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Abstract: Phytoremediation technology is widely used for heavy metal pollution control in soil. However, slow growth rate, relatively low
biomass and regional type of plants often limit the extensive application of these existing hyperaccumulators, searching better
hyperaccumulators to complete the remediation is time-consuming and laborious. The application of genetic engineering in phytoremediation
provides new idea for improving the phytoremediation efficiency. In this paper, the enhancement of phytoremediation for heavy metal
contamination in soil by genetic engineering are reviewed. Moreover, the regulation genes for phytoremediation process are emphatically
introduced, which includes: (1) The key genes, controlling the migration of heavy metals from the extracellular to the intracellular, are
often related to zinc-iron regulatory proteins, yellow stripe-like proteins, and natural-resistance-associated marophage protein. They
participate as carriers during the translocation and the uptake process of heavy metals in different tissues of plants. (2) The key genes,
changing the location of heavy metals in cells, often regulate ATP-binding cassette transporter, cation diffusion facilitator family and P,
type ATPase. They could improve the segregation ability of plants to heavy metals by controlling the intracellular transport of heavy metals.
(3) The key genes related to phytochelatins and metallothionein, which reduce the toxicity to plants by forming stable chelates with heavy
metals. All the regulation gene mentioned above reveal the entire process of heavy metal hypertolerance and hyperaccumulation

characteristics. Hence it is suggested that reverse transcription used to improve expression of functional genes in the target plants might be
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better in the future, which is enable plants to grow in the natural environment. This method would regulate the balance of heavy metal

content in plants, so as to overcome the shortcomings of poor environmental adaptability of hyperaccumulators.

Keywords: soil; heavy metals; phytoremediation; hyperaccumulator; genetic engineering
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Table 1 Expression of ZIP family genes in different plants

LELUELIES ZIP FJEHEN Tl Z 4 g Tise B S U5
0sZIP1 Bt Zn i ¥z Zn SCHk[ 12-13]
OsZIP4 {ik Zn R /M - 538 ZIn CHK[ 14-16]
IKFH 0sZIP6 Ik Zn Fe Mn R /M L Zn [a) | E#RFEiE k[ 16]
OsIRTI Bk Fe /2 L 532 Fe Zn Cd k[ 17-18]
OsIRT2 B Fe i) W Fe,Cd ¥z Cd k[ 19]
AtZIP1 Bk Zn /2% Zn Hb_F3RIE SCHR[20]
it Zn pit} Zn M1 b FRiz b SCHik[20]
AtZIP2
Bt Cu Gics iz Cu k[ 21]
AtZIP3 Bk Zn [LYES 8 7n SCHR[ 22-23]
AtZIP4 fik Zn R /M L3 38 Zn k[ 24]
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ik Cu il 32 Cu SCHK[25]
AtZIP5
it Zn R /4 135 %8 7n 3CHk[20]
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Table 2 Expression of YSL family genes in different plants
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ATP %45 & & (ABC #;42 #% ) ( ATP-binding cassette
transporter) . FH B F ¥ B2 3 2% ( cation diffusion
facilitator family, CDF) #l1 P, %) ATPases (P, type
ATPase).

2.1 ATP Z558 (ABC 55 iz4%)

ABC UG Iz A5 52 52 ILIE ) 5 3z i 1) o 4 s HE
HAE T, T LUK 5 SR L A8 206 AP K. Bovet
SR I, BIRLAAIFSEAE Cd™ AT ADMRP3 3 P
i RIR | HAZHE N R IEIK -3 Cd™ Yk BE TR 45, AT
BT HAEFIALHL, RIRE R R =584 T Cd [ Cd
SEE VIR A TR A MR B T I 48 L A s 1
Cd K Cd 456 Wy 2% 40 M 5, it A7 300 000 55 40 i %
h SESRARY N A R DT E. HATE 2% 1
130 FIZ WAL ) FEPER Y FEHE o MRP Fl
PDR J& H BT A IR A B IR Cd> A7 () 2 DI
%, 4 AtABCC3(MRP) 2 42 51k PC-Cd
BB BOEAE A A AR Kim TR, Cd
30, AR AR S5 B A0 i B B R ALABCG36 B AtPDRS
B e w33k 8 Cd> B0 Cd AL 6 40 2% 1 4t o
IRE, 2 At 200 JH 8% v it A AT R G 40 B N 4

