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Genome-wide Identification and Expression Analysis of Soybean GLR
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Abstract: Glutamate receptor like channels (GLRs) are a type of Ca?* channel proteins involved in cellular metabolism, seed
germination, plant growth and development, as well as long-distance signal transmission. Here, in this study, a total of 29 soybean
GLR members were identified through a comprehensive proteomic identification of soybean. Their phylogenetic relationship suggests
that these soybean GLR genes can be classied into three subfamilies, members within the same subfamily exhibits conserved gene
structure and motif compositions. Cis-acting elements analysis indicates that the promoter regions of soybean GLRs contain a variety
of regulatory elements related to hormones, stress, light, and plant growth and development. The analysis of tissue and stress
expression patterns shows that GLR genes are highly expressed across various tissues in soybeans and involved in salt and alkaline
stress. GmGLRs exhibit significant variations under salt and alkaline stress by qRT-PCR analysis, suggesting that
GmGLR3.13/3.15/4.8/4.9/4.10 may play an important role in stress response. In summary, the results of this study provide an

important theoretical basis for further investigating the role of soybean GLR genes in stress responses.
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PR GIEE, & HIFRA A S B, ook T ORI [ SO A 22 A AR AT 4R R AT A i e SBX
— EAR I SR AE T 4290 O R E VR, 199K T 7E SRR T AR AR AR KRR Ty o FERE I AL A o
P55 R REEWRAEN . SR E MBS S AE Ty, WA ES 5 IEEm AR, &
KAE & fEs4, b, Y254 %R % 18 (Glutamate receptor-like, GLR){F JyIEik 4k B T@iE, @
LI K Ca?t Na™5 8 TSRS H, FlEN T Ca 3 P MR %A, (EfE 51k ST N2
SE AR A G A ()

H MY GLR & A Z LR, HIhBe AWz, Har, SESHEY T LEH GLR R,
L35 BU /G IF (Arabidopsis thaliana)l®. 7K FE(Oryza sativa) . 3 Hifi (Solanum lycopersicum)®). 1 15 (Medicago
sativa)®l. JMZE(Brassica napus)'. H = (Ipomoea batatas)'. H E(Saccharum spontaneum)' V%% . 5T B
¥ GLR 45 M4 N 3 45 #)45% (Amino-terminal domain, ATD). 32445 e lc 4k 45 & 45 4 15 (Receptor
family ligand binding domain, PF01094). & il ¥} % Jii 45 & 45 14 45 (Bacterial extracellular solute-binding,
PF00497). Pt | 4% B -1l i 45 ¥4 15(Ligand-gated ion channel, PF00060)LA A %2 AN 5 5 5 K 4 (13141, 2 4 5t
iRy TR, Y GLR JE T WA BE T, RARCA 428 7l . 2 GLR #H RS e iAo
J&, REMSARRE Ca? B5 IERE AR, HEMIARLKAIRN — RV SAEBAE FHKE Ca2H5 T TR, KL
O LE YR 45 A 40 A B 2 R e R P R A O REAE FH OO, i, fEJKAE R, OsGLR3.1 L ¥ KRG 4h i
RAREHR M2, 1R TOKER R MR FU. /£SR3 T, BraGLRI« BraGLRS Al
BraGLRI1 #R 52 #hhia 2 % B RE, BoR e S 53 i ME ME . BRI, e I7
AtGLR3.7 FERIF e R B PR T W I A P k2. SRR, $RBA T~ ArGLR3.7 I RBMmM T &
I B R A S W N K, T gle3.7 SRAR A B IR LRSS, K] AtGLR3.7 il LM 55 5 4%
SZHHMHEMEF, AL, GLR BT —EHMWENOVE S Fikie, 1EERME TP gL,
IRk A Y BAL B (SOD) ML AL S A (CAT) A5 (3 15 S S 1, 1 s IS BRI 1R SU(ROS) I BE T, T
BE RO AT . IR, GLR 05 5B FliE rvE e, sEmies 5 IiscRegis, deRranie m
BT, SRR THEAE S A R AERE 10, 2 EPTIR, MY GLR BATZ 2 5T EMEK R
B G55SR,

