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Abstract

Due to human activities and geochemical evolution, heavy metal toxicity has become a problem to
be solved for plants and other organisms. In this paper, 2423 literatures on plant heavy metal
transporters from 2008 to 2020 in the core database of Web of Science were used as data sources.
VosViewer was used to conduct co-citation analysis among authors, countries (regions) and insti-
tutions, journals and cited journals, authors and cited literatures, and keywords. The results
showed that the number of literatures published in the field of plant heavy metal transporters was
increasing worldwide. China, the United States, India and other countries have published a large
number of papers in the field of plant transport of heavy metals, which has a great influence. Plant
heavy metal transporters are mainly studied in the fields of Science of the Total Environment,
Ecotoxicology and Environmental Safety, PLoS ONE, Environmental and Experimental Botany and
other subject areas, with significant discipline intersection. Previous studies of plant heavy metal
transporter focused on strengthening plants using genetic engineering of soil heavy metal pollu-
tion repair, at present, the safety evaluation of transgenic plants and the use of genetic engineer-
ing technology will plant heavy metal transporter heterologous expression in other plant species
is an important frontier research plant heavy metal transporter.
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1. T4

EERA T, W, B BEESRAENERKRKERLHENMETCE, AYESREYE#-T—EIk
FHER, BeXHE AR EEA[L]. 1983 4, EEFESK Chaney 55 B ke Hiis FAEY) 2Bk L =
SRS, NATEEE E 4R s B AT S S 1 TR EHEAR2]. 8k, EE. ik
& E BN T KRERSITEYIEE I, YIS 0N RSBk E . B CAREEYE
SN AR S e B LIRS R TS R TR R, SR T B E X E R
AE AR (R E F 3] .

HE BAEMMIEN AT v EESESBERIEBA K, HeRERICE A E 20 T AR s,
F R RS K 4 A A S S B A [4]. TR, BEE R RARNTHERNKE, 24
JBiis R AFE R T, A S [ (zinc-iron regulatory proteins, ZIP K ). O LURE
HE A (yellow stripe-like, YSL FKRE ). KINPUIEAE G E ME4H L & [ (natural-resistance-associated macro-
phage protein, Nramp ZKJEHE F)5E[5]. ZIP BRI K5 A 7 FAZ AR sz A b T Dligi 2 Fh &8
FHE Fe?'. Zn®'. Cd*. Co™. Ml Mn*, &S Insy) b & E 48 B Rs A fridt— L WiHfa[6].
w4, A YSL FGEHER AR AR I, B LB ETANIR S YSL KIEEF A S 5 Fe-PC ¥z,
] LR HoAh i & B2 A 0(Cus Ni Zn Z5) [7]. SR, X6 M4 i 5 o7 0 356 R ek A =X (1 i 747 4k 4]
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RHrBt. NRAMP FKRZEBEGEAXKR, AL THME L, SESEFZHUIAKB]. XY NRAMP
FIRF R R FEAT A THIRI B, R NRAMP S Jk [R] 1) 2 A4 e A Ao S AL AT A A B E[9] - i 3
WK, NRAMP K FIREAMN AL LN 68 &7 10 = 80 IR L ia, I8 Re s m e P v «
DR, %o 236 IR 8k — S 78 T B AR 18 B 139 5 4 S 4R (60 1 JE B [ 10] I S 50 IR (1) 3 i 22 DR ol A
FISGAIE, {H AR SRR A ARG IIE, BEER S BB AR E &R & KL
B RRIEARFRWFEN 5, o HI 5 R Sz kRSN & a8 &0 S MIiE, %
AHBEBREHATR, RONGEEFRZ FRAE A G I 2 13430 .

HAr, FIFAZEE TR EEYIEE T E SR Y O SN KA T S RS [11] . UG 4R
W50 AT R L R TR A S Th RE L R S N H b b, 3HAE AR b ik, IF7E SEPhRaf i oot
TR AR SN 7T, M7 SEAF o i R N &8 & BN OCR, il E Y 55
TN ZE AR

