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Research Progress on Physiological and Molecular Mechanisms
of Absorption, Transport and Utilization of Iron in Soybean

LU Yun, YAO Shu, HU Xiaoyu,ZHI Xianguan, WANG Guoji, WANG Longlong, WANG Xiaobo, LI Jiajia
(College of Agriculture, Anhui Agricultural University, Hefei 230036)

Abstract: Iron is one of the essential trace elements in the life process of plant cells, which is involved in
respiration, chlorophyll biosynthesis, photosynthesis and other life processes. The soil contains a large amount
of iron, but the use of available iron is limited, which leads to iron deficiency in plants. Iron deficiency in plants
is directly related to their growth and development, pollen viability and quality formation, resulting in yield loss.
An important measure to solve this problem is to improve the absorption and efficient utilization of iron in
soybeans. Therefore, mastering the law of soybean iron absorption and utilization and clarifying the molecular
genetic mechanism behind it are important prerequisites for achieving efficient utilization of iron in soybean. The
high efficiency of iron nutrition is a quantitative trait controlled by multiple genes. Research and cultivation of
“high-iron soybean” based on its related functional genes is one of the future hotspots. In addition, iron
deficiency chlorosis in soybeans can be effectively improved through cycle selection and targeted selection.
Based on this, this study focuses on the role, absorption, distribution, and transportation of iron in soybean, as
well as the toxic phenomena caused by excess. It also discusses the involvement of iron in soybean nitrogen

fixation, and the effects of iron deficiency and high iron on soybean growth and development. The progress and
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important scientific problems of iron absorption, transport mechanism and molecular regulation mechanism in

soybean at home and abroad are reviewed in order to provide theoretical information for the efficient utilization

of iron nutrition in soybean.

Key words: soybean; Fe;iron transport;iron poisoning;iron deficiency chlorosis
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Fig.1 The whole process of iron element transport to the root through soybean nodules
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Fig.2 In normal soil environment, the whole process of iron absorption from soybean roots to stems in the form of iron

citrate and tobacco amine iron complex is transported
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Iron deficiency chlorosis visual rating scale

Visual score

1 2 4 5
Interpretation
No chlorosis Some Chlorosis Severe chlorosis Severe chlorosis
chlorosis in throughout and some and major necrosis
the canopy the canopy necrosis or plant death
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Fig.3 Phenotypic of 5 grades'and 9 grades of iron deficiency chlorosis

3.2 BRERKRIERI R RIAENLE

FE BRI BRE S T 10 22 S 2R LR R s 7 X
BRI T AR IR (Myb) BEUiE - 3R - 127 (bHLH)
F14E R K F 2 (Elongation factor 2) %% s [Kl 745 &1k
L, R R Ry B 2 SR A A SR R A R R 2
(130 o BTGS2 SR B 1) 28 A5 BIF 9T 2% BH %
PR B — P B SE R s ) (R Y i Ok 2 11
WFFE K B IIAk 2% e I Bt 1 S b 1/ 22 5k DR 4 1 1)
BRIk IRV 2 A E R A BESE . A
WF5E & B, 75 Gm03 . GmO5 Fll Gm06 & 4 44 777
IDC il 8k 2k S iE i 52 M QTLs 7, gk 2R 4 ik Bt
PE QTL B WK 8% it 18 A7 78 T K &2 GmO3 YL e fk , %
QTL R T 70% MR TUAR A0 M4k (7 A K]
HAYHT , GmO3 Y (AT o5, B35 3 Kl bHLH

[43]

