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Identification and expression analysis of APX gene family
in celery (Apium graveolens L.)

DU Jiageng, ZHOU Jin, LI Xiaoyan, ZHANG Ying, WU Limei, LI Mengyao
(College of Horticulture , Sichuan Agricultural University, Chengdu, Sichuan 611130, China)

Abstract: Ascorbate peroxidase (APX) is one of the important antioxidant enzymes in plant reactive oxygen
species metabolism and plays an important role in plant resistance to oxidative stress. In this study, bioinformatics
was used to identify and analyze APX gene family members in celery genome, and the expression of AgAPXs under
high temperature stress was verified and analyzed by quantitative real-time PCR (qRT-PCR), which provided a
basis for participation of celery APX gene in the regulation mechanism of high temperature stress. Results showed
that a total of 9 APX genes were systematically identified from celery, which were randomly distributed on 5 chro-
mosomes, and gene fragment duplication occurred. Most genes were located in the cytoplasm. Phylogenetic analysis
showed that the AgAPX gene family could be divided into three subtypes, and members of each subtype shared sim-
ilar gene structures and motifs. Promoter cis element analysis showed that most AgAPX genes contain a variety of cis
elements related to growth and development, plant hormones and stress. Under high temperature stress, the APX
activity of celery increased. qRT—PCR analysis showed that AgAPXs were differentially expressed under high tem-
perature treatment at different times, were consistent with the transcriptome expression abundance. The expression
of AgAPX2, AgAPX3, AgAPX4, AgAPX5 and AgAPX7 was significantly correlated with the activity of APX, which
could be speculated that this gene was involved in the regulation of celery tolerance to high temperature. The results
preliminarily identified and provided information on the members of celery APX gene family, which provided an im-

portant research basis for further research on the function of celery APX gene in the future.
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Table 1

RHREEPSIWFT
Primer sequences in qRT-PCR

HEH
K
Gene

IEI5 14

Sense Primer

B |14

Anti-sense Primer

AgActin
AgAPX1
AgAPX2
AgAPX3
AgAPX4
AgAPX5
AgAPX6
AgAPX7
AgAPX8
AgAPX9

AGAAGTCCTGTTCCAGCCGTCIT
GTGCTACTGCTGTGGAGGATGC
CCCTTCACCCAGTGCTGCTATG
GIGGGCAGITCCGTTGGGITAC
TTGTGCTCCGTTGATGCTTCGT
TGGTGTAGTTGCCGTGGAGGIT

GCCGCTTGCCTGATGCTACTT
GCCGCTTGCCTGATGCTGAA
CAGGAGTTGTTGCGGTTGAGGT
CCGAGGATCACGTATGCAGACC

CGAACCACCACTGAGCACTATGTT
AGCCGCTGCGTTCTGGICIT
ATAACGTCACGTCTGCGGAAGC
CTCCTCCTCCTCCTCGTCCATT
GCCTTCTACTGGTGGCTCCTGA
ACCCAGATCGCTCCTTGTGACA
GCCTTCCTTCTCGCCAGTCAAG
AACGGTCCITGTGACACGAACC
TCTATCTGCGTGTGCCCTTCCC
AGCAACAGCAACTCCGACAACT
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J T MRS APX R KRR R | ik
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B APX JERBH 2 (12 4>) , Hdwsg 3 4 K AE
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2 A HIFEIT APX JEIH BbAh, M fR A AT L& B,
AgAPX4 I AgAPX5 & — 3L, AgAPX6 HI AgAPX7
Rh—3, W B eI B 5K R K
B APX JERAIEL , 7380 APX N ERG AT S
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Table 2 Basic information of APX gene family members in celery

s - " " SV 240 5 AL 7K

e WU R OBEER mbk wo VR R

IR ySpa. Sy NN Subcellular T
K2R HHE TR R R RAM SEH S KA localization Proteingrand
Locus ID_1  Locus ID_2 . LR MR Positive Negative " Molecuar
Gene Amino R . A R R pl . WoLF average
. Aliphatic Aromatics amino  amino weight " ..
acids ILYV FW.Y acids acids D PSORT hydrophobicity
e v aads A a /TargetP (GRAVY)
AgAPX1  Agr15838 Ag3G01076.1 415 69 36 48 55 9.05 45295.43 chlo/~ -0.413
AgAPX2  Agr22072 AglG01694.1 346 73 27 37 39 5.71 37771.00 chlo/~ -0.234
AgAPX3  Agr05352 Ag7G01910.1 321 78 37 38 34 8.74 35046.42 extr/— -0.095
AgAPX4  Agr27054 Ag6G02306.1 250 52 21 30 35 6.06 27630.54 cyto/mito -0.351
AgAPX5  Agr18688 Agl1G04265.1 250 50 22 28 35 5.64 27523.31 cyto/mito -0.360
AgAPX6  Agr40290 AgUnGO01618.1 250 50 23 28 37 5.41 27725.46 cyto/mito -0.378
AgAPX7  Agr38012 Agl1G03242.1 240 52 20 29 30 6.60 26309.05 cyto/— -0.318
AgAPX8  Agr28389 Ag7G01815.1 287 62 26 38 37 7.74 31654.11 cyto/mito -0.301
AgAPX9  Agr17929 Ag3G01502.1 280 57 28 34 38 6.09 31280.18 cyto/— -0.454
2 i(i
T 293 60 27 34 38 6.78 32248.39 -0.323
Average

7 . Locus ID_1 ¥ k5 T http : // apiaceae.njau.edu.cn/ celerydb ; Locus ID_2 Bk T http : // celerydb. bio2db.com/ ; chlo FETR A s extr
FR AT 5 eyto FRm AT 5 mito FARZERLAAR ; - TR ATAT AL B
Note: Locus ID_1 data fromhttp://apiaceae.njau. edu. cn/celerydb ; Locus ID_2 data from http://celerydb. bio2db. com/ ; Chlo means chloroplast;

Extr means extracellular matrix; Cyto means cytoplasm; Mito means mitochondria; — means any other location.
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Fig.2  Gene structure and conserved motif of celery APX gene family
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Fig.3 Chromosome localization of APX gene family in celery
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Table 3 K, and K, values of paralogous gene pairs of AgAPX

" dgAPXG

o ERX R gk mamxw
I l >3 > N
’?‘ﬁj 11 ?&Jzz FRARHE AR HAE Duplicate
Seq_ Seq_ K, K. K/K. type

AgAPX1 AgAPX3  0.8081616  3.048368699 0.265112813 Segmental
AgAPX2 AgAPX3 0.846700215 2.470016606 0.342791305 Segmental
AgAPXS AgAPX9 0.105470193  0.802850380 0.131369674 Segmental
AgAPX4  AgAPX5 0.090753397 0.753151953 0.120498124 Segmental
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Note ; The depth of color in the figure represents the amount, with lighter colors indicating a smaller or zero

quantity, and darker colors indicating a larger quantity.
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Fig.4  Analysis of cis-acting regulatory elements in AgAPX promoter
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