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A IBE KT RBEREE I AGCmLbsEEFTIAR SN

HAAT, 08, KeE, FRHR

AR AR R B R T L, A7 350002

WE AN E A2 A TR A T o B ] 2B S R Ah, I 8 1 (L) 52 7 A2 S L [ 6 e ) 1) B 2 4R b o
SR BB KT AR RV P B B, LK S (Glycine max) 94k}, 7EE%(0.53 mmol-L™") 4 fF F R i, 30K J5 7
BEATER(5.3. 10, 20, 30F140 mmol-L Vb FE7 R, 4 HrLbuk s . [l BB IETE S R AR BOIRAE . G5 REW, BEE SRR
WEE RGN, MR Ha RS, BaGLbi BR/ D maR e Lo RIE ;b MR s, SR bR g an i 2 B A
MUEE T, REFESELbEASIE S B AR X REY . FIAEYE RS LA FREESEARET 0, RIKE
IR EE S G AN FAELDIE A, BIGmLbl. GmLb2. GmLb3FIGmLb4, 44~GmLbs3E% 5% RARIT H A T i R — 43
o BB M GmMLb1-AFE R KT R RN, 45 BRI, GmLb1-4 [R5 BE ZmBIMNE . AL R B R E N SR
960 28 2 AL B A 0 ] G 7 PR R AR AR

X8| AEWES, Gmlbs, TIZEN, KE, KE
FEESPT, ESCEE, TR, 2R (2021). FALEEST K S AR [E &AL 71 X GmLbsHE R RIE RIS, Y%k 56, 391-403.

K. (Glycine max):2& HL 7Y (1) AE W) [ ZAE) - $E 5t
T, KT -HUR A R R 20 1.64%107 t,
b ERHE M [ &S R 160% Ll _E (Herridge et al.,
2008), RS RGihe it T REA T B HIE S
RE. AT, FHGEMED A WEEAEH, AL
CINDRER: 7ok WilUE AN I 2 SR K2 7/ T = AN e =
Joi; T L AE TR) /8 A A A5 X I s R 1) 22 U AN AR 25 AL
a7 ARG R flln, KE-FK(Zea mays)
(AR ) 22 55 7= B B S vy T PR KRG E oK, K e
BT A R ARHEYI RS, IO A K PT &5 1) —
FhE ZE & (Zhang et al., 2017; Chen et al., 2019a);
K E-Z BRI, Al 2 8 R AR K
BP0 [F) B e R S AR R ERIE, SRME
YA BAE R ARSI BN gD E S
TR DL R B AR A B RAS S5 7 T RUR B 2 (B e
&5, 2008; & EZE4E, 2019). 4, SRMEYRE B
FHOGE L IR PR SRR SCE AR O
Ygr - g (AR EE, 2019). HHIERT L, 7850 K 1%
SRMEM R AEYIE ZAEH, AR AR RS R R
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HAIH: FK E AR S (No.32072661)
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HA BB ISLE

FESLAE [ A R, MR R e G RHEIR R TE
R AR A [ AU R B A . 4R S A AUl AR 2+
Wi, RERLEPNAS R, BEEWAY
WA . B, SR E IR B S (Gan et
al., 2004; Xia et al., 2017). W5 &, fEKEEEME
T, BEE SR EIRE RN, KERBEE B &R
b R ELF5.3 mmol- LT, K JLFEARES
J (MBS, 2018) . Hivk, B B EIR B 2 2 i AR
JRE, HHRRAE/NDu et al., 2020). =, FHAE
FRERR R ARk, [ NS Y A D (Du
etal., 2020). HHT, KT & & AP E Z LS oF
FEZ R T T -t b EE 5 5 7 5 (Gautrat
et al., 2021), LK HimicroRNAZ: 5 ({1 & BEIE KL i
PERRIR T 5 3 H (Xu et al., 2021). 7EE & fE 111
WA, — 7T, KA T EK g, Y
KoK E PR Bl AR R, FRAK T MR I8 B (1) 3k
B, SRR R G, AT B [ 208G 75 1% (Khan
and Khan, 1981; Fujikake et al., 2003); 5 — 4,
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[i5] 50 e AE RIS e R A N S A B T R,
A S IR R TR AR I R B, R
BT 30 [ %08E 77 (Minchin et al., 1986).

