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Abstract: Choline monooxygenase (CMO) is a key enzyme in the synthesis of betaine in higher plants and plays an im-
portant role in the physiological process of plant resistance to stress. A CMO gene was identified in banana A and B
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reference genomes in banana gene database, and the biological information analysis of MaCMO and MbCMO genome
sequences showed that MbCMO might be formed by a gene encoding a banana O-fucosyltransferase family protein and
MDbCMO gene in tandem. The CMO gene coding sequences of Zhanjiang AA (ZJ; AA genotype), Baxijiao (BX; AAA
genotype), Guangdong Dajiao (GD; AAB genotype) and Jinfen (JF; ABB genotype) were cloned and compared, it was
found that ZJ and BX only contained CMO-A, GD and JF both contained CMO-A, CMO-B1 and CMO-B2, and JF also
contained CMO-H. Codon usage characteristics showed that there were 23 common high frequency codons among the
four banana CMO gene, and the codons CUU and CCG were the most biased and the weakest codons, respectively. The
physicochemical properties of CMO-A protein and CMO-H protein showed that the minimum number of amino acids
was 425, the maximum number of amino acids was 470, and the secondary structure of CMO-B1 protein was the most
complex. The molecular weight of CMO-B2 protein was 52.02 kDa, and the molecular weight of CMO-A protein was
47.48 kDa. All the four CMO proteins were acidic proteins, which did not have a transmembrane structure and were
hydrophilic proteins. Subcellular localization prediction showed that all four CMO were localized in chloroplasts. In
terms of evolution, plant CMO had obvious branches in monodicotyledonous plants during evolution, and the CMO-A,
CMO-H, CMO-B1 and CMO-B2 proteins of banana were more closely related to other monocotyledonous plant CMO
proteins. The results of RT-qPCR showed that CMO expression was up-regulated in the four kinds of banana roots in the
early stage of osmotic stress, and the expression levels of ZJ and BX CMO in homozygous A genome were higher than
those of GD and JF CMO in heterozygous A and B genomes. CMO expression in the four kinds of banana leaves was
down-regulated at the early stage of osmotic stress. The expression levels of homozygous ZJ and BX CMO in A genome
were up-regulated at the late stage of osmotic stress, while the expression levels of heterozygous GD and JF CMO in A
and B genomes peaked at 10 days and then down-regulated again at 15 days later. It was significantly lower than that of
ZJ and BX CMO. This study revealed the differences of CMO genes between the A and B genomes of bananas and the
expression patterns of CMO genes in different genotypes of bananas under osmotic stress, which would lay a foundation
for further research on the biological functions of CMO genes in the A and B genomes of bananas, especially the rela-
tionship between CMO genes derived from different genomes and the ability of banana to resist osmotic stress. It would
provide a reference for improving the stress resistance of banana by genetic engineering.
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DOI: 10.3969/j.issn.1000-2561.2024.08.003

() e i A A ™), FER Y R P9 B U A T
ATy KA, BEH BRI, = H AT R

i 3d I BER (R LMY/ NI S S8 AISES
Z—, ML ERARKE, EAR

KT, ZREHEAEY a5 R Y S PR T ]
BB RS AN, PR, M
Y32 B35 3% W8 B S R I A U A X oK
W E TR, SILFERIL B8k,
SR ZE R S R e R
-4 5 A W) L A2 32 B IR O 400 ol e 40
SeAVERY BB 4 S B YIS TR R,
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TR Hr B, ABB K& [R R 4 L H & S R A
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] s A M 2 B R A ) BRI 5 BT 4 3% = Ak
PRARL, IR ERFRA N LI 12 h (8: 00—
20: 00 ), YEHRSEJEF 2000 Ix, 26 C, Lk 200 mmol/L
HEEREE WA EEE EME . T 0. 5, 10, 15
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DH-Pahang ) i) MaCMO %A ( #5115 . Macma4d_
07_g22330) #1 BB #I¥f4: 4 ( Musa balbisiana,
Pisang Klutuk Wulung ) ) MbCMO 2 ( 7315 .
Mba07_g19660 ) 1EAZ% 541, 3T 8 MaCMO
N 5 MbCMO JE[H Y CDS 41 | HEH 4 K5
FFEHFF, FH CD-Search Tool ( https:/www.
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Blunt-Zero #A& ( Vazyme ) %4%, 1k DH5a /&
YN, W PCR ke BHE 7ok, % Rt
BrAEY R AR A R XM, I F 45 R T A
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tscale/ JTEZ A 58 o i H TMHMM( http://www.
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Perfect Real Time )% sk i) & U 5% 5% it cDNA,
P e 3 AE-20 C M RAE R T o AR B Actin 2
KNS, -7 RS MR8 AT SR R 20 uL,

