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i ENEFR|IEEAEE & (cyclic nucleotide-gated channel proteins, CNGC) & CfE e RGN BFLES
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Identification of the whole CNGC gene family in alfalfa and
analysis of its regulatory patterns under drought stress

QIU Yingde, LUO Yongzhong, QI Jianwei, ZHOU Xiaotong, MA Chao, YU Simin
(College of Foresiry, Gansu Agricultural University, Lanzhou ,Gansu 730070, China)

Abstract: Cyclic nucleotide-gated channel proteins (CNGC) play an important role in Ca™ signal transduc-
tion. Genome-wide identification of CNGC gene family members in tetraploid alfalfa ( Medicago sativa ‘ Xinjiang-
daye’ ) and analysis of their regulatory patterns under drought stress were carried out using bioinformatics and mo-
lecular biology research methods. The results revealed that the ‘ Xinjiangdaye’ alfalfa genome contains 67 MsCNGC
genes, unevenly distributed across 30 chromosomes. These genes were classified into five subfamilies, contain 20
Motifs, and exhibit various regulatory elements in their promoter regions that respond to environmental stress. A
total of 28 MsCNGC genes were expressed in the leaves of ¢ Xinjiangdaye’ alfalfa, and 26 of them were unevenly
up-regulated under drought stress, among which MsCNGC59 was the highest expressed and the most multiplicatively
up-regulated under drought stress. The proteins of MsCNGCs contained 29 ~ 120 phosphorylation sites, which could
be phosphorylated by the LRR protein kinase, and the gene expression of MsLRRs and MsCNGCs showed a signifi-
cant positive correlation. In addition, the expression levels of Ca®* signal transduction-related genes MsCaM, MsC-
ML and MsCDPK were found to be significantly up-regulated under drought stress. In summary, the response of
tetraploid alfalfa MsCNGCs to drought stress included transcriptional regulation and protein phosphorylation regula-
tion, which can improve the drought resistance of alfalfa under drought stress by participating in the Ca®* signal
transduction pathway.
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LI E T (Medicago sativa) fE N5 L)1z %%
B SRR TR K A% TR KR S
e A AT ) 25 O T R AR AR R A
i SRR A SR ) PR R S AR e O Ay
B R K B 75 ( Medicago sativa Xinjiangdaye ) 42 1
L P ALl X e 3 R R R A 2 — P B
1 KOS R R S AR B 22K 43 (E R P b b XK
BRI =, 1 A BT S R A A AR R
)RR 2R AR, BN A MBS R
B oy TSR R TN S AEH g T RALB AT T ORI
e ARG IR o R, T 5 a0 R s R
VI BESMIR Ca® b B 58 46 1 A8 b1 1 % R AR
WO 148 BUE 3 H2 5 ; Safarnejad © WF ST K PR, 45
AEEAE R Ca® R K B2 Bl T 5 7 B2 1 18 o i
Hghn, ELEG I A T 5 0 A 25 A8 s i R I
W DL EBEIE B 5 A8 B A T g e i 0
P Ca™ ¥ B SR 48t w2 X T 52 JBih 3 A g 52 1

iEL7/DON RN BN T VR IR L ERE RS N EReR 13
SRR 3 A Z U, H P E S 5 SR O T
BA R OCHEA T FERYI T, Ca (F 5 R B
IR FREE R & IS5 AL, Ca™ TEAE Y 20
JLH O T A2 I RR 1) 45 B 738 3 ( eyclic nu-
cleotide-gated channel protens, CNGCs) XUfL il iE &
TPCs ). & & MR % 1K
( glutamate receptor, GLR) A1/ B 4245 N i 25 H (hy-
perosmolality-induced Ca® increase OSCA ) fif§ (1 3 7]
JadE, Forh CNGCs J2JRFE Ca™ P I 3 22 i 1 2R
1, A T o 5 9 5 B A% R b A 0 2R
(CaM) FIFAZ AT AR SABETR (cNMPs; 37,5 ~cAMP Fl
3',5'—cGMP ) 55 A5 AL A i ] 4= 1, 2 Ca™ 55
Bk BB A e, AT RS A S B BH
B CNGCs FERL 36 N T 520 36 rh & 4 22
B 5 E Kirungu %:9] it 5% & B4 , i A6 1Y
CNGC4 Ml CNGCS Fe+ 5138 J5 2k 42 2 W 35 T
1o, PEDUBR G AEL AR NS T 5 38 1 T 52 M G 25 R AR
W sk TR A R R, 21 CNGCs KGR Z
5T AME Ca® A5 093 X T 5 e i e
AN, CNGCs 35 157 AT fE 52 31 25 B0 Y 85 R Ak 1A
., WAUREEIT CNGCA HE A BT & 9 DMBERRIL AL,
BIK1 (YBERRAL AT &M% CaMT7 A SHIXT 1922 1551
Srf AICNGC2/4 AW Am I 5 KR 40 ik
fitt OsRLCK185 17 57 i i W FR fL ¥ T5 OsCNGCO, fith
KGRI, AL, CNGCs Y Bl add i 5 45 A
HEEBERILT 122 5T 5 A e i A