BN 7% HAE— A R K R AR
WX AN FEABARRAG 1 X B IR SR A HRBTIE s 7EBR
Joi AT A DR 1) B DR 2 SR A S i 22 5,
o3 S ARLF- 8 B B 25 AT R IR #h - R AL B W Y iz
B KOGARBIERIT , GmIRTI 24 55T
171 — 7 73 R IR P AR 5% g 40 Ml 2 1 (NRAMP,
natural resistance-associated macrophage protein)¥%iz
B (GmNRAMP2a.GmNRAMP2b .GmNRAMP
5a.GmNRAMP7) R MR, —H7(GmNRAMPSb.
GmNRAMPG6a . GmNRAMP6b) % 240 i 4 #& 3k . 1k
Ab Bk T BOR T P BRSO 5 S A R
GmFRO2 {31k Y4 i 2 T I, 3R R AR RR e 5 AR
PR BRI RE ) Z 0 . BARE BRI T
Z AR BRE BT QTLs, H K & 5 33X 26457 5 AH



124 B B REBICR WM 2 FIA A= 315 23 FHLH AT ik 2025

KRR SCRICR AR PRI R 3 D . 72 Gm20 4 fa
PR 1 28 B 1A BRI ISOBOR AL R I a5 S
MR BRA O Rk e 2 BRI T, 357 Gm20 1]
UL DR (A B B B it (AR R Y
OBy UL i A BB 8 A A i i 3k o
FHICHER 5 B R IR Bk 2R SR Bt A i g o,
AR F L MR K GRSk, T R gk ok
SRAEHUIE A AN, K GERE 5w 8OR ] S st el R
A BTG R BT

3.3 BRIz XERHAR

BRABAR 2 K A0 BRSO, o 2l o e AR AR
4L A5 iz gk on & AR JE LA Fe™ iy IR 2 ) 4k
B B 1 DN PR DA R 4 i A B R B
o FE I R ARG IR R A W 1R O 1Y) o A A
BRizrh kAR T EEAERY BAEAR TR T
F2= UL Fe AP IR R 51 Fe* - A IR 3RS R IR R IR &
Yt s i B b EESY . Fe A7 iR fil Fe™-
SRR X A SRR 35 B O X AR S Hh 4k
1B I AN . O BRI BRTE A B
(5 32 S AE ) R O A I DG TP R SR T X —
TS FRAIMLTIEAR AR B B AT AT s

e ol B AR 5 S A4 2k 5 A TR e 5 i 2R
YSLI1 (Yellow stripe-like 1) 1 YSL3 (Yellow stripe-
like 3)#i¥eis BB M AR B HL, siF WA AR
JoT R ik B i LR /N K, #E T A Fe* 5
iz 75 1 OPT3 (Oligopeptide transporter 3) ¥ £% 21| )
R, P s B FE A S, X S fta L B A
W2 AT 3] et PR 24 e e B ke 28k 340 B A 2 T, T R
5% AR 5C 1Y Bk 2 5 W) i J5UE (FROs, ferric-chelate
reductase oxidase ) 55T /MA B ISR HTIR I IR ER —
NG Fe i S Fe?

GRS G i 2k A AL P g L K] (LPR T AN
LPR2) TEAUN T 57 AR 51 F Bk 2 1 VA 48 vh R # DC HAE
FY. BBR LPRIFI LPR2BGIN T AR H i+ Fe
) EL A, I BOR U RS AR UTAR e S 7 A A
MR RNk . FERRFE R ST Iprl R pr2 287254
) AR R B 2 it e R B R e = s iy R DR 20 B R R
IR R B AR RS B FIAE Y 3
PR SRR SRR R o BLAR, Iprl T Ipr2 58 AR IR
AR ST AR K F e b vk B AR, I R AR 3
Wb B wm . BFSE K B, FRD3 (Ferric
reductase defective 3) 3NN FATFIF RS koo 2 2
FERRIRIG FIAERY H , DA AR KT, AR T
(R RIF 5% 3E— IR S, AeFRD3 35 PR R s A Joi 38 ik

