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Identification of MAPK family genes and analysis of their expression pat-

terns in response to cold stress in pomegranate
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Abstract: [Objective] Cold stress is one of the most important factors limiting the progress of pome-
granate production. The objectives of this study were to compare the cold hardiness among 31 pome-
granate cultivars with wide distribution of seed hardness, and analyze the expression pattern of Mitogen-
activated protein kinase (MAPK) family genes in response to cold stress. The results can pave the way
for shedding light to the function of Mitogen-activated protein kinase cascades in pomegranate cod tol-

erance. [Methods]Plant materials were cultivated in the National Horticulture Germplasm Resources
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Center of China (NHGRC), with conventional cultivation management. Juvenile branches of 31 pome-
granate cultivars were sampled in mid-January, the relative electrolyte conductivity (REC) was mea-
sured, and the semi-lethal temperature (LT50) was calculated for the evolution of cold hardiness. Seed
hardness was detected by the TA-XT texture apparatus. MAPK family genes of Arabidopsis were used
as queries to search in the whole pomegranate genome database, and reference genome sequence of
‘Tunisia’ was obtained from NCBI database. Potential members of MAPK family were identified. Phy-
logeny relationship, gene structure and protein physicochemical properties were analyzed. Moreover,
we performed real-time quantitative PCR (qRT-PCR) to analyze the expression pattern of 17 MAPK
family genes in response to cold stress. [Results] The seed hardness and cold tolerance were evaluated.
A total of 17 MAPK family genes were identified, which widely distributed on different chromosomes.
All the members of the MAPK family could be mainly divided into three sub-classes, among which the
members of subclass A and B mainly included PKc MAPKK plant like and PTZ00024 Domain, sub-
class C mainly contained the PLN00034 domain, and all members contained a S TKc domain. The re-
sults of analysis of physicochemical properties of proteins showed that the number of amino acid resi-
dues of each member distributed from 314 to 860 aa, the number of exons was from 1 to 18, the molecu-
lar weight of the protein was from 34 910.05 to 97 965.26 u, and the isoelectric point was from 4.94 to
9.35. Specific primer was designed for each PgMAPKs and PgMAPKKs, and their expression patterns
were detected. The results showed that 12 out of 17 members were activated after low-temperature treat-
ment. Yichengfenhongmudan that showed strong cold tolerance, and Malisi with weak cold tolerance,
were both selected to compare the expression pattern of MAPKs. PgMKK2, PgMPK6, PgMPK9Y,
PgMPK 16 and PgMPK 13 were all rapidly activated after low-temperature treatment in Yichengfenhong-
mudan. PgMKKS, PgMPKI-1 and PgMKK4 were rapidly activated in Malisi. PgMKK2, PgMPKG6,
PgMPK9, PgMPKI16 and PgMPK]I3 showed significantly higher expression level in Yichengfenhong-
mudan than those in Malisi after low-temperature treatment. The expression of PgMPK3, PeMPK2-1,
PgMPK20, PgMPKI8 and PgMKK6 was not affected by low- temperature treatment. PgMKKS,
PgMPKI-1 and PgMKK4 were up-regulated in Malisi than Yichengfenhongmudan. The expression of
PgMPK12-2 was not activated after low-temperature treatment in Malisi, but showed gradual increase
in Yichengfenhongmudan. The expression level of PgMKK3 increased at first and then decreased dur-
ing low-temperature treatment in Malisi, whereas it was not detected in Yichengfenhongmudan. [Con-
clusion] Pomegranate MAPK family genes responded to cold stress signals. PeMKK2, PgMPK®6,
PgMPK12-2 and PgMPK?9 might positively regulate cold tolerance.
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Table 1 Real-time fluorescent quantitative primers for

