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Cloning and Abiotic Stress Expression Analysis of BiMAPK15 Gene in Ben-
incasa hispida (Thunb.) Cogn.

YE Xinru, WANG Bin, CHEN Mindong, LIU Jianting, ZENG Meijuan, ZHU Haisheng*, WEN Qingfang*

(Fujian Key Laboratory of Vegetable Genetics and Breeding, Crops Research Institute, Fujian Academy of Agricultural
Sciences/Vegetable Research Center, Fujian Academy of Agricultural Sciences, Fuzhou 350013, China)

Abstract In order to learn the structure and the function of MAPK15 gene, the BAMAPKI1S5 gene was cloned
from Benincasa hispida (Thunb.) Cogn. by RT-PCR method based on transcriptome database. The sequence result
showed that this gene contained an ORF (open reading frame) of 1 704 bp in length, which was predicted to encode a
protein of 567 amino acid residues. Subcellular localization prediction indicated that BAMAPK15 may be located in
both the cytoplasm and nucleus. Furthermore, BAMAPK15 gene family members were identified from plant species
including model plant (Oryza sativa and Arabidopsis thaliana) and other different species. The paper characterized
them based on sequence alignment, conserved domain and phylogeny. And then, homologous comparison and evolu-
tionary analysis revealed that BAMAPKI5 had the highest consistency with the MAPKIS5 of Cucumis melo, Cucurbita

maxima, Cucumis sativus and Momordica charantia. The results of amino acid sequence and conserved motif analysis
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showed that the members of this gene family were more conserved. qRT-PCR analysis showed that the BAMAPK15

was expressed in all tested tissues, and its expression level could be upregulated by abiotic stress treatment. The above

results indicate that the BAMAPK 15 gene plays an important role in the response of abiotic stress.
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Table 1 Sample treatment
ETRS VS LIRPR ALFR AT
Number Processing method Treatment conditions
1 4°C Contrast
2 4°C lh
3 4°C 6h
4 4°C 12h
5 4°C 24 h
6 42°C Contrast
7 42°C 1h
8 42°C 6h
9 42°C 12h
10 42 °C 24 h
11 Drought water loss Contrast
12 Drought water loss 1d
13 Drought water loss 2d
14 Drought water loss 3d
15 Drought water loss 4d
16 Different tissue Root
17 Different tissue Stalk
18 Different tissue Leaves
19 Different tissue Flower
2 Z[\BhMAPKISEERERMRIE D54
Table 2 Primers used for gene cloning and expression analysis of BAMAPKI5 in B.hispida
ElEZE20 SRR A)(5'—3") ElEZEBES
Primers name Primer sequence (5'—3") Application
BhMAPKI15-F atg gcc atg gag gee gaa ttc ATG CAG CCC GAT CAG AGA AG Gene cloning
BhMAPK15-R ccg ctg cag gtc gac gga tcc TTA GTA CCA GTT ATT TCC CGG TCC
BhMAPKI15-F GAG TTT CTT CTC GGG TAT GA . L
BRMAPK15R GTT GIT GGT TCC GTG TIG Real-time fluorescence quantitative PCR
EF-la-F ACC GTC TAT CAA GCA CCC
EF-10-R CCAAGT CCG CAG TCA AG Reference gene

TR R g B B K TR BR AR L RSP
ZiRi. {55 K5 SOPMARAF A M B B i ) =
458 ; NetPhos 3.1l R AL AL 7 ; DNAMAN
6.0 B A% 0 B 4 1 2 B SR K PR L BER 2
J¥ %1 ; Wolf Psort(http:/ /wolfpsort.org/). Cell-Ploc
2.0(http://www.csbio.sjtu.edu.cn/bioinf/Cell-PLoc-2/)
F1 ProtComp(http://www.softberry.com/) /433 417 .
Y1 P 5 437 1) T30 4347 ; NCBIH Batch CD-Searchfif
NG, Mega 50804 F9 2 3340 ; MEME((http:/
meme-suite.org/index.html) 73 #7 & < 3£ /5 ; STRING
TE 2 8 A (http:/string-db.org/) T 2 FH EAERE .