RWAF: 95 °C 7min, 95 C 155, 60 C 30s,
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1.3 iR

i Excel BFIHATHUR T RH 274
Ik AT R X R, i SPSS B4
Mr B 3 R ANOVA T FE 5 Z04r; %
H Duncan’s #r & W 2L & ST
Origin B2l ki

2 HR5H5H
21 HFEA. BESEXEREZA CMO EFEHS
W R B SRS I LTl

TERTRE A HE P B0 A R RS MaCMO £
A, FEKEFHS Macmad 07 22330, FEKR 47
T 7 5Ltk ( Achr07: 33218743~33223216) ;
TEFTHE B JE DA B0 e A R RS MbCMO SE [,
R FEFS Mba07_g19660, FE[H 217 7 5 e fa,
& ( Bchr07: 30683779~30699810 ) ., MaCMO i
MbCMO JEH A5 dr g R s (K 1A)
MaCMO Ky 4474 bp, HA 10 MR T,
9 M FT; MbCMO JEFHK Bl 16 032 bp, HAT
18 MR, 17 W& T . MaCMO Fl MbCMO
W ARSFES AT R R (B 1B ) , MaCMO
T EA MALY) Rieske K[2Fe-2S]45 4 dul Fl i 4
fili G FRAE 5 MbCMO £ F17E LA Rieske HI[2Fe-
2SI 45 FIR AN B TG RRAE Y R B IR HoAT 1 ANA
BMEF IR LS IBARAE . 3T Softberry 7Lk Fi
wiXt MbCMO S [H % S A 47 Sk T8, & 31
MbCMO LR AU & 1 ANFAE O-F ML 2
MR R E A gmSIEH 5 HFH#E CMO R (E 1) .
22 AREFRBEEFCMOERMZESERE

DA #E A BEH S v MaCMO 5 Softberry
FEL T 73 AT 45 2% MbCMO L 2% 7
G, it 2 X hl i E AR AL B FEH 4] CMO 3
HEEFET Y (1), DIBX. ZI. JF. GD ¥y
cDNA H#ifz, Fifs BX. ZJ. JF, GD #1 CMO
ARG, FF e ks (& 2) , FH
MaCMO FHFE 551 W7 BX. ZJ. GD 145
R 1 Fl CMO FEH R 51 43 5l 44 - BXCMO-A
ZIJCMO-A .GDCMO-A ), 7 JF sl i 2 # CMO
FEHFH) (o5l 4 JFCMO-A, JFCMO-H ) ,
5 Ff CMO P FF 5 MaCMO JF31 [l FHALL: A
99.31%, A5 37 4~ SNPs; {#if§ MbCMO 3 [A 4
S WITE GD JJF Hh4 pakE iy 2 # CMO A 5%
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Fig. 1 Banana A and B genome CMO gene structure analysis and transcript prediction de novo

x1 XHREASY

Tab. 1 Primers used in this study
519 % % 1975 (5'-3") %
Primer name Primer sequence (5'-3") function
Actin-F CGTAGCACCAGAAGAACA
Actin-R CATAAAGGGAGAGGACAG
RT-qPCR
qCMO-F TGGAAGGTTTTCTGTGACAACT
qCMO-R TTAGTGTCCATCCATGGACCAT
MaCMO-F  ATGGCCATCGTAGTGGCAAAG
MaCMO-R  TTAGATGTTACCAAGGCACTCATG
T sE
MbCMO-F  ATGGCCATCGTAGTGGCAAAG
MbCMO-R  TTATTCGTGGAGAGCGCCTGC
M13-F TGTAAAACGACGGCCAGT N
P PCR
MI13-R CAGGAAACAGCTATGACC