2. MR 55%
2.1, ¥IEKIE

ASCHE 78 B KI5 T 1S1 Web of Knowledge ) WoS A% 0 & SE 5080 2 - WoS Bl 12 R 7 A PE B 122 (B
1 SCI. SSCI Ml A&HCI3 55| 3Lz 51 Hidfi i), fieak 143k 256 MR 12000 22 Fif s 520 ) 7 AR 1)
A 17 JiE PR AR 208 [12]. LA “((Gene) and (heavy metal) and (transport or transfer or transship or
change or variety or variation or transformation))” 3 A B TR R, K2R RIS A 2008~2021, SCHR
LA Article il Review, KR F N 2021 45 2 A 11 H, LA 2R H 2423 RS 70Tk, JEk %R H 2423
R AT FE LR, 5\ HistCite 20019 STk AL 2423 5, ¥ % 10,585 fifE#, 652 FilAfl, 107,717 &%
EPE

22. H5AE

FIFH Web of Science $4 & [ 4 111 734 T B, HistCite 51 3220 #5814 . VOSviewer 74123 B #4F . Excel
R, X 2008~2021 HAIH 4@ Fria B AR SCEMF AR B FERCOAT. BER. M. 1E#F. 6
SRR T BE TG AR5 T AT BT . History of Cite (HistCite) i & Hy i JE /R4 Ry B F R 1 —
K G| S B A T A A R I R T B, (T AT [13]. ‘B R4S LCS (Local Citation Score),
RIAS L 5107k, 2R AE T @ AT N FO I 78 Yk 3 [14]. GCS (Global Citation Score), Bl 4= C# 514k, #&
TNIX s SCEE RS WoS Bl TR BT A SCERE 51 Bk 15]. TLCS (Total Local Citation Score), RIAH &
BEBIARIRAL, FRoRTE AT ER AR, SR 5B RI[16]. R — R SCHki) LCS AR &, ISR
N SCHERAE1Z AT T AT B B s IR 70, AR AT AR L N AR AR AU A I SC# [17]. GCS
R, RFXF SR A L 2 %35 200, 55| X 25 Uk I SC s e 50838 B 78 7 i
Z KK %, 1H GCS it REEHIE[18]. VOSviewer %R &3k 24 T B /& 1 Nees Jan van Eck #1 Ludo
Waltman F1 & [ — K G 9 238 IR S5 A [19] o B4 A A0 T AR AL B 18 5 4 49 SRR - 27 R 1 1) AT
HIEEARM L&, EE SR B 2877 T BA SRR 1 R #520] .

3. BRI
31 RNEBRFEENES

SCHR AR A ST T B BT L U 0 A FRad P2 R E MR IT A SR I B AR [21] - O T RN IR SR R
Z A A AMIE TR, ASSTHs Wob of Science 4t 2 Hh AR 9G SCHR 2008~2020 4R 8] 4% I 48 15 4 S itk
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T4t B LA, [ 2008 4 LAUJG K TR s Hia B N ) SO B S DU T BT HE S, JedLAE 2020
SRR L R 351 . FFAIVE R 2014 SETHIG A SCRE RARBIEICES, B EEEHE T 2HHEY
B ARG G S Rh AR AR AR R AN 52 5 < 14 73T WL T 4 EE AL [22]  HoAth el 5 R S
ML E D, HAr B AR SOOI SCRBE I, XU T @ RieE R Ca s E 2 E 2 KR
T, TR s 7 B < R 75 G ) RLAE v [ O ™ B
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Figure 1. Annual release of heavy metal transporters in plants from 2008 to 2021

