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ABSTRACT
Tea is native to East Asia, the Indian subcontinent and Southeast Asia, and its leaves are

used as one of the most popular drinks in the world. Environmental stresses are one of the
most important factors affecting the quantity and quality of agricultural and garden crops,
including tea. One of the prominent effects of environmental stresses on plants is the
increase in reactive oxygen species (ROS) production. Ascorbate peroxidase (APX) is a
key antioxidant enzyme to inhibit ROS in plants. This study was conducted to identify,
study the evolution, function of the APX gene family in tea. To identify APX homologous
proteins in the tea genome, protein sequences of the APX family from several monocot and
dicot plants were used. BlastP results identified 9 homologous sequences from the APX
gene family on different tea scaffolds. Based on phylogenetic relationships, APX gene
family proteins in tea and the studied plants, including Arabidopsis, rice, maize, and potato,
were divided into four distinct evolutionary groups. Due to the relatively equal distribution
of genes from monocot and dicot plants in phylogenetic groups, it seems that the evolution
of these genes occurred from a common ancestral gene before the divergence of monocot
and dicot plants. Investigation of the expression of APX homologous genes in different
tissues and various environmental stresses showed that CsAPX1, CsAPX3, CsAPX4,
CsAPX5, and CsAPX8 genes had moderate to high expression levels, indicating the
importance and key role of these genes in different growth stages and various abiotic
stresses in plants.
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Table 1. Name and accession number of
homologous APX genes in arabidopsis, rice, corn

and potato

Accession nhumber Genes Plant species
AT1G07890 AtAPX1
AT3G09640 AtAPX2
AT4G35000 AtAPX3
AT4G09010 AtAPX4 Arabidopsis
AT4G35970 AtAPX5 thaliana (At)
AT4G32320 AtAPX6
AT4G08390 SAPX
AT1G77490 TAPX
0S03G0285700 OsAPX1
0S07G0694700 OsAPX2
0S04G0223300 OsAPX3 Oryza sativa
0S08G0549100 OsAPX4 Japonica
0S12G0178200 OsAPX5 (0s)
0S12G0178100 OsAPX6
0S04G0434800 OsAPX7
0S02G0553200 OsAPX8
Zm00001d016802 APXal
Zm00001d003643 APXa2
Zm00001d023582 APXa3
Zm00001d025047 APXb1 Zea mays
Zm00001d053223 APXb2 (Zm)
Zm00001d047757 APXcl.1
Zm00001d028709 APXcl.2
Zm00001d007234 APXc2
PGSC0003DMG401001731 StAPX2
PGSC0003DMG400006175 StAPX3
PGSC0003DMG402003646 StAPX5 Solanum
PGSC0003DMG400000894 St2341 tuberosum
PGSC0003DMG400030056 St7268 (St)
PGSC0003DMG400030063 St7286
PGSC0003DMG400003645 St9378
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Table 2. General characteristics of APX genes family members in the tea genome

o Isoelectric Protein Weight Gene Gene Gene

Cellular localization point length(aa) (Kilo Daltons) end start Scaffold name Gene ID
Cytoplasm

g . 9.11 551 61.912 908111 897441  Scaffold282  CsAPX1 TEA026035.1
Mitochondria
Plasma membrane 6.02 745 84.145 3034087 3016631  Scaffold399  CsAPX2 TEA030817.1
Cytoplasm 6.72 288 31.657 399209 388039  Scaffold565 ~ CsAPX3 TEA000543.1
Cytoplasm 7.06 288 31.895 420631 414081  Scaffold2880  CsAPX4 TEA019211.1
Chloroplast 6.73 421 45.658 685085 678480  Scaffold3364  CsAPX5 TEA012379.1
Chloroplast 5.03 406 44517 79075 72572 Scaffold3815  CsAPX6 TEA021205.1
Extracellular Mitochondria 6.07 384 41.991 1055211 1048196 Scaffold3982  CsAPX7 TEA018635.1
Chloroplast 5.53 352 382 803466 797035  Scaffold6255 CsAPX8 TEA028541.1
Cytoplasm 6.11 450 49.897 647887 641965 Scaffold12447 CsAPX9 TEA017156.1
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Figure 1. Phylogenetic tree of APX gene family proteins in the tea genome and other plant species including
arabidopsis, rice, corn and potato
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Figure 2. Exon-intron structure and splicing phase of APX gene family homologs in tea
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Figure 3. Expression pattern of APX genes in different tea tissues. Green color indicates low expression, red
color indicates high expression of the genes.
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Figure 4. Expression pattern of APX genes in different abiotic stresses in tea. Green color indicates low
expression and red color indicates high expression of the genes.
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