.j ..............
- : 3 G
! LOCs T
AR S
AlteratiorB ® 8 %g“}
A @ : :
E oy (LD F o o .
\/Q;‘* ﬁ?} Replication %R} i?} Mitophagy l[\} in}in}
2o — L WAL WAL
\
! \
Mitochondrial Mitochondrial
dysfunction biosynthesis of
of cells cells increased
A MTFP1 Ribosomes 8 POLG LC3 MPV17
(2 poLrMT () Twinkle L5 mDNA tD Damaged IMM TFAM

A: mtDNAS FIJAFEmDNAYE DU, b1 P U5 51 A2 (2 i mtDN A S AR 5C 5 [ A% R D AR, 3 BmtDNA ST i) 6 1E 1 58 mtDNAFE DL
Ho B: DI X I K R AL FEmDNA S DUH. A0 BImDNATH I 2t o [ 05 2 B, 2512 BimtDNAFS DLHGR /D . C: TEAMIRFEmDNA S TTEL
TFAMI)iE 15 3 EmtDNAFE UGN, D: ANTPILIHZmDNARS TTH, MPV 17 5 5 S b A 5 AU H R AN /2 HE T 5 BimtDNAFS T 41
FAGe E: ZRALR 7 2 mDNARS DKL, A0 I8 T MTEP LK TR ML 73 28, #1530 ZeA 7k 5 W 9 mtDNASE DI%L. F: mtDNA
P DURCR P R B AR A . 288 DURC 20 N BRI, 200 fid & meDNA S HIHLH)_E I, IS miDNARE DUEEI T 2448 DO & B A I, 2175
SRR IR R AR I BUmtDNA A -

A: mtDNA replication regulates mtDNA copy number. Mutations in nuclear genes encoding mtDNA replication-associated proteins induced by endoge-
nous attacks lead to abnormal mtDNA replication and consequently to altered mtDNA copy number. B: mutations in the D-loop region regulate mtDNA
copy number. Damaged mtDNA is removed by mitophagy, leading to mtDNA copy number decreased. C: TFAM regulates mtDNA copy number. Over-
expression of TFAM leads to an increase in mtDNA copy number. D: dNTP pool regulates mtDNA copy number. Deletion of MPV17 leads to a short-
age of mitochondrial deoxyribonucleic acid, which in turn leads to a decrease in mtDNA copy number. E: mitochondria segregation regulates mtDNA
copy number. Cells manipulate mitochondrial fission by regulating MTFP1 levels, which in turn regulates mtDNA copy number through mitophagy. F:
threshold model of mtDNA copy number regulation. When the copy number drops to the lower limit, the cell triggers the upregulation of the mtDNA
replication mechanism. When the copy number elevated to the upper limit, the cell induces mitophagy.

E2 mtDNAFE DB
Fig.2 Regulation of mtDNA copy number

PRI FRERIRAT M0 LA R g i S5 AH 5 N 25995 1)
BT (E2).

JR A BRI 3 B TR TR R M LR 5, (BT
A A ST R — FPEAE (A ROR YT SR .
5.1 =% ImtDNAREM

5 SmtDNAMEXHIERKIETT

AR P mtDNA S 1 5 3% DUHOK 7 2
NS T IR 3, BB SR I mDNA
AT mEDNA S I T R 7 S T i
PR K M, AR HImiDNAZK F 5 miDNA 5

H AT, S8 mtDNA R 5T 7K (1) 5 A 200 2
BORLAR B 0] A2 R N VD B+ R, U S0 R 1
24 N K% FR 8 AR (mito TALEN ) A4 48 1% FR B i R
(mitoZFNs)778, 18 B 5 i M mtDNATAZ (1) /)N
BB Y A s B R AH OG0 7 (adeno-associated
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Gk -

virus, AAV) #4815 12 1Y) mitoTALENsE{ mitoZFNs, A
s mtDNA 5 JFUK-F BB B AT, AT e Lo I
FE B LA Y 3 73R B U80S E AR R R
Nl RIG ST AH 9K mtDNA 57 5t &AL 3 B30 7 K
THRYE, FEIEHMZ, mitoTALENsH mitoZNFs
FR A A BR T 57 R mtDNA AR, {51l Gl o5 5 AR AR 2R,
ANBEF TIRYT — 88 W [F) 5 BOW RAZ, Blan 51k
LHONJ R4S

HEIMmtDNAFE VAT BE 23R 97 H 7 B EmtDNA
RAZ G RN B, K& mtDNASE DR 7
THUEI AR, H mtDNAKI &5 TFAME (H/KF
BB . PR, mtDNA$E ULE I # 0 mT DL i 3
T TFAMRIE LI BFFR, i RIE TFAMAE 753
mtDNAFE VUEIG N, T 20 H 575t mtDNAGR 2K 5
tRNA S s 52748 5| S 1) 4 R A B3 (PRER 20 i
TR TFAMIKF- K8 77 mtDNA$E VLT 5e N 1697
JR R AL LA LA TR A LR AR 45477 9 s AL Y
FoAth N 1R BT 7E IR 1R T SR
5.2 #=HImtDNAE DI

A R G B Wk 22 Al R 5 5 99 R IR R BIF 9T S
7, W TERE VIR A PR A TR AT IR R AR D e
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