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T SRRIER G AR TR EEY T, &0 a etk it an i 2%, BLH — B % L THDNAW 4 T, B ke
fRDNA(mitochondrial DNA, mtDNA). mtDNA%: & 7 374N 3 B, 445 134 R 45 48 % 6 % Ik, 22 FFtRNA DL X248
rRNAZE B . & ok (R 57 % 7 8 8 5 5 49 # = 55 % % 3 (adenosine triphosphate, ATP) & & /> . 41 8 8 & 7 2. mtDNA
FINHBRENRENAENTEARETEERGEEXREE. R TLEIHNEDERATF R EAETFTREEA
(reactive oxygen species, ROS), & & 4 M B Ak B Rz, AT 5| AR # %, #mis R &MkE. B EHLAft
# B2 1t.(oxidative phosphorylation, OXPHOS) & 4 #y47 Fir, 3 ELik = 41 % & 0y R 47 #n & 4% tWDNAR 5 (5 & 8 41, 5%
DNAZE Y, mtDNAE & 5 Z 2| 8 B R S % . T 2 A F 2 R BT R 2 ME A&, TR
FmtDNAH JL L X mtDNA % W17 15 1547 B9 22 5. mtDNAFR % o IE 7 1E  — FF 77 86 B9 R 30 07 Lo 4 % 92 J5 B9 A A
A, TEMEMELWAHE KT, KAXEENF T mDNAHE I % . mtDNAT 8 il & 3% & 154 DL KA < 38 54
Hl, HRGET &M A RAITE T L & FE 5| RmtDNAY B A0 F EA TN RER, Bl ot (T RN RIS T
A1 % " mtDNA K 2 FALE AT T R 2.

Xl mtDNA, mtDNA# L%, B Ak, IR4E 77 4

LR R B Y AN N ) A R, b T
Y Re Y A 5 b, Mg
KA LR A ER, R A R i 40 G o
FET, o T EUM R S A 1 R AL Bk iR Sk
K2 e X F AR AEFAEEZ L. A
IR LR R S5/ M RE E & — & A, |
I SRAFEAE K Z 0K ff 2 k. R 28R 32 X 2ok 1A
DNA¥E DB Hoi 5 . 2B R DN A 26 W0 38 1% 16 1
AT TRIERY, NPT MR Y 2%
FEEIN S5 mtDNAYE DAL, kmtDNA W ffb 2z
EESPSS

1 ZhifA femtDNA

YR A i AL RN R AL RE, R B A
R ARG, R R T S e . 2
RLRANE N BAZ AR — Pt B E40MRS, BOSUZ B
IRCEIRZERE), L ] Js N ST 1 220, LA b
{ADNA(mitochondrial DNA, mtDNA)SL 24
WAHHEASE, JL T TR RIL R . — P 2oki
R — & 2 mtDNAS -, RIEA AN A R,
BN AT LA A R0 8T mtDNAFE DL i,
AN I A% 20 (peripheral blood mononuclear cell,
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PBMC)mtDNA%Z 5400, i A B85 L0 mtDNA
5 U124 41800,

ML Zh P mtDN A XUE 5 FRIR 50, T AREER
PEGHC AN E 43 A FAE (HEE) F R EE (LEE), MR N
W, INFRRREE, AEmtDNAKJE 116569 bp. mtDNA
37T, AR 13 IFIEE A DGR 2 K. 2250
tRNALL L 2FRNAZE NS, TEN & T(K1). Lee A
AIRFSE R, BR13FLFAL B BEAHOCZ IR, Lokiikdt
DR 21 A Gt — 25 A I PR N TR PR IR, R AR L R
2l g E 2 X A1 $ED-24 (displacement-loop, D-loop)
X LA H IR X, D-PRIXAD$E 5 FAREE 124 %
SE5 3 F(HSPAILSP) S HEEE HlE 4G X, HIt, D-FRX
TEmMtDNA Y & il e s R 2R, % X AT f]
Ak, RS AR . RESL B AR 4,
HB AT HES | HE mtDNA K i il Sk - (2, AT AT fig
1 PR T RE A5

LORLIRTEJE T MG A . HEFRIE N B T RS A
TR M R T RN, SobiRThRedifi &%
HAM T BEZ . mtDNAGHILEL (LA i KB 4 B
P AL BEIR ALl B P T i B 1, L e
KA BE A IER, PR mtDNAE UECA] VR FAiF 2%
KA BER L W28 bR, RIS, Ok Z oY W,
mtDNAH (L5 Z R ph 2B AT g™ it b

NDS

AZHKIHADNA
16569 bp

[ ]
AP cOX!