1.2008-2021 FHEYELCBECEHEEANE

Global publication volume

3.2. EEHATIRIE

T TR BT 5 SRR A SR AN SBT3 4, A BT RIE N SR AR I 4R 2012 80T 58 AU R SCI
0T, A BT T gzt 78 USRI A 58 80 1) MUK IR [23] . 529 X - (Impact Factor, IF) & 35 [
BEZE AT FTHT (IS KT 51 ER & (JCR) 9 — WUE I, i (2 58— 1) 0 50 3 78 45 58 F £ BN ]
B 51 BT o i 5 2 R T RS R g B — AN B EE AR AR [24] Hort ST 752 IF RIZE T RTPIAE R (S, T)
R SCAE G 4E (V) B 5] P IR E X (R PRI AF S 51 ) B BLZ I T 7E BT 4R (S, TN KR
WICEHY (R AE R R SR [25]. ande 1 iR, %t 2008~2020 4F - f & @ Fis AT A R, 13 5011%
URILA 652 FP AT, HLHE T A SCE M m BT HER . K SCE TOP10 JH T 4n# 1 ffrx. 10
BT Bk {22 E (2) EE(3) m22(2)s Hit:(2) (1), & SCE /= I HITIK XN Science of The
Total Environment. Ecotoxicology and Environmental Safety. Plos ONE 735l &5 B 2% SCHik & B0
3.13%. 3.09%. 2.81%, FKWIIXLLIFIZHE 5N A K LERA I T] . Science of The Total Environment
T 0 SR B AR B s (E LA 51 ARG, T Environmental and Experimental Boany. Environmental
Pollution. Chemosphere HATI] ff] A< iy f 51 R A7 J&= 5T =44, 3 B X L6 HA 1) 75 5 4 g 6 18 52 1) g A 0 ¢
Ko FERILEHAAT T T A, 2019 45200 K1 5% = ¥ 72 Journal of Hazardous Materials, 52 [A]
T749.038, TCLS i &4 -L(30 ¥X). #RTM, [FIFEIN AT B J3 4R X 8 i ¥ #9FH) Aquatic Toicology
Plant Physiology and Biochemistry. Journal of Experimental Botany & S & A1 #4551 45 7k 2 A 328 N\ iT
+, AT 11~30 Z ALK, — s FE R b 3R WO L T AR AR Y 4 R e 18 B 1T A AT N O v R FE AR
XPA PR, AT HE S 0w e A 0] A

DOI: 10.12677/br.2021.105076 616 JERZIEERTI


https://doi.org/10.12677/br.2021.105076

(ELRCEE

Table 1. Top 10 Journal of heavy metal transporters in soil
%= 1 EYeRHREEATIY L XEHZAET 10 AIEAT

LIRS KOCE aa IF IF H A

Journals Records/& Proportion/% TLCST)  TGCS2) (2019) (5Year) Country
Science of the total environment 76 3.13 42 718 6.551 6.419 faf 2%
Ecotoxicology and environmental 75 309 3 931 4872 4,967 *H

safety
PLoS ONE 68 2.81 0 1958 2.74 3.227 eS|
Environmental science and pollution 66 272 5 1161 3.056 3306 s
research

Chemosphere 63 2.60 77 1325 5.778 5.705 e
Fronters in microbiology 62 2.56 0 797 4.236 4.927 i+
Environmental pollution 47 1.93 87 796 6.793 6.939 [
Frontiers in plant science 46 1.90 0 998 4.402 5.207 it
Journal of hazardous materials 38 1.57 30 634 9.038 8.512 faf 2=
Enviromental and experimental 35 144 102 1233 2.027 4.744 HH

botany

33 XEMRHE

33.1. AXERS

WK WoS B RS I R SCEEAN 51 AR AL RE 0% S e — A BRI K [25] . BT, Attt
5 2 MEFRE T A REMERERIEE AN RS WCRRBER - MEZZ T E . EE. B,
PEIE . BN BRI SEE L VAR VI A, XPANEFRSCREZ A 2189 F, AR 90.34%.
HrprpE R SCEHA S —, 1856 e, mimi THALES, AR SCEM 35.33%, HofhE 5K (5 4t
17 9.66% (7 2), 1E—EFRE LRI T v B 7E 1 U e A T ) S B A7, ([Nt R 5 ) o | A G
5 G e R R o I SCHR I S 51 SRR i E R4 8 i B R e 5 S o v, (RS0l 5 | A1
TR AR IR o 310 AR G330 T LA A AE B e ST 1A () B oL S A B9 S o
2 72 2008~2020 HE )4 i e B A R S K S 2 IR AR SR R, B [ B KN R R RS,
ATUE R EE SCR S T HME R, SRS WE R RE R A EREESREY), NERTLEE 44
AMEFILFBO)FO S, i, hEYE 31 MEF ARG EVINEE. RAEYLAHhhE, 652 fr 5
VI GBI E AE R E T 57 NMEZK. E 3 TR T IX S R E R 4 S L ER A .
WP R AE ] — P e R, BDEEURRTR,  H MR R .