SEAFH] (43544 GDCMO-B1, GDCMO-B2
5 JFCMO-B1, JFCMO-B2) , 4 ' CMO [ ¥
41 5 MbCMO J¥ 41| [a] A5 L 1% 25 98.55% , 7E
GDCMO-B1 5 JFCMO-B1 H%5E % 34 4~ SNPs
F1 3 4> Indels, 4351 24 bp 5 20 bp H4H AR
55 4 bp My 275 ; /£ GDCMO-B2 5 JFCMO-B2

% EE] 4 4> SNP FI 2 4 Indels, 4358 24 bp
5 20 bp MR AR, SEFL KT 1350 bp $ERATA
b o KEAE 4 FhOASTR] I PR Y 1) 7 45 5 o oo 6 2 31 19
9 i CMO JE[H 751 5 A MAGE %4 4 78 ] A
BRBLCE3), 9 CMO HHFFF5 2 4~ CMO
SH AR P, Hi BXCMO-A, ZJC-
MO-A. GDCMO-A, JFCMO-A, GDCMO-B1 5%
FE A FL N4 MaCMO JE R T —#% ; JFCMO-H
JFCMO-B1, JFCMO-B2, GDCMO-B2 5%# B
HHEAM MbCMO HHIHN—#% . HS
MaCMO HE[H R4 KR A ) ZICMO-A & SR
CMO-A; ¥ 5 MbCMO it A 3 J§ 5 R # ik )
JFCMO-B1 5 GDCMO-B2 43l X i CMO-B1
5 CMO-B2; 1T FICMO-H ml i A 1 B 3[4
HEHMIL L, #HE X CMO-H,
23 BHECMOERZWFRTFEST

ARXT R SC %5 3 - A5 % ( relative synony-
mous codon usage, RSCU JH I K /NA] DA fz il 2% fith
TE A%, — % RSCU (H AT 1 BB 5% 11k
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Fig. 2 Multiple sequence alignment of CMO gene of different banana genotypes
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RSCU {HYJ#id 2, #5F CCG M P 55 55 (1)
5T, 76 CMO-B1 Hiy RSCU {4 0.18, H4x
3FfH, CMO-A ¥l 0. H, #i5F GGU.

CUA . UCG 7 CMO-A H1J& T = M %51, RSCU
fHr5%10 1,12, 1.02, 1.05; %HST GGU., CUA,
UCG . UCC. AAA 1E CMO-H & T E il %65 1,
RSCU {8514 1.12, 1.02, 1.20, 1.02, 1.00;

¥ GGU, UCG. CGC. AAA. CGA. AGC
£ CMO-B1 HJ& T =Ml %%+, RSCU {H73 510
1.20, 1.05, 1.03., 1.00, 1.03, 1.05; &S F CUA,
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UCC. AAA. GGG, CUC. AGC 7£ CMO-B2
J& F R A S - ,RSCU{H 43 %1124 1.02,1.09 ,1.00
1.07. 1.02, 1.22,
24 FECMO ZEREMMRAS

FIF ProtParam T HXHE H ¥ 5347 ) H
FiAH R PRAPE B R (£ 2) , CMO-A HH
5 CMO-H HHHH 425 MNEIERBMIBIE K,
CMO-B1 iR wERZ, N 470 1,

