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Peanut symbiotic nitrogen fixation: research progress on mechanisms and influencing factors
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Abstract: Peanut is a crucial oil crop in China, and achieving high yield and quality in its production is of
great significance for ensuring food security and promoting green agricultural development. As a leguminous crop,
peanut can obtain nitrogen through symbiotic nitrogen fixation to support its growth and development. Effective utili-
zation of this process can significantly reduce reliance on chemical nitrogen fertilizers, lower production costs, and
minimize environmental pollution caused by chemical fertilizers. However, the mechanism of symbiotic nitrogen fix-
ation in peanut is complex and numerous factors influence its efficiency, such as moisture, temperature, pH, soil ni-
trogen content, and soil microorganisms. In this review, we summarize the establishment of the peanut-rhizobia sym-
biotic nitrogen fixation system, its underlying mechanisms, and key factors affecting the formation and development
of peanut nodules. It aims to provide valuable insights for advancing theoretical research on symbiotic nitrogen fixa-
tion in peanuts and enhancing its practical applications in agricultural production.
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Table 1 Genes and functions associated with peanut nodulation
B 24 5 ThRedtik 275 3CHik
Gene name Functional description References
S5 R AR AR AR AR e R R AR
AhNFR5 [24, 25]
NF receptor; Plays a crucial role in peanut nodulation
B S R s TEAR A 25 vl B AR
CYCLOPS [24, 25]
Transcription factor; Plays a crucial role in peanut nodulation
uivspapor VP2 [RIIRAE D, AR Z AT S AT GE J1 327K 5 55 ARNSP2-A08 S&[R] el 42 4 i 4 0
(NB) NSP2 homologous genes, natural polymorphisms may result in loss of nodulation ability ; Co—regulate nodulation [26, 27]
phenotypes with ARNSP2-A08
vspraos VP2 [RIRAE R, AR 25 ] - ERATR AL J) 12K s 15 ARNSP2-BO7 3[Rl 458 27
‘(N ) NSP2 homologous genes, natural polymorphisms may result in loss of nodulation ability ; Co—regulate nodulation (26, 27]
a
phenotypes with ARNSP2-A08
A 55 Tl TP ) G BE SR AR SCIE AL s ZE AR AR h RGK R BR T AR PR R Z , SRR IE AR L TG, 5
AR I3 AR AL
NIN [28]
Key nodulation—associated genes in symbiotic signaling pathways ; Expression in peanuts is confined to the root peri-
cycle and cortex, unrelated to rhizobial entry into root epidermis, and only partially similar to model plants
S {5530 v 2R A DG R IR (R
ERN1 [24, 25]
Nodulation—associated homologs in symbiotic signaling pathways
[ PSREDA , 7] R 5 SR AR OC s ZE 4B AR AR SR fBRE IR Rk A AT, T REAS (35
NPL Homologous genes, potentially associated with nodulation; In peanuts, they become pseudogenes or exhibit ex- [28]
tremely low expression, with negligible function
S AR [ R A 5 B TR AR D RE Y RE
ARCCaMK [29]
Affects nodule nitrogenase activity ; Possesses the ability to regulate nodule function
ARCLE13 AON PS54 T s AELS BRI LR, AL rh BN 2 55 25 R O 1 A 4
AhSUNN Signaling molecules in AON; Up-regulated during pre—nodulation stages, actively involved in regulating nodule [30]
ARKLAVIER number in peanuts
ANICTI2 T A 5 i R R i R NP AR G BE DR g Rk , 8 T ] A A P 27 (31]
' Regulating peanut nodulation by influencing nitrate transport and the expression of NLPI-related genes
FEAL TN T, 3 S N AR A S 15 S AN 3 B R A I D B K] 1 e R 4 AR A SR
AhPUGNI.1 Localized within the cell nucleus, it regulates peanut nodulation by influencing the expression of key genes involved [32]
in nodulation processes, calcium ion signaling, and cytokinin signaling pathways
AWt JEBEVEFEE F 5 TE 10 P45 ARNIN I ARCCamK %538 LE R0 HE N iy 3k (331
L IVIST o
Key regulatory factors; Upregulate the expression of symbiosis marker genes such as ARNIN and AhCCamK
ARLYR3 B AR B A5G AR ) B DR AR A 5 MR B A I i 2 3 (23 34]
AhEPR3 Key factors in the peanut—Rhizobium symbiotic relationship ; Highly expressed during peanut—Rhizobium symbiosis ’
i P A MR TR AR e AR AR AR AR SRR IR I fE
AhSYMRK [35]
Enhance the ability of Bradyrhizobium to infect peanut root systems and form root nodule primordia
Xof A AR AR I A ] R RAT B AR T
AhCID2 Plays a crucial role in peanut nodule formation [36]
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