K 5.(Glycine max)VE R —F i+ E 1 GAMEY), ILCBCAAEREZEIR. . FHAEY . R
F R G R AR T AR AN AT TR ™ B P B AN A, R DA 2 3R DG TR B A 7 7 SR 20 2024 47 3R [ 3
KK 8185 Jihli, [FIELIEK 8.1%. AR E 24, SHITKGAPM BT, 256 P 3 ht Al Jy 3 2
U, R TR #hAEY, IS KRS AR R F RV 2 R, &M R G B kIR
B Rz —P2 . RS R T ER b R G A BRI, R SRt A R E R EEE . HETR TR
. GLR B:FMAR I D . A AR AW E RS FB, RREAEAHTY, #2385 KT GLR
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1.1 KE GLR ERREM AL E

Y% E GmGLR =R R K 5 2, FIH Phytozome(https:/phytozome-next.jgi.doe.gov/) N 8l i Ir
GLR FKEHEFAFHIC, JF H HMMER3.0 A4 @23 /R B A . 33— DR Z A0 A Phytozome 3R45 1
KIEEAMAFH AT, K8 KT GLR E A5 B2, At — & k% GLR & 1A, FH
SMART(http://smart.embl-heidelberg.de/)24 F1 Pfam(http://pfam.xfam.org/)25 % {6 % 1 14 3E 1T 15 =5 &5 #4935 43
B, SRR A 1 TSR RIAS 56 B 5 M 3 ¥ k8 36 . R Bl ExPasy(https://web.expasy.org/protparam/) 73
GmGLR H %5 H S T8, /5, BT WoLF PSORT(https://www.genscript.com/tools/wolf-psort) 73 Ht
GmGLR K40 52 £7, {8 ] TMHMM-2.0(https://services.healthtech.dtu.dk/services/ TMHMM-2.0/) 5 1 %
2 K3 o
12 X2 GLR BEE# X R ERLEHMRTEOEST

I MEGAT7 #4F N B 1) ClustalX £ % GmGLRs % [ 7 51 3#E47 Eb i, S8 48421 (NJ, Neighbor Joini
ng) M RS K AN . H R E (bootstrap method) ¥ 1000, HASHUAFFBIN K E . 3L Phytozome FEUKA
. GFF3 ZERVER A, FIH Tbtools #£HU GmGLR R:K X Jfk DNA #Il CDS J74I(E &, Il E R N & -5k
B 745K E . FFH MEME((https://meme-suite.org/meme/tools/meme) Tl {5 57 3 F¢ (motif),  FK 4% 2% {7 =y ik
FZ¥ U E N 15. 81 NCBI Batch CD-Search(https://www.ncbi.nlm.nih.gov/Structure/bwrpsb/bwrpsb.cgi)26!
43 GmGLRs F RN A 45 M5 B, Hli ] Thbtools X GmGLRs ¢ Al 571 F A 57 F2 5 Rl ~F 45 R s kAT AT
RUAL AL FER7,
1.3 XE GLR EERMEEFEN R ILL ST

3L Phytozome F75 A 3 41 KBS, I Thtools F A i Kk 5 Ye e f (145 3K Bl GmGLR
FERAE et ph B B AN E . fd ] TBtools [ MCScanX B AEREAT W I L Lk M 4341, FFiliL TBtools SZHL AT
MACALHE
1.4 XK€ GLR EE B FIRXER T 547

F Fl TBtools #& HL GmGLR £ H &K Jf& #2 48 % % F (ATG) b Ji# 2000 bp J¥ %, I i i
PlantC ARE(https://bioinformatics.psb.ugent.be/webtools/plantcare/html/) il il 343 47 f5 5 - X #5246 FH oo 44
(281, F| ] Tbtools AT A AL AL FE .
1.5 KE GLR EEHERRER BRIEEN 24
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11T Soybean eFP Browser(https:/bar.utoronto.ca/efpsoybean/cgi-bin/efpWeb.cgi) 7 #T GmGLR F:H7E K 5
ARHL MR IEHEE . dhsh, BT8R K13 K S GLR B RLETRPVA # (GSES7252)RP0H i N )R ik .
Bl A 2085 A loga(fold change) T R R RIA EMA, HXTHAAHE, log(fold change)>1.5 Bi<-1.5 54
A EHE R GmGLRs BRI i [ B FAAAE 2 73R IE . S5 TBtools 3 22 i) 3 PR R s # ] .

