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Abstract: Cadmium (Cd) is a highly toxic heavy metal pollutant in cultivated land with strong migration and accumulation capacity. It
can be easily absorbed by wheat and endanger human health through the food chain. Natural resistance-associated macrophage protein
(Nramp) is a conserved transmembrane transporter in organisms that regulates the absorption, transport and homeostasis of divalent
metal ions such as Cd?*" in plants. The structural and evolutionary characteristics of Nramp family proteins were summarized by
literature review, and the molecular regulatory pathway of wheat Nramp genes mediating cadmium accumulation was concluded
systematically. The results showed that plant Nramp proteins contain 12 conserved transmembrane helices, and at least 15 Nramp
members were identified in the wheat genome, divided into two major evolutionary clades. Root membrane-located TaNrampl and
TaNramp3 mediate Cd*" absorption under high and low Cd concentrations, respectively, and inhibiting TaNramp1 reduces root Cd
absorption rate by 40%-60%. TaNramp2 transports Cd from the root cortex to the stele, and TaNramp5 controls xylem Cd loading;
knocking out TaNramp5 significantly reduces Cd accumulation in wheat shoots. Tonoplast-localized TaNramp4 mediates intracellular
Cd compartmentalization, and TaNramp7 participates in phloem transport of Cd to grains during the filling stage. Multiple Nramp
genes coordinately regulate Cd uptake, internal transport and organ distribution in wheat. The combination of Nramp gene
improvement and agronomic measures including soil passivation and foliar blocking can provide theoretical support for breeding
low-cadmium wheat germplasm in the Huanghuaihai region.
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1.1 EmXE1ER

BRI IE S BIR /N SRR S8 BE S S5 AR BRI RE, 3 R
W SRR B R M, BT YOG R S i (B R
. O IREEE Bon, S E 5 /N4 42 as
4K b, HERA SRS E TR, (D B
RO RIS R REEROEE R, S AN G K
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Ab Chlnolrjflfll " 44 bChlorophyll b/ | H-4%Z & & Chlorophyll 25113 N2 Carotenoid/ 4R a4 b
Treatments (mg * g-1 Fw) (at+h) / (mg * g-1 Fw) (mg * g-1Fw) bChla/Chlb
(mg * g—1 Fw)
X HE 1.28+0.03 ab 0.41£0.01ab 1.70+0.05b 0.23£0.01 ab 3.10£0.03a
Tl 1.39£0.04a 0.46+0.03 a 1.84+0.07a 0.25+0.01a 3.04+0.17a
T2 122+011b 0.44+0.02a 1.66+£0.11b 0.2240.03 bc 2.77+0.30a
T3 1.03£0.08¢ 0.3740.02 bc 1.40%£0.09¢ 0.20+0.02 ¢ 2.77+0.26 a
T4 0.734+0.03d 0.34+0.03d 1.07£0.05d 0.16+0.01d 214+0.11b
T5 0.63+0.04d 0.33+0.02d 0.96+0.03d 0.15+0.02d 1.92+021b
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MFRIR P B PR S8 B 145 B 1 A Fe I8 i PR S 3L ]
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FFE AR IR L 20 i bR e 1 A, Hegmbd i 2 A e A T
IR B MR R A i b ThEe s LW, TaNramp7 2 H
HAE Cd® Mist, fERERERIRRIA RGP ey 3%
P B 3 CAPT R g 1. /N R i R A
TaNramp7 2 [F J5 , ¥FH0 Cd LR R E BRI 1 35%~50%,
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