Table 2. Countries ranked Top 10 in the number of studies on heavy metal transporters in plant
2. EYEREEEAMRATEHE TOP10 HEZX

[E % Country KX Records/f 5 kb Proportion% TLCS TGCS
[ China 856 35.33 954 14213
FH USA 378 15.60 470 13469
/¥ India 203 8.38 163 4081

1 & Germany 138 5.70 419 6280
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Continued
A Italy 115 475 121 2146
#[& South Korea 108 4.46 115 2881
Be[E UK 103 4.25 158 3825
%1% France 102 421 169 3741
PEYES Spain 93 3.84 38 2559
H 7 Japan 91 3.76 355 4168

serbia‘

kuwait

soﬁﬁaafrica
romania
7: Weights = Documents; [#| Bl K /MRS B R 0 ARBUEARRAR RS, L5 MK 4 1093 5ELL, BRI R 371

Figure 2. Map of important publishing countries and their cooperation relationship in the field of plant metal transporters
from 2008 to 2021
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Figure 3. Distribution of plant heavy metal transporters in published countries from 2008 to 2021
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3.3.2. EEMRENATHT

A T 10 IR K 2562 NI TN, FE R EAERMIIUA A SRS, K SCE TOP20 B SN LI 4
# 3 . Horbrb EREEBE R SCRAM AR S R, UL T R B R ) 4 e i R A
HI R oI . 4] 4 FIR 2008~2021 [ ZH U I EER RE], IR M, Gt 5SSt 1 AL 2 18]
HYERIR . HA R R ERE 5T BORY: . S/RARY: . RACITTER Y. WHLR:4E 96 Mt 45 iy
BAEAE, 1m0 H FTE P AR RS IR D R 12 3 30 2 A AT 25 R 2 ORI B4 iy R SC R B A2 7

Table 3. Research institutions ranked Top 20 in the field of heavy metal transport genes in plant

3. EVEREEERTELTEHR Top 20 A

MUK Institution

"3 4 Chinese name R E: Records/ 7 Lt Proportion% TLCS TGCS

Chinese Acad Sci o [ A2 e 149 6.15 330 3855
Univ Chinese Acad Sci EHEE R N 54 223 107 838
Zhejiang univ RN S 51 2.10 37 1022
Nanjing Agr Univ B Ak K 43 1.77 55 782
Northwest A&F Univ PEABAMRBRRER 2 31 1.28 49 567
csic R R L 26 1.07 9 1028
Sichuan Agr Univ PO AR Y K 2 25 1.03 32 241
Russian Acad Sci D Wik b 22 0.91 13 346
Southwest Univ PURG R 19 0.78 18 125
Univ Melbourne SBIRA K 18 1.03 58 443
CNRS I E K RHEE TG 17 0.70 59 729
peKing Univ Jeni K 17 0.70 27 479
South China Agr Univ gLl K& 17 0.70 6 205
Sun Yat-sen Univ TN 17 0.70 16 299
Tsinghua Univ HERE 17 0.70 44 325
Univ Copenhagen FFARMEAR K2 17 0.70 24 632
Univ Calif Berkeley pIPA PN S B 17 0.70 31 1100
Vrije univ Amsterdam [Ep G N 16 0.66 42 694
Cornell Univ FRZR IR K% 15 0.62 97 856
King saud Univ YORFB AN K2 15 0.62 10 224

3.4. B

AL LCS MR R4 5T -+ B SCERIEAT Gt 20 A, BT - 19 R 3R SCRR Ay 8 h 78 2008~2013 4F,
Horh bl 1R I R SRR S, TR T SRIR SCE 0 Tt 78 (1 o) @R A7 A9 by sl ie—2
MR SR SCEEFT T 7 RS, anEi H/E#E Kumpiene J K31 “Stabilization of As, Cr, Cu,
Pb and Zn in soil using amendments-A review” (¥ 34ik&s), MEE T T HYME S AR 38 As. Cr.
Cu. Pb Ml Zn {54 e, Xl ANRIWE TR AT s BRI AL 45 . 4k 4 B, S IRal11)
HEkHH 3 F R H Proceedings The National Academy of Science of The United States of America #1T], 7] I,
ZHATIE %A AR U A AR A R0 7. FIH HistCite XA F8 SCERIEAT 51 Xm0, @it
BAFH Graph Maker DiRE, 0 LAFIKZMT 5T U SCHR 2 B A B ERIOC R, Ll i BNt 5T s 7
PSR SRR AR REH[26]. LA LCS count NZ&AfF, WE T AHCN 30, Al HEY S EKIE
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B AR FESCHRAG 51 SCm AR, M T I 458 AN AT ) Rk 4% 1] 5 SR 7 iZ AT i e i 1) 30 s SCRIR )
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Figure 4. Map of important research institutions and their cooperative relationships in the field of plant metal transporters
from 2008 to 2021