WFFER I, FRIE IR L Ek A 3R IR IRV
PEoR, [ER S, WL a/a 4Rk T S
# M (leghemoglobin, Lb)i & & . H T [E 2l R A 14
SRR, NYERF AR R, SRME AL
I AL s i AR TE BRI — E L E(NO)
fpLA, AT SE B R &UE ) (Stasolla and Hill,
2017; Berger et al., 2020). Lb7E @3 ARm & 8%
e KEMFFRM, Lbf & 5 ML b [ A NS 1 2 2
FIEAHDS, il oI 20 8 A ik PR 52 e Lb 7 & A
Dhfe 8. i, 76 'H kAR (Lotus japonicus) 1, |
HRNAIT-#E ] Z 4L AR RS, B80S
MATE ARG, MR A . WeEn, E%N
R A, BEARE R T AR B AR ) (Ot et
al., 2005, 2009). ft5 15 (Medicago truncatula)t,
YBR[ Phytogb 1.1 3 2 7E MR8 1) 1o I8 [X A ] 20
X 7Rk, i I~ N O i 1 455 45 764 A1 [&] % (Berger
etal., 2020). t4h, FIM4E AR mIEAEYIIHE 5]
ERHEEE . WY, HE T IMICAS31 (cold-
acclimation specific 31)5MtLb120-12 1 B1E, LA
TRIMtLDb120-1 5152 F 5, FBR MtCAS31IU 41
R LB B A, B U s 1 3 R, HAR
IR 535 R, AT B AR R 5 2 (Prudent et al.,
2016; Li et al., 2018a). % b, G4 & A{EGRHE
296 [ 5 A AN T Bk

AT, GREAEK R R a st
b — LS AR R . AR AR SR, — U7 2 TR
A EMELZ, Hn— R T HIBEIRE . L4 R
RIRFER s, A6 ZRHEY 2598, kit
MR, VR RE AR LS. ST IXMARSR & A,
R NNV IS | RAR: 4= B=Reg N AE7QUILI A S7 8 2127
5 =k i 4EF5 4 % (Virtanen and Laine, 1946). it
ALY, TILLE AR 5 A SR
N, BRI G A B H A M E M ERE A,
(ENIIRAN-N e/ T SV R ¥ RS BN ) (A i g
AR Lb, AT 3R A A 8 2 R IR 3 52 1T AN M AR
R, MEMEML MRS G LA AR &G Mk
%S M RE 1 (Navascués et al., 2012). 4R, Tig
WA A AL, Sk CuRR IR TR B2 W FE e K E

Wls, W JLFA B &G . Bk, SiaEA
SR AERFIR R R OR B I OCEE R &R, R v S AR [
ZAE H A .

fELH T, BARME SRR E R REY], HK
TRE WA G LR AW, WSS & Em
B g s FEOKCE, RSB RN KR,
IXLERFE FAH XS B D o AW FT LK GO AR, 7R
FNUR B 30K G, BATARIMRERAL R, 24 1 [ A
G, B 7 S5 At E M AT R IR B
o JHIT ML ER A KRB A S B s b,
— VPl R B I A M AT B K GmLb1-4
o AN [ UK T 0 2 T 0 N7 o T 7 45 SR ] Ay i) B SRR 4
S A SRR 3 2 LS AR R AR, [FRT
NS A E BAE L A = N, SEILERHEY)
GRS,

1 PSR

1.1 SRR

2K S5 Fit K 5(Glycine max (L.) Merr.) it RN 77
R RO R B HINGG o AL a0 IR B 2y v 22 8RR 8 1 B
FRBXYD3 (F R4 %%, 2008).

1.2 BFEHS

KRS FR B 2 B LI%E (2015) K 7L FE T R .
E IR 151.65 mg-L ™ KNOs. 283.38 mgL™
Ca(NO3),4H,0. 32.02 mg-L™ NH4NO5. 39.72 mg-L™
(NH,),S0;. 123.24 mg-L™' MgSO47H,0. 52.28 mg-L™
K;SOs . 0.256 mg-L™ MnSO,H,0 . 0.44 mg-L™
ZnS0, 7H,0. 0.125 mg-L™' CuS0,-5H,0. 0.2 mg-L™
(NH4)sM070,4-4H,0. 5.08 mg-L™" MgCl,-6H,0. 0.024
mg-L™" CoCl,:6H,0. 14.68 mg-L™' EDTA-Fe. 0.95
mg-L™" Na,B,0710H,07168.05 mg-L™' KH,PO,. /i
B YMAE: F 4y 10 gL' H e, 02 gL
MgSO,7H,0. 0.1 gL' NaCl. 3 gL' k¥ .
0.25 gL' KoHPO,-3H,0#10.25 gL~ KH,PO,4.

