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Abstract: Benzo [a|pyrene (B[a]P) is a well-recognized environmental pollutant. Exposure to Bla]P elicits many adverse
biological effects, including tumorigenesis, immunosuppression, teratogenicity, and hormonal effects. In addition to B [a] P
exposure—induced genetic damages, a growing number of studies demonstrate that epigenetic changes play an important
role in chemically induced carcinogenesis. In order to provide better understanding of epigenetic changes of B[a]P and
their potential association with genotoxic endpoints, this review summarizes the advances in the applications of function-
al genomics in the research of B[a]P toxicity, including functional genomics techniques, regulation of human genome ex-
pression, DNA sequence variability, model organisms research, and bioinformatics studies, so as to provide insights into
the management of B[a]P exposure—induced health injuries and use of genomics techniques to unravel the mechanisms
underlying the toxicity of other environmental pollutants.
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1.1 CRISPR/Cas9 A B % 4% CRISPR/Cas9 [ 4
BEJR TR ) B AT REE DNA BRI, fEAK
21N < RNV N W 1 1 SR RS B SR R i 3 VeSS
YRYT 7 XA B . SUNDBERG %5 B A ] /s B
GeCKOv2 FEH 411 CRISPR/Cas9 SCPE %56 75 F 8%
B R R R, R T 7R 2K (aryl hy-
drocarbon receptor, AhR) . 75 & 1& % K ¥ iz 1
(AhR nuclear transportor, Arnt) Fl40 fifl {6 2 P450
1A1 (cytochrome P450 1A1, CYPIAL), &4 4 (%
R PA50 b IR 21 3K AR WA OB AR Y 5 N HEIA
S-H I LWENIR A HiE# 1 (aminolevulinate synthase
1, Alasl). AHEZEFENIZNE (porphobilinogen deami-
nase, Hmbs) . JRAMMRIEIERAE (uroporhyrinogen de-
carboxylase, Urod) . FENNIR 4 L (coproporphy-
rinogen oxidase, Cpox) FIEE G Wi (ferrochelatase,
Fech), IMZLFZHMAMER PASO HIMWEIELMA,
1.2 BEFIEA BRSO EAE E FRm A sl e
HUFHI B RERET , W A AN sl 2 b K pric
IR P9 5 FIRERET B T A5, 8 I G AR
(L8 B 2SS ET, SEEL R R By PR A I . LIA-
MIN &5 A BT i % skl o3 B B [a] P AL
BT AR R IR, 7E B [a] P BRER
48 h R HE I T KA 158 2R RIKHEEN .
B 7 CAA CYPIAL A1 CYPIBL JEPH, &8 8 A4
ARAIE L ARG IE D . M BRIEHEEE 1 26 (connexin
26, Cx26), [EIFEREE T 30 (connexin 30, Cx30),
TRB I TR 44 HEE (inter-
feron—induced protein 44 like, IFI44L), T EFET
#H M 44 (interferon—induced protein 44, IF144), Y
MEE TIMRIFESFEH (FI with tetratricopeptide re-
peats, IFIT) 2 Fll IFIT3, YiReE E-Hrk, XLk
R 5 ADR FIFHLRG Tl REMHIE, N T
WA IR A R R X 2 548 (polyeyclic aromatic
hydrocarbons, PAHs) G sEER LTI AL 1%
UL . DNA SIS 2 XS AN [FAEAS i 22 BE DR 3R
IR IEAT VAT A i — M i i i, 5
1SRRI 22 SRR OT s L, BT, R
MR R U R, ARTER S BRI R R
R PE