123 AJNBhMAPKISA R & HZFPCRAYAT MR

JEHVRE R, BT RN 8 BT (3R 2), DAANIRI Y
1A R cDNA R % 58 B PCRIEAR,, EF-1afF 2R
WZHEK . K SYBR Greenjek}iZ:, 2 TaKaRaA
F]ISYBR Premix Ex Taq™ & Ui F#elE. M
A Z: 5 uL SYBR Premix Ex Tag™(2x). 0.4 pL Primer
F(10 pmol/L). 0.4 pL Primer R(10 pmol/L). 0.2 pL
Rox Reference Dye 1I(10 pmol/L). 2 pL cDNA. 2 pL
ddH,0. JRPIFET: 95 °CHIAEE30 s, 95 °CALYES s,
60 °CiB k34 s, 40 MG, 45 F K2 HIL AT 77
He

124 #4EA
17,03 AT B2 73T

R K FH Excel 201041SPSS
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Fig.1 Electrophoresis results of ORF in BAMAPKI5

1 CCATGGAGGCCGAATTCATGCAGCCCGATCAGAGAAGAAAGTCGTCAATAGATGTG <«— Nucleotide sequences
1 A M E A E F M QP D Q R R K S S I D Acid sequences
61 GATTTCTTCACAGAATATGGTGAAGGGAGCAGGTATAGAATAGAGGAAGTAATTGOTAAA
21 D F F T E Y G E G S R Y R I E E V I G K
121 GGTAGTTATGGTGTIGT TTGCTCTGCATATEACACTCATACTGGAGAGAAAGTTGCAATT
41

181 AAGAAAATCAACGATATCT TTGAGCACGT TTCTGATGCAACTCGCATTCTTCOTGAGATA
61 K K I X D I F E HV S DATURTILREI
241 AAACTTTTAAGGCTACTGAGACATCCAGACATTGTGGAGATAAAGCACATCCTTCTACCT
81

301 CCATCTAGAAGGGAATTCAAGGACATTTATGTCGTGTTTGAGCTCATGGAATCTGATCTA
101 P S RRETF KD I Y VVFELME S D L
361 CATCAAGTTATCAAAGCAAATGATGATTTGACTCCAGAACATTATCAGTTCTTTCTTTAC
121 H Q VI KA NDUDTLTZPEUHJY QFF L Y
421 CAGCTTCTTCGAGGCTTGAAATACATACACACAGCAAACGTCTTCCACCGGGACCTAAAA
141 Q L L R G L K Y I H T A F H R D L

481 CCCAAAAACATCTTAGCAAATGCTGACTGCAAACTCAAGATCTGTGACTTTGGTCTAGCA
161 N

541 CGAGT TGCCTTTAATGATACTCCTACTGCTA T TT ICTGGACTGACTATG TGGCAACAAGG
181 R V A F N D T P T A I F W T D Y V A T R
601 TGGTACAGAGCTCCTGAACTCTGTOGTTCAT TTTTCTCAAAGTATACACCAGCAATAGAT
201 D
661 ATATGGAGCATTGGCTGCATCTTTGCAGAGCTTTTAACTGGAAAACCACTTTTCCCTGGA
221 I s I G ¢c I F A ELULTGKZPTLTF P G
721 AAGAATGTCGTCCACCAATTAGATTTGATGACAGATTTTCTGGGAACCCCAAATGCAGAA
241 K V V H Q L N

781 GCCATTGCCAGGGTACGAAACGAGAAAGCTCGGAGATACTTAAGCAGCACGCGAAAGAAG
261 N

841 AAGCCTGTTCOCTTCTCTCAGAAGT I TCCTCATGCAGATCCAC TTGRACTTCOCT TGTIG
281 K P V P F S Q K F P HADUZPTLATL R L L
901 GAAAGAATGTTGGCTTT TGAGCCAAAGGATCGACCTACAGCAGAGGAGGCCCTTGCAGAT
301 E R ML A F E P KD RPTAETE AL A D
961 CCATATT TTAAAGGCTTGGCGAAGGTTGAGAGAGAGCCATCTGCTCAACCTGTTACTAAG
321 ‘ V E R v

1021 ATGGAAT TTGAATTCGAGAGACGAAGGATAACCAAAGAAGATG TTAGGGAACTTATTTAC
341 M E F E F ERR®RTITIEKTETUDVYV REL I Y
1081 CGAGAGATTCTCGAGTATCATCCAAAGATGT TGAAGGAATTCT TAGATGGATCAGAACCT
361 R E I L E Y H P K M L K E F L D G S E P
1141 ACTGGTTTTATGTATCCAAGTGCGGTTGACCATTTTAAGAAGCAATTTGCCTTCCTTGAA
381 Q

