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Identification and expression analysis of PP2C gene family in Poncirus tri-

foliata

YANG Jie', CHEN Rong', HU Wenjuan', WU Qiaoling', TONG Xiaonan'~, LI Xingtao"*
('College of Life Sciences, Gannan Normal University, Ganzhou 341000, Jiangxi, China; *National Navel Orange Engineering Research
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Abstract: [Objective] The plant hormone abscisic acid (ABA) plays critical roles in plant growth and
developmental responses to various biological and abiotic stresses. Type 2C protein phosphatases
(PP2Cs) are negative regulators at early step in the ABA-signaling pathway. Citrus is one of the most
important fruit trees in tropical and subtropical areas. To date, the roles of the citrus PP2C gene family
has not been systematically studied. We systematically identified the Pt»PP2C gene family members, a
sequence characteristic, expression patterns in different tissues of Poncirus trifoliata and their responses
to abiotic stresses. [Methods]The genome sequences of citrus were retrieved from P. trifoliata genomic
database. The gene sequences of PtrPP2C genes were obtained using NCBI-Conserved domain data-
base (CDD), Pfam- Batch search (Pfam) and InterPro- Search sequence (InterPro). To investigate the
characteristics of putative PtrPP2C proteins, ExPASy-ProtParam tool was used to predict the physical
and chemical properties including the number of amino acids, theoretical isoelectric point and molecu-
lar weight. The distribution of PtrPP2C family members on chromosome was drawn by Map-MG2C.
The phylogenetic analysis was performed by MEGA?7.0 to construct neighbor-joining (NJ) phylogenetic
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analysis with 1000 replicates. The genetic structure and conserved motifs of the PtrPP2C protein se-
quences were predicted by Gene Structure Display Server (GSDS) and the MultipleEm for Motif Elici-
tation (MEME), respectively. The genetic replication events of PrrPP2C genes were analyzed through
TBtools software. The PlantCARE was used to predict cis- acting elements, which were visualized
through Excel. The qRT-PCR was used to detect the expression patterns of PtrPP2C gene family mem-
bers under drought, (4+1) “C low temperature as well as (38.0+0.5) “C high temperature. [Results]JA
total of 53 PwrPP2C genes were identified in P trifoliata genomic data, named as PtrPP2CI-
PtrPP2C53. in the 53 candidate PtrPP2C genes. They were widely distributed on all the P. trifoliata
chromosomes. The lengths of the putative P#PP2C proteins ranged from 235 to 1184 amino acids,
whereas their theoretical pl ranged from 4.82 to 9.47, their protein molecular weights from 25.90 to
127.95 ku, and their instability coefficient from 32.02 to 66.67. The subcellular localization prediction
showed that the PtrPP2C proteins were localized at multiple cellular sites, including chloroplast, cyto-
plasm, nucleus, mitochondrion, peroxisome, extracellular and plasma membrane. A total of 133 genes
from Arabidopsis thaliana and P. trifoliata were used to construct the phylogenetic tree, which were di-
vided into 12 subfamilies (Subfamily A-L), of which the PtrPP2C proteins existed in the 10 subfami-
lies (except for Subfamily G and K). Consistently, most of the genes in the same subfamily possessed
similar gene structure and conserved motifs distribution. The collinear analysis identified 10 pairs of
fragment duplication events in the PtrPP2C family members, while no gene tandem phenomenon was
found. The promoter sequence analysis revealed that the PrrPP2C promoters contained a large number
of growth and development, plant hormone and stress-responsiveness related cis-acting elements. The
gene expression profiles of PtrPP2C genes had obvious tissue-specific expression level. For example,
PtrPP2C9 was highly expressed in the stems, and Pt#rPP2C9, PtrPP2C30 and PtrPP2C34 were lowly
expressed in the fruits; PrrPP2C10 was highly expressed in the fruits and leaves, while lowly expressed
in the flower buds, roots and stems; PtrPP2C38 was highly expressed in the roots, while PtrPP2C42,
PtrPP2C43 and PtrPP2C44 were lowly expressed, all of which suggested that different PtrPP2C genes
might play different roles in growth and development of citrus. A total of 10 PtrPP2C genes (i.e.,
PtrPP2C1, PtrPP2C3, PtrPP2CI16, PtrPP2C17, PtrPP2C24, PtrPP2C27, PtrPP2C29, PtrPP2C33,
PtrPP2C43 and PtrPP2C51) were chosen to analyze their relative expression levels under different abi-
otic stresses, including (4+1) ‘C low temperature, (38.0+0.5) “C high temperature and 15% PEG6000.
All 10 PtrPP2C genes performed up-regulated under low temperature stress, while 8 out of 10 genes
(i.e., PtrPP2C3, PtrPP2Cl16, PtrPP2C24, PtrPP2C27, PtrPP2C29, PtrPP2C33, PtrPP2C43 and
PtrPP2C51) were up-regulated under high temperature stress, and 9 out of 10 genes (i.e., PtrPP2CI,
PtrPP2C3, PtrPP2C16, PtrPP2C24, PtrPP2C29, PtrPP2C33, PtrPP2C43 and PtrPP2C51) were up-
regulated under drought stress. Above all, 7 out of 10 genes (i.e., PtrPP2C3, PtrPP2C16, PtrPP2C24,
PtrPP2C29, PtrPP2C33, PtrPP2C43 and PtrPP2C51) were induced in low temperature and high tem-
perature as well as drought stress. The expression levels of PtrPP2C29 were induced under all the three
stresses. These results indicated that the different PtrPP2Cs might played different roles in the process
of low temperature stress and high temperature stress as well as drought stress in citrus development. In
addition, there were different expression patterns of the same gene under the three stresses. The expres-
sion of the PtrPP2C] increased significantly under low temperature stress and drought stress, while de-
creased under high temperature stress, and the expression of the PrrPP2C27 increased significantly un-
der low temperature stress and high temperature stress, while decreased under drought stress, indicating