W, KFE (Oryza sativa) . EK(Zea mays)

H ( two-pore channels,

FN3 i ( Solanum lycopersicum ) FE R4 H 43 H 16,
12 4 F1 18 A4~ CNGC 510 | [l i A ( Gossypium
hirsutum) /INZZ ( Triticum aestivum ) F1H3E ( Brassica
napus) 3R H 43504 33 .47 ASF1 61 4~ CNGC
BEC BT, RN R R E T CaT TN
Sr ML AN CNGCs H N S A 18 A% Rl 1 R L 4
16, PR AR ST ] © 3 08 i A B 1A
X MsCNGC LRI G il b A7 4858, Il i A AR
TRAL B BT MsCNGCs BAR G AE T i ia
IR R DG T g, LR Bl RS0 16 B 18 194t
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1 ARSIk

1.1 it

M FigShare ( https ://figshare.com/ ) F( i 2 T %%
T IRE I A 118 s DR A A DG SO (3 R PR A B
TERSCH) N BRI B E 78 ( Medicago trunca-
tula) 2= 3L 20 HE 73 5 F 2 H TAIR (https : // www.
arabidopsis. org/) 1 Ensembl Plants ( https://plants.
ensembl.org/ ) BHE . T a0 e sk 2H A Hr (8 FH Y
(R YE Y NG MEE e
1.2 MsCNGC BERRKEEMERFS
1.2.1 MsCNGC 3B Z ks R #9 %2 M Pfam(ht-
tps://pfam. xfam. org/) F# CNGC 5 F b1 (1 4514 1k
4 (eNMP/CNBD, PF00027; ITP, PF00520) ™,
ffiF] HMMER 3.0 S{H7E8 F B Sl R 3RS 4
T CNGC Z5F)38 ) 2 31, 2805 B N E—value < 1x
107, FIJHHE 1 FFILE Interpro . SMART | NCBI 7E£&
P 3l M A I AR, R BRITARIT A
122 F&KZAELmAMF M fH Thiools
B X S RE Y MsCNGC SR LA AT Y i
BLo3Ar, FEAR A Z0 B 53 BT AR AL X AT o 44
] ExPasy protparam tool [ 3 ( https://web. expasy.
org/ protparam/ ) ¥ £ 4 15 MsCNGC Z2 JR 1) 24 L 1R
K orF B A A ERE TR B IR D HE P
PIGAEAF BV BOAAT T, A WoLF PSORT
W% (https ://wolfpsort. hge. jp/ ) ¥ 546 H 15 MsCNGC
FIGHEAT A A £
1.2.3  MsCNGC AW Rk & it te 547 fli [
Mafft #4552 19 MsCNGC BB SR FF AlCNGC
BCGL AT HOXT  FE Trimal 24 H i 4T R BRAR R SF 1]
B, 75 1Q —tree BA 2R F fe RAUSR 5 1 R S
FEH , Bootstrap Z 1% B 1 000, i fi H iTOL
3k (https : //itol.embl.de/ ) FE4T R G0 & B W 1 A 41
Ak,
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1.2.4  MsCNGC A B M 5T AT BB FHF X
YER A4 ] MEME B %) (https : //meme —
suite.org/meme/ ) AT MsCNGC F: R T3] motif 1%
JE RSP EE T BB 20, HA 2 80 35 BRUCIR S
il I Thtools 412" 5% B 5k B 25 44 437 R B i
2 000 bp A 81T /751, 7£ PlantCARE P34 (https :
//bioinformatics. psb. ugent. be/webtools/plantcare/ht-
ml/ ) AT AR ST B0, o 500 25 2R 7E Thtools
Bk BT A A

