YR AAEFHR(FAX) 2023418 #£31% F1#H
Chinese Journal of Eco-Agriculture, Jan. 2023, 31(1): 21-30

DOI: 10.12357/cjea.20220415

o, WV, MRS, B AE, wl, BRI, I, XM, ek, RbekE, SR, JERSC, B JLE S
e B Wi SRV YARRE UL B TS BERE[T]. h E A S AROl #E  (Th3ES0), 2023, 31(1): 21-30

LIYL,CHENP,FUZD, LUOK, DU Q, GAO C,RENJB, YANG XL,LIUS S, YANG LD, YUAN X T, PENG X Y, YONG T
W, YANG W Y. Research progress on regulation of root nodule formation and development of legume by light signals and photosyn-

thetic products[J]. Chinese Journal of Eco-Agriculture, 2023, 31(1): 21-30

Het B RDE Ay o R UG R M5
N

EH K B AEE T VLA F, 5 R, EBUK BS W, X)W,
Mk, ZRdE, BAA, BRI, HI4E
(PU AL R 2R g 27 B 1A AR AT 8 Ve T 1 0 A 1 A 25 SRR B 5 SE 06 25 /DU 1 B VR0 IR 2 & Rl T AR R RIFFE vl AR
611130)

 E A SRBEEEN MRS, AT EAE AR EERAZELRT R, Aok LHE AN R D
AEHBEEBEGTF TR, SHARVEFTRELRAEEREL. WEBE S TAEY £ B AR HE, Bk
MtRH R E N R A A KB AR, RAXGER T W F X TobE R0 O S 2 kAo A1E A BIARE
K E AR R SR, AR R I IR R (CRY 1s) B B 045 5, I 7= 4 Mt B8 230 T 89 8 ZARR Bt 4 %
B ¥ (STFs/FTs), A AR ELEARBEEF RO L ERE S (NIN) REH MARSE, FR5 + ARJE H W32 20 fo it 6
AU Z ARG, EUERBENRIEEXZE, MY AW 2R R b8y NH,, b6 74 (18 24
HEMKEBZMENG, ARENEERBFRERMRANER, IRBHEAREREE. BERLREN, L6
PR RS B A A B A B0 . M EAE-G-R M F 4 S4B T RMIEEE B TOR. SnRK1 BE3H &
KRB EEARAKKTEE., ERAKXET, LESHRULEER. ANRNTY X2 WERE, BEREES
MW I EXF.

KB NGBS, KETm BB REE, ZREY
FE 5K S: S314

Research progress on regulation of root nodule formation and development of
legume by light signals and photosynthetic products’

LI Yiling, CHEN Ping, FU Zhidan, LUO Kai, DU Qing, GAO Chao, REN Junbo, YANG Xueli, LIU Shanshan,
YANG Lida, YUAN Xiaoting, PENG Xinyue, YONG Taiwen , YANG Wenyu

(College of Agriculture, Sichuan Agricultural University / Southwest Key Laboratory of Crop Physiology, Ecology and Farming, Ministry of
Agriculture and Rural Areas / Sichuan Provincial Engineering and Technology Research Center for Strip Composite Planting, Chengdu
611130, China)

* BRI (RE) Pl BARR R U LI (CARS-04-PS18) FERK ARRHEIEEIR (31872856, 31671625) Billh
o EARIEE: ERIC, FBRIS T 10 A RISV E R G - # s 5E A AE A . E-mail: yongtaiwen@sicau.edu.cn
ZEGh ¥y, FERFFTT ) FR KGR EVER SRR A R GARR AE BEA A . E-mail: liyiling0904@qq.com
Wik B : 2022-05-31 #5232 HI: 2022-06-27
* The research was supported by China Agriculture Research System (CARS-04-PS18), and the National Natural Science Foundation of China

(31872856, 31671625).
** Corresponding author, E-mail: yongtaiwen@sicau.edu.cn
Received May 31, 2022; accepted Jun. 27, 2022

http://www.ecoagri.ac.cn


https://doi.org/10.12357/cjea.20220415
https://doi.org/10.12357/cjea.20220415
mailto:yongtaiwen@sicau.edu.cn
mailto:liyiling0904@qq.com
mailto:yongtaiwen@sicau.edu.cn
http://www.ecoagri.ac.cn

