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Abstract: Objective The glutamate receptor-like (GLR) gene family was identified at the whole genome level of Panax notoginseng
and the expression analysis under different hormone treatments was conducted to provide a reference for in-depth study of its functions.
Methods The PnGLR gene family was systematically identified using bioinformatics methods, followed by comprehensive analyses
of physicochemical properties, phylogenetic relationships, conserved motifs, protein structures, cis-regulatory elements, and expression
patterns. Additionally, their expression responses were examined under exogenous hormone treatments, including methyl jasmonate

(MeJA), salicylic acid (SA), abscisic acid (ABA), and L-glutamic acid (L-Glu), as well as upon infection with Cylindrocarpon

RS EHER: 2025-11-02

EEWB: HxARREEETH (32260095); ~mMAEKEHEEDI (202205AR070001); A EFFARHINE (202502AU100003-1);
EHRE R SR TSR A SRR E RS 0% (202503AP140007)

TEEENY: SRR, WEotyid, H77mh=-ti s I S5E R . E-mail: 2287491859@qq.com

HBIEEE: A, B9X, L4200, E-mail: shengchaoyang@163.com
X5, %, W4 S E-mail: guanzeliu@ynau.edu.cn


mailto:2287491859@qq.com
mailto:shengchaoyang@163.com
mailto:guanzeliu@ynau.edu.cn

. 2692« PER 2026£48 B57% BT Chinese Traditional and Herbal Drugs 2026 April Vol. 57 No. 7

destructans. Results Genome-wide analysis identified 12 PnGLR genes in P. notoginseng, which were unevenly distributed across
six chromosomes and grouped into four clades. Members of the PnGLR gene family encoded 693 to 1372 amino acids and contained
2 to 5 transmembrane domains, and were all predicted to localize to the plasma membrane. The cis-acting element prediction results
showed that the promoter region of PnGLR contained response elements related to light, plant hormones, and abiotic/biotic stress. Real-
time quantitative polymerase chain reaction (RT-qPCR) results demonstrated that PnGLR2, PuGLR4, PnGLRS5, PnGLRS, PnGLRY, and
PnGLRI1I were significantly upregulated under exogenous hormone treatments and C. destructans infection. Exogenous L-Glu
treatment with 1 and 10 mmol/L could significantly induce the upregulation of gene expression of PnGLRS5, PnGLR6, PnGLR7,
PnGLRY, and PnGLRI10. Conclusion A total of 12 members of the PnGLR gene family were identified at the whole-genome level,
and their expression patterns under exogenous hormone, L-Glu treatment and C. destructans infection were different, this laid a
theoretical foundation for further exploring the potential functions of the PnGLR genes.
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— -t Panax notoginseng (Burkill) F. H. Chen &
TINF NS & 2 A, RIRELS 4T
Zitf, W UMRKARZENY, BAHORIEN. HiE
WD, BET = BN TG AT, 552RE
i RBUE. BRRSZ MR F RS, EEN
Hrea5mi. HhRHE%IE Fusarium
oxysporum  FiiJE R TI B F solani 5K A
Cylindrocarpon destructans 7% 5 EUH B i 32 E 1)
JREBL PRk, AT =t 7 i 1 A DG BE DR R IA
(LW O N SN v IR P 3PS DA = e wE o e
AAELEE .

BRFRSZAR (glutamate receptors-like, GLR) #&
IEIR T2 AT R TIE R, 2R
IE S E 2 Mhe, H DAREECRE 2 SRR R IEDIRE,
FEAFAET I, fERBIN. HHaik, Gekifkhiig
SENIIS) SRR 2 Z S EYRGUR A A
FrAERIER], R ST Arabidopsis thaliana L. H3L%s
EH 20 A GLR ZE[F, Hrft AtGLRI 3t 4 ML
(AtGLRL.1~1.4). AtGLRII 3£ 9 ML (AtGLR2.1~
2.9). AGGLRII L 7 NP (AtGLR3.1~3.7), H4h
FIRHIES BB 1 B 2R 2 74 (ionotropic glutamate
receptors, iGIURS) fEifEIAL, A0 B FE A Ui 45 F ek
(amino-terminal domain, ATD). i {hk & & 45 # 45
( ligand-binding domain , LBD ) . 5 i &5 ¥ 15
(transmembrane domain, TMD) FlIFR 3 A v 435 #4) 4%
(carboxy-terminal domain, CTD) & [E] 45 k)1, {HAC
IBEENLE A T2 709 GLR &1l n] A2
iz (L-glutamic acid, L-Glu) %% Rha JEms b A4
VIG5 70 FI0, T S EUE A BRAHT & A2k
A0, 41 AtGLR3.4 5 L-Glu. &bt H ik (glutathione,
GSH) A5G o & FimiE g PR,