125 FZaFaMh =84 = %I o5 b
FIFH TMHMM - 2.0 ( https ://services. healthtech. dtu.
dk/servic—es/TMHMM -2.0/) 53 #T MsCNGC #H [ #
fEsh A | A FH AE 26 X 35 SOPMA ( https ; //npsa. lyon.
inserm.fr/ ) HEAT MsCNGC # F — 20 45 Ky i 500, fi
H SWISS—=MODEL I % ( https : //swissmodel. expasy.
org/ ) XF MsCNGC # 1 1) =R E5 A EA T HL

1.2.6  MsCNGC A& B X2 547 FIJH TBrools 4k
PERPHTSERT F A4S BB AR MR IT MsCNGC &
PR e T LM O F AT AL

127 GO ##% &G aZF5 st o4 il
H Agrigo ( http;://bioinfo. cau. edu. en/agriGO/index.
php) Bdi 58 i GO TERE, TEREZE BN . AR Wy ad 1
( biological process) 4l i 2 43 ( cellular components )
F143FIIHE (molecular function) , i H Origin 7T 41k
HERLE R, il HEZ T H NetPhos 3.1 (https://serv-
ices.healthtech.dtu.dk/ ) Xt £5 FABE R AL 25 0B, 26
I EAE R 4643478 1 STRING 12.0( htips ://cn.string—
db.org/ ) 5E Y, {# FH Cytoscape (3.10.0) 52 5l HAE W 4%
AL, GO R S8 I HAEM LS TS YRk
PR 15 (NCBI %575 : GCA_003473485.1) 12! |

1.3 FEBETHWERASHT

1.3.1 MAamEEzan s Amimnt g
AEEAE TR 3RV T H R AO R w2 Be . T H
IRSAF T AT AR50, SR HIJT B4R 30.0 em |
23.0 em [YIBRAE BRI L 1 (4L 0.5 cm) 8 kg,
SAEHTET 2023 4 3 1 16 HEA 146 Fh 3% Fh it
Al 30 AL, B 40 B BUCAE RS — B E O 15
o IR 4 LKA B, 7350 S FE o ok Ab B CK
(3K O TR KR Y 80% ~85% ) HEJEE
KA AL DI (35 K S S ] 7K B
60% ~65% ) T EE/K S THME AL B D2 ( -3 5 7K A
S FEJREK R 40% ~45% ) (T RE7K 43 Wi AL 32 D3
( ERHEE KRS A H R K &= 1Y 20% ~25% ) , FE4b

6 AMNEE, T 2023 4E 6 A 21 HIFEWIIT IR 1
K, G 5.0 g LFETRER 18 2 00 XA A FEFEST
FRECANK BRI R , 425 i) 49K 435 1 i el
T2 WAL 14 Ko D2 F1 D3 AL B A B0 R B 25
AT CK D1.D2 D3 b3 R ik ) 58 B fi e
F AT RAE T S L i

RNA 14 42 HOFN 5 £ 42 ) | SC P26 ) 2 A 122 000
JFH1 QC 43412 % Rao 5% 7, f# ] Hisat2
(2.2.1) 7% Clean reads HCX 23 38 K 8 15 19 2
FZHEHA | {f ] featureCounts (2.0.3) "2 31 5L A
X1 0, 8% J5 AR 4 38 9 K TS N R Y
FPKM ( fragments per kilobase million) ,P<0.05, FDR
<0.05 H 1log2 FPKM| =1 FAF11 3L K ik 2 i A0
b E/ T . FPKM = (10°xnf)/(LxN) , Hr,
nf AR LT 2 H AR B Fr B gioie: s L A0 3R H bR 2t
PR R A S B 2 FTER A 1 000 (Kb) 5 N AR EAH 3L
Fbxt 23R4 0 B BRI
132 AREKXEF qRT-PCR 247 MWT2PHA T
AT R I 7 e S A (R A TR R 3 2 R R R
MsCNGC % 5 J& M 1) 2% 3K 1 504, A Thiools %K
PE AR E D AT AT, e R TR IR MsC-
NGC FEH HFEHLEER 4 44T qRT-PCR 2347, qRT-
PCR HREAICEE 5 i 5 5 S 2R ) BORE 5 i — 3%, il
FH CTAB 532 NI AR IR, RNA Bt 5 8 FH 300 s
)& (SweScript All-in—One RT SuperMix, G3337) ¥
S cDNA,, qRT-PCR VAR ZR M 15 pl, S 2
J¥ 4 95°C THAEYE 30 s, 585 40 /MG, 45 95°C Ak
15 s F160°CiE Kk 30 s, qRT-PCR BI¥)24 % 1 h
B ) A 5 PR Bk BT, SR HOER AR B AE Actin FEH
(MS.gene001874) N NS, HA AL B E R 3 )k, FI H
27T T A T AR FA T

