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Abstract: GASA (gibberellic acid-stimulated Arabidopsis) is a small molecule polypeptide widely presented in plants,
playing an important role in plant growth and development processes. It has potential value especially in the regulation
of mulberry bud dormancy. However, currently, the understanding of the functions of MaGASA genes in mulberry during
the bud dormancy process is limited. The study aimed to identify the members of the mulberry GASA gene family and
analyze the roles in bud dormancy. Bioinformatics methods were used to identify the members and analyze the physi-
cochemical properties and other characteristics. Meanwhile, real-time fluorescence quantitative PCR and transcriptome
data were utilized to analyze the expression patterns. The results showed that there were 12 MaGASA family members
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(MaGASA1-MaGASA12) in mulberry, which were distributed on eight chromosomes. There were differences in acidity
and alkalinity among the members, and the average hydrophilicity coefficients were positive or negative, but all con-
tained the GASA conserved domain. The phylogenetic tree showed that they had a close genetic relationship with peach.
Collinearity analysis revealed that there were three collinear relationships in the MaGASA gene family. The promoter
regions of MaGASAs contained cis-acting elements that respond to light, low temperature, and various hormones. The
MaGASA family members showed tissue-variety specific expression. Among them, the expression level of MaGASA12
in mulberry buds was significantly higher than that in other parts. Transcriptome analysis indicated that the expression
level of MaGASA12 decreased significantly during the dormancy breaking process, while the expression level of
MaGASA10 increased sharply during the dormancy breaking process. The expression levels of MaGASA1O and
MaGASA12 at different dormancy stages were detected by real-time fluorescence quantitative PCR technology, and the
results further verified the conclusions of the transcriptome analysis, indicating that they may be related to the winter
bud dormancy process of Morus. The research results would provide a theoretical reference for the in-depth study of the

biological functions of MaGASA in mulberry and genetic breeding.
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Tab. 1 Primers for RT-qPCR
319 Em5H (5-37) a5 (5-3") PR B E
Primer Forward primer (5'-3") Reverse primer (5'-3") Amplicon size/bp
MaGASALl CTTCCCCAAGAGTGCCCA ATGTGCCTGAGGGAACGC 134
MaGASA2 AGGTGCTCGAACACGCAA GTCCCTGGAGGCACACAC 86
MaGASA3 GTGCCTCGCCTCTGCAAT TTGGTTACCGGCTGTCCC 81
MaGASA4 CCTCCGAATCCACTGCGG AGCTTTGGCCTCGACGAC 80
MaGASAS TCAGTGCGTTCCTTCTGGG GGCACTTGGATTGGCCCT 88
MaGASA6 CTGCCAGAAGTGTTGCGC TGGGGCCTCCTCTCTTGG 107
MaGASA7 CGAGCAATGCATGTGCGT aaGGGCACTTGGGTTTGC 103
MaGASAS TGCACAAGGAGATGCAGCA AGGGGCACACAGCTTTGT 121
MaGASA9 CCAGCAGCTCCTGTGGTC CCACAGGAGCTGTCGGTG 135
MaGASA10 CTCACGGGCATGGAGGTC TGCAGCACTTCTGGCAGA 147
MaGASALl CCGTGGTCGTGGAAAGCT CGCAGAGACATTTGGCGC 125
MaGASA12 ATGTGGGACGTGCTGCAA GCACTTGGGTCTGTTGCC 115
Actin GAGGGCCGTGTTCCCCAGCATCGTC TCTTTTTGATTGAGCCTCATCCCCT 106
®2 BBM GASAZREEREBUMER
Tab. 2 Properties of MaGASA proteins
W4 65 g ABRREE DTR g n rpamn g OCTETERE
Gene name Gene ID Number (.)f Mqlecular Theoretical pI  Instability index Aliphatic index Grand average of
amino acid ~ weight/kD hydropathicity
MaGASA1  ZZB_Hapl.002816 126 14 163.20 5.02 60.15 83.65 -0.103
MaGASA2  ZZB_Hap1.003443 118 13 090.17 9.17 45.93 43.81 -0.447
MaGASA3  ZZB_Hap1.007998 87 9232.87 8.66 31.90 90.69 0.141
MaGASA4  ZZB_Hapl1.007999 116 12 321.33 7.46 59.49 75.78 0.030
MaGASA5  ZZB_ Hap1.008472 87 9518.28 8.82 35.55 64.94 -0.075
MaGASA6  ZZB_Hap1.009540 113 12 616.03 9.48 44.34 62.21 -0.254
MaGASA7  ZZB_Hapl.012313 91 10 165.04 9.01 45.01 41.87 -0.224
MaGASA8 ZZB_ Hapl1.013913 104 11 670.93 9.16 44.29 58.17 -0.199
MaGASA9 ZZB Hapl.016708 272 28 043.82 10.10 65.11 75.81 -0.062
MaGASA10 ZZB_Hapl.016871 108 12 026.18 9.33 37.21 42.50 -0.301
MaGASA1l ZZB_Hapl.018078 97 10 806.96 9.52 32.20 63.40 -0.231
MaGASA12 ZZB_Hapl.023059 107 11 835.94 8.86 46.95 73.74 -0.218
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Distribution of GASA gene family on chromosomes in mulberry
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A: R GASA BN ZFIEE A RGHALRS, Potri ML, Vitvi J#jZjFE K, PRupe ABEFER ; B: R EERIMAE 47
C: ZYRhILLAEIE, MZZ I ZM, ATH NESST, PTR BEHA, PPE Wbk, VVI Wi,
A: Phylogenetic tree of GASA gene family proteins on chromosomes in mulberry, Potri indicates Populus trichocarpa, Vitvi indicates Vitis
vinifera, PRupe indicates Prunus persica; B: Diagram of gene duplication analysis in mulberry; C: Collinearity map of multi species, MZZ
indicates Morus sp., ATH indicates A. thaliana, PTR indicates P. trichocarpa, PPE indicates P. persica, and VVI indicates V. vinifera.
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Fig. 2 Phylogenetic tree, gene duplication and collinearity map of multiple species and mulberry
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Fig. 3 Conserved motifs of MaGASA genes
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&3 MaGASA ERKKIRERTH5
Tab. 3 Cis-acting elements of MaGASA gene family