that the PtrPP2C genes might participate in different regulatory pathways under the different stresses.
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[Conclusion]A total of 53 PtrPP2C family members were identified in the whole P. trifoliata genome,

and they might be correlated with citrus development. The expression of the PtrPP2C genes in the dif-

ferent tissues and their expression patterns in the response to the various abiotic stress implied that they

might have complex roles in the resistances of citrus. This study provides insights into the PtrPP2C

gene family’s evolution, expression pattern and their response to multiple stresses.
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Table1 qRT-PCR primer information of PtrPP2C family members

R 4 7 0 B NG AR —3) S
Gene name Amplicon length/bp Primer name Primer sequence(5’—3") Primer length/bp
PtrPP2C1 92 PtrPP2CI-F CACCAGCAAGTTCTCAAG 18
PtrPP2CI-R TTCATCATCTCATCCATCCT 20
PtrPP2C3 119 PtrPP2C3-F GTTGCCATCACTCATACTA 19
PtrPP2C3-R CCTTAACACAAGCCTCTT 18
PtrPP2C16 94 PtrPP2C16-F GTTCTCGTTGCCTGCTAT 18
PtrPP2C16-R GAATGCTGCGTCAATGTC 18
PtrPP2C17 135 PtrPP2C17-F TTCTTGTGTTGGCTTCTG 18
PtrPP2CI17-R CATAGTCCTCATCATTGTCTT 21
PtrPP2C24 109 PtrPP2C24-F TTATTGTTCCGATTCCTCAT 20
PtrPP2C24-R GCAGCCATATCAGAAGTTA 19
PtrPP2C27 207 PtrPP2C27-F GAACCATCCATATGCACGAGA 21
PtrPP2C27-R CTTCTTAAGCTCGTCATAACCC 22
PtrPP2C29 226 PtrPP2C29-F CTGTATTCGGGTCCAATCACT 21
PtrPP2C29-R TGCTCAAACGGTCACTACCTG 21
PtrPP2C33 78 PtrPP2C33-F TGGTGCTGCTGAAGAACT 18
PtrPP2C33-R AGGTCAACAATAACAACAGAGATG 24
PtrPP2C43 89 PtrPP2C43-F AATCTGCTTCTGTTCCTTCA 20
PtrPP2C43-R TTCCTTATCTGGCGAGTC 18
PtrPP2C51 108 PtrPP2C51-F TACAGCCACACAGACTCGGAA 21
PtrPP2C51-R TGCAACAAGTAAGCGATCACC 21
ACTB 120 ACTB-F CCAATTCTCTCTTGAACCTGTCCTT 25
ACTB-R TGACTGATGAGAACTGCCAGAAG 23