1.6 XE GLR EEZWEHHERIEER 347

FEMIGHEEE N 60%, #REH 24°C, JGIBIFTE N 16h/8h 644K, K K E(FHA&K 50, DNS5O)FHE T 15 i 1)
A R EAEKE V2 IS A =AM BOR, K 2 1/8 Hoagland & FR M P4k 2L 15 3%, 7
KB V3G, Xk SR IR 0 B 38 (50mmol - L 'NaHCOs3) Al £5 i 38 (100mmol- L 'NaCl) A B . £ Jifp il
0. 3. 6. 12hJ5, HXO0.1g KEMALIH T RNA #£HL. Trizol yEBMEHUK SAREE S RNA, FF LA MR,
A 5 M #% A 7] RT-PCR X7 & T 50°C X Bi 45min, [FE34 A cDNA 55 —4%, BHJSTE 85°C FiEE Ss LA
KiE R EE B . 396 H K ubiquitin 3 3£ B(Glyma.20g141600)/E NN 23 HBY, @it Phytozome % ¥ 12 3k HL
%A CDS J¥%1. FH Primer premier 5.0 it 5140, 575K 1. ¥ cDNA Mkt 10 55 1F ik, ff
FHl TransStart Top Green qPCR SuperMix(TransGen Biotech, [ )i ;2 M A& &, F{# F Bio-Rad CFX96
47 qQRT-PCR ¥ 4. SLIG W B 3 IRERE A 3 A ¥ EE, 2MC LB R M KB &, LA
SRR NS, R SREEEG DR P AX R R, FIH GraphPad Prism 8 41T G154y B H-AF

E o
# 1 X2 GLRs A qRT-PCR 5|#{5 2

Table 1 Primer information for quantitative Real-time PCR of soybean GLRs gene

GIE/EZS ERBIMFEHG 37) RI5IMFESIG -3
Primer name Forward primer sequence(5’ -3’ ) Reverse primer sequence(5’ -3 )
GmGLR3.10 AAGTTCGGGCCTTTACGGTG CCATGAGAACTGTGGGGTCC
GmGLR3.13 AGAGGGTGCAAAACAAGGCA TGGCCAGCATTTGTCTTCCC
GmGLR3.15 TGCTTTCCTCTCTGCTCTGC GAGCAAGCACATAAACAGTGTCAT
GmGLR4.7 TGGTTACATGACGACCACAACC GCCACATCATCAGAGGTGCTT
GmGLR4.8 ACTGGCCAGAGACGTGTCAA TGTCATTGCCTTCTGGTGCC
GmGLR4.9 AGCTGATGATGGCACGCAT TGTCAGCCACCAAAGTTGTCT
GmGLR4.10 TTACCATTGCCCCTCATGCTG TGCTCGAGATACGTCAATTGCT
GmSUB3 GTGTAATGTTGGATGTGTTCCC ACACAATTGAGTTCAACACAAACCG
2ERE S
2.1 KE GLR EEFRIEMALE
N E KT GLR B Kk o1, M B AR GLR Z 5 B 8 E e 51 i B JR A] A Y
(HMM). @il Phytozome %k HUK 58 A 45 41 Je HyE B S, 8 HMMER3.0 BEAT 8 Z ELxt, #1205k

H 118 Mgk K& GLR B H . #F— | A Pfam #45 2 3R15 AH 5C (1) 8 5 /- 7] KA AL PF00060(Ligand-gated
ion channel, PF00060), JfLL<<e-5 JyBIMENT K &8 A B8R EHITR R, REWMINENESFH. BT


https://bar.utoronto.ca/efpsoybean/cgi-bin/efpWeb.cgi

SMART AEWE B% TR, XHEk KT GLR 8 A5 5 1R~z G5 AT 00T, 01515 3 2 B AN 5 S A 5K i
AR 285 £ 45 KT (FO1094) « 2 18 i A1 V% 57 225 2 45 K3 (PF00497) . T4 | 143 85 738 1 45 #4938 (PF00060) LA % it
RSB E RSSO E A YA, R RRERIURIT, RAWTE T 29 A KHE GLR KRG
(2 2). MRHEIX LAY 51 5 1L 7+ GLR & FA/E 2R IR /7 41 b BT B0 (0 RIR AR AR, W kT &, KT
GmGLR2.1-GmGLR2.2. GmGLR3.1-GmGLR3.15. GmGLR4.1-GmGLR4.12. FAb 1 5 43 b7 2 B H & LR
KEERZAE 800~900aa, XH K FEIE 4~10kb. FTH A& H 3 AL LIS, K2 MR A&
FUEAAEAIIE b, iX 0y GLR 1E i@ & (R T R IRt 1 i de & .

