Gy THPE M LR, 2020 4, 55 18 45, 55 15 k5, 2B 1-10 T

/¥t a=)
Research Report

RIS IE H F(USP) R K M &€ 5 RIE

FBE 2 OMRKER? BRTT 2 BIRAL? ERMRC XS WaRtE AOERT ERY

1 g R KA kb 5 255 B, W 11, 570228; 2w B R R PR B By A MR AR BT 58 BT, AR 0 iy AR W 2 4 2 5 38 A DR VRR) ) B R s
=, 1, 571101

* JH{51E#, wangzhuocd@126.com, cong0890@163.com

@ E JUEHE A (Universal Stress Protein, USP) & A W) & i — S8 AR 57 1 B U N R 1, 2 50 B A=)
AEHEA Ve, BAEAE Y USP (IhEe R L o ARWF AT AL A B 5 5E 53 > MaUSPs 21K, 24t
KRB DI E REY MaUSPs 7T X153 N AB.C.D TN i, I H#UHA USP {R5F 45 Mtk . Yetaih e i g5 51
T 52 N MaUSPs EALLE 11 254tk b, B A % 8 MaUSPO1 % MaUSP52,Ma00 t00840.1 A% & 7E 4+
RL, 4N MaUSP53. 2Rl F R A BB & & MaUSPs KRR R 9 ik i 3 ik 2. RNA M7
(RNA-seq) 45 % BH, K 2% MaUSPs /£ 27 85 5 50 B IR g i IS 2 H 21 i BY 38028 s MaUSPOSMaUSP47 il
MaUSP49 AR 5. i N BE ERKIE; FEHEM Foc TR4 )5, MaUSPO3~MalUSP25-MaUSP39-
MaUSPO6~MaUSPOS~MaUSP24~MaUSP17MaUSP48 T MalUSP49 & [R 7E JE7 & A B pa g vp 2 5.2 N, T 7E
P A GCTCV-119 3835 B, FIRSE KU BIX LS MaUSPs W] &2 5 7 A5 5 S0 0T JE BSORT i . 3
B3 e AR v S Bk SR R . A AT 5 O S5 I S MaUSPs 3 DR 53 i 8 52 i 01 78 8 R 52 R
SR i N7 35 355 Folp A 3ok R PR PR Th RE R AT (L SR

KR A, M A R H (Universal Stress Protein), IEAEPIMM A, AP A, FEFRIE

Identification and Expression of Universal Stress Protein (USP) Genes in
Banana (Musa acuminata L. AAA group, cv. Cavendish)

Wang Xia * Lin Qiumei > Zhao Dongfang > Jia Caihong®> Wang Jingyi > Liu Juhua > Huang Mianjia '
Cong Xinli * Wang Zhuo *

1 College of Life Science and Pharmacy, Hainan University, Haikou, 570228; 2 Key Laboratory of Tropical Crop Bioscience and Biotechnology, Min-
istry of Agriculture, Institute of Tropical Bioscience and Biotechnology, Chinese Academy of Tropical Agricultural Sciences, Haikou, 571101

* Corresponding author, wangzhuocd@126.com, cong0890@163.com
DOI: 10.5376/mpb.cn.2020.18.0019

Abstract The universal stress proteins (Universal Stress Protein, USP) are conserved stress-responsive proteins
in various organisms that are involved in response to biotic and abiotic stresses, but the function of most USP in
plants is unknown. In this study, there are identified 53 genes in the Musa acuminata genome. The phylogenetic
analysis indicated that these MaUSPs were divided into four subfamiles which the subfamily A, B, C and D. All
MaUSPs have USP conserved domains. The distribution mapping results showed that a total of 52 MaUSPs were
located on the 11 chromosomes in Musa acuminata genome, which were named MaUSPOI to MaUSP52, based on
their chromosomal locations. Ma00 t00840.1 was not anchored on the chromosome, and named MaUSP53. The
gene duplication events showed that six pairs of MaUSPs were located in collinear fragments, and segment
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duplications might be the only way for the expansion of MaUSPs. RNA sequencing (RNA-seq) data indicate that
most MaUSPs showed constitutive expression during banana fruit development and ripening-specification. Under
drought, low temperature and salt stress, MaUSPOS, MaUSP47 and MaUSP49 were significantly expressed that may
be involved in banana response to abiotic stress. Under Foc TR4 stress, MaUSP03, MaUSP25, MaUSP39,
MaUSP06, MaUSP0S, MaUSP24, MaUSP17, MaUSP48 and MalUSP49 genes were significantly down-regulated in
Cavendish and up-regulated in GCTCV~-119, indicating that MaUSPs may play an important role in banana
resistance to banana wilt. These results suggest that these MalUSPs may be important candidate genes in banana
fruit quality formation and response to stresses. This study providing a basis for the function analysis the roles of