2 ERLE 5T

2.1 EWHE CNGC ERRKEEMLBIKEN

TEEAE 8 R A rh R 85 3615 67 4> MsC-
NGC £ Hrr 66 A~ ek b1 RN
AR (L), A S5 PR Pr £ e € (A5 A7
¥ 66 1~ MsCNGC E:H i 44 MsCNGC1 ~MsCNGC66
KAENAE G R T Y 3 Ay 44 A MsCNGC67 , A 5
I F G R 1 i) i R AT R R A o () Al A
ETYAERZ M B E Y T, 258 PR, chi8.2
5 chr8.3 WA IR ,66 T~ MsCNGC FEH AN
SIHbAY AR AE 30 ARG AR B SR AT 1~ 5 Z 0]
chrl.1 Bor iz , 51>,
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£ 1 (RT-PCR3I#EE
Table 1  Primers used for gRT-PCR
0 75k 322 M ZZ K 2 NE A =NE:d
15 Er3l PR TR ERER R RARE/T
N X Vo . Vo Amplification Correlation Annealing
Gene Forward primer(5'-3") Reverse primer(5'-3") .. ..
efficiency coefficient temperature
MsCNGC7 TTCCGCCGGTTACATAGCAA TGATCCTTTTGGCACCTGCA 98.73 0.995 60
MsCNGC17 TTGCCATCTTGGGACTTGTATT TCTTCGCTTTAGCCTCCACTCT 98.26 0.994 60
MsCNGC39 TTACAACTGGGCTGCAACGAG TCACAAATGGCGTCCAGAATAG 96.54 0.991 60
MsCNGC56 ~ CCAGGTATTCCTACATGCAGTCA  CTCCTCAAACCCTCAGGTAAGTC 97.81 0.993 60
MsActin ATGGAACTGGAATGGTGAAGGC  ACATAGGCATCCTTTTGACCCAT 95.68 0.990 60
chrl.1 chrl.2 chrl.3 chrl.4 chr2.1 chr2.2 chr2.3 chr2.4 chr3.1 chr3.2
= 0 I M M M M (M MsenGers( ) msenaers (msencers ) M
< MsCNGC10 i
g - MsCNGCI | = MsCNGC6 | [=MsCNGC8| = MsCNGC12
s T 20 |-
o | fseNGen MsCNGCI7
g 40 MsCNGC2 MsCNGC? I~
3 y SCNGC
g | asenaes | | MSENGET | 1= MsCNGCII
g MsCNGC4 —
g 100 MsCNGCs
e U », o g LIMENGEIS) |y eenaear
é 80 U — MsCNGC19
& et O msenvcezo U
# Lioo
chr3.3 chr3.4 chr4.1 chrd .2 chr4.3 chr4.4 chr5.1 chr5.2 chr5.3 chr5.4
o r0 — — —\ — — — ' S o Y =
g MsCNGC35 | [msenGess | [asonaes? | laseneess
=
t 20
g
g 40 e wseNGeso | [MSCNGESZ | renGess
g | A
S
g L6
o MsCNGC28
= MsCNGC22 -
O [ 30 =i | MsCNGC24 o U U -
3 MsCNGes | MSCNGC2S\ U MSENGC | | ) oogy (MSENGESS | =
£ 100 — O ascnvGezs
2
L
o chr6.1 chr6.2 chr6.3 chr6.4 chr7.1 chr7.2 chr7.3 chr7.4 chr8.1 chr8.4
=70 M M) M (YasenGest (YasenGess (Yassences? [ Tmsenaeeo [ \asengess [ MsCNGCes
= A MsCNGC66
en
S F20
L
B
g
2 F40 MsCNGC48
g MsCNGC49
S S, MsCNGC0) S
5 60 _Aﬁfé\,’v((’;((fjo veenGess | |HECNGCS MICNGES2 | | mvenGess [MsCNGC58 | |pscvace
e MsCNGC43 MsCNGC46 | |mscnGeos
é L 80 \_J MsCNGC41 . MsCNGC47 :ys(vNG(‘jj A/,S(W(;pj,; _A/I.vCNGCjQ 7Ms(,'NG(,'62 L -
igi L 100