1201 GAAGACTATGOAAATGATGCAACORTCACTCOTCCTEAAAGACAACATGCATECT TGCCT
401 Q

1261 AGGCCATGTGTTTTATATTCAGATAACATGGTGCAGAACTCAGCCCAAGTTGCAAATGAC
421 N Q N Q

1321 CTATCCAAATGTTCCATCAAAGAAGTTGAGAGGCCACAAGTGGACAGGACTTGCAATATT
441 S I K E E R P Q R T C

1381 CCTTTGACTAGAGTTCCTATTCAAGTTCCTCAATCTAATCAAGCAGGAAATGGTGCAAGG
461 N G

1441 CCTGGAAAAGTTGTTGGTTCCGTGTTGCGATACAACAACTGTGGAGCAACAGCAGCGGCA
481 P G K G s L R Y C G A T A A A
1501 GTGGCACCAGAAGTTCTAGAACAGCGGAGGATGACCAGAAACCCTTCTATTCCACCACAG
501 A P E L E R R M T R P S I P P
1561 TATGCCTCTAATAACTGTTCATACCCGAGAAGAAACTCATCCTGTAAAAATGAAAGAACT
521 Y A S N N C S Y P R R S S C K X E R T
1621 GATGATGAAGCCATTGAAGGTCCAAACGGGTTGCAGCCAAAACCTCAGTACATAGCTAGA
541 Q Q Y I A R
1681 ARAGT TGc‘chTGCCCAAGGTGGACCGGGAAATAACTGGTAcﬁ

561 K V A A A Q G G P G N N W Y *

T HE Y gt o

ST (ATG)MZ I F I T-(TAA); #URE LT T HAT WL H RS, BT WAL T4 -

The initiation codon (ATG) and termination codon (TGA) were labeled by box; *indicates the termination coden; odd lines represent nucleotide se-

quences; even rows represent amino acid sequences.

E2 % /KABhMAPKI5#ZEELF SR E NS EBLFS

Fig.2 Nucleotide and putative amino acid sequences of B.hispida
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Table 3 List of MAPKI15 genes in B.hispida and other plants

IR LL 151/
o . RERE BTAAD . FEERY .
Plant GenBank NO Number of M().lecular Fnstability Ty ST
aa weight /kDa index
(Asp+Glu) (Arg+Lys)

Benincasa hispida MT501727 567 64.65 8.81 37.85 71 80
Cucumis melo XM_008460322.2 566 64.53 8.81 38.47 71 80
Cucumis sativus XM _011658338.2 566 64.42 8.81 39.36 71 80
Cucurbita maxima XM _023150266.1 566 64.56 8.81 38.65 71 80
Glycine soja XM_028385980.1 571 64.87 8.64 41.45 73 80
Gossypium hirsutum XM _016892503.1 555 63.47 8.76 41.12 72 80

Hevea brasiliensis XM_021792368.1 562 64.10 8.75 34.72 71 79
Malus domestica XM_008355023.3 564 64.08 8.81 36.32 72 81
Momordica charantia XM_022282796.1 566 64.62 8.81 41.67 71 80
Prunus avium XM_021950774.1 560 63.67 8.82 37.38 72 81
Prunus mume XM_008224804.1 560 63.60 8.72 37.65 72 80

Pyrus x bretschneideri XM_009341653.2 564 64.12 8.80 35.38 72 81
Quercus lobata XM_031118432.1 564 64.11 8.73 36.30 73 81
Ziziphus jujuba XM_016032771.2 559 64.29 8.73 37.22 73 81
Arachis hypogaea XM _029290297.1 561 63.75 8.98 39.65 71 83
Juglans regia XM_018984996.1 562 64.08 8.65 37.68 73 80
Arabidopsis thaliana Atlg73670 555 62.43 7.70 43.02 74 75