MaUSPs gene in banana during fruit quality formation and response to stresses.
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Figure 1 Phylogenetic tree of the MalUSPs
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Table 1 Basic information of the MaUSPs genes

FID HEAID Geto ik 5 BRI E AIEIE K/ aa) FHA 2 TEKD) WAHHLE
Gene ID  Protein ID ChromosomeNumber Gene start Gene end Size (aa) pl MW (kD)  Subcellular localization
MaUSP01 Ma01 _p17560.1 chr01 12865234 12866097 192 6.21 21.02 Cytoplasmic
MaUSP02 Ma01 p18690.1 chr01 13993019 13997192 737 6.95 81.38 Nuclear
MaUSP03 Ma01_p20470.1 chr01 18756079 18766107 183 5.88 20.56 Nuclear
MaUSP04 Ma02 p10680.1 chr02 20167925 20168710 187 6.44 20.46 Extracellular
MaUSP05 Ma02 p17530.1 chr02 24389651 24394839 755 8.43 84.96 Nuclear
MaUSP06 Ma02 p23920.1 chr02 28726254 28727072 159 8.57 17.34 Extracellular
MaUSP07 Ma03_p13520.1 chr03 10653936 10656958 741 7.88 81.98 Nuclear
MaUSP08 Ma03_p15600.1 chr03 16525280 16526124 171 6.06 19.04 Cytoplasmic
MaUSP09 Ma03_p17280.1 chr03 22500965 22501781 217 10.14 238 Mitochondrial
MaUSP10 Ma03_p18710.1 chr03 24245233 24250039 166 5.77 18.29 Cytoplasmic
MaUSP11 Ma03_p19910.1 chr03 25174234 25174896 169 8.72 18.62 Nuclear
MaUSP12 Ma03_p26460.1 chr03 30176872 30178022 223 10.38 2491 Mitochondrial
MaUSP13 Ma03_p26810.1 chr03 30404820 30405593 179 6.96 19.34 Mitochondrial
MaUSP14 Ma03_p30690.1 chr03 33211461 33214328 158 593 16.9 Cytoplasmic
MaUSP15 Ma04 p04660.1 chr04 3571046 3574467 752 8.23 83.31 Nuclear
MaUSP16 Ma04 p05780.1 chr04 4315798 4319003 688 8.96 76.01 Nuclear
MaUSP17 Ma04_p06800.1 chr04 4957383 4963299 161 5.95 17.36 Chloroplast
MaUSP18 Ma04 p10790.1 chr04 7651049 7652071 281 10.06  31.29 Nuclear
MaUSP19 Ma04 p11510.1 chr04 8121247 8125592 756 6.58 84.32 Nuclear
MaUSP20 Ma04 p15910.1 chr04 14537255 14538119 224 9.76 24.71 Nuclear
MaUSP21 Ma04 p22180.1 chr04 24542381 24545047 621 5.35 69.26 Cytoplasmic
MaUSP22 Ma04 p27320.1 chr04 28516538 28520468 734 8.58 81.99 Nuclear
MaUSP23 Ma04 p30030.1 chr04 30789361 30790265 228 1095 25.05 Nuclear
MaUSP24 Ma05_p00170.1 chr05 122344 124687 170 6.35 18.09 Cytoplasmic
MaUSP25 Ma05_p21310.1 chr05 32950978 32957757 817 9.41 90.89 Nuclear
MaUSP26 Ma05_p22960.1 chr05 34731415 34732775 199 9.58 21.7 Chloroplast
MaUSP27 Ma05_p28710.1 chr05 39626842 39631219 235 4.91 25.48 Cytoplasmic
MaUSP28 Ma06_p03910.1 chr06 2832207 2835571 174 5.45 18.1 Chloroplast
MaUSP29 Ma06_p08940.1 chr06 6265563 6266507 200 9.79 22.16 Nuclear
MaUSP30 Ma06_p10620.1 chr06 7329824 7330988 185 6.25 20.93 Cytoplasmic
MaUSP31 Ma06_p20010.1 chr06 14080857 14084225 788 5.92 86.23 Nuclear
MaUSP32 Ma06_p20450.1 chr06 14544054 14546008 224 9.95 24.35 Nuclear
MaUSP33 Ma06_p21660.1 chr06 15991119 15993697 172 6.34 18.38 Cytoplasmic
MaUSP34 Ma06_p24260.1 chr06 22730901 22745993 160 8.58 17.45 Mitochondrial
MaUSP35 Ma06_p27650.1 chr06 29578350 29581407 706 9 77.03 Chloroplast
MaUSP36 Ma07_p03090.1 chr07 2407887 2408731 200 9.58 22.17 Nuclear
MaUSP37 Ma07_p24750.1 chr07 32008326 32011649 753 5.69 81.5 Chloroplast
MaUSP38 Ma08 p04250.1 chr08 2964186 2965421 227 1022 25.02 Mitochondrial
MaUSP39 Ma08 p05530.1 chr08 3755772 3758814 779 7.61 85.69 Cytoplasmic
MaUSP40 Ma08 p06480.1 chr08 4376752 4378952 160 6.7 17.1 Cytoplasmic
MaUSP41 Ma08 p16600.1 chr08 19622604 19623973 196 9.98 21.8 PlasmaMembrane
MaUSP42 Ma08 p32810.1 chr08 43393027 43393992 224 9.12 24.27 Nuclear
MaUSP43 Ma09 p03760.1 chr09 2488807 2491334 165 8.43 18.4 Mitochondrial
MaUSP44 Ma09 p19680.1 chr09 25944173 25946801 605 6.98 66.75 Chloroplast
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Continuing table 1