PO =N

rh HL.
T35h B K, PDR & I AMUAEE T Cd™ it
17,8257 P> TERIYIR N IBELE. T Lee %61 1
3R, AtABCG40 5 AtPDR12( PDR) R:K7E Ph fif
eIk, AtABCG40 3 A gkt Pb =% Pb OfiT4E
Yriz AN T, 3 5 s ST X Ph TR, B F ABC
FIRFEH A TAEYIRN, B Cd Pb 15 J 41 1E
ARG A 3% — 2 B sk T S EiAE 5 A 47 [R) it 2 B3 7
AR A e MY R B E R —
%) ) .

ABC ¥4 8 [ 5% W A Y 4 8 4 8 (0 i A7
BRI R C 4 T — b ek TR
EIERPEA , THRELFE | BN FAE AR HE e AN ]
R R S H D RE T 2207 51, Bt LA TG i s — =
YRR R B s B A A Y b BRI T
PRI K, AN BE R G b 5% ABC K% 3

BRIEVE IBLIRL, A5 AR R 248 B A= W05 B2 st
R 5T IR ABC 05 38 N i T ag , o mT LA H
FEPR T AR AR Py A b 2 R S IR PR e
& B MR RE T, BUE A LR T 51 H ke 42 i i R
IReryAH G .

2.2 [HE TP BE st (CDF)

FHE 79 Ht 48 (CDF) REHE 5 4 J8 M4 i ot b
AMHES 20 i o h Sof oz i B 40 s sl A7 = v, B
AR 4 S e G P D P 3 1ot 45 5 2 2
BRI R ACF TR 5% A 2 R o SR 19 I AN 111
it 7. Kobae 45 ' FFSEUESL T CDF FEIEH A THEE,
R AMTP 1 25 AL T R 30 48 L ) e e I
SR T AtMTP1 R FE 40 M P 0% 5 s 2R 3R 17 0, 4
B HAEHPTRB A2 21 Zn™ ZWAEAE , AT HE R T A
Yyt E 4 B a . B, e L PR CDF Kk E A
B R 110 A4S, Hidh ok MTP1 8 (A BF R 5 )z,
MTP1 & FAEE TAEW BT A A8 g% is Zn™ |
Cd™ , Y4 MTP1 JER it 5 F R0, BURG S5 Zn W 14
Bt o8

PIEAFFE NN, CDF EZ 520 Zn™ | Cd™ 7RI
H g A7, (H A B9 R RS X Co™ |
Mn*" \Ni** | Fe” (B AE A — & IR EE/E . ok A
FEAEFL) ShMTPI JE R FE U EE I Hh 2235, AT LUE Mn
PR B B AE ) A0 A 3 9 40 R IT 6 M (9 T
PELOT 708 W SR DGR ST T & B, CDF 3 R i i 33k
JEART N s 56170 bEE LR 4 e TG
RN, R & e T e i s AR
5T R — e KA.

CDF ZJ 85 1138 i 77 76, AH 5 BIF 5% o 76 A W7 iR
A GBS T EANTH 250 M BEAIL ] v A B A, 3228
45 . ORZEE CDF MBI iF 5T &R & 1A P (AR A1
AT, TR IR DY AR SR 2 A AR R 2 @A [ 4
Ytk CDF ELAe 7 38 A B, 30L& BIF 98 XF T+ Ho Ak +
21 3 S 2 A 2 A7 T B 5 IR iz e AL L K ke
FHE AR B IF 2 B FHAE. X ST 2 B I 5% 0 4
SR A A I B A P R A AR Y ) R
2.3 P, ATPases