Oryza sativa XP_015637400 498 56.97 8.43 3891 65 69
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El3 ZKXBhMAPKI5= 5N
Fig.3 Predicrion of BAMAPKIS5 tertiary structure in B.hispida
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CsMAPK15 DIYVVEEINESDIECVIKANDLCITEEEYCFFIYCIIRGIKYIETANVEHRDIKEENILANADCKLEICDEGLARVAENCTPTAIE {TCY /ATFWYRAEEL| 200
CQnMAPK15 DIYVVEEINESDIECVIKANDLCITEEEYCFFLYCLIRGIKYIETANVEHRDIKEENILANADCKLEICDEGLARVAENCTFTAIE {TCY JATFWYRAFEL| 200
GhMAPK15 DIYVVEEINESDIECVIKANDLCITEEEYCFFIYCILIRGIKYIETANVEHRDIKEENILANADCRLEICDEGLARVAENCTPTAIE {TCY /JATFWYRAFEL) 200
ZjMAPK15 DIYVVEEIMESDIECVIKANDCLTEEHYCFFIYCLIRGIKYIHTANVEHRDLKERNILANADCKLRICDEGLARVAENCTETAIE iTCY /ATFWYRAEEL) 200
GsSMAPK15 DIYVVEEINESDIECVIRANDLCITEEEYCFFIYCLIRGIKYIETANVEHRDIKEENILANADCRKLRICDEGLARVAENCTEFTAIE {TCY JATFWYRAEEL 200

Consensus diyvvfelmesdlhgvikanddltpehycfflycllrglkyihtan 1kpknil dcklkicdfglarvafndtptaifhfgylatrwyrapel
BhMAPK15 (CCSEESKYTPRAILCIWSIGCIFAELITGRELFEGENVVECLICINT EAIAFVFNEKARRYLES 300
CumMAPK15 (CGSEESKYTPRAICIWSIGCIFAELITGRELFEGENVVECLCINT ERAIAFVENEKARRYLES 300
CsMAPK15 (CGSEESKYTPRICIWSIGCIFAELITGRELFEGENVVECICINT ERIAFVENEKARRYLES 300
QnMAPK15 CGSEFSKYTEAICIWSIGCIFAELLTGRELEEGENVVHECLDINTS: B\ EATAFVFNEKARRYLS 300
GhMAPK15 CGSEFSKYTPAILIWSIGCIFAELLTGKELEEGENVVHECLDINT S LCTHY. EATAFVENEKARRYLE 300
CCSEF‘KY'IFFIE}E‘ICCIFPEIITCK?IEFG!‘I\\V}‘CLEIN'D“ICT EAIAFVFNEKARRYLES 300
E SEATAFVFNEKAFRYL{da. 300
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A: BAMAPK I S{R5F 53k 0 M1 5 B: £ A BhMAPK 155 H AN Fh & L1 7 5 R 2 E LA JTHEN N TEY = kB 4544 o

BhMAPK15.4 /K

(MT501727); CumMAPK 151K (XM_008460322.2); CsSMAPK 15.3#% /I (XM_011658338.2); CmMAPK 15.55/IL(XM_023150266.1); GhMAPK 15.#7£
(XM_016892503.1); Z]MAPK15.(XM_016032771.2); GSMAPK15. 74 K . (XM_028385980.1).
A: conserved domain analysis of BAMAPK15; B: multiple alignment of amino acid sequences between BAMAPK15 from B.hispida and
other plants; the TEY phosphorylation motifs are indicated by box. BAMAPKI15.Benincasa hispida(MT501727); CumMAPK15.Cucumis
melo(XM_008460322.2); CsMAPK15.Cucumis sativus(XM_011658338.2); CmMAPK 15.Cucurbita maxima(XM_023150266.1); GRMAPK15.Gossypium
hirsutum(XM_016892503.1); ZJMAPK15.Ziziphus jujuba(XM_016032771.2); GSMAPK15.Glycine soja(XM_028385980.1).

[E5 BhMAPKISRTFEMIES L EFFILLIT LR

Fig.5 Conserved domain and multiple sequence alignment analysis results of BA MAPK15
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At FITT; Os: KFF. B OFRRATKIRMAPK; 5 (0 £ RBIL K RMAPK; £k R RCIE K RMAPK; 3 (0 & /RDIE X HMAPK .
At: Arabidopsis thaliana; Os: Oryza sativa. Blue indicates MAPK group A; Purple indicates MAPK group B; Green indicates MAPK group C; Yel-
low indicates MAPK group D.
Ee6 ZNSKIEMIMURETTHIRGHLH
Fig.6 Phylogenetic tree of MAPKI1S5 proteins in B.hispida, Oryza sativa and Arabidopsis thaliana