2 AR5
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Table 2 The information of PtrPP2C family members
ERSHK  BRE AR gy DPRE MRUERI gy, RREC RATEL
Gene name Gene ID Amino acid pl Mo.lecular ?nstablhty GRAVY Allphatlc Subc?llu.lar
number/aa weight/ku index index localization

PtrPP2C1 Pt1g000910.2 362 5.14 39.78 40.42 -0.449 70.36 Nucl
PtrPP2C2 Pt1g001260.1 292 4.90 31.36 39.57 -0.279 79.52 Cyto
PtrPP2C3 Pt1g004280.1 329 6.15 36 .01 35.08 -0.169 92.67 Chlo
PtrPP2C4 Pt1g007580.2 1082 5.33 119 .90 41.22 -0.217 88.91 Chlo
PtrPP2C5 Pt1g007890.1 394 4.86 43 .23 59.54 -0.231 85.30 Chlo
PtrPP2C6 Pt1g009990.1 334 6.33 36 .86 47.93 -0.383 86.74 Cyto
PtrPP2C7 Pt1g011360.1 235 4.82 25 .90 43.72 -0.195 91.28 Cyto
PtrPP2C8 Pt1g016350.1 818 5.57 90.83 42.35 -0.272 89.32 Cyto
PtrPP2C9 Pt1g023450.1 550 4.89 59.68 46.43 -0.128 90.00 Chlo
PtrPP2C10 Pt2g011050.1 283 8.28 31.20 33.90 -0.294 88.87 Cyto
PurPP2CI11 Pt2g011520.1 470 5.31 51 .88 44.63 -0.495 68.43 Chlo
PtrPP2C12 Pt2g020070.1 428 8.43 46 .35 35.49 -0.239 85.00 Chlo
PtrPP2CI3 Pt3g016390.1 389 5.52 42 .67 40.06 -0.027 98.53 Chlo
PtrPP2C14 Pt3g022860.1 679 6.49 74 .75 35.95 -0.211 87.04 Cyto
PurPP2C15 Pt3g024080.1 663 6.35 73 .03 34.07 -0.187 88.85 Cyto
PtrPP2CI16 Pt3g031650.2 1103 6.03 124 .68 40.78 -0.368 79.54 Chlo
PtrPP2C17 Pt4g006290.1 430 7.10 47 .10 47.09 -0.399 76.44 Nucl
PtrPP2CI8 Pt4g016480.1 654 6.44 73 .72 44.45 -0.371 83.94 Pero
PtrPP2C19 Pt4g021610.1 370 7.08 39.93 37.04 -0.296 78.27 Chlo
PtrPP2C20 Pt4g022540.1 412 6.23 45.13 56.75 -0.396 79.95 Nucl
PtrPP2C21 Pt52004220.1 429 5.17 46.75 41.14 -0.355 80.49 Chlo
PtrPP2C22 Pt5g007310.1 316 5.20 34.24 34.01 -0.279 80.00 Chlo
PtrPP2C23 Pt5g009690.1 282 7.74 30.75 41.02 -0.358 81.24 Chlo
PtrPP2C24 Pt5g013020.1 427 7.51 45 .83 32.10 -0.130 88.13 Chlo
PtrPP2C25 Pt5g013120.1 368 6.60 40 .67 39.59 -0.237 77.12 Cyto