1.3 ZLBFHZ

1.3.1 KEMNTLAEREEK
BERFRLLE 0 K SR T TR A4, SR
H60%- e E HA A 16/ N e IR/ /N BRI . T E N
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26°CHtE/24°C ISP NI IR = R T R Pk
KA BRI, AR RITNIR B P 278
FF ¥ 48 Bk % N 0.53 mmol- L% & E 5 W (A R
176.424 mg-L™" CaCly-2H,0) £ K:30K . Fl)5, i
4y R 2E5.3. 10, 20, 30140 mmol-L™ &E 7R
AR TR, HobfE A NHNO; i 8 Rk E . LU
0.53 mmol-L IR &UE F7 9 i 8 K 7R T IR,
WG EANEY) R ER K E 2R RN E
FEWpHIE, 7 FAKOHEH,SO, 1 pH{E 1 H 1R 7 7F
5.8-6.0. EF W30 Bl <K, B 1K
BRI . WORMRBEFE M, 75 H T RNASZHL. gRT-
PCREGZWI . [ B I . KWK B s
I 2188 R B 72

1.3.2 WREHIEF

PR IR 1 B v P A T A 10 mL YMAR B O
Hi, 28°CHEH, 3-5KJa ¥ H & # 25400 mL
YMA) = )il 7 55 77 2 ODg0=0.8, 1L A B K
R B K G AR ECE 77 W B, JF H R B
ODg00=0.8 112 J37 B $2 Fh ik

1.3.3 ENAEREEARENEMEEES T

Z: fDu%5(2020) 1) 77 3%, R KT, EHIE. K9
(Phaseolus vulgaris). ¥4 7+ (Arabidopsis thaliana).
T K e K FE(Oryza sativa) i) 541 & A 551, H7E
Phytozome (http://www.phytozome.org/) M 3k 7 % 1
Jik AR 2 1M 21 2 9 R A BL KK . GmLbs/GmHbs ) 4
% 3% ‘5 Al Location coordinates (5'-3'), A H
MEGA 6.15 {11 g Rt . FI H ExPasy i il
(https://lwww.expasy.org/) il K & 5 21 25 1 1 45
¥y o 3D i NCBIR 5 (https://www.ncbi.nlm.nih.
gov/Structure/cdd/wrpsb.cgi) 7l il K 5. GmLbs/GmHbs
FIThRER. #HNCBI number. Accession number
FilLocation coordinates.

1.34 EMAFEHRENE

F A 120 8 B AR bR dE a, FREC mgky R T
0.1 mol-L™" # % 2% nf ¥ (PBS, pH6.8) 1 It & 1%
1 mg-mL bRHERRR . BEJS, 1 S 2 MIMRERO
1. 2. 3. 4. 5fi6 mLERE =AY, H LR
ZRUPE A0 mL, FREVKE N0, 0.1, 0.2, 0.3,

0.4. 0.5f10.6 mg-mL™'f{)¥% . 2 LaRueMIChild
(1979) 77 %, M 43 66 FE v 43 79I #6520 . 54040
560 nmAbllE WOGAE, FELeil DU AL & iR EE N
FEAL AR, LLODsse—0.5%(0Dsz+ODsg0) W AR 24 9
INASKR IFRVEE BH 261, LL540 nmAb IO A AR
[ bk i 262

U 5 5—80° C YR A7 1 R I8 2 2 T 28 o 5
MR, FRE0.2 gZe i, IIANAfEARFR KR (4°C)
PBS. EJHHE4°C. 100 xg [ 015508k, WEL L
TR SEAE4°C, 12 000 xg N B 020704 . LARRR
GeRA T AR, K IS ES20. 5401560 nm
b e W AR o R bR AE 28 1 TF 5 ODsgo—0.5x%
(ODs20+ODsgo) X B2 I E (Cq), WALt 51 41 25 (K
£ B bR A 28 231 5 ODsao X B fR1{H (C2), Co—Cy
Nt I 2 AR R