22 TP E A RO R (P ) 2023 31 %

Abstract: Legumes coexist with rhizobia to form nodules to meet plant nitrogen requirements through symbiotic nitrogen fixation.
Legume nitrogen fixation capacity is of great significance to reduce nitrogen fertilizer consumption and potential environmental pol-
lution and achieve sustainable development of agricultural production. The symbiotic nitrogen fixation of legumes consumes a large
amount of energy; therefore, the energy supply of plants regulates the process of symbiosis and nitrogen fixation. This study reviews
the recent research progress on the control of root nodule formation and development by light through plant photomorphogenesis and
photosynthesis. Plant leaves sense blue light signals through blue light receptors (CRY 1b) and produce light receptor-dependent tran-
scription factors (STFs/FTs) to move from ground to ground. In addition, they integrate root hair development and the rhizobia-in-
duced symbiotic signal (NIN) pathway to form root nodules. The movement and attachment ability of rhizobia in the environment are
stimulated by light. In the symbiosis between plants and rhizobia, plants exchange photosynthetic products to produce NH,', which is
assimilated by rhizobia. In addition, photosynthetic products (sucrose) are transported to root nodules through the phloem for a long
distance and are metabolized into organic acids through glycolysis and other pathways in root nodules, providing a carbon skeleton,
energy, and reductant for nitrogen fixation of rhizobia. The intermediate metabolites of photosynthates, such as glucose, glucose-6-
phosphate, and trehalose 6-phosphate, combine with the regulatory proteins of glucose signal metabolism proteins TOR and SnRK1 to
initiate the complex growth and development pathway of nodule cortex cells. Under low-nitrogen conditions, photosynthates are also

secreted into the rhizosphere in the form of flavonoids and organic acids, recruiting rhizobia to form symbiotic relationships with

plants.

Keywords: Light signal; Photosynthetic products; Root nodule; Rhizobium; Legume
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Fig. 1 Mechanism of root nodule formation and development regulated by light signal and photosynthetic products

PhyB: JLI 25 B; HYS: - 50 SN Bl 52 M fr fE S ) 775 CK: A 20 3% 5 JA-Tle: TR -7 58 MR AR A, SR AT 10 186 1 1
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GmNF-YAI: K G HF YAL; GmNF-YBI: K T #% K F YB1; MtATB2: #5215 M % % 8 & 1, GmNMHCS: ADS-box 7 & K F 5 ;
Glu: %5 H; TOP: ¥ BEWE-6-BR; TOR: A7 2 B, SOK: AL 1 S6 WlE; SnRK1: FEMEARE K% 1 HISCHLAE; GoP: % Hl-6-B AR ; PEP: BERR I
BN R s OAA: L 2 R Mal: SESER; Asp: KA 2 B; Asn: KA BENE; SS: TR & MUHE; HXK: C W #EE; PEPC: B B2 1 B X 14 IH AR 2 1L By
MDH: 3E SR B2 S/ ; TCA Cycle: =RRIGIF; +p: BRIk, BH A Vance™. Poole %, Oldroyd %", Wang %", Ji % Gangappa %" il Ud-
vardi %", PhyB: phytochrome B; HY5: ELONGATED HYPOCOTYL 5 gene; CK: cytokinin; JA-Ile: jasmonoyl-L-isoleucine; SLs: strigolactones; AUX:
auxin; GA: gibberellin, DELLA: DELLA domain proteins, negative regulators of the GAs regulatory pathway; GmCRY 1b: Glycine max cryptochrome 1b;
GmSTF1/2/3: Glycine max TGACG-motif binding factor1/2/3; GmFT2a: Glycine max FLOWERING LOCUS T2a; NFs: nod factors; NFR: nod factor receptor;
GmCCaMK: Glycine max alcium- and calmodulin-dependent protein kinase; IPD3: interacting protein of DMI3; NSP1/2: nodulation signal pathway1/2; NIN:
NODULE INCEPTION gene; GmNINa: Glycine max NODULE INCEPTIONa gene; GmNF-YAI: Glycine max nuclear factor YA1; GmNF-YBI: Glycine max
nuclear factor YB1; MtATB2: Medicago truncatula nodule senescence-up-regulated gene2; GmNMHCS5: ADS-box familial transcription factor genes; Glu: gluc-
ose; T6P: trehalose 6-phosphate; TOR: rapamycin; S6K: ribosomal protein S6 kinase; SnRK1: sucrose nonfermenting 1-related kinase; G6P: glucose-6-phos-
phate; PEP: phosphoenolpyruvic acid; OAA: oxaloacetic acid; Mal: malate; Asp: aspartic acid; Asn: asparagine; SS: sucrose synthase; HXK: hexokinase; PEPC:

phosphopyruvate carboxylase; MDH: malate dehydrogenase; TCA Cycle: tricarboxylic acid cycle; +p: phosphorylation. Figure adapted from: Vance™, Poole, et
al, Oldroyd, et al® Wang, et al™. Ji, et al®™”, Gangappa, et al® and Udvardi, et al™”.
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Mal 12K [ %L (K, IR T X OAA 1Y, HEA K
B AL 3 B (KL,), 75 P Ne-MDH 1 1k i fz 17 58 45 )
T Mal 7™
322 REFEYIEANEES BINRERK