IE4h, GLR HE KA YA N EE R T

Bk B E AR U R, R TT
AtGLR2.7/2.8/2.9 Fl AtGLR3.3 kR IAL At T 1
I Pseudomonas syringae pv tomato DC3000 [
PR E5S, AtGLR3.3/3.6 I /E Ak s fil & Moy
Ca? KRBT i, LAE S 51 RS et By 4 e RS20 /1N
7. Vigna angularis VaGLR3.3/3.6/3.7 TE51 5 ¥ 045
Uromyces vignae WEGL N Rk g RE i, 1
T W) % 2 R 1w i B OE OB AE R 081 il b A
Gossypium hirsutum GhGLR3.4 7] 18 1L 145 K FER 1
G AUE 5 7% FRBTHRISR . Spodoptera litura
FHHEK B, Bemisia tabaci S XTAEMR IR FHO, @kR
GhGLRA4.8 XM SE UR 1] Ca2t NARY;
A CHHEE Nicotiana benthamiana NbGLR3.3 @it
% Ca¥ WiRBEiEPE % (reactive oxygen species,
ROS) P MIKEE (salicylic acid, SA) /- SHIfE
TR, MY R AN IO R AR R B (tobacco
mosaic virus, TMV) fZ4HiikRY. M GSH/L-
Glu & AT fil & Ca*™ {55, JFIFFIRFIR ZIM &5t
I (JAZ5. JAZI3). NEE G 4 (LOX4). 12-
SE IR BRIE RS 3 (OPR3) S5BAbRMC I A%
k02, BT, GLR BRI KGRV DIRes iz
KyE, SR = oA CHRIE .

AR T A T = 4 Ak DR A O e R Tk
PnGLR FER KGR, il AEWE B 22 700 ok
AEUMERT . Rgudtth. REFIET. AL
AT AR IR AT b, R SE 5Ot &
PCR ( real-time quantitative polymerase chain
reaction, RT-qPCR) W 5T PnGLR &K F AL K FIR
5 (methyl jasmonate, MeJA ). SA. i % % Cabscisic
acid, ABA). L-Glu Jb3E R FRIARI, ARAZ
i PnGLR J:RIFIEE DRI It 2% .
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M PanaxGDB #{ #& % ( http://panaxGDB.ynau.
edu.cn.) RENR2, B KA C. destructans 12+ —
TR =R R IR R s 2 BOHR M\ b ] [ 5 DR AH R
FHAEL (5TH 'S PRICA035223) FREUZ,
2 Rk
2.1 PnGLR EEZIEA L EMBU IR

=GR A BRI T ORI, AR
72 R 2H 2430 72 TAIR Chttps://www.arabidopsis.org/)
3K 20 > AtGLR & HF5I1EAZ %5751, Pfam £
Pl (http://pfam.xfam.org/) FEECAART 145 B 1l
1& (ligand-gated ion channel, PF00060). Z1& %%
[ P A 25 & 3k (receptor family ligand binding ,
PF01094 ) . 4 i Jfd 4N it 45 &5 8 5 (bacterial
extracellular solute-binding proteins, PF00497) [l
LR RAGEALO, DUSRE g ZE R P 41, o
InterProScan(Chttp://www.ebi.ac.uk/interpro ) f1 NCBI-
CDD (https://www.ncbi.nlm.nih.gov/Structure/cdd/)
HEAT G RIBERAIE, B2 3RAT 12 ML R 7L, FFKHE
Hg ek BB T4 . A H ExPASy
(https://web.expasy.org/protparam/) 7££k T HXf =&
12 /> PnGLR AWM mIDEA LMK .
AFaEIRE. RV B % 2 A BRAL I 5t 4T O
Br2sh, F)H 7E 26 T A WOLF PSORT ( https:/
wolfpsort.hge.jp/) AT 40 7 T o
22 PnGLR EFERENRFHNUXFR. X TH
YSET by