1.3 s amp UIBRBEE T (excision repair
sequencing, XR-seq) f& HU & ° WF5EIF & 00— Fp
B, ST AN BETT . BEREA
KIGHFEH DNA TG HRVIBRMESE . XA
AR (TR, 8S) -3k (9S, 10R) - -
7.8,9, 10-IUEA4T3f [a] 2 [ (7R, 8S) —dihydroxy—-
(9S, 10R) -epoxy—7, 8, 9, 10—tetrahydro benzo [a]
pyrene—DNA , BPDE] —-DNA MI&Yy, & SmiE
#i40i DNA 5 (translesion DNA synthesis, TLS) %
P, KA DNA R SE R Y HE L dsDNA JE
3, FHES PCR & PR A AL N SO . ML T
AL ZH N PR 7 vk m RE R B E S R . XR-
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i A B L FH b, g R BRI 0 30 0t e e s i
W S5 (LBRET, T R S A 0 S A s e 1 A1
M. DNA H LAkl AR 4 28 (1 F1 DNA 22 [8] ) AH B4R
FH 0 e o JoAA 52 A ol 7 DT 52 i 35 PR 19 56
B [a] P R—FIREMCH NI EY, TS
HFL st n At . KBTS ERE GG . K
REFET B [a] PJ5, it DNA FBEiiiei T ik
R HORS 7 DNA B9 H 8B 00, &3 3 227 AMIKH
FEACSEE RN 828 A~ AL KEGG 3 #% 43 By
FKW, RPN (DMGs) 1E Ras 1553 8%
Rapl {5 i@ . ARSI A 2030 P L A —Z (A
ERTREEET . B2ET B [a] P ST
B P UL ER ) A R A DNA (R 3E4E 0 =10
FERTRRE T PAHs S5 I A P A A JE R 4L
SR G, HAAERIEMRBOCR . A an i,
SADIKOVIC 4§ " & HL B [a] P BEETER 4 FiFL
R A 2R R pS3 T H1 AR S M 1 AR i ) B AR Ak R
DNA H Ak As . TOMMASI 45 1 g2 3] J L il
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4, FEZE DNA SEE TR AL, 7rhRleRie
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IR S S DR R A, 3k B LRl
AT AR R Iivga B A e S M A

2.1.2 HEABM B ALY Gy b
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LA BB Ay o ZHAR Ol F H AT RS 2 IR R 2
iR, AT LIS U DNA 2> T89S, B
DR — D BB S5 SR R B 7%/ MAR T Y
N UK ALR, N sad SR & A 2R &4,
FEAFER M, oBE . B, IRTTRRIL. 2R
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A IMABRZ O ORISR (4 53T Bl 1553, R B
1% < e A e Ha far R R 25 S 30OE 30319 DNA B
FCH N A, AR CBELES, N 32 7E DNA R
o Y4A7E B [a] P ATERY SIS (B [a] P-dG)
BF, SFE A48 T H2B-N by —iar. 78
T B la] P WYAZLIUEAIMIR MCFT7 th, [
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U R ARR SRR Amt 5 SHY CYPIAL 5
FiE Y 0 TR IC B A ¢, R4 & H3K14 Al
H4K16 1Yk ZMEfk, 2088 H3K4 19 = F 240 A
H3S10 MRk . 2 Fel 8 B TE CYP1AL %5
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ST XIS A fERE R B [a] P BZBUIGH
RI, H3K14 ZMEARR B A2 [ i bR s i 7 2
I (steroidogenic acute regulatory protein, StAR) HJ
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SN BE R G S5 PR A DNA 18R 555

2.1.3 RNA K MREREE RS hEN
i, RNA A7 M %t RNA FIdES% S RNA (non—
coding, ncRNA), JE4wHS RNA 45 g i & 1 T 1Y
RNA. f#f RNA (microRNA, miRNA) & —2K K J&F
22 bp ZEA AT IR P A, BB RS st i A A i e
FEH AN AR mRNA 9 RiE. KEEIESmAYS RNA
(long noncoding RNA, IncRNA) J&DfE 2 FE 1 ) 4
MR (#3200 bp) AU neRNA 431, IncRNA
REAS A FRIY, FE SRR ek e i i s R S e
WNFIVER . iAW A 7 (cell division cy-
cle 7, Cde7) M2 miR-29a 7£ BPDE 5| 1yt {4