EHFID HHEID et fh wanE A E KM aa) FHAL 2 TEKD) WEAHME AL
Gene ID  Protein ID ChromosomeNumber Gene start Gene end Size (aa) pl MW (kD)  Subcellular localization
MaUSP45 Ma09 p25070.1 chr09 36652532 36654893 264 5.02 28 Chloroplast
MaUSP46 Ma09 p30600.1 chr09 40661509 40664376 248 5.06 26.84 Chloroplast
MaUSP47 Mal0 _p08820.1 chrl0 23098457 23102881 268 5.08 28.28 Chloroplast
MaUSP48 Mal0 p29490.1 chrl0 36056732 36057468 162 5.76 17.52 Cytoplasmic
MaUSP49 Mall p12790.1 chrll 16685814 16688743 162 5.8 17.73 Cytoplasmic
MaUSP50 Mall p15730.1 chrll 21410309 21411101 203 8.55 21.71 Extracellular
MaUSP51 Mall p19350.1 chrll 24243223 24250989 786 5.71 87.96 Nuclear
MaUSP52 Mall p24310.1 chrll 27316596 27319064 248 4.88 27.05 Cytoplasmic
MaUSP53 Ma00_t00840.1 - - - 736 8.49 82 Nuclear
A Chr1 Chr2 Ct Chré4 Cl E"USP"C 6 Chr7 Chr8 Chr9 Chr10 Chr11 0
o] o e o
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Figure 2 Amino acid residues of the USP domain in MaUSPs
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lines; The duplicate MaUSPs are connected with red lines
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Figure 4 Expression patterns of MaUSPs in different stages of

fruit development and ripening
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Wi, USPs [ — B H A 20~50 Nk i, tnfEAR G,
PFETT PSR p % 514842 4324
F1 16 A~ USPs, 1fi#E H i 24 JiH1 3¢ (Brassica napus) 1 &
L 142 A~ USP i 01 o fEFE R ATE E H 53 4
USPs, & AR T H 8% . MaUSP 2x H K
07 158~817 N MR A, S5 i 1 4.88~
10.95 Z [a], 73 F &3 A 1E 16.9~90.89 kD Z [H](£ 1),
HFTA 1) MaUPSs #3445 USP £54438; X LeHRIE S
H A A USP 2 A 045 14 — 2 (Zahur et al., 2009;
Tkaczuk etal., 2013). L5 G ATP 1IHE 7K uspA
KR A5 NP K2 (Tkaczuk et al., 2013), ASHF 57

Log2(ColdContrl) = |
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Figure 5 The expression of MaUSPs in banana seedlings respond-

ing to osmotic, salt and cold treatments
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Figure 6 The expression of MalUSPs in banana seedlings respond-
ing to Foc TR4 treatments

