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it X &, FFRA F B R AT 2 RS B4 X R (real-time fluorescence quantitative polymerase
chain reaction, RT-qPCR)¥IE GLR R %35 M £ 4 °CIKRE Ao TR M F AL 3 T 49 R AAE X AF R 45
RE: HE A (Musa acuminata)} B 48A 19 > MaGLR K%M N « B (Musa balbisiana)¥~F 28 16 A~
MbGLR K& MR A« FT 5% & (Musa itinerans)Z< B 404 14 A~ MiGLR K#%& MR ; K % R0 H#2%&
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4-4%. % (transcription factor binding site, TFBS)TM 4 R & 7, & & GLR A E 3 5 F . Mriata %
of) BL LA VA B 18 #F TFBS. RT-qPCR 9 #7 & 88, MaGLRI.1. MaGLR3.5 & 4 °CAKIR Mri8 T A=A 7R
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and its expression analysis in response to low temperature and
abscisic acid/methyl jasmonate
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Abstract: Glutamate receptor-like (GLR) is an important class of Ca®" channel proteins, playing
important roles in plant growth and development as well as in response to biotic and abiotic
stresses. In this paper, we performed genome-wide identification of banana GLR gene family
based on banana genomic data. Moreover, we analyzed the basic physicochemical properties,
gene structure, conserved motifs, promoter cis-acting elements, evolutionary relationships, and
used real-time fluorescence quantitative polymerase chain reaction (RT-qPCR) to verify the
expression patterns of some GLR family members under low temperature of 4 °C and different
hormone treatments. The results showed that there were 19 MaGLR family members in Musa
acuminata, 16 MbGLR family members in Musa balbisiana and 14 MiGLR family members in
Musa itinerans. Most of the members were stable proteins and had signal peptides, all of them
had 3-6 transmembrane structures. Prediction of subcellular localization indicated that all of
them were localized on the plasma membrane and irregularly distributed on the chromosome.
Phylogenetic analysis revealed that banana GLRs could be divided into 3 subclades. The results
of promoter cis-acting elements and transcription factor binding site prediction showed that
there were multiple hormone- and stress-related response elements and 18 TFBS in banana
GLR. RT-qPCR analysis showed that MaGLRI.I and MaGLR3.5 responded positively to low
temperature stress and were significantly expressed in abscisic acid/methyl jasmonate
treatments. In conclusion, the results of this study suggest that GLR, a highly conserved family
of ion channels, may play an important role in the growth and development process and stress
resistance of banana.
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iGluRs N H B Fimia 5/ AL, A5 T 2
AR Z AL A X 5(GInH1 F1 GInH2)Fl 4 4~ 5 it
X M1, M2, M3 Fl M4)!*7,

H YIS &R Z R R Bk, HRE Rk
TR B ASWHZ I, BT, GLR ZEBL R I7 (20 )M
KAEQRA M BG4 M ERGB2 MM F
A3 MM K (16 I BEREE 45 (29 )
FHY PR EREYAERKE i, OfF
iFsE R GLR 2 5FrFii &M MR EFT,
SALFFEN | e AR RIS LA
IS/ e SefE S S AT ON
R TN O T P ¢ B | VAEL /) SIS RS /] 7))
EIE, SHMREEFEE, A0k
PR A5 515 522, MtGLR #e5 W BoK it T
S5 =4, SIGLR3.3 Fl SIGLR3.5
P AN FEPER ) SMESEHT R (jasmonic acid,
JAR LR TF glrl.2 T glrl.3 5875 PR V4 U
Pk, i 23k GLR1.2 8% GLR1.3 38 n& i ™ M
TR JA KPS FEPER ) GLR e 5P
e R R ER P A AR .
AU, GLR TEAY) A R F 1 8 LSO A= 1y Fi
A5 A P e 1 Sy rP R A G B

