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Abstract To identify members of the TOE3 subfamily within the AP2/ERF transcription factor family involved in
anthocyanin biosynthesis in colored potato tubers, TOE3 subfamily members were screened from the AP2 gene

family based on potato transcriptome data. Their chromosomal localization, phylogenetic relationships, and
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expression patterns were analyzed using bioinformatics tools including TBtools, MEGA11, and NCBI-CD Search.
The expression profiles of six StTOE3 genes were further validated via gRT-PCR using tubers of the purple-fleshed
potato cultivar ‘Huasong 66’ and white-fleshed cultivar * Atlantic’ sampled at different tuber growth stages. The
results showed that: A total of 30 AP2 family members associated with anthocyanin synthesis in potato tubers
were identified and classified into 12 subfamilies, among which 19 genes were involved in whole-genome
duplication events, generating 9 pairs of collinear genes with no significant tandem genes were identified within
the TOE3 subfamily. Segmental duplication played a predominant role in their evolution and expansion. A total
of 6 StTOE3 genes were identified in the TOE3 subfamily, all of which contained promoters rich in abscisic acid,
salicylic acid-, and light-responsive elements. gqRT-PCR analysis revealed that StTOE3-1, StTOE3-3, and
StTOE3-5 exhibited significantly higher expression levels in ‘Huasong 66’ during tuber formation stage (the rapid
anthocyanin accumulation stage) than that in *Atlantic’. Expression of StTOE3-2 and StTOE3-7 reached peak
at the tuber maturation stage, with no significant difference between the two varieties. In contrast, StTOE3-6
was expressed significantly higher in the white-fleshed ‘ Atlantic’ than in ‘Huasong 66°. The expression patterns
of StTOE3-1, StTOE3-3, and StTOE3-5, their expression patterns line up really well with when ‘Huasong 66’
potato tubers accumulate anthocyanins, suggesting they are key candidate genes positively regulating
anthocyanin biosynthesis in colored potatoes.

Keywords colored potatos; AP2/ERF transcription factors; TOE3 subfamily; anthocyanins; expression pattern
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Table 2 Screening of APZ2 subfamily genes in potato
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Fig. 1 Phylogenetic tree of AP2 family members in potato and Arabidopsis thaliana
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Fig. 2 Collinearity of potato AP2 family members within species
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Fig. 3 Collinearity of potato AP2 family members between Arabidopsis thaliana and Solanum lycopersicum
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Fig. 4 Chromosomal localization of members of the AP2 gene family in potato
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Fig. 5 Expression patterns of potato AP2 gene family members at different growth stages in different varieties

2.5 BRESMTOEIEFRAYMERFEREAEHIN

O AR R AR BOR L, 64 S48 TOES
HE IR G 5 28 1 40 )l 370~541 A8 5 R 41 1k, A X
Oy T AE 41. 5~60. 6 ku, FEIE 25 B 5 (pD#E 6. 28~
8.71(F 3), Hi StTOE3-2 . StTOE3-6 ,StTOE3-7
R PE B A (pI<<7) , StTOE3-1, StTOE3-3,
StTOE3-5 M B 8 1 (pI=>7) 5 3£ 8 /K M - 24 {8 4

R UE, BT BRI SRR L B TR K 1 40
87 W A5 R B OR L 64 B8 SITOE3 ¥ 43 1 F
A%, BBk StTOE3-2 1 StTOE3-6 41, H. 42 76 4
S R R T - = B &2 by R ES T oL R
44 5 TOE3 9 % 1) 28 1150359 LA o M8 JE L JC 0 4
i 6D, o BRBE & H A T 14, 05%~19.73%,
JC R 2 i 5 A T 69. 19%~78. 37 % , oA 4 i )



%511 ) R4 A 5 TOES W% M i vk % 2 5 R ki 145
®3 DHRETOEIERIEWL SRS R I A E
Table 3 Physical and chemical property analysis and subcellular localization of the TOES3 gene in potato
S B TR *EXj%?Ji/ku %%Fb%k’fi. . 240 i 5 Ao
Gene No. of Relative molecular pl Hydropathicity Subcellar
amino acid mass score (GRAVY) localization
StTOE3-1 507 57.8 8.39 —0.996 2 JifL 5T, At if A%
StTOE3-2 541 60.5 6.69 —0.695 40 g A%
StTOE3-3 503 57.5 8.71 —1.013 2 JifL I3, A i A%
StTOE3-5 500 57.0 8.67 —1.013 20 8 S, A0 s A%
StTOE3-6 461 52.1 6.45 —0.753 2 it A%
StTOE3-7 370 41.5 6.28 —0.702 0 5T, 40 S A%
)um“|mﬂﬁn‘uuumuuuﬂ” “H"”INH I Iw}uﬂmuuuuummum”m‘.( 'm" ) HWIB | |nunmmmm:uuummzu )m‘}m( ummluuummul H N||MM| r “ iy uummu‘mm‘
200 300 500 200 300 500

(@ StTOE3 1

e} L,

50 100 150 200 250 300 350 400 450 500
(d) StTOE3-5

!III]]H HH[I[[HHH At UHI Iif

i

(b) StTOE3-2

200 250 300 350
(e) StTOE3-6

(c) StTOE3-3

nigeme

150 200 250
(f) StTOE3-7

{u

IH"\H\IHIiiI\HHHH["\HHHHH\'.M

| \HIU i
0

50

100 300 350

R, ORI 5 €, o BRBE S SR8 AT

Orange, irregular coil; blue, a-helix; purple, -sheet.
El6 DHETOEIEA_LEHN
Fig. 6 Secondary structure of potato TOE3 protein
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Fig. 10 Expression of StTOES3 genes at different stage
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