T :chrl.1~chi8.4 FARPEAAMRT S, T,

Note: chrl.1~chr8.4 represents the chromosomal number. The same below.

1
Fig.1

2.2 MsCNGC =& B 32 ¥ 14 57 0 I 28 A 731 i)

XF MsCNGC £ 1 B PR BT i 47 o0 B 30 (3%
2) ,MsCNGC 25 [ Y 2 3 iR £ i 10000 LA T 420
(MsCNGC25) ~1 694( MsCNGC65) Z [i] , *F-4 4 700
AT BT 48.62590 ( MsCNGC25) ~ 195.11928
(MsCNGC64) kDa Z [H] ; 55 HE 54T 8.52( MsCNGC3)

MsCNGC BB MR 533 B TE i
Chromosomal localization of MsCNGC genes

~9.55(MsCNGC43) Z[8], ¥4 J& TPk & 1 A Fa e
ZHN T 38.73 (MsCNGC42) ~56.99 ( MsCNGC29)
Z I8, H 8 M NRRER A, 59 N WA E A IR
8B T 79.50 (MsCNGC49) ~99.34 ( MsCNGC47)
2 J8]; FH B K A T -0.616 (MsCNGC49) ~0.083
(MsCNGC31) Z [i], R ZHCh ks E, (8
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A NHUKPER A, AR R, A 19 A2
TR, ZA ML H T EES 5 AR DL
DNA M5 il &2 R 4 45 A DG B 5 17 S T
P DR, PA 5 PR T A R AT AT )
JI, AR ) 56 BR AT 6 4 i 43+ FRAR B 1, 35 BB &
BRI 22 JIKEE LE 80 4T 8 A DI RE Y B TS5 #4517 A~
SEN T, HAH S R v] e S 5 326 8 7 /Ny
T 1FE I8 BAGAF 12 510 A8 AL F LR A ax 23
] fe 5 AL B R b ad B 2 VDA OG5 3 AN i F it
ik XSS IR T eSS 5 A E &A1 4>
SN T R AR 2% 3 R 0] BB IR RIS (R 2R 1 s
LRI S B i
2.3 MsCNGC RG#Ak o#f

SRR SR R E 67 4 MsCNGC 51/ 5
20 P~ AICNGC [FEE R 2 R I R RISR ek T
RELREW, WE 2 iR, RELBW RT3 S A
WAE(T O I IV-AMIV-B), bR T &4

12 4~ MsCNGC [ Fl 6 A~ AlCNGC 1% 5, SRR 1T &
H 74 MsCNGC W51 5 A~ AlCNGC BB, WAL
H 274> MsCNGC 51 F1 5 4> AlCNGC [ 51, WALV -
A EA 16 4> MsCNGC LR F 2 4~ AtCNGC BB A
IV-B &4 51 MsCNGC WL 1 2 4~ AlCNGC 1t
2.4 MsCNGC RTFEFMERLEH D

Motif T 455 (18 3A) B, 7] — . 58 % i 14
SFHE T3 A A BL, Motif1 | Motif2 | Motif5 , Motif10 Al
Motif11 7E I 43 5 03 T 34 1 3, Motif 15 78 52 Ji% i b
PP /D, RAE 15 A MsCNGC FER h 3, 10
Motif1 . Motif2 . Motif5 . Motif 10 F1 Motif11 7£1%3& K &
R AR SR, 7E MsCNGC B RE 5 I i %5 8 B AE
. MsCNGC JEHR M HM BT N & F 5t o5k 5
~22 NF4~21 A, REA MsCNGC 1 4h 81
BER6~T7 4, W& FEEN5~6 1, MsCNGC6T
HEEAENNE TSNS FRERZ, 208 22 14>
214~ (K 3B) .