FH (Musa spp.) /2 5 #£ B} (Musaceae) £ £
J& (Musa) KT A, AR ERZ R
BT WA A A5 KR Musa acuminata (A3
£, A BEHEADF Musa balbisiana (KA, B
FE A S A R ] s R N A 2258, 30T
AR A R B JE R A5 R4l A0, (i
FEBAG MR MR E 24 fb . 558 BN AT
ES N St - N S SR N A
RPUEE, PR, & BYOABRE, wHE
i, WA, KU EREENEEM,
A BR gL AR S R e B BT AN B 251k, &
Bl = X — 26 FBEECTR | 4 TR A A L A
FOURNE dUHi R, B BERZH TR 1. $t
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FEpE PO SRR M T g T B R R, W Musa
itinerans (Pl 58 £8) J& P AP B AR AH S I 0%, B IE
] B A rh s B A 2 B M R S T 2 1) 4
Z—, AEREAET MY S5 B LR S PUR
THTFERE S0,

A BFAEA KNI GHIX, ZRIEH
K&, JRIRME, SCEEW T EENIER AR
KE, REFENREA R8T, GLR
B2 5EYAKET LR, B H ]
EARAFFET GLRs WIRETE, XEFME A JLHH
) GLR JEHEA T4 5E , A W TARFE & dh 4 42,
WA B H AR AT, 4 B LR
4 GLR F:HME B nT LU B S /7 fatdl,
T 75 A5 Pl G A5 GLR LA o] DU A Be AR 3% b
et E R 2R LS . A ST Fp LT
TSN BG A, AT GLR FE L
A DR 20 S RN A AT, R T s 2 s AN
B IXIAEHCHE, R RT-gPCR #FFEER
93 GG 853 FE AR RS [ 3% 2 A BT 1) KAk A5
K, NA e — L T R GLR I
PRI 255 i
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11 BFE GLR EERERALEE

M #E KL R 2H o0y (Banana Genome Hub,
https://banana-genome-hub.southgreen.fr/) T # #&
FEILDR 20 9 R SO o AAADL R T 5k IR 4 2
& J%E (TAIR, http:/arabidopsis.org/) T #t AtGLR
E AT I KRS 4 B B B (RGAP,
http://rice.uga.edu/) T, OsGLR ¥4, M
EnsemblPlants™ 4% 4 3 [K 2 55 %2 (http://plants.
ensembl.org/) KRB MY Fh & (T 41 o 5 U
MIT KRS GLR &EEFIMERSHE A, X
FHEEMTHEI AN BLAST #%, [T
Pfam #(J&)% (http://pfam.xfam.org/) N 3% Lig chan
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(PF00060)” 4 i h /R w] RAB R, F1] F hmmer 3.0
(HMMsearch, Hidden Markov Model search)#k
TFiEF T RP (B value<e-5), KBRPIFI LMY
\E)VH )G, Frik)¥4iEL InterProScan £
J% (http://www.ebi.ac.uk/interpro/) i#F 17 2% F4) 35 56
ik, MERASE Lig_chan )74, RIS HFE A
HEINAH 19 4> MaGLR ZEM Gt . B REH4 16 4>
MbGLR ZZR A . BITEFESEIR 2] 14 4> MiGLR
FIGW G o 18 LM% MaGLR #1781
J5t BE A B Ak P B (ExPASYy, https://web.expasy.
org/protparam/) . 15 5 Jik (SignalP 4.1 Server,
http://www.cbs.dtu.dk/services/SignalP-4.1/) . i
JR 45 ) (TMHMM  Server v.2.0, http://www.cbs.
dtu.dk/services/ TMHMM/) F1 3V 4Jf] fifd 72 137 (WoLF
PSORT, https://wolfpsort.hge.jp/)F il 43 #7
1.2 BE GLR RIEERGHWMRTEF
ST

fif F7E LB MEME (http://meme-suite.
org/tools/meme) 73 T & A GLR 25 [ A9 P <1 J&
., i ARSF ISR CDD (https://www.ncbi.
nlm.nih.gov/cdd) K137 A GLR & [ A9 454 357
B, i/ MEGA 7.0 I {F#y it R fbws .
FAF RS RS 5 EidR e TBtools
2 il 3 [R5 P R ST 3 e TR BT
1.3 BEGLRRERGABHUXRSH

