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Identification of banana ADA1 gene family members and their
expression profiles under biotic and abiotic stresses

ZHAO Qiqi, REN Wenhui, ZHU Huifei, WU Qiuzhen, ZHANG Chunyu, XU Xiaoqiong,
LUO Binbin, HUANG Yuji, CHEN Yukun, LIN Yuling, LAI Zhongxiong"

Institute of Horticultural Plant Bioengineering, Fujian Agriculture and Forestry University, Fuzhou 350002,
Fujian, China

Abstract: The Spt-Ada-GenS-acetyltransferase (SAGA) is an ancillary transcription initiation
complex which is highly conserved. The ADAT1 (alteration/deficiency in activation 1, also called
histone H2A functional interactor 1, HFI1) is a subunit in the core module of the SAGA protein
complex. ADAI plays an important role in plant growth and development as well as stress
resistance. In this paper, we performed genome-wide identification of banana ADA1 gene family
members based on banana genomic data, and analyzed the basic physicochemical properties,
evolutionary relationships, selection pressure, promoter CiS-acting elements, and its expression
profiles under biotic and abiotic stresses. The results showed that there were 10, 6, and 7 family
members in Musa acuminata, Musa balbisiana and Musa itinerans. The members were all
unstable and hydrophilic proteins, and only contained the conservative SAGA-Tadl domain.
Both MaADA1 and MbADAT1 have interactive relationship with Sgfl1 (SAGA-associated factor
11) of core module in SAGA. Phylogenetic analysis revealed that banana ADA1 gene family
members could be divided into 3 classes. The evolution of ADA1 gene family members was
mostly influenced by purifying selection. There were large differences among the gene structure
of banana ADA1l gene family members. ADA1l gene family members contained plenty of
hormonal elements. MaADA1-1 may play a prominent role in the resistance of banana to cold
stress, while MaADAL may respond to the Panama disease of banana. In conclusion, this study
suggested ADAL gene family members are highly conserved in banana, and may respond to
biotic and abiotic stress.

Keywords: banana; Spt-Ada-Gcen5-acetyltransferase; alteration/deficiency in activation 1;
genome-wide identification; stress
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B IK fr 48 MIADAL-1 & MiADAL-7,
MaADAL BN ZE AT 10 N ahL, B £ ; &
NT AR A FEFY 10 S YAk Y MaADAL-10
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Table 1
encoded proteins

Basic information of ADAL family members and physiological and chemical properties of their

Accession Gene Rename Subcellular PI  Length MW Instability Chromosome Genomic CDS GRAVY
No. name localization index (1) location
Ma0l_ Ma0l_  MaADAl-l OM 9.17 423  47256.02 53.75 Chr01 712 909; 1272 -0.585
201000  p01000.1 714 183
Ma03_  Ma03_ MaADAl-2a OM 9.17 409  45238.68 51.48 Chr03 3294540, 1230 —0.439
205020  p05020.1 3295769
Ma03  MaADAl-2b OM 9.17 409  45238.68 51.48 Chr03 3294 540; 1230 —0.439
p05020.2 3295 769
Ma03  MaADAl-2c OM 9.17 409  45238.68 51.48 Chr03 3294 540; 1230 —0.439
p05020.3 3295769
Ma04  Ma04  MaADA1-3 OM 9.31 429  47704.62 45.89 Chr04 1964870 1290 —0.498
202260  p02260.1 1966 159
Ma04 Ma04  MaADAl-4a PP 9.19 416 46 462.14 50.17 Chr04 6752 822; 1251 —0.521
209540  p09540.1 6754 072
Ma04  MaADAl-4b PP 9.19 416  46462.14 50.17 Chr04 6752822; 1251 —0.521
p09540.2 6754072
Ma06_  Ma06_  MaADAl-5 OM,CP 9.76 353  39415.09 56.60 Chr06 35962 788; 1062 —0.447
236650  p36650.1 35963 849
Ma08_  Ma08  MaADAl-6 OM,PP,CP 821 410 45686.11 47.83 Chr08 38330317, 1233 —0.415
225540  p25540.1 38 331549