%2 K& GLR K55 B
Table 2 Information on GmGLR genes

i e K D J#FIKJE Sequence length LiipD)  BEMEAEH TEAE
No. Gene name Gene ID oA DA Ehien Isoele'ctric Transme Predicted
point mbrane location
(bp) (bp) Protein
1 Glyma.07G226400 GmGLR2.1 7842 2463 821 7.84 3 R PM
2 Glyma.07G226500 GmGLR2.2 4898 2559 853 8.26 4 R PM
3 Glyma.14G001100 GmGLR3.1 3739 2748 916 9.01 4 R PM
4 Glyma.06G305000 GmGLR3.2 6594 2790 930 7.34 4 JFHE PM
5 Glyma.04G016000 GmGLR3.3 4733 2778 926 7.75 5 JRiE PM
6 Glyma.12G194200 GmGLR3.4 6305 2844 948 8.53 4 JRiE PM
7 Glyma.12G099500 GmGLR3.5 6221 2775 925 7.4 3 JRiE PM
8 Glyma.16G111700 GmGLR3.6 5472 2751 917 7.35 3 JFHE PM
9 Glyma.12G194100 GmGLR3.7 6096 2730 910 7.99 3 s PM
10 Glyma.06G016000 GmGLR3.8 5293 2790 930 7.98 5 JRE PM
11 Glyma.13G308400 GmGLR3.9 6058 2844 948 8.59 4 JRiE PM
12 Glyma.13G308500 GmGLR3.10 5825 2730 910 8.29 3 JRiE PM
13 Glyma.01G157900 GmGLR3.11 5252 2817 939 7.23 3 JFJE PM
14 Glyma.09G197100 GmGLR3.12 5263 2928 976 7.58 5 JFHE PM
15 Glyma.09G197200 GmGLR3.13 4458 2793 931 6.68 3 JRiE PM
16 Glyma.09G197400 GmGLR3.14 5280 2793 931 7.47 3 4Rk Chl
17 Glyma.11G087100 GmGLR3.15 4982 2817 939 7.41 3 JRiE PM
18 Glyma.06G233600 GmGLR4.1 12297 2577 859 6.68 3 JifEE PM
19 Glyma.06G233900 GmGLR4.2 4438 2511 837 9 3 JFIE PM
20 Glyma.06G234000 GmGLR4.3 6014 2538 846 8.73 3 JRiE PM
21 Glyma.07G203700 GmGLR4.4 4078 2700 900 6.85 3 JRiE PM
22 Glyma.13G172100 GmGLR4.5 4822 2553 851 6.34 4 R PM
23 Glyma.13G233000 GmGLR4.6 4658 2781 927 8.2 4 JFJE PM
24 Glyma.13G233300 GmGLR4.7 6509 2757 919 8.15 3 JRiE PM
25 Glyma.13G233400 GmGLR4.8 5248 2820 940 6.71 4 JRiE PM
26 Glyma.13G272400 GmGLR4.9 5255 2616 872 8.07 3 JRiE PM
27 Glyma.14G083200 GmGLR4.10 7862 2634 878 6.75 3 s PM
28 Glyma.16G061600 GmGLR4.11 8353 2766 922 8.76 4 £k 44 Chl
29 Glyma.16G061800 GmGLR4.12 6442 2652 884 9.04 4 4Rk Chl