F 2 MsCNGC B BE 5 i I EE 4 1% B R H 0 40 B 7E 43 T30 i)
Table 2 Physicochemical properties and subcellular prediction of MsCNGC

L 4B L 1D EEIJ:DE‘?(/J\ Vi s S HL AR PI Kﬁ’ﬁ?‘éi& H'ETETJ?E?& SEBRE AN REE
Gene name Gene ID Protein Molecular Isoelectric Instability Aliphatic ~ Grand average Subcellular
length/aa weight/kDa point index index  of hydropathicity  location
MsCNGC1 MS. gene31806 716 83.25617 9.29 49.30 87.44 -0.211 Vacu
MsCNGC2 MS. gene055909 619 71.59176 8.56 50.57 94.85 -0.078 Chlo
MsCNGC3 MS. gene029823 710 82.26780 8.52 49.78 89.14 -0.198 E.R.
MsCNGC4 MS.gene055911 602 69.79184 9.02 49.90 94.14 -0.073 Vacu
MsCNGCS5 MS. gene029821 681 78.85599 8.80 49.73 89.79 -0.170 Vacu
MsCNGC6 MS. gene046812 716 83.31824 9.28 49.91 87.44 -0.212 Vacu
MsCNGC7 MS.gene24611 710 82.20075 8.60 49.48 89.14 -0.194 E.R.
MsCNGC8 MS.gene054121 716 83.34334 9.32 49.01 87.99 -0.205 Vacu
MsCNGC9 MS. gene029819 710 82.26780 8.52 49.78 89.14 -0.198 E.R.
MsCNGC10 MS.gene32357 716 83.31927 9.28 49.18 87.44 -0.208 Vacu
MsCNGC11 MS.gene75014 710 82.14164 8.52 49.53 89.00 -0.197 E.R.
MsCNGCI2 MS.gene031353 494 57.15766 9.44 45.15 94.47 -0.057 Chlo
MsCNGC13 MS. gene063959 699 80.29628 9.28 50.32 91.76 -0.086 Nucl
MsCNGC14 MS. gene78201 666 76.80692 9.32 43.35 94.73 -0.140 Nucl
MsCNGC15 MS. gene058927 703 80.62169 9.34 47.97 91.38 -0.087 E.R.
MsCNGC16 MS.gene31265 703 80.65868 9.25 49.89 91.24 -0.085 Nuel
MsCNGC17 MS. gene84405 654 75.34910 9.29 45.15 92.58 -0.162 Nucl
MsCNGC18 MS. gene052925 648 74.52996 9.03 43.65 83.84 -0.181 Vacu
MsCNGC19 MS.gene48518 585 67.67756 9.13 47.84 89.90 -0.092 Chlo
MsCNGC20 MS.gene014719 704 81.56050 9.04 46.70 95.68 -0.091 Nucl
MsCNGC21 MS. gene02507 648 74.52996 9.03 43.65 83.84 -0.181 Vacu
MsCNGC22 MS. gene02629 648 74.52996 9.03 43.65 83.84 -0.181 Vacu
MsCNGC23 MS. gene06737 713 82.34861 9.41 50.74 87.01 -0.133 Nucl
MsCNGC24 MS.gene013710 648 74.52996 9.03 43.65 83.84 -0.181 Vacu
MsCNGC25 MS.gene013614 420 48.62590 9.02 54.55 85.24 -0.318 Nucl
MsCNGC26 MS. gene073020 726 84.19052 9.06 45.09 94.26 -0.129 Nucl
MsCNGC27 MS. gene050127 461 53.00534 8.91 47.96 91.15 -0.025 Vacu
MsCNGC28 MS. gene94887 667 77.24246 9.22 51.93 87.83 -0.186 Nucl
MsCNGC29 MS. gene034223 744 86.10023 9.19 56.99 85.94 -0.251 Nucl
MsCNGC30 MS. gene08752 463 53.17387 8.89 44.04 96.87 0.043 Mito
MsCNGC31 MS. gene053202 744 86.14231 9.23 56.57 85.94 -0.253 Nuel
MsCNGC32 MS. gene007682 857 96.90642 8.69 44.42 96.57 0.083 E.R.
MsCNGC34 MS. gene08690 450 51.80126 8.93 45.81 95.53 0.037 Golg
MsCNGC35 MS. gene21859 734 83.46085 9.19 46.65 96.78 -0.001 Nucl
MsCNGC36 MS.gene21767 707 80.37615 9.17 48.60 96.22 -0.049 Nucl
MsCNGC37 MS. gene024784 734 83.44678 9.16 46.98 96.78 -0.001 Nucl
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Continued table 2
LA B LI 1D ﬁéﬂﬁ?ﬁd\ Pl FH PI I%%T'ﬁ@l HEETJ?E%Z SEREUKYE AR E L
Gene name Gene ID Protein Molecular Isoelectric Instability Aliphatic ~ Grand average Subcellular