BEPE PO CR AN A TS R B AR U AR/ BRI
Y, miRNA-mRNA AHEAEFH ¥ B 4 i Jo] 5=y
F1 DNA Fi & Z HLHl . miR-892a 3 CYP1AL 3k
AR, 5 CYPIAL 19 3 ' AEZRhs X rp py— )%
YR SR LE S S T CYPIAL SRR, T
NFLIRIEE MCF-7 4ife 7' fEANZ & MEE 36 (mul-
tiple myeloma, MM) #fijfi & 09 #F 58+, GORDON
L, B [a]l P #ZEESE 27 FF miRNA i,
miR-25, miR-15a, miR-16., miR-92, miR-125b.
miR—141 1 miR-200a 5 p53 i a8 41 il F R A 56 .
HAN %5 9 3046 B [a] P S A b 40 ks
fer ps3 FE DR AL R SRR miRNA 9284k, &
B miR-34c Mt FIXFEE I B [a] P REETIEN
DNA G HETIH-DNA EHl (G1/s 1) s, Jf
WA EA D L. 76 B [a] P IBPERR
W], Pk R BRI 20 21 miR-483-3p By 3 ik K P
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BB AR SR miRNA B L
FARAKOER R, BEE N B R BAE 2 AN E AL
miR-126 K FIIREAE, EGFL7 Jt R A 7K 18,
M miR-190a [ L 8 {3 7E 1F & 40 H 5% 52 4 oA
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H IncRNA-DQ786227 &3k HTTHR T SO i 58 A A
LRI, AR TN . YANG 45 > fli ]
IncRNA f#[451 Fe 4 BPDE 55 084 16HBE
YN IE 5 (1) 16HBE 4 # A 1E, &I IncRNA
AF118081 #iESE i it 3Rk . TEARSM S50 AIRR B
BRI FRAR AF118081 FAZEIA 7K g 4 i A
R R 224 W HIVER . LA EWF5E 2 Z R miRNA
£ B [a] P BEESEMIGITREZ/ER, mida
A3 Z BN W ICVEFIEY) IncRNA 7EAb2F B0/ 1 gk
YT R EE Y O
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TES AT 225, Rt CYP A8 AL EEPH (1) Z2 28 M vl g 3L
XTEORE R ) 5 Bk 22 5 2 Zad eYP RHE R
B [a] P IE WM& EEY BPDE, AliES p53 K%
A, HFEEY] ps3 7E B [a] P REES I/ H2AX
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BRRRALIE UFT DNA W%, p53 (R 200 J 409 40 ot
H p21 BFRIXZ B EHP0, M B [a] P REETE
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noma, NSCLC) FIAS s FH AR AR A9 X B IDXC A % 400 Jif
A, R 70 MEERRAEREEENALL B [a] P
T K, 1ZHAR 55 B0 JFR T — M) ITEREFL3h 1)
200 M e £ 1A o DA BAR Y R 43 PR R 3BT TLS Ae]
P EM & 2 (homology — dependent repair, HDR)
Wik, 481 B [al P-dG W59 DNA #ifiifs %,
B TLS Ml HDR B2 5@&5 Rk, U 2 Mgk
Frdi te ISR . Ut, B [a] P BREE 2w A Wik
p53 FEPIIYRIK | RASRUAE LK CYP ZE AR
it 22380, YA HEOE M H SO
5y AN A]