2.2 XE GLR RIEEEH# U X RS



IRNHFTER G GLR B F R G 2, AW OB R TFRIK S GLR FIRIERME 2%, Ltk
KA ERG IR (E 1), WRETF. KRR T3 73 4> GLR FR R 55 3 4 4K (B GroupI~1V), FF
FLAAANIE SR N B2 R 2 B 0 AR o GroupllE R Hh GmGLRs 1R BV R S B B0 %, Zik
15 (B GmGLR3.1-GmGLR3.15);  1fi GrouplIDWV. K &AL &% GmGLRs 1 1 4~ OsGLR J% 51, F5MZ% IV 5K %
] e B AT RAR IS 7R . GroupIVANA OsGLRs & 5t Singh Z5UHAN, /KARERFAT (RITV I 5 15 ) g2 i
B 3 AN F M ) — A JE RAE S R b = AR AR A 2 A2 1 dl a0 L E =AM GLR B2 5 vkt
WXL AT R, K GroupllFl GroupIlI W5 R L%, W REAFAETHRETU R RN REAL LR .
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Fig. 1 Phylogenetic analysis of GLR proteins form soybean (Gm), Arabidopsis (At), and rice (Os)

2.3 KE GLR EEEN KX IL M 54

YT RGN IT GLR H R 7E B AL ELL 5 18], IR NPT GLR SR 5 R [a] g B2 1 6 R W
o W 2 W, TP A 20 4 GLR P, EEUME T 5 FAR G AR B RS BAAAE 29 4
GLR 3E[N, MIXBISII A AE 10 55 T Y Oihh o HEWTAE Y80 R GLR SERTER A RiamiE R, 5
BRI HE R R A OC . DA TR S 4 5 Y 15 50 [RIVSE KD (B 2 TR 202k, KE A 20
X ISR R (1] 2 W 2R), SRS T 3 06 55 R RIEE R (18] 2 4R 4R), JE MR B T K S A R 40 A bl i e v
FEDRY4, BRI LR Bk BN, ARV, ST AGLR3. 7 @I RS Sl S 5 HhE
U8, s R PR AL D R RE B AT AR T Re,  HED L K G RIVEEE A GmGLR3.7 M1 GmGLR3.10 B iEZ 5
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The blue lines connected soybean paralogous genes, the green lines connected Arabidopsis paralogous genes, the red lines indicated orthologous genes between

soybean and Arabidopsis

2 KEMAFET GLR ZERREFEMMEFXHR

Fig. 2 Chromosome localization and syntenic analysis of soybean and Arabidopsis GLR genes

2.4 XE GLR ERELEHBMERE S

BE— X R G GLR BRI G5 AT 73 M (B 3), X HAMNE T 5 A E TR KB, Gruopl A ¥
H SR ANNE T, Groupll KA EH 6 NMIMNETHI 5-6 NN E T, MAE Grouplll H1B% GmGLR4.11
b, HRFTERIKYG GLR HEF B AL S AR T UK 4 DN & PR 55 M0 8 5L 7 70 iR i
Groupl V. 5K Ji% B 73 3516 2K Motif10; GroupllWF. K J%& R 5 GmGLR3.7 Al GmGLR3.10 & Motif9; GrouplIIL.
ZF I+ GmGLR4.10-12 62k Motifl2, GmGLR4.2 2k Motif10, R GmGLR4.12 5 Motifl11(&l 4). It
4b, BT GmGLR F G H 518 A 741 N A AL —ME KT 41, Motif5. Motif8 A1 Motifl 1-13 44 5l ) 52 74
FORMC A 25 4 45 /) 45 (Receptor family ligand binding domain, PF01094), Motif2. Motif4 F1 Motif9 ZH B ()4
Y1 JfL A1 %5 7 45 4 45 K 45 (Bacterial extracellular solute-binding, PF00497), Motifl . Motif3 . Motif7 £/l
Motif14-15 ZH B FEC A 17145 85 13 1 45 #445%(Ligand-gated ion channel, PF00060). {Hf3ER /&, Motifl Hf
F71E 1 His-Arg-Glu 4L #3688 . 25 BT, GmGLR %0 S i 7 7E 3 R 5 0 . A S 45 P SR £
SEIE A R R R AR S
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Fig. 3 Gene structure analysis of GmGLRs
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Fig. 4 Conserved motifs and conservative domain analysis of GmGLRs

2.5 K2 GLR EE R FIRNIERA T
SEIE XK T GLR 3R 3) T DR R AR F 760 34T R BL,  GmGLR3.15(Groupll) i 31 1 X d8i 6. 5 8 /4
TGACG-motif, BLK %A CAT-box JLPH(HIE 5-6). HEMILAT S SIS S5 Sill, HEHUEKRE.