P ATPase % 1 F]FH ATP /K fi# 5= A4 i fE &,
VERE T Bs ey 148, KR h 240 H 4
J& ATPases( HMA) 258, H Al E 28 K& P i% KR 3
R 3 B A0 55 LR 97 8 4 HMA JE K (AtHMAL ~
AtHMAS) , /K F& 9 4~ HMA 3 A ( OsHMAI ~
OsHMA9) , K % b 10 4~ HMA 3 N ( HvHMAI ~
HvHMAIO) , K &G 9 4~ HMA & K ( GmHMAIL ~
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GmHMA9) , & ¥ vh 3 4~ HMA % A ( CrHMAI ~
CrHMA3) , 2L ¥ Hh 2 4> HMA F& [H ( CmHMAI ~
CmHMA2) "7

P, 7 ATPase 5% J X 76 0L R 77 v A9 BAF 5 4 6T
R, AtHMA3 25 Y mRNA 32 0 A fEL R IT A
L ZUrp A TR b, T OB Cd 38 kit e 51
Xk Cd RDIRE. fE AP iz S N, & %
FEFMPIXT Cd B & HE a8 LA RN T 2~3 £, F
BT AtHMA3 2 (A Rl TH ST Cd g7, it
G HFFEN G R, ik B TRk AdHMA3 3 H A 5
# Co .Pb il Zn M IX FRfbat #2 , Atk AtHMA3 £ 7]
iS5 2 E S R P s fE A

Bt AR e B AR A 2 i DL R B e R AR ) B
PP LT ATPase 58075 56 R Bl 03 AR W7 & B, HL /D8
TG C 20k T B Ok (A0 HMAT FER) | I H 5
UE T HAE Zn .Cd . Pb  Co %525 T 112 ¥ fifs A7 10 72 ot
AR, BRI AV 2 W05 0 AR AL 850 4 |
SRR RE A o3 IR AL AR T E— 25 B 4
Ja BT REERASENT P, 7 ATPases Z315 3 R X HEH YY)
BRI, O TREEDEE
o AL AT 58 A IFTE SRt
3 AERESREEEVENZSENTEER

4R R Y WOCE £ 8 1 B AT R
WA 2 IS AR R A W 4 e BT,
7 AR A= W 2k, M5 4 %ot 7 4 At k. B i
SRR 22 ) 4 i A 8 G VR TR ) Jon 32 B A0 it A
Yy 4% & & ( phytochelatins, PCs) Fl 4 J& i &
( Metallothionein, MTs).

3.1 HYBEE(PCs)

PCs JEMAYIARNE G B 4R W E 2 Y 0, fEHY)
i L AR W Sl S R (VA <o B s A o 1 B |
T AR AR PN A R RN e A R E A R I b
A UG A A B VE F IR B PCs, PCs 38 2 5
ES5&EETEAVILHESLEY , X8 5 )8
1o 8 19l i B A A b R LA A AR A MO RE R A
R 3 Bz B SR s/ 200 i PN O S 1 4 S
i 85 T 4 R 11 7 5 VR FH DA T 4 i A A %o 4 S 1 T
PE. I, HETXHA BE PCs AH 56 3 R A% 55 52 1 7 A i
Ko F A R R 22—

PCs ANJEHE A Y ELEE B3 , 102 DA e H K
(GSH) WIEY)  TEAE 25 25 U (PCS ) HE K 1 4
R A BN T2 KT DRI, 2 A A 3 A
RN PCs 119 7 1 ok FEAIRAR ) %) 5 42 @ 1 5 5 1B
N PCS BRI AEAE Y A P i 3Rk B W] S 3.

TER WA 0 B e 3K /N 22 v o R AF ) 2% R Y 2 T
(TaPCSI) , REHE W 3 5 Nk BE A FEXT Ph AT Cd it
ALY B i I DR R A 1% T R, 2R AR Y
PCS SRR B 23k IR 45 SR I Sk 7
PAREIF g AR [ PCS BB X Cd BT 1k
A AR R . B PCS SERBE r e Rk, N
NTHEBIRAMFFE WAL PCS Fe R IE AL 35 B KBS )
PCs [ H W, 55 R, BT A BEIA T PCs A 4
J& B AR R PCS SR MGk, R AR &8
FZ AR RS, Ph™ BTG RE 1 /2 Ag' T
50 5. LA AREGZE R UL, PCS FEH AT LIz ] PCs Y
G, PCs REA B G HEAE FFINELSEE N, 5
A% B 4 i R T
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