BEALH R MEGA 34420 () d R ABLAR V25
(maximum likelihood, ML) #J%, % & Bootstrap {H
N 1000, HARBEABGAIEI, JEAE iTOL Mk
(https://itol.embl.de/itol.cgi) #4174k . 14§ MEME
& 28 1. A ( http:/alternate.meme-suite.org/tools/
meme) Tl PnGLR & H IR EF, OREF X
BN 10, HARBIASEL, Only Motif Sites 25 551 A
£ 28 M b tvbot  ( https://www.chiplot.online/
tvbot.html) BEATAIAEAL; A TBtools BRI HEHL
PnGLR FER Z 3 KR AR 1S T (ATG) L3 2 000
bp 1ENEF G BT P51, Jf475C PlantCARE 7E4k

WX 3 BEAT 2 B 20, ik SOPMA M3 Chttps:/npsa.
lyon.inserm.fr) 7 #r & H 24514, Swissmodel M
vl Chttps://swissmodel.expasy.org/) 73 ¥ [ =2 &5
¥y, FFLL AtGLR3.4 3E4T [F] Y5 AR 10),
2.3 HNREERER L-Glu 438

BUKSA—2)— R =LAl i 3 s
[ER IR, 437518 100 umol/L MeJA . 200 pmol/L SA,
1 mmol/L ABA, Wiz B/K/EAXNIE . A3 5 73 (e
3. 64 12, 24, 48, 72h REEM FTREART, FIIRIE N
1 mmol/L 1 10 mmol/L ) L-Glu, WEiZ& /K 1E AT
M8, BER 1R, 28 3 IR G RAEM AT 9t )
F oxysporum ¥, 3 d JEARBICSK I AR,
FIF Tmage) BAFREATHRBEMEAN T HI22831, K5 T
=80 ‘CUKFEHIRAF, HHT/5%4: RNA 2L,
2.4 RNA {£E15 RT-qPCR $iE

ff A RNA $EHGRFF &6 =LA BT RNA
(A, W FIR FE )t A J= , FFA8 A Prime Script
RT reagent kit (Takara) {7 & 5N CDNA;
F| F| Primer Premier 3.0 plus Chttps://www.primer3
plus.com/)7EZ& M 3 147 51 W5 ot , 4 H #2512 RT-
qPCR il H AR FEF )ik, BMEMIEE 3 AME
¥ EH, XM ChamQ Universal SYBR qPCR
Master Mix [] PCR & NiA& 5, L PnACT2(GenBank
No. KF815706.2) AN 23K, RT-qPCR J b 44 1F
H: 95 CHiAEYE 30 s; 95 CAME 10 s, 60 Ci
K 30s, FEIN 40 %, 95 ‘C. 15s, 60 C. 60
s, 95 C. 15 s, F 2720C i S L IR (A X 3Rk
=7, RT-qPCR 5175 WL 1.
3 ER59%
3.1 PnGLR ERFEZRME RS E IR MR

MEAFERAAREIFEE 12 A PnGLR &,
A 5I0AGHE Chrly 24 4. 8. 9. 10 Stk b, 1R
PGt b BRI 448 PnGLR1~PnGLRI2(FR
2). FAURHIE/HT4E R 7R, PnGLR 2 AR R K
FEAT 693~1372aa, AHXISrFRIEANT 77 74531~
152.808.1, RIS H i 7F 5.88~8.96, Hirf1 7 > PnGLR
BTt EA, 5 PnGLR JB TEMEA: TaiR23
f7T 84.71~104.53, AFaE REUAE 33.67~42.31;
YI357K Z%0% PnGLR5. PnGLR7. PnGLRS. PnGLR9
FEEAKMEER A, HABINHKEER . TMHMM FfE
TMIZRE, 12 4~ PnGLR EA 2~5 MBI MAE,
A e A RN B, H A T sl |, iX 5 GLR 1
NS TIlE R R B
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1 PnGLR EEZFESFIRAEES
Table 1 Primers for RT-qPCR analysis of PnGLR gene family