http://journals.im.ac.cn/cjben
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ez
Accession Gene Rename Subcellular PI  Length MW Instability Chromosome Genomic CDS GRAVY
No. name localization index (II) location
Ma09 Ma09_ MaADAl-7a OM, CP 9.61 356  40066.11 56.24 Chr09 6104370; 1071 —0.421
209200  p09200.1 6105416
Ma09_  MaADA1-7b OM, CP 9.69 354  39797.75 59.94 Chr09 6104 370; 1065 —0.432
p09200.2 6105 434
Ma09 Ma09_  MaADAl1l-8 CP 9.08 412 46 153.66 49.24 Chr09 33692486; 1239 —0.619
221770  p21770.1 33693 724
MalO Mal0_ MaADAl-9 PP 8.58 419  46479.99 80.81 Chr10 21795251; 1260 —0.558
207360  p07360.1 21796 510
MalO Mal0  MaADAl-10a PP 8.87 399  44403.90 52.77 Chr10 37098 739; 1200 —0.471
230870  p30870.1 37 099 938
Mal0_  MaADA1-10b PP 8.87 399 4440390 52.77 Chrl10 37098 739; 1200 —0.471
p30870.2 37099 938
Mal0_  MaADA1-10c PP 8.87 399 4440390 52.77 Chr10 37098 739; 1200 —0.471
p30870.3 37099 938
Mal0_  MaADA1-10d PP 8.87 399 4440390 52.77 Chrl10 37098 739; 1200 —0.471
p30870.4 37099 938
Mba04_  Mba04_ MDbADA1-1 OM, PP 9.05 464  51592.92 49.12 Bchr04 2163797; 1395 —0.506
202180  g02180.1 2167973
Mba04  Mba04  MbADA1-2 PP, CP 9.27 415 4632521 50.71 Bchr04 7237413; 1248 —0.483
209200  g09200.1 7238 660
Mba08_  Mba08_ MDADA1-3 OM,CP,PP 879 460  50759.96 49.91 Bchr08 38453 173; 1383 —0.395
225080  g25080.1 38455193
Mba09  Mba09  MbADA1-4 OM, CP 10.1 414  46222.26 56.85 Bchr09 6257352; 1245 —-0.451
208650  g08650.1 6 6267007
Mbal0_ Mbal0_ MbADA1-5 OM, PP 9.39 533  59113.53 58.20 Bchr10 25763 542; 1602 —0.506
206530  g06530.1 25772213
Mbal0_  Mbal0_ MbADA1-6 PP, CP 8.99 394 4381521 4943 Bchr10 41562 372; 1185 —0.445
226990  g26990.1 41563 556
Mi_ Mi_ MiADA1-1 PP 8.92 408  45369.89 44.46 scaffold106 307 109; 1227 —0.478
2001034 001034 308 332
Mi_ Mi_ MiADA1-2  OM, CP 9.77 343  38323.85 57.11 scaffold1345 436 474; 1032 —-0.446
2004234 004234 437502
Mi_ Mi_ MiADA1-3 OM 8.96 395 43 821.11 54.00 scaffold1568 325 800; 1188 —0.522
2006237 006237 326 401
Mi Mi_ MiADA1-4 PP 8.94 368 41083.23 48.18 scaffold1720 194 740; 1107 —0.386
2007810 g007810 195 265
Mi_ Mi_ MIiADAL-5 OM 9.01 379  41896.92 49.60 scaffold1981 104 345; 1140 —0.388
2010040 010040 104 894
Mi_ Mi_ MiADA1-6  OM, CP 9.75 354  39677.66 60.86 scaffold284 38 864; 1065 —0.417
2016378 g016378 39928
Mi Mi_ MiADA1-7  OM, PP 7.54 385 42 749.55 43.59 scaffold620 961 187; 1158 —0.419
2027000 027000 961 763

CP: Cytoplasm; OM: Outer Membrane; PP: Periplasmic.

&: 010-64807509 B<: cjb@im.ac.cn



m ISSN 1000-3061 CN 11-1998/Q A:¥J T'#22%4%  Chin J Biotech

0 Val (V)
Bl Tyr (Y)
= Trp (W)
Bl Thr (T)
I Ser (S)
[ Pro (P)
B Phe (F)
= Met (M)
[ Lys (K)
B Leu (L)
= Ile (1)
B His (H)
ml Gly (G)
B Glu (E)
B Gln (Q)
Bl Cys (C)
B Asp (D)

MaADAL1-1
MaADA1-2a
MaADAI-2b
MaADA1-2¢

MaADA]1-3
MaADA1-4a
MaADA1-4b

MaADA1-5

MaADAL-6
MaADA]1-7a
MaADA1-7b

MaADA1-8

MaADA1-9

MaADAI-10a
MaADA1-10b
MaADAI-10c
MaADA1-10d

MbADA1-1

MbADA1-2

MbADA1-3

MbADA1-4

MbADA1-5

MbADA1-6

MiADAI1-1
MiADA1-2 B0

NE
|

R

e

|

11l

|

MiADA1-3
MiADA1-4
MiADA1-5
MiADA1-6

0 Asn (N)
3 Arg (R)
B Ala(A)

‘g
EﬁmMmmiﬂiﬂﬂmﬂﬂiiﬂmmﬂﬂuﬁmmmggaﬂ

R

MiADA1-7

0 20 40 60 80 100
Amino acid composition (%)

HFE ADAL1 S ERRAEM

Composition of amino acids in ADAI.