(s i R P R R E AR R (R A A 1)
B AL kR 7R B R K B A A R 5 A
B . 72K &, gk A RIS, st S e R
S r AT AGE IR RN A R e 2k 52 G W i T A A
YR NE . FRD3 2 E 1R S EE R
FERR R 1 e i 45 8 £ L 9 AL G ot R iz f gl
Mo 5y, RSP R ER TEA TR iE il £ 7
YEF s O A B0 5E R W, AR e i Bk i is AR 5
PR G AEMRAR BT AR 5 AT IR AT TR
FERREAE R TR s PR BOCHE R . eAh, B
PR e - PR - M2 iE (bHLH ) B 4% 55 K 7t B8 7 il AL
PRER B W SCFN e 32, 240N B AT gk S vy AR A 1) 3=
BEPRPE N R A Rl & B bHLH 2548 5l
TE G 2R 1E O T R B R RS =, R O 3R A
GmbHLHS57 F GmbHLH300 7] 8 35 K 0 %Rk i it
ZE, 45 BRI A bHLH R R 22 5 KW
BREAS IR E G R T,
3.4 FRD3IEEREMHELMR

FRD3 J& £ 24 fil # £ 4 HE (MATE, multidrug
and toxin efflux) Z 1 — 51, 0075 12 5] 14 -85 )
B 1, HA SRR A R AN B K et
SN P Y WY & R AR
BRI R EEAEN A B TR R S MEE AR
JBER L R R — P R AR B AN,
FRD3Fi PRI R TS, A 0% A4 21 1
TR ) X T4k PR R B 21 b 3 I -
MBI R ) FRD3 MR IR (1) S 3 i
PR BEA e 7 2 At v T AIMAR 2 S 1 o 2 A B
FH L FE0 Z A0 e 5 K 20 B A MIG A 1 2K 02 A 4
BT — A2, A, FRD3 KA 5% B
SRR EFEIRITRE T H AR FRD3
A FMEY SR h R S E A OO PHRE, ik
GmFRD3 HUF§ I+ AtFRD3 . /K% OsFRDLI V) ]2 164
AhFRDLI AT REHE YR N F TR BIA BT 78
ARSIT AtFRD3 S HoKAE R [l J5 L K OsFRDL 1 J2& 5T
AT A5 TR A0 HE e 32 A R AR S HIL ) 1) 2 22 4 1l
43, K. GmFRD3 SR ST AtFRD3AEAEIT5 A
TIREAR I , 75— Lk S AR R R, GmFRD3b
(235 I T BOR BT AR R ER A (1 T
15, GmFRD3b (IR AR, WA IR Eh PO /L
TR AR AR R, VA2 2 M R A
WFFEIRIE T FRD3 TEAE ) N Rk e ia ol 21 S 224
F(F 1) H BRTF ] FRD3 S48 2kt ki 27 L)
R AT R R AR DL AR E



2026 GEUE /B S N G S S 25 4
F1 AEHEFINSHRTEREAEXER
Table 1 Genes related to iron absorption identified in soybean
3 ETIDEIER CAI R Sk
Protein function
Gene . Known results Reference
annotation
GmIRTI (Glyma.07G223200) BT E R BE S RIS R [26]
GmNRAMP2a (Glyma.05G101700) R TR FORBUMEM O B W A0 I 538 B 1 [70,51]
GmNRAMP2b( Glyma.17G165200) BB Feis ik FARBUYEA 6 5 W A0 535 5 [37,51,70]
GmNRAMP7 (Glyma.06G115800) SRR BTN FRPUMEAN O B WA 32 2 [51,70]
GmFRD3a (Glyma.15G274600) BB FiLis ik S A TR AT IR KT [4]
GmFRD3b (Glyma.09G102800) B T E R SEMAAR BT R AR AR KT [4]
GmbHLH300 (Glyma.03G130600) BRAS R Sk H S5 RGYRES M T RN T [5]
GmbHLHS57 (Glyma.12G178500) BRAR A S SR GYFRB N E LR N+ [5]
GmYSL7 (Glyma.11G203400) BREE BB AT FS RIFS, Ut AR AR R AR 1128 4 [71]
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