1.3.5 1RIE B WEGE MM E
2l Chen %% (2019b) (1) £, e Ji 25 7 Hi 988 [ 60 g
. SR -2 AR N8 mLIllE N, MO
R, 1 mLES#HhH1 mLER, HEAT mL
CHRER, FIREE G, EE N R/ . M, 7 E
0.5 mol-L™' NaOHAE R ¢ 15 80 FHA mLy: 5T 2% 4
H00.3 mLJ %S A E N GC-20145 M it i,
TE SR AE B2 (CoH) & o FH 1% 2005 4 ) F B
1.78x107°, 3.56x107°. 7.12x107°, 1.424x1072,
2.136x107%, 2.848x107°H13.56x107> mol-L™" ¥k £
B, #IE 2 bREi 2. lumol (CoHa)-g™' (FW)-h™
Fon B GBS TERD, THE AR T

S 7 M pmol(CoH,)-g ™ (FW)-h™'=Cx(V1-Vv2)/
(MxFWxH) x10°
Frf, COvbRE 2% Xt 2K (oL, VA
T HAFA(L), V2R ZERE S AT & IARRA (L), MA 2
Iy FWIOSHRE S EEEL(Q); HOVIMAN LB R 7RI
i (h).

1.3.6 LXEHFEZERESUNE

FFH AU U0 R OR i i g vk SR 2R R M R BORES
(Li et al., 2015, 2018b). 4 BH 12K T2 mmfHR IR ik
TSR, {E Y] bl (Leica RM2235)#4 (14 41
ZUIR8 um I3 A, SR TORY AE 4] F 32 W57 it
WS, A8 0.1% H R i il Gl 4s 6430431, ddH,Onf
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Pela sy, 1E35A] BB (AXIO Zoom.V16) il %£13
YegH R % . A Image  J % 14: (https://imagej.en.
softonic.com/) 4t i1 5. 7 [ A3 A (1) 4= 4% 4 B TH FH
(mm?), SFRME AN B B AN RS, B EER
MLIEE 2-3/ MR8, JLE10MRB T YT F . REBUR
I L I AR R T, I 0Tt B A T A (mm®) 42
Gean Mg B, &S AR BE AL I 52 10442 44 40 1 1
L, T B 4E A 1A R SR e 4B T 11 AR S 35043 e 4
TR, B LLAO/ AR 8 55 D1 T Py 1) 2R o iR 8 B B A2 e
Y1 T AR AR R AT A AL R AR R B R DL

1.3.7 KEGmLbsEERENFEE

R4 Li%5 (2018b) ¥ 77 ik 42 IUAR I A 2{RNA, I8 H
TransScript One-Step gDNA Removal and cDNA
Synthesis SuperMixi®ifll & J £ 5 NcDNA. LLKG
FHRIEFTefS1 (B35 NX56856) N5 # 5,
i s i 9% % € sEPCRIX(QRT-PCR, Roche Diagnos-
tics GmbH) Xt & ¥ it GmLb1—4 48 X} % i & #1716
Mo FARBIRATN K SO 45 1 CONAFE i R
30f&1E € B PCRI s SARAR; HX1 L cDNA B
Wi~ 5 yL 2x TransStart Green qPCR SuperMix#l
10 pmol-L™" 9 1E /1 31 #3(# 1) %-0.3 pL, fddH,0
%10 pb. PCRIBIFRFF Jy: 95°CTRAL 1153 b
95°CA 1158, 60°Cil k1580, 72°CLEMH30%), 404
GG . FIFH 27T ) vk (Livak and Schmittgen,
2001) TSR AR ek & o A SEES R 3IR A A
HE.