Co
/\7// ATP6
B 1 ARG AR

Figure 1 Human mitochondrial genome[ﬂ

PRt ARG AR ) A e T LA R R
FARPH X

IR 15 e it N M5 175 2 ik 6 1 S (reactive
oxygen species, ROS) A= i, 18 A0 M FNZH 2L i A Ak At
1. SRS AR AR B R TR RIS T T
T HEE(ROS) ™ A Y37 BT (LkifA), mtDNAY %5325
REE PR 5 A 035 P AR MR T A A 98 DUBS. AR
PR, HEEDNAR Bk KL, mDNARRASHE
W IR AT e PR T G ) 2 58 T BN S Ad B 32 4 1) .30
£

2 mtDNA#S V%L

2.1 mtDNA¥ W

P I H P A mtDNA S F BRI A
mtDNAFS UKL mtDNAYE DUECZ BIZH S TURUR B B
Berysgn.

mtDNAYE VURUHAT AR 2. LAm ™
et g et S = 8RR R (adenosine
triphosphate, ATP)77 >R = AUZHMI, mtDNAFE Ul Bk,
T =5 283 ) B R AR s 42 7 2 ATP I A 420 B U 5 A 38
/LmtDNAFE VUL, Wnfigant®. [, mDNAFE VU]
BEIA Ry 2 20 ) AR AL R IR TR AR A2 7 ATPRE T A

] BBARNACRNAS)
] NADHE: 5B
B #nexcas
[ ] ATPEHES

B BReRCTRE
I #55SRNA(RNAS)
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BAER.

mtDNAYE NHGE BA K B BoR: 4. mtDNARY
SRIAE R B R B2 B M A 4. mtDNAFE D%k
TE D I A BE 20 M 3 A i Ry B0 - ek AR g RS i, A
G RRTPIAREE, X TZAEL R, Ui mtDNAYE
DU ZBTRE  — I S, AR BN FYE AT e 802
Ko MG 1 1 R BT R B 1 T R 4 (pre-
mature ovarian insufficiency, POT)f{JEEFAIZ —HI %
R BRI mtDN A S B i, B Rk e
GG T R IG Z BT A T BB, mDNASH
— KB, TENZ S, mtDNAAES fl, mtDNA
VDB B, ELRIIAG B3k 35 R & B 10 ZERR I B,
mtDNATEFIFHAE N, PRI R A 5 o & v,
5161 4 U mtDNAFE DO A 5 A i T i 28 DG 22

2.2 mtDNA# VB

mtDNA 5 DUEEA 4 21 R S LR 7 I B
5P, mtDNA$E DU ARSI 24 A G, Mon-
tiere A5 Ky, UM MDNAFE IUEOR P77 E—A 5
{H, & T oKX B AR fh & R 5 HILE, fEmtDNA
P& R B ESAMERE. St Johnifia ! g T
ZREANIE P mtDNATL E i (set point)HES:, BIZEELN
MTE R B AP BCEA BRI mDNARE DUEL, e
PR3t s e A A Ak T SR BRI, — ELA IR
TorAbdrm, e AR R U U HilmtDNA,
B[ 58 A oAk 1 A0 L EL A 3 Y AR A mtDN A S DLEL,
DMEEAIRe R T HE 1 The.