4.2008~2021 FHEMEBREEEQTHEEMRINARBEESEXREE

Table 4. Top 10 journals in the field of plant metal transporters
4 EYESRBREEEASEAXEHRS Top 10 BT

Number Thesis topic Year Journal Author LCS GCs

Evolution of metal hyperaccumu-
59 lation required cis-regulatory 2008 Nature Hanikenne M 92 482
changes and triplication of HMA4

Proceedings The National Academy
2010 of Science of The United States of Ueno D 63 359
America

Gene limiting cadmium accumu-

301 lation in rice

OsHMAZ3,aP-1B-type of ATPase
331 affects root-toshoot cadmium 2011 New Phytologist Miyadate H 58 248

translocation in rice by mediating
efflux into vacuoles

Diverse and abundant antibiotic Proceedings the National Academy
629 resistance genes in Chinese swine 2013 of Sciences of The United States of Zhu YG 54 954
farms America
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Metal Hyperaccumulation in

Plants 2010

Unravelling cadmium toxicity and

572 tolerance in plants: Insight into

2012

regulatory mechanisms

429

The OsNRAMP1 iron transporter is
involved in Cd accumulation in rice

2011

Elevated expression of TCHMA3
plays a key role in the extreme Cd

384 tolerance in a

2011

Cd-hyperaccumulating ecotype of
Thlaspi caerulescens

Low-affinity cation transpor-

451 ter(OsLCT1) regulates cadmium

2011

transport into rice grains

Molecular characterization of a

471 rice metal tolerance protein,
OsMTP1

2012

Anmual Review of Plant Biology

Environment and Experimental
Botany

Journal of Experimental Botany

Plant Journal

Proceedings The National Academy
of Sciences of The United States
America

Plant Cell Reports

Kramer U

Gallego SM
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Figure 5. Citation analysis diagram of important journals in the field of plant metal transporters from 2008 to 2018
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3.5. XEIRHLIMM L

IR ] P DA 0 (R R T 5 1), SRRl H BRI AT DL 2 bt A AU ) s SR A DA ST
T I 5T R s AT [F1[27]0 383 51 S 43 4T Vosviewer X128 78 A1) SC B R EBIUATUR > 12 (kAT
guitortr, il 6 P, TTLMSH, A 7T 328 2 5 4@ (heavy-metals), FFEEIZBI TS 4 1 HLELK)
HAT, FEAA T 6 [ A1K A heavy-metals . oxidative stress. tolerance. escherichia coligenes. phytoremediation..
X IR e B PR AT RE R R TR 2 150 4R HL, RRRE RIS AR T 4000 £ £45[28]. fE4x
BRYGHEIN, kB2 XM XIRE SR S EHHES RGN, ST HSERENES RGERRSE,
PR r) Rt SR b BROR R B AN [29] . it 28 T ABE ST R A I 3 A AR AL, FRATTX 2008~2011 .
2012~2015 1 2016~2019 “F e FASHE R IE AR AT 7P (B 7(A) B 7(B)FIE 7(C)). 5 2008~2011 4FA4H
tt, 2016~2019 Fdp#ioCHtin “HEeJE” HIAREE & . REEE I O BN H A 06 215
FRVLIIIRI R 9T R S AR RE A P 42 R AR A B s LA Bt N 28 4g FEANE 5 2 BA B 25 X [30].
plia s UNES ISP T NG AR BB S =K 7/ DS I SRy R SR ST e 1 Y e N )7 S ENSINA v R =R /P
WS 5EEE([31]. MEXANERENE S PIZE dr, KB 1) ia 8 A & R R R R ek . AR
S PRI R T P AR B R B AZ 0 [32] . FEAMRE SRR FERXRMT, EUASHASRLIASE, BN ES
JaE AR L P A AR EE AL, 1714 e 18 R AR SERFRE AR A %) 42 S8 T el o B S )4 FH 33
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Figure 6. Co-occurrence networks of key keywords in the field of plant metal transporters from 2008 to 2021
6.2008~2021 FFiEYM & BRF EE QTR EZE X RINHLIMLE X R EE
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