23 A MaUSPs W T = BEORSF (1) ATPRE R 456
RU(G-2X-G-9X-G[S/T]) (K 2), B ] MaUSPs #iJ&
T USP B[R . 4 g e A T &5 2R R R, 53 A
MaUPSs WIS EANF], Ui BH MaUPSs 2 RERT BEANIA]
%4 RGPS S R — 3 (Wang et al., 2017). &
SR B TR, 53 4 MaUSPs 778 AB.C.D .5
J, 1X 5 4 T NPT 1 25 R — BL(Kerk et al., 2003;
Wang et al., 2017). &8 A FEHF A LA 7 3 k4%
K 41 # 2 F (o, B, and y~WGD), 2 3 2k P X
Pt B B A X 222 Mb, AL 5 26 829 AN A
(France et al., 2012). ASHF7E KB 12 4 MaUSPs AT
iR B E A X e (B 3), 3R BUE i MaUSPs
BRI SCRY Tk 1 7 K

Fr B IR B R R T 75 8 b o A i) — A
HERE AR PR R AR Y RS ) R B R A — A
AR, &4 EE(ROS), Wil A H H7£(0,)
it 4L A (H,0,) (Mondal et al., 2004; Pandey et al.,
2013). FAli ER6 J& ) i hid 8 1 eI — 5, 7R 15
TR SRR AR, A 56 P IR 2R 0 1 Ik B Ry
(Zegzouti et al., 1999). AW 5T R IM, FE R IRk B A
ISR, KE 1 MaUSPs 25 R 3Rk S8 my, Ho
MaUSP46-MaUSP33 F1 MaUSP49 1£ $ 52K & £
K & B MaUSP24~MaUSP49MaUSP14~MaUSP28
FLRAE R 5 oA B B 22 5 B (K 4), Rx L
MaUSPs TE75 5K B K Ja U ke 8 B EAEH .

USP S ATl A B8 - BB L SR AR AR i )
¥+ (Sauter et al., 2002; Foret et al., 2011). 7EK
AT B, uspA £ 75 FRFE /R DNA 5475 i A KA
ik A2 A 2 1 2 3G N (Gustavsson and Nystrsm, 2002).
TEREY) T, USP B2 [H 2 550 |87 22 it 4 A2 ) 1) 38 (Jung
et al., 2015; Udawat et al., 2016). 7KF& OsUSPI 1E/K
S WE A 20875 5 P 2R 1A(Sauter et al., 2002). TF

YIS GUSPL A GUSP2 B LA Ri7K 43 [ iE (Zahur et al.,
2009). fEZLAZ (Gossypium hirsutum) "', GRUSPIA
GhUSP2 Z 510 N ) /& & A EL 18 (Merkouropou-
los and Tsaftaris, 2013). 7EAWFFH, K2 E MaUSPs
ET 5 RIE MR E AW E N 2 R R (B 5).
XU gh AR, MalUSPs FT REAE A R4l X AELE Py
B B R B AR

USP JE K 7E 2 5 16 ) w37 A= 49 1 3 1) e 2 vh
WEEHEEE(EH. LI USP E I B b iR R
HiikiA S5 (Chou et al., 2007). fEFLEGFTH, USP
(At3253990) EL A3 T 5 B i 14, fe 3 U B = 28 ROS
MRARDI . EPRER A RS, J) A B A
299, T GCTCV-119 2R RRARM  FEARBF T, B
FEEER GCTCV-119 $Ff Foc TR4 J&, 12 4~ MaUSPs
ZRRIE, EETTRET, MaUSPs Z:H 3R 1A i3
M, HALE GCTCV-119 ' MaUSP03~MaUSP25+
MaUSP39~MaUSPO6~MaUSPO8~MaUSP24~MaUSP17+
MaUSP48 1 MaUSP49 K ¥ 5. 2% Fi (Kl 6); L&
45 R B MaUSPs & K] AT GETE M 8 2 85 H1 A 295 11
R R A E AR .

3B EFIE
3.1 MaUSPs £ EMREZEBE N

AT R A F K 4 W 5k (http://musagd.bio-
cloud.net/home) 3 #& & A 3 [K 41 DH Pahang v2 %
& E 7 5 16 BT A 25 K (Martin et al., 2016); | F 2,
FA T (KT AT USPs 1T BLAST # %, iR &5 A &
1 HR Uy BRI T MaUSPs ;s R A ExPASy %4
5 FE (http://expasy.org/) T MaUSPs 1] 5 ¥ & A1 5%
15 FIl H Plant-mPLoc Server (http://www.csbio.sjtu.
edu.cn/bioinf/ plantmulti/) 7£ £k Filill MaUSPs & [ I
20 B € 5L ; F) F§ NCBI A1 SMART (https://smart.embl.
de/) Xt it A5 1 3% 1) MaUSPs 2 [ 7 71 #£47 BLASTp.
L7 T 1 MaUSPs & 7 %15k H TAIR (http://www.
arabidopsis.org/) £ 4 & ; F| FH ClustalW X 5 £ 1 41
B T 1) 4 K MaUSPs 85 | J7 51 #E AT X I H
MEGA X i, RHISBHIEME B (Audic and
Claverie, 1997). . bA%H] MaUSPs & 5% 5 (3% 1).