mtDNAF DUE A I8 15 O T mtDNAZ #, i
mtDNAK H T ZRNAG Y, S5 K,
mtDNAR & Hil A UK T IEDNAR G HifPoly. fliE
B TWINKLEFIZR b7 1A Bk 2545 75 1 (mtSSB) 25 76 H 7E
WEIEGY, W3RNk ARF; 5% [ F TFAMAY P A .
NoackZ A\PBFFE & B, /NEURELT 4E 4N MIC2C 1275 R %
FALI IR 1 (H,0,))5, mtDNAFE DE0E L, ik
TFAMIIMRmtDNAFE VUGPSR . Yol deokifk b iy
DNAEZRGLIG3 Ik, 45 4 i BE A% 4 57 16 7 (1)
mtDNA$E DAL, (HE b2 T 8mDNARE#
1, mtDNAFE U1K 52 2548 %), St Johnifisizh " fmir sy
BRI, Poly® — AT - CpG iy iy H Ak 5 4n ik
mtDNAFE DUECA 56, 24l FH 2 F Sk S-S 44 b s
WE(5-azaC) s 4 2 C(AT AU A B TET VEAL 15 1,
55 - P 5L L I I 2 A Ay 5 - 90 T B g s g 2 T e
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mtDNAF D1%%, I HPolyss —4M i 7 b CpG iy 2= H 3t
PRI TS, mtDNAFE DR AR B . Jiang
i NP B, BRmtSSBAEMS 3 &I mtDNAK -, 3
b /I BRSPS A 7 1 Y 00 A 8, 1 1 A
EACE, IEmSSBER T IR G Hl h s sh, enT LA
Bl b4 S HERN ARG % SR LA ALRNAS 4. X 2 g
fmtSSBF H A mtDNAHE DL HCK I B T R e il T
mtSSB ke T 35 5 il BRI

2.3 AT R S mDNAYS DS

AT I 5 e ) 32 B3 2 5 | e 20 A Ak Iz 35 LA 9
A, DM E R AR A5 2 8 5 P T e 3] G g
YEAL. mtDNAFE ULEL A i o] RS2 A S 40X o b
e SR AL A R ORI B A SRR AR
B RARTIREZ 75 & I mtDNA$E DL inm] A5
ANEARARNFI T REAS T . 64N, F41EmDNAYE D14k
5 12 v S AR P AR A B R S N ) B R E
Ay

KIETF HARRICH R R W= SI5 54, FEAHE
S ERVEYI . 28 R BRSOk )
(particulate matter, PM). —SERFFHETT T 25 S35 YL Al
mtDNAE DU [ JC R, (HI0A £ 15 A
HAR—FT) SRR SR TR 5 AR 1
W, A TG YA S A SR 0 H WLy, T
W RGIRAAR B A A 0, 5PM, ok
YA L, SRR B S SR SO T H Y MR T . e
67544 2 AF B VR T4 H PREE SRR & 1 AL W, Jf
E T IR mtDNAFE G, K B ] K P2 82 1
PRI IKF- 55 1 I R Lk A = BE A AR oG, Tk
FH 0 SR AR T B 3 I — R A B N, ek TR
B EE O IR B P PO S 5 T i K R
PIPM(PM,. PM,_ o FIPM, )L ¥k A& 30 5 75 2 K H) 55
] AR 5 P (n=63) 2 1l mtDN A $5 DU Ay
ST [ 6044 4 FIBLIGE TS, L6044 Ip
AN TAENG AR, DR R, B (2~8 d)Je Rl
PM, 52 5% 54 Il mtDNA$E DU b 57, — Tt xf
14824 K [ v B AR A Ay fde i A WA Lo M 9 i [
KI, JEIHEAPM, o5 A 4T mtDNARE D152 [ 77 7E
Tk R, WangZ N PYEFX27584 Lo MERIBITSE S
R R, KRR THEEPM, 56 5HE Lt
mtDNAFE DUEC N A 6. Mo iR 45 R s, BET
AR R 4 28 505 e 1 ] S BmtDN A FE DUBOR [R] 19 28 4k,



P A

R EARI I AU, (HX ] 585588 AR 15
ey 2 Ee vk B L) K I gR I TR AN [ A G, Tl x4
7, (RN v et m e sE Ak A [R] AL R 38 5
i 41 A P mtDNA$E DUE H .