1] MEGA 7.0 X§ #5457k B JF GLR
FHFHIHAT ClustalW ZFH LX), SR ALB
$7% (neighbor-joining, NIP*Wyat 2 4t & 5 vk fk
B, RAEH newick #=U5 % A iTOL 7EZ T A
(https://itol.embl.de/) 2 AL FEAL A ,
14 BFE GLRZIRBIE NI LN 4

ff /| TBtools #X {4 Y File Merge For
MCScanX, /M8 GLR ZEE R S I ZRERT,
G55 3L P R AL B AF L, R TBtools
AR i Advanced Circos 2 il i AL 4 8 4 5E o7
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FFtgekE, {8 Rideogram 22 i =oAL R 4
LR M1 i il TBtools X4 F Simple Ka/Ks
Calculator (NG)FIETHA A GLR & il ryAER]
SR A (Ka) Fl ] SO (Ks) [
1.5 FEGLRFEEBHFIRNAERTH K
BRAFEENSTH

fifi [l TBtools $&H( A AL R A v B SC A rp
T S B Sl iR A7 551337 2 000 bp J741,
A PlantCARE 72k ¥ 71 (http://bioinformaticspsb.
ugent.be/webtools/plantcare/htm/)Hi il & 4 GLR
SR G A s F I A oo, Pk scib &
Excel M VE£ 48 &M KI5 AEBAAIEE, @i
PlantTFDBM" 7E £ % 7T (http://planttfdb.gao-lab.
org/) TN & A GLR I )&% 3N 7455 &
(P-value<le-6), %54Lid i i MALIEI R IR
1.6 EREFRIESH

A B A RIS, S A (Musa
itinerans) & H I & B fix T F€ 0 & A2 Fh L 2
—, HRBEGEE J-1.776 °C, AIKEHIAE 0 °C
TAHL A8 h AR Bl R E R AN, RIEEE
FEF M FEVE R DR . A S B = i
57 (SRA:SRS3320042) 1) — B B A FE AL TR AL 21
FESEA IR MaGLR 3k 8085, FIH
TBtools 2= il Rk EINE], 34T MaGLR ZEI5
A28, 13, 4. 0 °CHF RN

L P9 #E (Musa acuminata, AAA)TEFE [F] F 2
ARSI PAERR F UL R
T IEE B R L, BV AR R
AR 2% el 2 A ) A ) LR 5 P s 5
IR RRE BT 12 h J6/12 h I, (25+2) °CIH)
TEERIR 40 d, R WU —0r
R F AN T AL ] Ab BOR W iR L 20t F
FIMI 25 70 40 1 0 {H TG K 0 8 R R V& 10 vk
IR (abscisic acid, ABA)#F2& # iR B 5 (methyl
jasmonate, MeJA)ALEE. 43 5>KFH 100 pmol/L
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ABA 1 100 pmo/L MeJA FACHR)S 4, 8, 12,
24 h Uk ARIRALH: B EAEET 4 °CHigR
FirhRigR, DL 28 cCHXTH, 4ril ARG 4.
8. 12, 24 h UFE( LR AL I HEAT 3 IR AT
IO FAETR 2 B TR A sk, ]
TIANGEN 2 2 B4 & RNA $2BURR & e
IR AT EHE RNA, K] TaKaRa f % %150
% PrimeScript  RT reagent Kit (perfect real time)
F i cDNA %, f# A Primer3 (https:/primer3.
ut.ee/)\TELMTTZITERTIER 1), BUP K
LightCycler480 II & & {¥#4T RT-qPCR, K3k HL
I B BT Excel FHUEATALBE, ] SPSS 26
AT 8 E e Hr, R GraphPad Prism5
BA 1