R1 HToRT-PCR T3 7% 514

Table 1 Gene-specific primers used for qRT-PCR analysis

Name Primer sequence (5'-3")
GmLb1-gF CCTCGATACTGGAGAAAGCACC
GmLb1-gR CAAGTGCGGCATCAATCACC
GmLb2-qF AATGGAACAGTGGTGGCTGA
GmLb2-gR AGCACTGCTCAATTCGTCAC
GmLb3-qgF CCGCACTTGGTTCTGTTCAT
GmLb3-gR TGCTGCCAATTCATCGTAGG
GmLb4-qF GATCTACTATTGCCGTCAA
GmLb4-gR GCATCGATTATGATTCACA

1.3.8 HiELE

FIT A S256 H4E ¥ FMicrosoft Excel 2016# {41t & F

PEAAR R . I SPSS 20.0%8 44 % #4147 #. A
R BN LR BE R (Duncan’s #r & i 214,
P<0.05). FGraphPad Prism 81 .

2 HR5WHE

21 AEELEM KX SREEREE NN
PR B K AR R [ 280 RE 0 % A0 T A(N) 7K P 1 i 2
PATH 2 FBXYD3 LR B J5 1) K 2 HNG6 % 17 2 11K
REFR0(0.53 mmol-L 53230 %, MR A A
BRI [ B S 1 . B S AR 0 E % 2 5 A AN E]
NV& (5.3, 10. 20. 30F140 mmol-L™")f) K& &5
W AR B FRT R, HUGER A FERAE X HRAH, Frakfe
0.53 mmol- L MR & E F i L K.

FR IR U T W 22 2 R TR, B A SN 2 1 3
hn, ARIE R SR TR AR B AR SR (B A) . J I e i
R EIREE, RILMEENKE M, 465 mas
R B ST PRI, T 28 8 S5 I 40 2 (R i 2 O I 35
A, HAREEFI10 mmol-L~E AR A AL
) 22 AR (E1B). Ak, BEE KX K AR IR [
BEe WA R E R, SAREGEAEE, HEEUKE
5.3 mmol-L™ I, AR A [ AR I P 1 1K 54 %;
AR K TIEE10 mmol-L™ i, B U I 1 B 4
%1.43 pmol-g -h™", JLT3EkE & EE /1 (E1C). Lik
SRR, KR [ B ) I 4E R 75 EEAE BRI A
AT, SRR T BRI L T 4 5 R,
(AR AR 2, DR, 4k 4R 00 [ EUN v
P, BRI AR A Re ).

22 FIREMAZIREREMALE NI
T A BT AS IR AR FE AR B R RE R, AT T AR
AT AU R, B ORI 05 e o, W88 SR TR AR
. SRR, WA INEIRE IR, (75«20 %
H 2 2/ H A0 M v B B RIS, 4 AR 2 46 /N (1)
s (E2A). 51E%(0.53 mmol-L b FAH L, 5.3,
10, 20. 307140 mmol-L™" & % kb #4575 2K (112
e f 5 H 4 BIBRAK 7 9.4%. 33.6%- 46.0%- 49.0%
M153.3% (K12B), 12440 A 73 Al B 717.3%.
24.9%. 31.7%. 38.9%7%143.5% (E2C). LiA%H
EW, mRBEMGHREMERE, SER YR
H AR T B o
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200

150

100

50

Lb concentration (mg-g~')

0.53 5.3 10 20 30 40
Nitrogen concentration (mmol-L-")

1 AEEUKPR R AR ELMAL R (Lb )i 5 2 [ U8 7 2

Nitrogen concentration (mmol-L-")

30

20

10

Nitrogenase activity (umol-g=-h-") ©

0.53 53 10 20 30 40
Nitrogen concentration (mmol-L-")

(A) HUBBUIE; (B) EMAEAKE; (C) BEMEETE. SLIWEANMEYFEL, S FEIHEHUIR2ES MR I E 240 HE Ak
PR FUHES o B 10U I T E AR R . AN F/NS TR R RUK T (8 22 5+ 12 2% (P<0.05). Bars=2 mm

Figure 1 Effects of nitrogen supply on leghemoglobin (Lb) concentration and nitrogenase activity of soybean nodules

(A) Cross section of nodules; (B) Leghemoglobin concentration; (C) Nitrogenase activity. There were 4 biological replicates, 2 or
3 nodules were randomly harvested for Lb concentration and nitrogenase activity analysis. Data are means+SE from 10 nodules.
Different lowercase letters indicate significant differences among different N supply levels (P<0.05). Bars=2 mm