Jel TR N5 P A A 55 1Y T2 2
—. KIS T B 253 M DN A S DL
NRERLRLR D RE . KRB BRI AR R, el
TR A AN S At mtDNAFE DUEA s /b 2
SRR E A SR AR R U A B R Y
RS SRR A1 BRI, TE201 TAR gt A T AR 4H 21
EPREREDT AT A T 32EBURYIE . KERAE
ARG —SAAIE, H T mtDNA S & 2 %5 1%
1%, X AT RE S A AR A% i A SR A S R 7 A
(TFAM)F ik 4 500,

Shen A\PPRUBFST o, B R B PR 4N
Y/ FImtDNA$E DB 11 Carugno NS THYRIFSY
R, B REEAL T IO % 4 5 (B AR E(OSHARRIE)
1001 AR AL 25 3 BN A L 240 mt DN A $E D14
. 2355 K (polycyclic aromatic hydrocarbons,
PAHSs) & — i MY H AT 55 & il XU, B #8575 e ).
Pavanello AP HBFE R, Bk 282 TPAHsHI
A A ik 40 A b B A T S A mtDNA S DAL, 4
IR A M mtDNAYE DUECR 1] B2 — MV TE e
AU B8 EE M hRic 4.

TREYOR PR AR MRS S ), R
Py AR AR B AR A A P R R A Tl
I FEAY R . RES R HAT A LS A A A R Y
—H ZE BRI REA A Y, s R
XF TREE . TORTFRm . ORI AAE DAL S . T
ZBRERI PR IR I -p- WYL (tetrachlorodibenzo-p-di-
oxin, TCDD)Z & J7, K BRIl mtDNA$E D155 &
HEIN, R AR R 2R T INENE 2 S K (polychorinatedbiphe-
nyls, PCBs)Jii, KERAHmtDNARE D1 | E i
™. VanEtten A\ " HRIFSE 45 W], mtDNAFE I 5;
BCVF AT IR A 26 ZHE S ) B v & e i — A HA B AR AL
o SRR R A

IR E S EIGIY), FEm. . B 8%, A
NI BB Wl e =W A LK1 O o
A BB M mtDNAFIHE DUEL. /N DR B4 e 28 A X HAIG
W BE 119 = AR Ak A 3 S R AT T KO T
ATPE HEFEAR, F3mtDNAYE DU AL L L mtDNA
B EBR, XL AR5 7] BE 23 5 0 B R4 A A

KA. R R RN S S B KM A
o AR A I ROS, B mtDNAFE DUE A3 hin L
KD-looplX.. NDIFEH . Cytl3EH K ATP6HER X I 5¢
AR RGN, (EZRAARM I DI RERRAIC, dNAds S5z 40
W, TS A ZAR B -1, 5 R 5 S BRI
FEI T AN A AR BRI TS S LA S L A g
B TR, J1 7RSS R224 h/5, mtDNARE DAL i 0
(2150%). X ELLEIRIRIN, AR ER I A5 B e 7
T A ZRAARZE R I TRE. 3 4b, s S0 dlE)
FE J5 T 40 AR A A 4 U T R A R R S R U A
9\%[46]‘

3  mtDNAFMLR LI

3.1 mtDNA 5-HLimsng (SmC) i

DNA AR R M L I B 27 Az —, S-
Ji o H A 2 R A Sl P L IR 7E DN A Y 5 7% i 1 A
FHTR, B FREAE RS SR e 1O, Bzl iE2 5
AN A R AR, AR DNA RIS {4 2 Sl &% Jig
T, mtDNAFULIS (& 2240 i T A5 X A A2
BIRA BN, SmCEMHALSI Y% DNA i 2
FMEME, (HREBAATE T mtDNA SR TE— 25
(FE12)4).