2 HERE55M

21 EFE GLREEFRERRER
BT A BN FHE B R4 A
By AR LR B I, S8 IR 19 > MaGLR %
WAL 16 A~ MPGLR ZK IR 51 Al 14 > MiGLR
R (FE 2), ¥ GLR R Z A 4% H)
(GLRX.Y)®Vyp 56544 0 MaGLRI.1-MaGLR3.11
MbGLRI.1I-MbGLR3.8 Ml MiGLRI.1-MiGLR3.7.,
XIFFFE GLR 2 H i T 00, MaGLR 1)
4w i 741 (coding sequence, CDS) X 751 & & 4
2 157-2979 bp, HihGfL 7 718-992 aa, Jr ¥ it
9 F 79.96-109.94 kDa . %5 Hi A5 (isoelectric
point, pD)ii T 5.24-8.32 ME i, MbGLR 1Y
CDS XJFFIKE R 2 571-5 427 bp, il

%=1 MaGLR EE RT-qPCR 3|57
Table 1

856-1 808 aa.’r T 4T 95.07-198.71 kDa,
Sl AT 5.22-8.06 WU AR, MiGLR 1Y
CDS X FFK N 2 070-5 625 bp, Fit &
689-1 874 aa. />4 T 77.22-206.48 kDa, 7%
HL LT 5.27-7.31 IYEE L. B4 GLR K%
REBUR D e B AMBUKE R, 8K ZHUK
REAESIK, B BRI B RREEE R, A g
70V 240 A T 25 SR 35 6 T A
22 GLREZHARGH LS

ik TMEEGLREANRERE X
#, KH MEGA 7.0 F RSN A4 A FEN 4
(19).B FEKZH(16). Bl Fe A2 HE R 2 (14) S P AP ASE
K AEW K AE (24) FIHU R 9T (20) 3 93 25 GLR £ H
PR R TN, WK 1 PR, 5%
BIRGIF ARG % GLR B 194325, GLR 4+ K
Clade I. Clade II. Clade IIIfll Clade IVZL 4 4~
K, HH Clade IVH{UL % KAE GLR 5,
FHE A EEATH 19 A5 ifE Clade 1
(6 7). Clade II (2 M) F Clade III (11 1), #H#
B LA TR Y 16 LG 73 A £ Clade 1(6 1)
Clade II (2 >)#1 Clade III (8 1), 725 5 5 Ak
KA Y 14 B 53 FE Clade 1 (6 1) . Clade
I (1 4)F1 Clade T (7 4~), MARGEIALR 0]
FH Clade 15 Clade T Hilal— K4 %0k H.
Clade I #E4b5r PR T Clade 11, X5 I RTIT
o Clade TR RER 1 Clade T A 3E R RIAS R4k 1
F 5 AR Clade 11 Clade IIIVE %43
i KZHAF# GLR &1, MK T Clade 1I7]
A & A EE MR,

MaGLR quantitative RT-qPCR primer sequence

Gene name Forward primer (5'—3’)

Reverse primer (5'—3")

CAC F: CTCCTATGTTGCTCGCTTATG
MaGLR1.1 F: TGACCTGCTCAAGAACGTCC
MaGLR3.5 F: CAGTGGAGCCAGGTGATAGC

R: GGCTACTACTTCGGTTCTTTC
R: TTGGTGGCGGAGAAGGAGA
R: TCCATGATGTCACGCCTTGT
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Figure 1 Phylogenetic analysis of GLR amino acid sequences of Oryza sativa (Os), Arabidopsis thaliana
(At), Musa acuminata (Ma), Musa balbisiana (Mb), and Musa itinerans (Mi) genomes.
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Figure 2 Gene structure of GLRs and the conserved motifs in their encoded proteins.
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Figure 3  Analysis of cis-acting elements of GLR gene family promoter.
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Figure 4 Distribution of transcription factor binding sites in the GLRs promoter.
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Figure 5 Chromosome localization and collinear distribution of banana GLR genes.
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Table3 Ka/Ks analysis of GLRs homologous genes