23 EMAZERFREHNEMERESH
T A AR AR A, S8 (IR R, ik
MR TEE I RATE S /0 A 1 S AT 8 1 R R KR,
SERRE, KGRI S 87 20 8 R R
b, Hp s JE T I AR Bl 41 2 (4 2 K (GmLbs), £
F105 /205 Jetafk, 20 F115 460k, 4
R E i 458 A (GmHDbs). BrGmLb5 R 7ENCBI
AN, e R E AR M. thAh, Ei
Phytozome [ sifi 3845 5K ik 1 01 ) B AL AR, FRATT AL
GmLbs 5 GmHbs 2 [H] 47 B A X7 (#2) .
HEADIREIR A SRR W], RS ERA T T

415 F 34 )& T Globin-like# 5 %2 . i, GmLb1,
GmLb3 f1GmLb4 & [ 1) 25 4144 fif Z HL 2 X 45 5
Hoy#liHargrove (2008)% % [1Class1-2_nsHbs_Lbs
SiMmoHT, Han a2 A MA RS G S, B
T 928K I A F 4, Hoe 45A A ri 5 AR R
GmLb2H1GmLb5 F A7 +H [F] 1) 104 4 B K 145 & s
(IHKLLLIHFV); GmHb1 %5 6-154 {7 & % i X 1 5
GmHb2 £ 9-157 fi7 4 %& % [X 4k 5 55 Hargrove %
(2000) % FiLft1Class1_nsHbs_like4: ¥y #Hir, H#R&
23N MR A G AL A LR 18124 2 KRGS & A7 S
(3A).
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B2 BRI R G A A HISE R
(A) PRI GORIRIERIT; (B) RAMLHE; (C) RIMMERMM . Hli a0 MG R FEME AR R . RFRNET
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Figure 2 Effects of nitrogen supply on the infected cell development in nodules
(A) Toluidine blue-stained nodule cross-sections; (B) Number of infected cells; (C) Surface area of infected cells. Data are
meanszSE from 40 cross of nodules. Different lowercase letters indicate significant differences among different N supply levels
(P<0.05). Bars=200 pym

%2 KE.GmLbs/GmHbsH:H S &

Table 2 Information of GmLbs/GmHbs genes in soybean
Gene Phytozome Phytozome NCBI Accession Location coordinates
name locus9.1 locus12.0 number number (5'-3")
GmLbl Glymal10g34260 Glyma.10G198800.1 NM_001248494.2 BT092230 42996028—42997092
GmLb2 Glyma10g34280 Glyma.10G199000.1 NM_001358072.1 FK026737 43004554—-43005947
GmLb3 Glyma10g34290 Glyma.10G199100.1 NM_001248999.3 BT092268 43009363—43011021
GmLb4 Glyma20g33290 Glyma.20G191200.1 NM_001248319.3 BT092218 42993081-42994203
GmLb5 Glymal0g34275 Glyma.10G198900.1 - - 43000045-43003378
GmHb1 Glymal1g12960 Glyma.11G121700.1 NM_001255274.2 BT098807 9299437-9300752
GmHb2 Glymal1g12980 Glyma.11G121800.1 NM_001357481.1 BT096529 9303967-9305430
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A 1 1|0 2|0 3|0 4|0 5|0 6|0 7]0 8]0 9]0 1(])0 1‘}0 12|0 1?0 1£|10 15|0 1?0
T
GmLb1 [] LFSF K HKLLY AL HKI QFV YAl
GmLb2
GmiLb3
GmLb4 [] LFSF K HKLLY AL IHKIQFV Y LA ]
GmLb5 [] | HKLL LIH FV [ ]
GmHb1 [ ] EIAPA LFSF KHAV MT  RLTHAV AEHFEVTLE K HLAI [ ]
GmHb2 | ] EIAPS LFSF KH SV MT  KLTH TV NEHFEVTFE K YLAI [ ]

[ Class1-2_nsHbs_Lbs

GmLb1-5

Il Globin_like super family [l Class1_nsHbs_like

GmHb1-2

(A) PRAFIIRERIIICE v T AN MRS B AL, BOTUNFIIA TSR, ATUNZ RS AhR); (B) & H3DE T

Figure 3 Prediction of the conserved domain and 3D protein structure of leghemoglobin
(A) Prediction of the conserved domains (the yellow font represents the heme binding site, the black font represents the cofactor
binding site, and the white font represents polypeptide binding site); (B) Prediction of 3D protein structure

jE 1T ExPasy® i (https://www.expasy.org/) Tl
GmLbsHIGmMHbsH [11)3D45 14, 45K, 74 F i
4L AR T 6/6-foldBREE B 454, JLrh 5L i
ZLEE HLbs g5 AHAL, 24 JE 3L AR i 41 2 Hbs
S5 R AR AL(EI3B).