2.3 B [a] P A8% 64K a3 45l BE X A 4 4k 7
7 BV 2B I, ARG AR
AT RREHIRR . KIM A5 2 IR RGOSR AR —
IS VR K SIS I AEAY , MUK 8 2268 B [a] P
24 h J5, MG SR A R IR PR T AT D BB R
FE, K DNA &5 FUE AT EA OISR AR p
FR . H H R I T M XA B A A R AR )
JUNG 4§ @0ftgtbi bt B fid s i s 44 B [a] P6h
J5 . CYPIAL 1 UDP—7 W R B4 7% Tl 55 = W e Ak
FHOCHEDR (Y 3R35 WE TGN, L 7 A 5 5 13 0 W ] —
0- M < 3 i (7 —ethoxyresorufin  O-deethylase,
EROD) & PRGN, MR F s T3 A Tl 5 4
Yroxn i s ARk /22 L. JEBALL & B 73 b
Wt FEZ T B [al PIRAMCH IR S-5 R0 (glutathi-
one S—iransferase, GST) FYAHFENE, &I CYPIA
FHKEAY EROD & PR E RN, 10 GST 555 B4 AH 22
AR, AHIE LSRR 4l GST Ik o A s
FLUE[E] TRIZE B [a] P 2EE 07 YRR E Y 2R IB AR
No sk GST W AEAY I H Bt 7o M A 28
BRI R TSR LR, AT R AR S RGP TS
QLA 38U bR . CARVALHO 45 ' 5% & 21
36.45 wg/L B B [a] P 2&5% 24 h, 4 T 30% 194
FEAEC, I e B A B e E Rk T
KIEEHiZ8 H 1 (silicon transporter 1, SIT1) T
P, (ERENRIRKF LIRSS T B [a] P AREES SITI
AR . R SITT Bl A2 S B AR AR,
T WEDHE PAHs 75 9« 9 VERTTUURY) . BUBUK
. WH A R R AR T DL 7k
SCHEEH B [al P54, EROD F1 SIT1 Af LAfE R

T EE YRR R

24 B [a] PAREWM AR LFME HWIEEY
MR AP SR —Fh 2R, AFE DNA 751
3T R FRIB AR ST LA SN[ AR R A Y L
AE, MOFFAT %5 2 P4k 25 UL R 41 2= AR Tk K
B [a] P ZFEMNEITAGHR N, &I A
SENE R —FhPGE . VA RN fEE RS T A,
TP PR IS TEBUR Y BN . YIN 55 2 i
STFENRRAEY) (MIP) GUKE A EHER “SEHT
&, H TS BPDE-DNA In&#. B8N
R FPARBI TN, ST & T 9 CGR
TIPSR e 7, (O R 3R A8 e ot
BPDE-ssDNA & W47 8 R AR, 5 J5 AR it
B GS BR R € DNA K5 BPDE-ssDNA il
G 7R SRR AS49 4Rt
£ % 18 pmol AYJEFE BPDE-DNA &%), ZHANG
A RTRET B [al P AYIRAKIAEEAY K R T
SRLLN P FEE R IR0, AN 2 414 PRIk
PR, B FE R B e R . IR A YRR
VIR FIE . Wk, AREIEE G, gAY E R
ST, BT 329 337 NEAATFIRZASMER 1324 A4~
P, XEfE R T A iR o
Ko %ER 114 D miRNA WA 15 DI E N2 5
FKibw, FEREBEVE. eEESer. 5.
SRR, TS SE R A N SR AL A A DG 1 22
FFRINM miRNA A 11 4>, @il B [a] P BT
AR [] 5 B ik R s A ARk 4347, RT-PCR
K E miRNA fl ] S ),

3 B E

B [a] P EESHEEMW R L NRAE, HIE
DNA Bk, HEH OMEEA miRNA S5 T
I A B [a] P BRPERFSE op R EH TR £
. VIBRMEE T XR-Seq EWH T 257 %k
SRR, SAIMEYEI Y B EE LR DNA i
S EUE AR TS RRAE TR, o a2
TAIAH DCHp A5 B 1) e 2 A4 8 T OGRS . R, 594
KB SR A SR Atk B BEEE PR 40 2 () K SR AT
THEKRT. HeAh, T B [a] P BBEIF KR
AT A K SCIRBE ) H R W S iG BRI TR
(S FE o AR IO T 0 2 i PR 2] 2 5 oA AR i 238
A IREZANFEHNZNE, B WA EE-. 5
Xt B [a] P AYREPEALEIAIGE 7 ks a] LU H] T HoAth
HNIEPETS Y
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