F AR E[GY (5°53") RIA51H (5°—3)

PnACT2 GATTGATCTTGGCACCGGGA TGACCAACCCACGACCTTTC

PnGLRI TTGGCATGGTTGGAGCTTTG GGATAGAGTGGGGTCTGTGG

PnGLR2 ACACCAATTGCAGCGGATTT AAAGCAGAGAGAGTGGGGTC

PnGLR3 TTCGAGCTTGGTGGTTTTGG GTTGAGGATGAGGAGGAGCA

PnGLR4 CTGCCTGGGGATTTGCTTTT GACAGAGTCCGGAGAAGCTT

PnGLRS CCATGAAAAGGTTGCCGGAA GCAAGCTCATGTCTTTCGGA

PnGLR6 CCGGAGTGACAAGTTGCAAA TTGTAACGACGGCTCCTGAT

PnGLR7 CCCTCGCTTTCTTCCAACAG GCTGCCCAATACCACAAGTT

PnGLRS8 TTACAGTCCAGCAGCTTCCA CGGCCCTTTCTTTAGTGCTC

PnGLRY GGGACAGTTGCGCTAAAGAG GGAAATGAACCACCCCAACC

PnGLRI10 TCATACGATCCGCTGACTGG GACACATCACCAACTACCGC

PnGLRI11 AACTCAACATCGCCAAATCAAGG TCTTGAAAATGCAAATCCCCACC

PnGLRI2 ATGGGAGGAGGCAGCTTITAG TTTTGCCAACTGAAGGACCG

2 PnGLR EEZGRRBME RTINS AT
Table 2 Predicted analysis of physicochemical properties of PnGLR gene family
BH REID ik EIEREC AR TR S MEREC MRS BTk AN B AR

PnGLRI Pno01G000431.t1  Chrl 923 102 240.78 7.61 40.20 99.54 0.133 5 it
PnGLR2 Pno01G000779.t1  Chrl 693 77745.31 8.74 33.94 99.42 0.017 2 it
PnGLR3 Pno01G006006.t1  Chrl 897 99 517.11 8.35 40.61 89.77 0.006 2 it
PnGLR4 Pno02G001846.t1  Chr2 882 98 198.24 8.25 33.72 99.23 0.113 3 R R
PnGLR5 Pno02G006237.t1  Chr2 877 98 397.63 7.96 33.67 86.01 —-0.117 4 R R
PnGLR6 Pno04G000506.t1  Chr4 877 98 500.93 6.63 38.05 104.53 0.108 5 R R
PnGLR7 Pno08G002481.t1  Chr8 966 106 927.9 5.88 33.83 87.00 —0.083 3 R R
PnGLRS Pno08G003084.t1  Chr8 909 101 975.59 8.96 34.31 96.17 -0.013 3 it
PnGLR9 Pno08G004739.t1  Chr§ 1372 152 808.10 6.12 4231 84.71 -0.234 3 it
PnGLRI10 Pno08G005371.t1  Chr8 866 96 687.28 6.94 39.09 93.22 0.059 3 it
PnGLRI1 Pno09G000012.t1  Chr9 938 104 502.44 8.75 38.30 98.22 0.058 4 it
PnGLRI12 Pnol0G000886.t2  Chrl0 893 99 676.21 6.13 38.93 92.15 0.045 4 JR