MAPK genes
R IR B SIFAI(57-37)
Gene name  Primer name The sequence of primers (5”-3")
PgActin PgActin-F AGTCCTCTTCCAGCCATCTC
PgActin-R CACTGAGCACAATGTTTCCA
PgMKK?2 PgMKK2-F AAAGGGGAACGGTGGAATCG
PgMKK2-R CGAGCACACTCCTCGATGTT
PgMKKG6 PgMKKG6-F GACCGTGGTTCTCTGGTTGA
PgMKK6-R GGAGCACCTGCTTACAGACA
PgMKK3 PgMKK3-F GAGACCCTTTTGCATGTCGT
PgMKK3-R TCGGGTTCCATGCAAGTAGT
PgMKKS8 PgMKKS-F CCTTAACCCGTGCAACTCCT
PgMKKS8-R GTCGTAGTTCCCGCCATAGG
PgMKK4 PgMKK4-F CCAGATTTTGAGAGGCGCTG
PgMKK4-R AGGATTGAGCAGCTGACCTTG
PgMPKI-1 PgMPKI-1-F TGGACGTGGACGAGGATTCA
PgMPKI-1-R CGACAGCGACGGCATAAAG
PgMPKI1-2 PgMPKI-2-F ATGGCACCTTCAGTTCAGGC
PgMPKI-2-R ACCGTCACTCATGGAGTAGT
PgMPKS8 PgMPKS-F TTATGGTGTGGTTGGCTCCG
PgMPKS8-R ACGAGTGGCATCGGAAACAT
PgMPK9 PgMPK9-F TCGTGCACCAACTCGATCTC
PgMPK9-R GCCGAGGTACCTTCTTGCTT
PgMPKI16  PgMPKI6-F AGTCGCATGTTGAGAGGAGTT
PgMPK16-R TAGCAGCTGCACCTTGGGT
PgMPK6 PgMPK6-F CCAAGTACAAGCCCCCGATT
PgMPK6-R GCCACGTGCTCATTTGTCTC
PgMPK3 PgMPK3-F TTCGTCCGGAATGAGGAAGC
PgMPK3-R ACGTGGGGGAAGACACTAGA
PgMPK]I12-2 PgMPK]2-2-F CGAGGTCTCCACCAAGTACG
PgMPK12-2-R ~ TCCTCCCGTGTCTCAGAGTT
PgMPKI12-1 PgMPKI2-1-F  CCTTACATGGAAGCTGTTGTTGG
PgMPKI2-1-R  GGGAGTTTCAGAGCAGCGT
PgMPKI13  PgMPKI3-F ACCGGGTGATTCGGATCTTG
PgMPKI13-R TGCTTTGGGACTTGAGGGAG
PgMPK20  PgMPK20-F TGGCAAAAGTGGGCCTGTAA
PgMPK20-R GTGGAATGGGGCTGGAATGA
PgMPKI18  PgMPKIS§-F TGTCCGAAGCACCAAAGACA
PgMPKI18-R GGCCTGAAAAAGCAGTGTGG

Je BT ORT A0 AR A R 2H B s b e 17 A i e 1)
MAPK [A]J5 2% P (E3.45 54~ MAKK A1 12 > MAPK %,
B (R 3), R IE 50T MAPK 3 K] =] Y5 v 3k
ITar 4, |z oA T 8 sk gtk B D it Ul rg
5 AW MAPK XIRER RG K& 75, AR
MAPK K JEFE A A 50 N 3 MR (ABLC), Hirf, A
T 2K 4 & PgMPKI2- 1. PgMPKI2- 2. PgMPKG6-
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Table 3 Sequence analysis of MAPK gene family in pomegranate

- . R TR b

KM &R FERID Rtk LA EGER B E Number of Molseular Gl TH o4l

Family Gene name  Gene ID Position on chromosome ORF/bp  amino acid/ mass/u pl Exon Gruop

aa number

MAPKK PgMKK2 PgL0059140  LGO1:14 354 277~14 357 581 3305 352 38 956.51 5.49 8 C
PgMKK6 PgL0019130  LGO07:13 612 200~13 616 491 4292 354 39 870.90 5.96 7 C
PgMKK3 PgL0044640 LGO01:2 401 332~2 404 194 2863 541 60 717.15 5.77 9 C
PgMKKS PgL0307510  LGO06:3 620 585~3 622 595 2011 314 34910.05 8.35 1 C
PgMKK4 PgL0195580  LGO03:5 520 997~5 523 341 2345 518 58398.57 8.58 6 C

MAPK PgMPKI1-1  PgL0154120 LG02:6 229 201~6 230 334 1134 377 42 694.48 8.56 1 A
PgMPKI-2  PgL0154130 LG02:6 233 547~6 234 680 1134 377 42 552.40 9.23 1 A
PgMPKS8 PgL0030130  LG07:25 215 947~25 219 536 3590 615 68 952.19 7.69 10 B
PgMPK9 PgL0307070  LGO06:3 281 458~3 285 543 4086 619 69 387.45 8.06 10 B
PgMPK16  PgL0142910  LG00:54 215 218~54 220 134 4917 566 64 371.77 8.76 10 B
PgMPK6 PgL0066890  LGO01:26 190 661~26 195 979 5319 391 44 872.36 5.57 6 A
PgMPK3 PgL0300000 LGO05:27 161 882~27 164 034 2153 375 42 968.25 5.78 6 A
PgMPKI12-2 PgL0200430  LG03:8 712 267~8 715 865 3599 380 43399.50 6.20 6 A
PgMPKI2-1 PgL0187840  LG03:485 725~498 050 12326 860 97 965.26 6.74 18 A
PgMPKI13  PgL0300040  LG05:27 190 634~27 192 917 2284 377 43 002.99 4.94 6 A
PgMPK20  PgL0226500  LGO03:34 805 345~34 809 858 4514 617 70 420.74 9.19 10 B
PgMPKI18  PgL0335370  LG06:28 350 692~28 354 673 3982 597 68 130.90 9.35 10 B