20114F, TaylorifHigH > e miFL 4 i v % L A
S5mC, FHAM T HALRARENTFHI(MTSs)YDNA
L4 B 1 (mtDNMT1)E % 5 mtDNA Z [A] £ 7E CpG
WM AR BRI, UESE T AR BT T AE fEDNA F
WeRO, SR B AR BE 1Y e SACE A XS FR 32
FImtDNMT 1 FRKBAE . tEsh, Martinif@ig]™"
M/INERAZ B 28 TU A I 2R 4325 s i Sk i rh e T
DNAH JEAL % F2 [l 3a(DNA methyltransferase 3a,
DNMT3a). {A7E2 J5H)—IF5¢ b, Hongss A a1t
WARPR SR e, NS5 R AR AR
F A R R FE R 2 AN B A A 2 L
CpGH L. FFrYBEFE AR AL, ke 1 A
PR S ER IR A it =S 1V (polymerase  chain reaction,
PCR)Y 45| AMA22, LRSI 40 M sh A E 14K
HKFRmMDNA CpGHISEALS . i BRS¢ 45 BT R
mtDNA H B — B 78 (14 4 AN ZH 2R S P A

3.2 mtDNA 5-FRHISLEREE (ShmC) i
ShmC i Tetfiff 8 AL SmCA: i, R:SmCZ= H efbid 72
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l OXPHOS
1 ROS

T

CpG

Bl 2 mtDNAR] EALENFMB LM (SmC . ShmCHI6mA) KI5

Figure 2 Possible epigenetic modifications (SmC, ShmC, and 6mA) of mtDNA and the regulation

el =y, AR EE A P ShmCARUAETE
TFHDNA, ] R4/ T mtDNAPY(E2). ffFlsmC, 45
RARShmCIEBAFAE RS M AH E18. mtDNA ShmCy
UG ) S IESP o A IR i 15 I &3 g WA
R R PR ShmC s>, H/NR T4
HiTetl Tet2# - SLR AL 0, XK Tet K% &
ABES 5 TmtDNA ShmCHITBIE. 5 —WRFsidL %
B, /N R e PR R AT S (A X R AR Shm C = i
MTet2 KB KA LM, FEMEITet2%i5f5, mtDNA
ShmC/K AR, 355 B mtDNA ShmCTH] g2 i
LR 4545 i 3 0 A A 3 Rl mRN AZK S T 57 114 SR
[56].

3.3 mtDNA N6-HIJLIREns (6mA )& i

DNA  6mAMBMFE A A 4 & —F i L ) 20
WAL B, 20154F, DNA 6mA H 354k B Uik I 77
FETACHEDT . 2R s PR S R 2 eh . VT PIAE AL
FHZEAT 38 B /RDNA - 6mA H LA 207778 T/ BUIR
JE T4, ez B AN IR . SR, B
(0 A 2 D RE RS AL AT 2. FRAT TR AR 5%
FW, TEMFLEhY) P EAE HDNA RS REE 5] AFSR
BAREAIDNA 6mA > Koh A WmksE 5w,
NI bRz A mtDNA - 6mAZK - T AR S H 21
6mAZK-. FERIHL, )G O el A R
T - T 0 RGN T A i) 4 0 40 i 35 K] 2 e £ i A
6mA i, 455 B R6mATEMDNA A i & 4k, I Ho B
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AT DL — R B bR 6mA K. Bk, 6mAG T fE
T G 0 LR S FTFAM S mtDNARY 454, M
MNHIDNAFS 55 METTLAZE 1 1] BEJ&mtDNA 6mA
FEAE AL B (512).

3.4 AHE5 3P S mDNAF LK -

PRBE 75 YLl 2 53 ] BE MU mtDNA F 3L K. —
T Xof ANTR] 23 05 Y Wit BR8] I mt DN A
3R S (MT-TF+ MT-RNR1VJ K D-looplX ) Fl 34k
S 9T & B, A8 R0 R R 38 3l ke VR ik R R X
mtDNAFILACEAT SE 0, I = 2 T 5 % &R PMILY
Bk T NSRBI ARARMT-TFFIMT-RNR 1
FE AL, R & B RARMT-TFFIMT-RNR 15
1A 5 mtDNAFE UK ] 5 E A G R, Jans-
senZ AR 38 10 RIS RN LR LIEAT T HAT, K BT
PRWIEIPM, SR BE B3 N 5 AR S 48U mtDNA - MT-
RNRIFID-loop X ALK -2 IEAHDE, S mtDNA S &
RO 5 AR SRR, B R T A
HIMT-TFFIMT-RNR 13 [F i) H 3 AL 7K P 5 25K X6 1R
2, FFELMEE B TR, H LK PR, mtDNA
PEUUBONARZ 300 R 045 St S P A
ARV T K Y R 43 B bR D-
loop X K MT-TFIX H HA A AR FID-loop X K ND61X 35§,
25 AR e Ak, Tk 2 X s A I R 3 AR A AR
mtDNA$E DUEOE . X F R 2 88 05 A 2 g e
TAME, XFE DB N — e R L FRAG T k5