PtrPP2C26 Pt6g005610.1 659 6.02 73.33 41.74 -0.197 91.78 Chlo
PtrPP2C27 Pt6g009610.1 390 6.90 44 .06 51.08 -0.204 91.21 Mito
PtrPP2C28 Pt6g012140.1 434 7.92 48.23 41.88 -0.466 75.74 Cyto
PtrPP2C29 Pt6g015590.1 679 5.66 75 .37 37.42 -0.547 74.82 Nucl
PtrPP2C30 Pt62016590.1 386 6.19 43 .61 38.11 -0.366 82.82 Chlo
PtrPP2C31 Pt6g018470.1 491 5.66 53.99 43.60 —0.446 75.48 Chlo
PtrPP2C32 Pt7g005700.1 377 5.08 41 .26 32.95 -0.417 74.80 Nucl
PtrPP2C33 Pt7g010990.1 479 5.59 52.93 44.02 -0.403 77.41 Nucl
PtrPP2C34 Pt7g012930.1 544 5.01 58.75 42.74 -0.136 94.08 Chlo
PtrPP2C35 Pt7g016560.1 380 6.77 42 .40 42.11 -0.165 95.95 Cyto
PtrPP2C36 Pt7g021110.1 474 9.02 52.68 48.13 -0.288 86.75 Chlo
PtrPP2C37 Pt82001190.1 397 8.17 44 .18 48.28 -0.298 88.09 Chlo
PtrPP2C38 Pt8g003220.1 382 8.83 42 .59 49.52 -0.266 91.10 Mito
PtrPP2C39 Pt8g010880.1 429 5.51 46 .95 4191 -0.428 73.85 Cyto
PtrPP2C40 Pt8g012080.1 399 5.88 43.10 65.01 -0.268 80.90 Chlo
PtrPP2C41 Pt9g001110.1 463 9.28 51.99 41.21 -0.359 85.27 Pero
PtrPP2C42 Pt9g002760.1 478 4.92 52 .25 37.71 -0.232 86.09 Nucl
PtrPP2C43 Pt9g003660.1 419 4.90 45.92 32.02 -0.369 75.30 Nucl
PtrPP2C44 Pt9g004660.1 584 6.09 64 .16 44.78 -0.171 91.51 Chlo
PtrPP2C45 Pt9g008100.1 274 9.47 30 .67 40.17 -0.420 80.80 Chlo
PtrPP2C46 Pt9g018140.1 438 5.39 48.01 66.67 -0.464 73.97 Nucl
PtrPP2C47 Pt9g018150.1 402 8.95 43 .75 55.82 -0.310 84.45 Mito
PtrPP2C48 Pt9g018480.1 352 5.15 39.15 38.60 -0.397 78.64 Chlo
PtrPP2C49 Pt9g020950.1 370 6.27 40.13 42.84 -0.022 93.35 Chlo
PtrPP2C50 PtUn012080.1 296 5.99 3233 41.94 -0.061 95.91 Chlo
PtrPP2C51 PtUn026560.1 292 4.90 31.36 39.57 -0.279 79.52 Cyto
PtrPP2C52 PtUn034640.1 1184 6.32 127.95 47.31 -0.256 78.85 Extr
PtrPP2C53 PtUn034650.1 441 8.67 48.92 52.99 -0.119 88.68 Plas

E :Nucl. 4i#%; Cyto. 4HMMLJTT ; Chlo. H4%4K ; Pero. i S MLMAEA s Mito. ZEKLIA ; Extr. ZHIBSMES ; Plas. B