Chr01 Chr02 Chr03 Chr04 Chr05  Chr06 Chr07 Chr08
~ PgMPK9
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PgMPKI8

PgMPK20

PgMPKI2-1
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_PgMPKI-1 8 PeMKK4
PeMPKI-2R poyvip2-2
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Fig. 1 Positions of MAPK genes on the pomegranate pseudo-chromosomes
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PgMPK20. PgMPKS 1 PgMPK9 3t 5 /4~ i 51 , C W
KL PgMKK?2 . PgMKK3 . PgMKK4 PgMKK6 Fl
PgMKKS8 £ 5 /N E i (FE 2)
2.3 AEMAPK RIEHIEH DT

X AR AU RS TF MAPK S5 (1) Th e 3803247 43

T, R IR e L PR 35 HAG 412 4 284 TR 7 A 2 1 B (P
nase) ) Th R4S fdak, Horp , A FI B RS R 04 = B AL &
PKc MAPKK plant like.PTZ00024 45 #J3s , C .25 3=
FALE PLN00034 45 /438 (B 2) o 3T 41 # MAPK X
RN A FEIR 2 791 Hext 45 3, R DL A MAPK &
AR IR S 458938 S_TKe(E3) .

AR MAPK SR 4584 53 B 45 SR 7R, 1 1 MAPK
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Conserved domains
WPKc_like
EPLN00034
BPknB PASTA kin
BNTF2 like
BREX PgIW
PTZ00024 \
WPeptidase M48 M56 *
MPeptidase M48 N .
PLN00009 *

\

WHtpX \ )
BCG-1 ~ .
N
- \
-

EMEAR A K A EHEAR B 8 HEENRE C KEA.
Proteins highlighted in green box represented group A, red represented group B and blue represented group C.
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AERETT MAPK RIFEERG A B SRS

Fig. 2 Analysis of phylogeny relationship of MAPKSs in pomegranate and Arabidopsis

FRR S R D1 B A R Tk ik U ) AT AE 314~860 aa
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THH LB KNI s A WK AR T
BHFEH 64, PgMAKI-1 1 PgMAK1-2 #h &7
BHN1A, PgMAKI12-1 #M 2 FHH A 184~ ;B
KNG T E FE R 104 C KL o1 b
THH FEE N 6~9 1, PgMKKS /M 75 H 14
(%£3). | ProtParam *f 41/ MAPK 5% jif & [K] £
HERA M AT 20 AT, S5 R BOR AR MAPK %
T BN 34 910.05~97 965.26 u, %5 H 5
4.94~9.35(%3).
2.4 AW MAPK XiEEE L BT iEF FRILER
W1

TE 70 B PR DB SRRy 21 2 P A AR N7 4 il 3
(AL FE B A e B TR 4 RS , MAPK 5 3 [R]

Tk E T R 3RCT VI . T 2RI
P Tl B ) HERS A | R BN T 5= BRI &
T B A5 PgMKK?2 PeMPK13.PgMPK1-2 PgMPKS-
PgMKK4.PgMPK20.PgMPK18 3t 7 5[ ; 11 285 [
Bt ¥4 1 I TR HE R 2 ik B R BN B T = a5
+ B A5 PgMPK3. PeMKK6 PgMPKI- 1. PgMPK16
FLAAFE A TS5 R 08 B R & i PRI e 35
* = B & PgMPKI2- 1. PgMPKI2- 2. PgMPKG6.
PgMPK9 Fl PeMKK8 3% 5 N K] s PgMKK 3 TR IR 21
PR B AN [ I [R] 35 AR Aar I 21 2638 (1 4-A)

FE T FE N 72 1 P T i AR i 2 74 Foh ae s A 5 B
FE I [ HERS , MAPK Z e 3 PR AR B[R A 2 2200
3ZRCT VAR . T 2R EAHE PgMKK3 . PgM-
KK2.PgMPK20PgMPK13 1l PgMPK1-1 3t 5 A JE A s
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A. Different stages of Yichengfenhongmudan in response to cold stress. B. Different stages of Malisi in response to cold stress. Groups clustered

by expression pattern, | represented genes whose expression level increased firstly and then decreased. Il represented genes whose expression level

decreased. I represented genes whose expression level increased. * represented gene whose expression was not detected.
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Fig. 4 Expression patterns of MAPK genes in response to cold stress
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Fig. 5 The expression of MAPK genes between Yichengfenhongmudan and Malisi
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