TG 7= R K T R A i 10 R AR S L i e
EPREnIVE (5 5 B {20 DELLA E P #RA N B
8, 5 SR A E S, BT DS e AR B & B
PLSEIRE598 ) MADS-box F PR BN g A I8 45 AR
RERIINEE, B R—Fh MIKC 8% 5 N7 GmNMHCS,
SIS (Arabidopsis thaliana) W )7 6 B2 £h 7 #2400
HRA K B B S I T AGLI7 A5 5 B ML A R JE TR
9, GmNMHCS Fl AGLI17 ¥ 15 2 4 5 63k .
WG UEI, 5 3 K G b GmNMHCS /i 3635 W 3%
PR HE T MR & & FE e, S5 R RE 09 8 i el b
GmNMHCS"™", TE3E 11, FEREIR AT LU s AR 3 5,
PEREETE (Medicago truncatula) 25 W8 5 2T
5 5% 7 MtATB2 Fil AtATB2 — K 52 3| mEBE FDG Y
WS, AR AT MtATB2 ¥ 5K ETHE, IR &
AR TR B B /0 ) R Mgt 7 A 1
— B REE, OB (HXK) J2& 05 B A 5 —
A BR R A2 IR, S SR S,
o 3 AR A R R A N
MG, 40 HXK LIS B B 1 M 1 6-f 12 461 7
W (GOP) T il FHoA=IE & B AH DG U 1(SnRK 1) 11 o
SnRK 1 1 Ay 8 57 W 360 J8R S 25 - ST AH L 7% 5% R,
W B mR A A i 14-3-3 B A, () B 4 o i R i
J R (NR) I REME 0 2 G WL (SPS) (35 P, F 1] 4
WA & T R, G6P 1E i B 6- IR &
(TPS) 1l T6P W2 (TPP) A% PE S 5 R i b b4 Gt
[ 55— A3 TR AR, PR A TR O (Tre) (1R
AT BB B, Tre BRETIA T6P 215 54
JRI A R H 5 70, 78 AR AR B B R X SnRK1 #E4T 40
Hl, Ve EAR R & F AT, TOR 2 5
SnRK 1 5H/E I E =G 5 BRZ M AE R KB,
K TR 6 (3 Y 48 R AR TR A0 it PN R B i,
Bl F 1% M S 00, XRS5 AR R B L AR G R
A T B TTHk, TOR AJ Wi S 4% % A 9 B ol B 422 ) 3

GOP DL AR 43 A= 20 48, Ry 248 BE 5 B4 1 o ] £
WY ik e, 38 BRIV, T AR T i A AR K
FAET, WOE AL AR M S6K, B Tk iz p 4 2R
F RPS6-1/2, fit i M AR & & RIS 96 181 175 5 1) 12 J2 4
Ji 43247 (& 1)
323 XEFMEAGRRERHIREEKLS

HORE A K & B e B AR IR H TR ML G 7EH
FELE IR B B RERES . Fujikake 251 % BERE AL B
AL R B AR R AR, WA AR UEAT BR St AN,
Nt R BT ) AR, R IR AR b S ECRT b A 2
Al DL BR AR AR R RS PR ER I I B4 . A WFoR R
W, RS AR ARG 7 AR D 78 TR AT DAt 35 4 e AR
W AERYE . T2, SRAMT B m o, A0
MBI DR AP PR o et . H A R T, JF AL
K IR &5 B e ™Y O E fE (Medicago
sativa) BB L3 7 d )5, FOARE A ERE . SRR RN
o 13 R P AR, b b R R Ak RE T I 55,
il TR A . R CF e B RERR 7 d
Jo N, KRR AE A () B K Ak O 43 T 45 AR
Je8 UL AR5 AR () 16 1, Wl B TR) A T RS, AR TP bl
TC A TR 2 B PR AIG, CF R AL RR S, UERH T X
WAy CF M EERERS B T & M™Y. ML R, g
RO mn, LA R RIG R, RS RO AR G
Tl PR3 5, O T R ) AR RN UE A R BB D, AR
SRR SR AN, TR AN AR AR A A 1 O e
TR ECE I AR . B, B A e A
7 G R 2 1 T AR A A

P GG 7 ) 1) KR I8 1) 43 K A R T AR R 1 AR
Ko, (B ROCE W XA A VR AR R R EE . A
F5R R BBGINIREE CO, MR I, Je & W, &
7. (Cicer arietinum) BIARAR, HR 2 IS B 43 900 TG (.
FEZE S, MR A BUE T R R REL. CO, TR
B TR AR (S W s TR A R ),
T4 2 AR %k, Ak L35 hn CO, R B2, AR M0
B AR DU R 7E e R L T
T, AR AN A SR, A AR S . BRE
CO, TR PACU A 2R, AR (Y [ A fE
FVRERE R FH R0 AN — 2 B B i i 2 5, 20
BT E MR AEAE A TE R B CO, e BEIRAS T At AR
[ 2 2R P i A NBI (28 22 RIS B A9 L) A3
S R, T R RR R [ 2L 77 IR PR G LR K T A R
FHE A 7= A BE TG BRI R MR 983 A R R
YRR AS Jt N R S 7= W) 2 i REWE o i . BE T R
BUHY) PEP A1 W 4% 5 i, — 2 HiE (A5 6 140+ COy)
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