24 MABBRRFEHLI

FIHSRHE(BFE KRG T AR TE) LK
G RHEY (BRI KRN T KM & A5
FUREAT RGUHEACK o3 b, SRR, ARV ML
E A 245y 3: Class IfiiClass Il (K4). i+,
Class IHF# AR LA 1 41 2 H Hbs, TfiClass 1%
BT AT MmAER, KRS E51Gmlbs, 34
LiLbs . 54 PvLbs 112 /> MtLbs . 4 4> Kk & Lbs
(GmLb1, GmLb2. GmLb3fGmLb4):%E%k < R IEH

i, T GmMLb5 53 & PvLb2 B AN TR, B E
4E KW Class |FIClass IHLYE T3 [H HI4H 5, Hifn
LA AR R T I T 0k, TR FSEZ O &
[V HE, K5 rClass IfClass WEREYIEK K &L
W R FEAS [F) (R R A0 2 T

25 EMABEAFREEERHFREER

NT MK EHGmLbs/GmHbs % A %, 51 78 A 5] 41
U R IEB, AR H Soybase (https://www.
soybase.org/soyseq/) M il _E [{IRNA-seq¥ B, IF
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Figure 4 Phylogenetic tree of hemoglobin
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This phylogenetic tree was constructed by the neighbor-joining method in the MEGA 6.1 program.
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Figure5 Heatmaps of GmLbs and GmHbs gene expression
in soybean

(A) The RNA-seq data obtained from Soybase website (https://
www.soybase.org); (B) The RNA-seq data obtained from
Libault et al. (2010). RNA-seq data of different sources were
calculated with logso(FPKM+1) and further used to generate
the heatmaps. DAF: Days after flowering; HAS: Hours after
sowing; SAM: Shoot apical meristem
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Figure 6 Relative expression value of GmLb1-4 in soybean nodules under different nitrogen concentrations

Data are means+SE of 3 biological replicates.
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Effects of Nitrogen Application on Nitrogen Fixation Capacity
and GmLbs Expression in Soybean

Mengke Du, Wenting Lian, Xiao Zhang, Xinxin Li
Root Biology Center, Fujian Agriculture and Forestry University, Fuzhou 350002, China

Abstract The nitrogen fixation efficiency of symbiotic nodules is tightly regulated by external nitrogen (N). In addition to
nitrogenase activity, the leghemoglobin (Lb) amount is vital index contributing to N fixation. To determine the effect of
environmental N level on biological nitrogen fixation, soybean plants were inoculated with rhizobia for 30 d under low N
condition (0.53 mmoI-L’1), then transplanted to hydroponic culture solution with relatively higher N concentrations, in-
cluding 5.3, 10, 20, 30, and 40 mmol-L™" for 7 d, respectively. Lb concentration, nitrogenase activity and bacteroid de-
velopment status were measured. Nodule displayed changed color from red to green with increasing N concentrations.
Consistently, the red Lb concentration gradually declined with increased green Lb concentration. Moreover, the
nitrogenase activity, infected cell number and area in nodules were all significantly decreased, suggesting that changes in
Lb forms caused by excess N are closely associated with nitrogen fixation capacity. Bioinformatics and public expression
profile data displayed that four symbiosis-associated Lbs, including GmLb1, GmLb2, GmLb3, and GmLb4 are the major
Lb genes in soybean nodulation. These four GmLbs belong to the same clade of phylogenetic tree. Further analysis on
the transcripts of GmLb1-4 in response to N showed that the expression levels of GmLb1-4 were all significantly inhibited
by high N. This study services as a reference for future studies in understanding the underlying mechanisms of
N-triggered nodule senescence as well as BNF application in agriculture.

Key words biological nitrogen fixation, GmLbs, leghemoglobin, nitrogen concentration, soybean
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