Note: Nucl. Nucleus; Cyto. Cytoplasm; Chlo. Chloroplast; Pero. Peroxisome; Mito. Mitochondrion; Extr. Extracellular; Plas. Plasma membrane.
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Fig. 2 Phylogenetic trees of PP2C family members between Poncirus trifoliata (Ptr) and Arabidopsis thaliana (At)
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Fig. 4 Distribution of conserved motifs within PtrPP2C family members
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Table 3 Secondary structure of PtrPP2C family members %

HH o-BRBE  AEfEE AT TR ESE| a-RHE SEAREE AR TN
Protein o-helix Extended strand  f-turn Random coil Protein o-helix ~ Extended strand  f-turn Random coil
PtrPP2C1 38.12 15.75 6.63 39.50 PtrPP2C28 29.49 19.12 6.22 45.16
PtrPP2C2 40.07 18.15 7.88 33.90 PtrPP2C29 30.04 11.19 4.57 54.20
PtrPP2C3 28.27 22.80 7.60 41.34 PtrPP2C30 39.12 16.58 9.07 35.23
PtrPP2C4 36.88 17.65 5.64 39.83 PtrPP2C31 24.85 16.90 5.70 52.55
PtrPP2C5 34.01 17.51 7.61 40.86 PtrPP2C32 41.38 15.65 6.37 36.60
PtrPP2C6 36.83 16.17 7.49 39.52 PtrPP2C33 35.07 21.50 6.26 37.16
PtrPP2C7 43.83 21.70 10.21 24.26 PtrPP2C34 29.23 17.83 4.23 48.71
PtrPP2C8 36.92 17.48 7.58 38.02 PtrPP2C35 34.47 21.58 8.16 35.79
PtrPP2C9 28.36 19.82 4.00 47.82 PtrPP2C36 32.49 17.13 7.05 43.32
PtrPP2C10  38.52 21.91 8.13 31.45 PtrPP2C37 31.99 17.38 6.55 44.08
PtrPP2C11 2723 18.72 5.74 48.30 PtrPP2C38 35.60 18.32 7.33 38.74
PtrPP2C12  32.01 20.33 5.84 41.82 PtrPP2C39 33.33 16.78 5.59 44.29
PtrPP2C13  39.07 17.48 591 37.53 PtrPP2C40 33.33 19.80 8.02 38.85
PrPP2C14 3535 20.32 7.95 36.38 PtrPP2C41 31.75 17.93 6.70 43.63
PtrPP2C15  34.39 21.87 9.95 33.79 PtrPP2C42 38.49 14.44 5.02 42.05
PtrPP2C16  35.63 16.77 4.90 42.70 PtrPP2C43 23.87 21.96 6.21 47.97
PtrPP2C17  29.53 16.74 7.21 46.51 PtrPP2C44 28.60 18.84 4.97 47.60
PtrPP2C18  38.23 15.90 5.35 40.52 PtrPP2C45 41.24 20.80 6.57 31.39
PtrPP2C19  33.51 16.76 9.19 40.54 PtrPP2C46 33.79 12.33 6.16 47.72
PtrPP2C20  37.14 15.29 5.34 42.23 PtrPP2C47 33.83 14.18 5.22 46.77
PtrPP2C21  31.70 19.11 5.83 43.36 PtrPP2C48 40.06 21.31 9.94 28.69
PtrPP2C22  34.18 21.20 8.23 36.39 PtrPP2C49 40.81 14.05 6.49 38.65
PtrPP2C23  35.82 25.53 9.93 28.72 PtrPP2C50 37.50 17.91 6.42 38.18
PtrPP2C24  32.55 19.20 6.32 41.92 PtrPP2C51 40.07 18.15 7.88 33.90
PtrPP2C25  35.05 22.01 6.79 36.14 PtrPP2C52 26.86 21.71 7.01 44.43
PtrPP2C26  42.03 15.48 7.74 34.75 PtrPP2C53 41.72 12.70 4.99 40.59
PtrPP2C27  38.72 17.44 6.92 36.92
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Fig. 7 Types and numbers of cis-acting elements in promoters of PtrPP2C family members
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