length/aa weight/kDa point index index  of hydropathicity  location

MsCNGC38 MS.gene058101 734 83.39378 9.13 46.39 96.65 0.008 Nucl
MsCNGC39 MS. gene069674 777 89.12716 9.31 39.78 89.70 -0.127 E.R.
MsCNGC40 MS. gene069671 704 80.21105 9.41 50.08 98.04 -0.133 Nucl
MsCNGC41 MS. gene069665 757 86.37483 9.43 51.97 91.04 -0.166 E.R.
MsCNGC42 MS. gene065923 771 88.44364 9.32 38.73 90.52 -0.127 E.R.
MsCNGC43 MS. gened0445 757 86.44813 9.55 52.62 93.36 -0.149 E.R.
MsCNGC44 MS. gene40444 701 80.12490 9.12 40.41 98.56 -0.076 E.R.
MsCNGC45 MS. gene041684 768 88.14217 9.30 39.33 90.36 -0.124 E.R.
MsCNGC46 MS. gene041688 755 86.30481 9.51 51.71 91.92 -0.166 E.R.
MsCNGC47 MS. gene041697 666 75.91503 8.81 41.62 99.34 -0.015 E.R.
MsCNGC48 MS.gene27389 771 88.44763 9.32 39.65 90.65 -0.125 E.R.
MsCNGC49 MS.gene27385 818 93.26166 8.69 50.79 79.50 -0.616 Mito
MsCNGC50 MS. gene27383 757 86.37483 9.43 51.97 91.04 -0.166 E.R.
MsCNGC51 MS.gene025911 718 82.84734 9.55 49.45 90.97 -0.180 Mito
MsCNGC52 MS. gene29991 679 78.51070 8.96 39.82 91.77 -0.119 Mito
MsCNGC53 MS. gene021807 711 80.97774 9.49 46.65 97.05 0.046 Vacu
MsCNGC54 MS. gene024441 718 82.84734 9.55 49.45 90.97 -0.180 Mito
MsCNGC55 MS.gene52515 679 78.53472 8.90 39.82 91.77 -0.120 Mito
MsCNGC56 MS. gene057537 711 80.97774 9.49 46.65 97.05 0.046 Vacu
MsCNGC57 MS. gene050645 718 82.84734 9.55 49.45 90.97 -0.180 Mito
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MsCNGC60 MS.gene22694 718 82.83327 9.53 49.57 90.97 -0.179 Mito
MsCNGC61 MS.gene87174 679 78.53875 8.96 39.82 92.05 -0.115 Mito
MsCNGC62 MS. gene97592 711 80.97774 9.49 46.65 97.05 0.046 Vacu
MsCNGC63 MS. gene035594 731 84.08310 9.41 47.69 91.00 -0.209 Vacu
MsCNGC64 MS. gene95273 1694 195.11928 9.20 44.92 90.98 -0.124 Nucl
MsCNGC65 MS. gene57768 480 55.29344 9.05 46.82 84.79 -0.356 Vacu
MsCNGC66 MS. gene57766 566 65.35148 9.43 48.68 91.02 -0.236 E.R.
MsCNGC67 MS. gene40376 704 81.58247 9.04 46.42 94.57 -0.101 Nucl
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Note: Vacu: Vacuole; Nucl: Nucleus; E.R.: Endoplasmic reticulum; Chlo: Chloroplast; Mito: Mitochondrion; Golg
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Note: The value at each branch node is the self-extrusion value, which is a measure of the credibility of the

branch structure of the evolutionary tree, the higher the value, the higher the credibility.
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Fig.2 CNGC phylogenetic tree of Medicago sativa and Arabidopsis thaliana
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