P A

AR I 5, 3k e %ﬁ%nmmAﬁﬁ%m
SEARAAT W REAE IS TS Y, Jn R R IS e
RN A Dhr s 0 (151 3). Lﬁm%ﬁ%%%,%
Oy IREE TS YL ) B 57 5 R A D-1oop X F 3L AL K St s
REZI M mtDNAK il AH G H, WTFAM, Poleff_'ﬁ
mtDNARJAHEAEH], M mtDNA K il FAF kA=,
PEMI T mtDNAFE DB Ak, IR AT R BTG YL
Y175 X mtDNA 5 285 11 5 A ELAE F S T RE G 2,
T2 W R G RIS

LR S ZC YRR B R & (b
([N 77T 7/ AN 9y L N7 S: ' 3 & S T 1
HAZDNAMShmCHY AR, L, X LIS 2Rt n]
RERZIHMtDNA ShmC, A Rk F ST,

4 ZA SR ARG

IEE T YLy 1% 2 5 S A PN AR mT 5 R b 4 A 33

F P E LR AN R A e, S B P, SR
KA PIFET KT, AT 52 M) ) ] gt e 2 b Ak () B A5 4
Fr, IFTBEIAE ST, WangZE AP TS R,
Je s T 5 R ph 2 40 A iR h ok AR T BE B G, T
BB 2 ] 1) SR A A 2R AR [ W B A I B AL
Lﬁﬁﬂ@ﬂmﬁﬂﬁ%%?ﬁﬁ%ﬁfﬁ R B I 2 A v
WA F]—FhHr <4 g : TR, X 2—Fh i T sh
P BESLEE K, MR AR shit, AL shikie ol
— DR WL, TR AL T RS A T A 58 S
fb. MR NPT s B AR, IFiEad R AR
SHMREAL. T4 20 L A7 A0 B Lk A A S, Az

PR S5 N TERS AR, B HET TSR S 8,

A 3ok A8 AT DA il M PN R AR I ?’ﬁﬁéﬂéﬁﬁﬁ%\
B SR AR AR B AT R AR B T LA F
5% PR BE R 8 51 R SR AR 45 0 i A I 3 I 4 AL B Y
A

5 JE#

BIRIREE G Y 252 5 S mtDN A3 1 I FEVE AL
AR, (B AT LA 12, Y2 EE T3 BROSH
TN Z RIS 15 YL, mtDNARH & LA DNAFL S5
Z W, 1T B H R R 2 R A U E Db . R
IR, mtDNASZ RIS YWt A A=Y 5]
i_%ﬂkfhﬂ?ﬁ(lﬁ S, SRTMAR Z AP As RAH BF . X n]

R S ARNE s AR S 1 2E R R G, BT AR
Ewﬁ&u FERAMENA . REAME T mDNAS:
FHIEE L, (Bl T A 3L 4 DNAKKIH
N, BARE A DAL SRRSO, (HE T Rl
BOCRAR, T B A AN M B A SR b A e R T
Kl (U mtDNASE . A S B mtDNALE g 4 Pybp b P
BRI FH, & TR T R /D A mtDNA
FEE 1M B BRI — A BUS.L [RIR,
B TR 4EImDNAYE DA 2, HmtDNAZ AR F8AL
i, i RS A AR R ER 9N 77 7 (bisulfite  geno-
mic sequence, BSP)IEATH ILALI RS, mtDNAAE Y
AL T BN B 4 21 EE 22 R (6] 41 Jifd s 30 3 Ak K F- Y
AMEZEF, XS ST E X mtDNA H 5t
FEACER R, Hitk, #E— 00 fbmtDNA B B4k