100~ Pyrus x bretschneideri (XM_009341653.2)
99 “— Malus domestica (XM_008355023.3)
Prunus mume (XM_008224804.1)
60 1001 Pramus avim (XM_021950774.1)
_{ Gossypium hirsutum (XM _016892503.1)

65 Ziziphus jujuba (XM_016032771.2)
T Momordica charantia (XM _022282796.1)

100 Cucurbita maxima (XM_023150266.1)
g%nincasa hispida (MT501727)
0 Cucumis melo (XM_008460322.2)
62 Cucumis sativus (XM_011658338.2)

Quercus lobata (XM _031118432.1)
Hevea brasiliensis (XM_021792368.1)
Juglans regia (XM_018984996.1)
Glycine soja (XM_028385980.1)
100 Arachis hypogaea (XM_029290297.1)

E7 ZR5HMBYIMMAPKISE BH RS LR
Fig.7 Phylogenetic tree of MAPKI1S proteins in B.hispida and other species

i1 (Gossypium hirsutum, XM_016892503.1). 7K 1681174 /KA (Oryza sativa, XP_015615372) 1L/
(Momordica charantia, XM_022282796.1). /R (Cu- It (Arabidopsis thaliana, Atl g73670)ﬁ@f%?%?ﬁ%5
curbita maxima, XM _023150266.1), 4 11%6EHF PR 2E R 7 AH B AR 220K, FKFEAR 12MR S 257, T
BB & AT AR ST ALY o A RN 2 B A K 5 (Gly- FA T T INMRSFEET

cine soja, XM_028385980.1)F14t 4= (Arachis hypogaea, 2.8 ZBhMAPKISEBAEE{EXER
XM_029290297.1)}4) 1 EA motif18, 43 Hl4A (T FH I STRINGTE £ #1A4F Tl BAMAPK 1525 [ 1]
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RE 1 HAE 5% £(189). BhMAPK 155 [ 33F 4k 44 45 5 0.925. XPOlA. XPOIB. CDC2% 5 | £ Fh 4l ff1 4=
& 7%, BAIMAPK 15 5 AtMAPK165F % % % fi¢ ilT, G2, XPO1AZ 5 #5% F AW BLUR B, CDC2
I, DL I #0482 9 2 25, MAPK165XPO1ARI TEZN AR BA R R AR . FRATTHEN, MAPK167]
XPOIBI HAE &2 $1i5$10.938, 5CDC2HAE R ¥ H PLS XPOTARH BAf FH ke B2 EAE Ve .

PXMAPKI5
MdAMAPK15
PmMAPKI15 [ 5 W 1 [ 10} 14|
PaMAPK15
GhMAPK5
ZjMAPK15 G 1 [ 10| 14
McMAPK15 [EEsrEly 15 [ 10] 14
CmMAPK15 I
BhMAPK 15 EELEE 15 [ 10 ] 14
CumMAPK15
CsMAPKI5
QIMAPKI15 sy 15 10/ 14
HbMAPK 5
JIMAPKI5
GSMAPK15
ARMAPK15
OsMAPK1S [T 0N 5 | FGI 5 NSO 5] I
AtMAPK15 - - - 5 m . -

motifl motif2 motif3 motif4 motif5 motif6 motif7 motif8 motif9
L e | e— —

motif0 motifl motif2 motif3 motif4 motif5 motif6 motif7 motif8
I ) ) N ) N S

El8 ZK. 7KiE, WREITAMEAIHMAPKISERRTERF
Fig.8 Conserved motifs of MAPK15 proteins from B.hispida, Oryza sativa, Arabidopsis thaliana and other species

XPOIA

AT4G14780

E9 LRI EBRBUREASETUNBhMAPKISER EEER
Fig.9 Interaction network of BAMAPKI15 based on Arabidopsis protein database
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A: the BAMAPKIS5 expression level in different tissue; B: the BAMAPKIS5 expression level in low temperature treatment; C: the BAMAPK15 expression
level in high temperature treatment; D: the BAMAPKI5 expression level in drought treatment. Those with the same letters indicate that the difference

between groups is not singificant (P>0.05); those with the different letters indicate that the difference between groups is singificant (P<0.05).
E10 Z/\BRIMAPKISEE#AEAEELA. R, SEETEMEBERERFTR
Fig.10 Expression profile of BAMAPKI15 gene in different organizations, low, high temperature and drought treatment
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