Duplication type Gene name  Gene ID Gene name  Gene ID Ka Ks Ka/Ks

Segmental duplication MaGLR2.1  Ma03 g04810 MaGLRI.1  Ma04 g02140 0.4067 — -
MaGLR2.1  Ma03_g04810 MaGLR1.5  Ma07_g16040 0.3886  — -
MaGLR2.1  Ma03_g04810 MaGLR2.2  Ma09 g13130 0.2540 15899 0.1598
MaGLR3.1  Ma03_g28170 MaGLR3.9  Ma09_g24360 0.0811 04490 0.1807
MaGLRI.1  Ma04 g02140 MaGLR2.2  Ma09_gl13130 04195 - -
MaGLRI1.2  Ma06_g03580 MaGLR2.2  Ma09_gl13130 04468 - -
MaGLRI1.5  Ma07_gl16040 MaGLR2.2  Ma09_gl13130 04287 - -
MbGLR2.1  Mba03_g04770.1 MbGLRI.2  Mba04_g02060.1 0.3870 - -
MbGLR2.1  Mba03_g04770.1 MbGLRI.6 Mba07_gl4610.1 0.4536 — -
MbGLR2.1  Mba03_g04770.1 MbGLR2.2 Mba09_g12360.1 0.2609 1.5057 0.1733
MbGLRI.2  Mba04_g02060.1 MbLGLR2.2  Mba09_gl12360.1 03930 - -
MiGLR3.3 Mi_g018525 MiGLR3.4 Mi_g019533 0.0929 0.4656 0.1996

Tandem duplication MaGLRI1.2  Ma06_g03580 MaGLRI1.3  Ma06_g03590 04544 15901 0.2858
MaGLRI1.2  Ma06_g03580 MaGLR3.6  Ma06_g02150 0.6740 - -
MaGLRI1.3  Ma06_g03590 MaGLR3.6  Ma06_g02150 0.6838 - -
MaGLR3.3  Ma05_g00670 MaGLR3.4  Ma05_g00680 04051 - -
MbGLRI.1  Mba03_g04780.1 MbGLR2.]  Mba03_g04770.1 03836 — -
MbGLRI.3  Mba06_g03250.1 MbGLRI.4  Mba06_g03260.1 0.4820 1.6012 0.3010
MiGLRI1.4 Mi_g023091 MiGLRI1.5 Mi_g023092 04309 14455 0.2981
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Figure 7 Evolutionary relationships between banana, Arabidopsis, rice and maize GLR genes.
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Figure 10 Expression analysis of MaGLRI.l and
MaGLR3.5 under low temperature treatment at 4 °C.

Different lowercase letters indicate significant
differences (P<0.05).

2.7.2 &% GLR E[E7 ABA. MeJA LET
HRIE DA

WA MaGLR FE5 08 5% A A FH oG 14
B SR OH BCHE oy b O G 2 IR
RT-qPCR i R¥EFT ABA ., MeJA Ab FE7EA [ it
[F](4. 8. 12, 24 h)iX 2 > MaGLR A 5 H 1Y
FIRFFIE, B 11 FTH, ABA BT,
MaGLR1.1 AHX FRIEHETE 4 h F Ik B0 (E 5 H 16
TFE, 7E24 h FHR BT, MaGLR3.5 FX &3k



A 15
CJABA
- . MelA
8
2 10F
=
Ed
L¥)
(]
z
= 5t
& a
e ] I
oLC1m
CK 4h 12h 24h

B 5
CJABA
Hl MelA a
g 4r
.8
5 d b
2 3t
% b ab
2 2f b 2 b
=
o~ pLe ¢ H
i
CK 4h 8h 12h 24 h

11 MaGLRI.1 (A). MaGLR3.5 (B)7E£ ABA. MeJA B THIRIA D

Figure 11

Expression analysis of MaGLRI.I (A) and MaGLR3.5 (B) under ABA and MeJA treatment.

Different lowercase letters indicate significant differences (P<0.05).
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