B

I =X AE FH T 5% f: Number of cis acting components

Gene ABRE ABRE2 ABRE3a

ABRE4 GARE-motif ERE LTR P-box

TCT-motif TGA-box TGACG-motif

MaGASA1l 3

MaGASA2 1
MaGASA3
MaGASA4
MaGASA5
MaGASA6
MaGASA6
MaGASA7
MaGASA8
MaGASA9
MaGASA10
MaGASA11l
MaGASA12

[N S R 2 (S T .S B ST VS I S

7 1 1
1

1
1
1 2
1

W W = = N

LER TR (% 4), K MaGASA L KK
B RS FE G B A o-1R e A, Htd
FEAEIEfsE , 7esagt . SRS B

1 GASA FE AW A& T 2R S5 EE, JF H
h T a-IBERIFETE, GASA LN Ar A & 1 Ry
HA FVESE M), MaGASA B =45 K 4 iR .

&4 MaGASA EHH ZREMTIN
Tab. 4 Prediction of secondary structure of MaGASA proteins

a-12Ji€ Alpha helix

FE 4% Extended strand

Je#t#: i Random coil

S B I e I O I
Number Proportion/% Number Proportion/% Number Proportion/%

MaGASA1 40 31.75 7 5.55 79 62.70
MaGASA2 37 31.36 0 0.00 81 68.64
MaGASA3 27 31.03 0 0.00 60 68.97
MaGASA4 43 37.07 0 0.00 73 62.93
MaGASAS 24 27.59 2 2.30 61 70.11
MaGASA6 38 33.63 0 0.00 75 66.37
MaGASA7 28 30.77 0 0.00 63 69.23
MaGASA8 36 34.62 0 0.00 68 65.38
MaGASA9 9 3.31 0 3.31 254 93.38
MaGASA10 40 37.04 0 0.00 68 62.96
MaGASAI11 35 36.08 0 0.00 62 63.92
MaGASA12 32 30.19 0 0.00 74 69.81

26 GASA EERKERMARIAMRIES M

M 5 ] LA H, MaGASA FE R % a1
M R RBIAEAE 2 57 . MaGASAL, MaGASA2 |
MaGASA4, MaGASA6 fEl ik, H
MaGASAL., MaGASA2., MaGASA6 7 A i AH T 7
i EE T HABIAL, MaGASAA & TR
AMRHAERL , (AR, XU RFES &S
S R AR IO, XS e AT REFE SRR A

R BHOEAER T ZHHEEDIRE. MaGASA3,

MaGASA5, MaGASA7. MaGASA8, MaGASA10
FEZE R IR i, H T MaGASA3 . MaGASAT
MaGASA8, MaGASAL0 fyAH Xt 1A i i 2w T H:
A7, MaGASAS I 3% T BRI A b 1) HAth &6
fii . MaGASALL 5 MaGASA12 7r 2 H I A X 28 5k
HRES T HAIRA,, 458 FHLEREY,

MaGASA12 W] g 7E I 45 28 1k sh RS b L 15 2R
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Fig. 4 Prediction of tertiary structure of MaGASA proteins
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Fig. 5 Expression analysis of GASA gene family in different parts of mulberry
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ARV Y SR S Rl R IT GASA K&K F i il A il 26
KT, G5B EN, MaGASA JE K K% il L 7E
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Fig. 6 Expression analysis of GASA gene family in buds of different mulberry varieties
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Fig. 7 Expression trends of GASA gene family at different
time after sodium cyanamide treatment
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Fig. 8 Expression validation of RT-qPCR for
selected genes
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