2EBESHMERES

NUHE MaUSPs H) G oAk Ao, MEHE A
FE R 2H i 2 SRR A% e ik BT A R R R A6
AT E, R 11 RS EARIAL B % Ee 2] o
AR 43 A 4 25k K] 2 2 1) 54040 JE (plant genome duplication
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database, PGDD) ] /7% (Lee et al., 2012)#E 47 ¥ 51| &
SR BES . BT Je ke i e 5 PE 2 1 bR
#E: FE SN Gtk B [FR I MaUSP 2R, IR % H
oA TR R, HAE 2 [RIAHEE 30 kbp LA, #4552
>y £f B B 5 (Shiu and Bleecker, 2003; Du et al., 2013).
i} MCSCAN(Z#{(: -a-ele-5-s5)f&ll Syntenic (Wang
et al., 2019), $2HL Syntenic * AT ) MaUSP 214 . F
H Circos (0.63) 8 {2zl th MaUSP %5 K A1 B A&
% 14 (http://circos.ca/)

3.3 BRI AN b I8

EE%(MuS(l acuminata L. AAA group, cv. Cave-
ndish) 5 52 HL F #4074 V)RR 7 BT 42 T (g e v I,
20N, 110E). 437K T 0 DAF (Day After Flower)-
20 DAF.80 DAF-0 DPH (Day Poster Harvest).8 DPH
A1 14 DPH ) 5852,

EE N — A H P EE L), 1£ ] Hoagland
TEWEAT B (0.51 g/L KNO,, 0.82 g/L Ca(NO;),, 0.49
g/L MgS0O,*7H;0, 0.136 g/L KH,PO,, 0.6 mg/L FeSO4,
2.86 mg/L H3BO3, 1.81 mg/L MnCI2 *4H20, 0.08
mg/L CuSO, *5H,0, 0.22 mg/L ZnSO, *7H,0, 0.09
mg/L H,MoO,*4H,0) (pH 6.0)1F Jy %} I, 7E T+ 5 (os-
motic, 200 mmol/L mannitol). £;(salt, 300 mmol/L Na-
CD) KR (cold, 4°C)XJ 7 £ v gk e AL 3 7 ds I = 1Y
$5¢ te it JEE AR ARG IR B2 53 ) D9 25°C T 30°C 5 AHGHAR B2
7E 55%~80%2 [H] .

36 B — O B R S E (R S
BX)FIH0 i A GCTCV-119 (1E /5 Jy GCT)fd
AR 75 #% M Foc TR4 (Hwang and Ko, 2004), fii T
JEA 1.5%10° f1F/mL, fEH:FI/E 0d.2d.4dFl6d
(DP) A GAAA EMR LAY, 77T -80°C £ H (Lee
et al., 2012).

34 FRASHT

i FH £ W8 2 Fy f 40 52 RNA $2 BUR 77 & (TIAN-
GEN)JZHUF #E 4 & &L RNA, RNA H RevertAid First
Strand cDNA Synthesis Kit i 7| & (ThermoFisher Sci-
entific) % N cDNA, 7T 20C %M. ffH
TruSeq RNA 3% il % 1071 & v2 #J8 cDNA 3%,
B 5 {8 F Nllumina RNA-seq /3 i £ Tllumina HiSeq
2000 P& _FEATINT . WEEAMEAEAT IR AR
5. BRRIEKF LI H /7 Reads H 2 A 4 Tl
K 1) Reads £ (RPKM) it 5 (Mortazavi et al., 2008).
KRN E RN 2 A8 (fold change =2; FDR<
0.001). Frf%E . F4E% CNGBdAD [ CNSA (https:/

db.cngb.org/ensa/) £7 fit , H & 5% 5 Jy CNP0000292.
MaUSPs 2 A 7E R SE (K 808 H RPKM {H R 75
e E 2 I EdE H Log R, FIH MeV v
4.31F K

1E& ok

FEMMNOERRAG SR st EEZ
SEIS I T HIPRAT N 5 IF 58 BRAEE 70 Hr IR SCRIRR N S
P BRI AR 7 BTRAL L R XIB AR B 4 A
Z 5Bt kg gt R b R AMMLERRZITH
ok 8 R s N, 153 e s et Bl o Hr L i S
GRS AR A I R R R A A
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