CMO-B2 i 450 MR EEMR IS IE M ; CMO-B2 4
> TR K, N 52.02 kDa, I H % H S HAK,
 5.44, CMO-A FEH/r T/, N 47.48 kDa,
CMO-B1 M4 i1 i = 0 6.88, Uil 4 Ff CMO
EHYET]RIEEN . Prabi 28T &8 CMO-B1
B R NI SR, CMO-A B A R
HfEH ., TMHMMY 0404 4 F CMO 2 18
ANEAT B REAs A H R s K YERR B/ N T 0, R
KPR BT A A E A B0 SR 4 CMO
B ABE e g,
25 BECMO ZEHRZGHUSTREZERTI
Eb 3

Rt — LR 4 M CMO E I R G
e FR, 75 NCBI £l 8 bk 2 I 38 Bl pg o7
( Arabidopsisthaliana) . i, EXK. KFg. ¥
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sinensis) . % 41 4 ( Psidium guajava ) . jii45:( Elaeis
guineensis) . i ( Phoenix dactylifera) . #i%j
(Vitis riparia) . # /K ( Cucumis sativus) %% 16
AF CMO FE 5 CMO-A . CMO-H, CMO-B1 ,
CMO-B2 HEHHITRGH . HE 5 A,
CMO-A ,CMO-H.CMO-B1,CMO-B2 5 EgCMO ,
PACMO. ZmCMO, HvCMO, OsCMO 5 F#it

CMO-A [046]1.54f0.62|1.3

86/0.75]1.25]1.14/0.95,

annsauns 1

CMO-H [o:62|1.54]0.62] 1.230.75| 1.25[0.73|1.27]1.04{0.96 | 1280721 11 1

0.65]1.43{0.911.00] 1.00] 1. 0.510.69]0.85]

1.121.14{0.95]

CMO-B1

10.94|1.18/0.71) 1.18]0.71{ 1.29{0.75| 1.251.12]0.88 1.25[0.75 1 1.20[0.57|1.430.71(1.57[0.71 1.00[ 1.

10.62{1.3

CMO-B2 1.48[0.59] 1.3:

0.84|1.16]0.75]1.25]1.04/0.96|1.28{0.72{ 1.27]0.78] 1 0.78{1.30[0.91/1.00] 1.0 1.03 1.03{0.69)

1.20]1.390.87(0100]1.74]0.67] 1.3} 1.23[0:551.09(1.09]0.95(1.09]0.80[ 1.

10.48| 1 1.41{1.65{0.62{ 1.3
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B4 4FEECMO ERAZBEFRIFESHT

Fig. 4 Codon preference analysis of four banana CMO gene
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R2 4WHBECMOZEAEAERST
Tab. 2 Physicochemical properties of four banana CMO protein

EHAM EEREGE TR e L. HEffEE bW WESI HESrRaa | FEHUKMAEE WA E L
; i ; EHA o BENE -1 £y o

Prrotein  Amino acids Molecular I ochelix/% Extended B-turn/% Random  Transmembrane Hydrophilicity Subcellular
name number  weight/kDa p ° strand/% ° coil/% structure index localization
CMO-A 425 47.48 6.36 35.06 15.53 471 44.71 ¥ -0.157 Y EETEN
CMO-H 425 4761 6.23 35.53 16.00 5.41 43.06 I -0.142 T ESIEN

CMO-B1 470 50.35 6.88 35.32 15.11 5.11 44.47 & -0.208 TESIEN

CMO-B2 450 52.02 5.44 32.67 13.78 4.89 48.67 ¥ -0.211 TESIEN
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A: Rieske type [2Fe-2S] conserved domain; B: Iron binding region.

Bl 5 CMOZEHRGHMASN
Fig. 5 Phylogentic relationships analysisof the CMO protein
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FERIFE S d By SRk it th B i, 43310 CK Y 7.39
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Fig. 6 CMO protein amino acid sequence alignment
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Fig. 7 CMO gene expression patterns of four genotypes of bananas under osmotic stress.
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