8



T A N S 2 AR ) S R R P RIS ThEE . GrouplIDI 5% I i A 1A J8 8 F X & A RS0 e i 50
£ ARE. fKIZWIN JofF LTR. T35 S 7o/ MBS F1 5 #55 B2 B 7644 TC-rich repeats 2555 [ 36 i b7 5%
A EAE I o DRI L PT RE 2 b5 DR S0 & Ml S5 A g e S A, R 1S 5 OK S A0 B i 32 1
DA (IR S E T 58 % T () A A7 45 7 THT R A% 2 R R

GmGLR3.6 ——0—00-00—0—000— 0000 Phytohormone responsive
GmGLR3.12 00— - . ] HEWRN T
GMGLR3 M1 — — 80— — — — - (— —— 80— - —0— B -
GmGLR315 ——— — — &— - — - (—9¢86— — )0 Light responsive
GMGLR3.13 —— *«— o -0 — —0———0 - SR TERE
H GMGLR314 —3—0—0—— 0098 00000000 O
& GMGLR3.3 #—8-00—0—0000—00-0—0—0 [ Stress responsive
H GmGLR38 -- & -— —00@ -- — — — — ¢ e,
. GMGLR31 — 0@
o GmMGLR34 — & — - —— - — — B — (—( -&—Wo— ¢
TR GmMGLR3.9 —o 1080—0— —e- & = . g;tigi;o;vtﬁh and development
GMGLR3.5 6 — ¢ 00606 —0— 06— 0 —00— —
GmMGLR3.2 ®@—(—¢— ¢ 0—0—00— 00 0— 00—
= GmGLR3.7 oo — —— 000 - (—(—0—0—)
§ GMGLR310 -0-0-00——00—0—8—0——0—-0—0-5: o oo
.g.l 100 GmGLR2.2 — — e —@ -—0—100——— 00—
3 GMGLR21 — @ 0000000000000 @050 —o
<
o 100—GmGLR44 ¢ —— —— — ¢ ———86— 06— —— —— — ——0—
100 GMGLR4S —— @00 — P
B GmGLR4S - o@— — — 06— & — o 0 (
Si GmGLR4.7 — & —90 06— 000 — 86— — —0)— 00
=] GMGLR46 ©00—0-0— 00— 0 00-00—0— 0 W0—00—
s GMGLR4.12 ———0—0-0000—— 00— 0-0-000—0—0-—0———0—
° GmGLR4.11  ——8— - (8 - - —e—me
o GMGLR4A.10 & — >— — - —00 )0
GMGLR49 — B0 (—@ "8 00 0 @I 00—
GMGLR41 —0—— 00— 00— 0—0——— 80—
GmMGLR4.2 «— e - o 8 — - —
GmMGLR43 — ——— 81— - --—06—0 —0 ——— 0 ——

. 3'
0 200 400 600 800 1000 1200 1400 1600 1800 2000 (bp)
Nucleotide length {88 <[ (bp)

B 5 GmGLR ZxEEBH FIRAER -2
Fig. 5 Distribution of the putative cis-acting elements in promoters of GmGLR genes family

GmGLR3.6
GmGLR3.12
GmGLR3.11
GmGLR3.15
GmGLR3.13
GmGLR3.14
GmGLR3.3
GmGLR3.8
GmGLR3.1
GmGLR3.4
GmGLR3.9
GmGLR3.5
GmGLR3.2
GmGLR3.7
GmGLR3.10

Number #H
12

GroupIl 4|II
BEEfEE B B|

-
=]
=3

100 GmGLR2.2
GmGLR2.1

GmMGLR4.4
GmMGLR4.5
GmMGLR4.8
GmMGLR4.7
GMGLR4.6
GmMGLR4.12
GmMGLR4.11
GmMGLR4.10
GMGLR4.9 | 3|
GmMGLR4.1
GmMGLR4.2
GmMGLR4.3

100

Grouplll 4l GroupI #I

AuxRR-core
TGA-element
GARE-motif
TCA-element
TGACG-motif
AT1-motif
TCT-motif
circadian
GCN4-motif

Phytohormone  Stress Light Plant growth and

MEWRITH ARSI Rt BWEKES

T ARIR AR H T 2

Number represents the number of cis-acting elements



6 KE GLR ZEBHTFIRAEATHHES T
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Fig. 7 Expression pattern analysis of soybean GLR genes family in different tissues
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