3.2 PnGLR ERFREMAEZ A BMAE

K HNF I A. thaliana 7K¥E Oryza sativa. Fhi
Solanum lycopersicum 55 12 ™MF 75 /> GLR A
JF515 12 4 PnGLR EAFAIE RGR G, 45
REW, PnGLR BERFIEM TN 4 M3k (H
D, WAMNUKITNE 103 14 (PnGLR6) %
5332 2 A (PnGLR7. PnGLR9). BS54
(PnGLRI PnGLR2 PnGLR4. PnGLRS PnGLRII)-
%IV N 44 (PnGLR3. PnGLRS5. PnGLRIO.
PnGLRI12). Sy SO B I %, MU E
5 4~ PnGLR, &5 /NSIHi#E PpGLRI ~2. Hi4%
MpGLR. VLEg#A40 SmGLRI ~2. % | RsGluR. i
FJT AtGLR3.1~3.7 %5 36 AN JEIH, X 558115 32 4
WHRRBEZEMS 86 A, =L HrEE
IV, A3 NS FIRR G, B

Fi AR GRGLR4.8+ ZEHiM SIGLRI.1~1.2. /KFE
OsGLR3.5 AN—F. W LEREKW T PnGLR
TBTETNREM ZHEME
3.3 PnGLR ERAFRENRTERFRERZEHIH
BT ELL M3 MEME 5§ PnGLR1~PnGLR12 &
FI#ET motif 73871, PnGLR "' motifs £ E7E 8~
10 4> motifs A% (& 2), motifl. motif2. motifd.
motif5. motif7 7£ 12 MEF FIILFLE, motif6. motif10
XAE PnGLR2 Hifesk, Horf motifl f 7 M3 B IX 5
FEARSF SYTAxLxxx #5/7 . ERLE T & T IliE 1
K EAE T B 4 A OCHEER L T693.T697.T701
A1 L705 BTk, AN AE iGluRs A [R5 AL I A i
{R5FI SYTANLAAF 387 (1) — 3043 8 AE C iy (&
3-B) B0, jip =5 4 AN E S B IERE A A
[, R M EFSENR ] RefE e R .
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SIGLR3.5
PuGLRA
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AtGLRZE
AIGLR2.9
3717843,

CXegy,

ZMGLRID- -

At-PIFTF; Os-/KFE; SI-E A Zm-ToK; Pp-/NArmiss; Mp-hk; Sm-TFEIEAM; Rs-2 b Gh-Flhaf; Nb-A KAHE.
At-A. thaliana; Os-O. sativa; Sl-S. Ilycopersicum; Zm-Zea mays L.; Pp-Physcomitrium patens; Mp-Marchantia polymorpha L.; Sm-Selaginella

moellendorffii Hieron.; Rs-Raphanus sativus L.; Gh-G. hirsutum; Nb-N. benthamiana.

1 ZE5HETT. KiE BFUMBRGHNINR

Fig. 1 Phylogenetic tree analysis of P. notoginseng with A. thaliana, O. sativa, S. lycopersicum, and other species
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Fig.2 Conserved motifs analysis of PnGLR family members

5T SOPMA 7E 4k Wi EAT 8 (1 - 45 M Tl
W, 12 4~ PnGLR FHEHEH o-120E ToRNI il
ELEERE AT -7 &, e TR A it 5 T 37.85%~
44%, o-12HE 36.85%~42.08%, ELEEIEM 14.94%~
18.18%, B-#r& Ll 3.42%~5.10%. PnGLRI~
PnGLR12 HH &5/ oM A, HZE R EIA
7], LA PnGLRS ) a-42JiE (42.08%), PnGLR7 HI7E

U (44.00%), B-41& (3.42%), PnGLR2 ff]
HEELEM (18.18%) dthfm (B 3-A).

AW LR, Y GLR 45Kt S55h
iGluRs 250, #FE7F AtGLR3.4 LARIVA DY SRR 4L
$E001, 3Et SWISS-MODEL AT A A, 4555
75 PnGLR 2 4585 AtGLR3.4 = E AL (K 3-0),
H—PR M GLR FKEE AR R
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of tertiary structure of PnGLR.

3 PnGLR RIXEBRIEH I
Fig. 3 Structural analyses of PnGLR family proteins

3.4 PnGLR ERFEBzFHIRNAER TS

it = 4 O AL 2 IR ) Bh 1 A, HE
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Fig. 4 Analysis of cis-regulatory elements on PnGLR gene family promoters
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