# Y.
P2z intval

ﬁim%@ﬂﬂ

S0,
—1 TFAM
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Figure 3 Environmental pollutants exposure and changes of mtDNA
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GG Qe i i — S R AL AR T RE s, (HREE  HOAE, TR LR R #4525 R R T AR L T
WFE B R SR, EUH TSR fe B E .
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Mitochondria, as the main site of cellular aerobic respiration, are organelles that provide energy for cells. The mitochondrial
genomes are independent of the nuclear genome, known as mitochondrial DNA (mtDNA). mtDNA encodes 37 genes, including
13 respiratory chain-related polypeptides, 22 tRNAs and 2 rRNA genes. Mitochondrial abnormalities can directly reduce cellular
ATP synthesis and thus generate insufficient cellular energy. The regulation of mtDNA copy number and epigenetics is crucial for
the basic functions of mitochondria. After entering the cells of organisms, environmental pollutants elevate reactive oxygen
species (ROS), causing oxidative stress in the organism and resulting in abnormal metabolism and various diseases. Compared
with nuclear DNA, mtDNA is more susceptible to oxidative stress because of its proximity to the site of oxidative phosphorylation
(OXPHOS) and lack of histone protection and sufficient DNA damage repair capacity. Exposure to various environmental
pollutants can induce excessive accumulation of ROS, which leads to changes in mtDNA copy number and epigenetic
modifications of mtDNA. An increasing number of studies focus on abnormal mtDNA as a possible biomarker for the exposure
and toxicity of environmental pollutants.

In this review, we briefly introduce the physiological functions and regulatory mechanisms of mitochondria and mtDNA copy
number. Environment pollutant exposures often cause mitochondrial damage, which may alter mtDNA copy number, leading to
mitochondrial abnormalities and impairing cell function. Studies have found that mitochondrial dysfunction is related to the
occurrence and development of various diseases (e.g., cancer, diabetes, cardiovascular disease, neurodegenerative diseases, etc.).
Noteworthily, decreased mtDNA copy number in germ cells blocks embryonic development. Next, along with the associated
proteins found in recent studies, possible epigenetic modifications present on mtDNA (e.g., 5-methylcytosine, 5-
hydroxymethylcytosine and N -methyladenine) are also summarized. A study identified mtDNMT]1 in the mitochondrial
matrix, which was suggested to be a methyltransferase for mtDNA 5mC. Since ShmC modification on mtDNA was first
reported in 2011, the results of studies on mtDNA 5ShmC have been conflicting. However, some research groups found that
Tet] and Tet2 may be involved in the formation of mtDNA 5hmC. A higher level of 6mA modification than nuclear DNA
was suggested to be detected in mtDNA, and the METTL4 protein is a potential mtDNA 6mA methyltransferase.
Nonetheless, the study on mtDNA methylation is of intensive interest.

We reviewed the effects of multiple common environmental pollutants (e.g., PM, black carbon, nicotine, heavy metal particles,
etc.) on mitochondrial DNA from two aspects: (1) Environmental pollutants exposure causes mtDNA copy number changes,
which may increase disease risk; (2) environmental pollutant exposure alters methylation levels of certain genes in mtDNA. In the
first aspect, exposure to different pollutants, or even the same pollutant, resulted in different changes in mtDNA copy number. It
suggests that the same environmental pollutants may also affect mtDNA copy number through different mechanisms and
pathways. In the second aspect, changes in the methylation levels of D-loop and gene regions on mtDNA caused by pollutant
exposure can affect mitochondrial physiological function by affecting mitochondrial DNA replication and mitochondrial-encoded
protein expression.

We prospect and discuss how to perform further study on the effect of environmental pollutants on mtDNA and its molecular
mechanism. The following two aspects should be improved in future pollutants-mtDNA studies: (1) Develop more convenient
methods for the extraction of mtDNA from less than million cells to a high purity. This will facilitate the detection and sequencing
of mtDNA for diverse purposes; (2) to achieve accurate identification of mtDNA methylation sites in small number of cells and
eliminate the interference of mtDNA heterogeneity, the mtDNA methylation sequencing method should be further innovated.

mtDNA, mtDNA copy number, methylation, environmental pollutants
doi: 10.1360/TB-2022-0614
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