E1
Figure 1

MaADA1-1
MaADAI1-2a
MaADAI-2b
MaADA1-2¢

‘:!J [ Random coil (Cc)
]
]
MaADA1-3 []
]
]

[ Beta turn (Tt)
Extended strand (Ee)
MaADAl-4a [ Alpha helix (Hh)
MaADAI-4b =
MaADA1-5 ]
MaADA1-6 ]
MaADA1-7a
MaADAI1-7b []
MaADA1-8 []
MaADA1-9 ]
MaADAT1-10a ]
MaADA1-10b ]
MaADAI1-10c [
lgﬂ
[
[]
]

MaADA1-10d

MbADA1-1

MbADA1-2

MbADA1-3

MbADA1-4 ]
MbADA1-5 ]
MbADA1-6 []
MiADAI-1 ]
MiADA1-2 [ ]
MiADA1-3 ]
MiIADA1-4 ]
MiADAI1-5 []
MiADA1-6 ]
MiADA1-7 [

0 20 40 60 80 100
Percentage of secondary elements (%)

B2 FHE ADAl ZREMTAM
Figure 2 Prediction of secondary structures of ADAL.

http://journals.im.ac.cn/cjben



BHHE % | HE ADAL R REEREEEMIIEEMIE T HRESH

100

MaADA1-1 ||

MaaDA1-2 ||
MaaD41-3 |||
MaADA1-4 ||| N
MaADAI-5

MaaDA1-6 ||
MaapA1-7 [
MaapA41-8 ||
MaADA1-9 ||

Maap4i-10 |0

MbaDA1-1 |

MbADAI-2

= Abscisic acid

MYB binding site involved in drought-inducibility

M Auxin
® Anaerobic induction
= Anoxic

® Gibberellin

= MYB binding site involved in light responsiveness

® TATA-box

3 HE ADALREEBHFIRKAERTH 7

L I!I!!!!
R EEE
S I T TS SS
Q Q Q Q9 Q9 QA QA Q Q2 R K
T I IS I ITIIIEE
SSSS§S§ss s s § s
= Light

Salicylic acid
= MelA
= MYBHvI binding site
= Meristem expression

® Circadian

' Binding site of AT-rich DNA binding protein (ATBP-1)
= CAAT-box
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Figure 4 Analysis of conserved structural domains of ADAI1 protein between Oryza sativa (Os),
Arabidopsis thaliana (At) and banana.
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Figure 6 Gene structure and conservative motif distribution of banana ADAL.
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Figure 7 Protein interaction network of ADAL family of banana. A: Represents Musa acuminata. B:
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Figure 10 Collinearity analysis of banana ADAL genes. A: Represents Musa acuminata. B: Represents
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Table 2 Synonymous mutation rate (Ks) and
nonsynonymous mutation rate (Ka) of banana ADAL
genes

Sequence 1 Sequence 2 Ka/Ks
MbADA1-1 MaADA1-2c 0.398 5513
MbADA1-1 MaADA1-3 0.808 153 4
MbADA1-2 MaADA1-4b 0.4115700
MbADA1-2 MaADA1-6 0.389 662 4
MbADA1-1 MaADA1-10c 0.347 012 8
MbADA1-3 MaADA1-4b 0.423 649 6
MbADA1-3 MaADA1-6 0.467 198 6
MbADA1-4 MaADA1-5 0.275 042 8
MbADA1-4 MaADA1-7a 0.732 863 3
MbADA1-5 MaADA1-1 0.423 544 1
MbADA1-6 MaADA1-3 0.342 710 6
MbADA1-5 MaADA1-9 0.515028 1
MbADA1-6 MaADA1-10c 1.398 988 2
MiADA1-1 MaADA1-6 0.357 755 4
MiADA1-1 MaADA1-4b 0.435 1456
MiADA1-1 MbADA1-3 0.405 064 7
MiADA1-1 MbADA1-2 0.475981 3
OsADA1b MbADA1-4 0.142 1293
MaADA1-1 MaADA1-8 0.279 614 552
MaADA1-2c MaADA1-3 0.405 254 154
MaADA1-4b MaADA1-6 0.378 129 022
MaADA1-3 MaADA1-10c 0.369 685 284
MaADA1-5 MaADA1-7a 0.242 277 589
MbADA1-2 MbADA1-3 0.424 712 422
MbADA1-1 MbADA1-6 0.357 883 763
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Figure 11 Heatmap for expression of banana ADA1 gene family members under biotic and abiotic stress. A:
Represents 4-leaf stage. B: Represents 5-leaf stage. C: Represents the stress of Panama disease.
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