T R AL K 2 R (E AR B4R 2026, 52(2): 27-35. DOI: 10.13331/j.cnki jhau.2026.02.004
Journal of Hunan Agricultural University(Natural Sciences)

SR8

ARER R, IRIINN, TEEEE, CRDR, [MEE, TR, WXE, 25, HER, XE. WEPPOIHNF K E'-" E
S B % e S AT I FR ()RR M [J]. A R K (B R B ERR), 2026, 52(2): 27-35.

ZOUAL, XUXL, LEIJT, SONGW W, HE X X, WANG S B, PUW X, PENG Y, FU Z Q, LIU

Z. Genome-wide identification of PPO gene family in Nicotiana tabacum and their expression analysis during the E
flue-curing process[J]. Journal of Hunan Agricultural University(Natural Sciences), 2026, 52(2): 27-35.

AL http:/xb.hunau.edu.cn

MEPPOERAFKEEEFEEENHE
EEEIEPRRE D

AEEER Y, ARIAINN 2, WG, RTP?, MEE? FIR2, WXE? e, MEE, xE!
(1. WrE AR R 2=, Wir Kb 4101285 2. Wird R TV A R AL AR HAR PO, Wi K9 410007)
FHEE . T B8 A I AR S R A, R AR S BT 1R % 2 A3 13N NIPPOSFEIN - 5 AR R L IR 45
FIREAL, AP IR BT NePPOsY AL 28 BRI YL ik b KRG b4 R BoR, M 2 B E LEE(PPO)
EASEM. SRENXRARBIL, SKREFRREZE. D BE—5 M ‘K326" . LM AR, 4
K F Photoshopfg 3 Gt tHEMIqQRT-PCREE 43 A1 1 MR HERE AR TR JAANE WA AR AERHE . PPOTE T S H R
RRIEZES, ERER, EfETRES, RE—-5 M ‘K326" HHHBERSPPOEEAEA RS, —
HEMEZIEME, H RE -5 MBERAPPOEMHEE ST ‘K326° ); NtPPOsEEFTEARFMAL. Fff
RS AR R IA AR, K2 BNePPOs B RITE F i (RS &= & T i, MiNPPO1TFINEPPO13TE2A
m R Y ARIE; KR NPPOsHERE FR38—5 AR RIARE BN bR E s T FEI ‘K3267 Y,
HFRIEKTF-EPPOTH IR A A —B, 45 b, TR MBI FE T, PPOKIEA [FIZEH MR IAZ R T PPO

TEYE, IS ECT R R 2 R
KRR W ZEMYELERPPOYIEYE; PPORENZIE; HHBAS; Mkl

hESAS: S572 MEKFRESAS: A XEHRS: 1007-1032(2026)02-0027-09

Genome-wide identification of PPO gene family in Nicotiana tabacum

and their expression analysis during the flue-curing process
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Abstract: Thirteen NtPPO genes were identified from the newly published genome of Nicotiana tabacum L. using
bioinformatics methods. The gene structures of the family members were similar, and their protein motifs were
conserved. All NtPPOs were mapped to specific chromosomes. The results of phylogenetic analysis showed that tobacco
polyphenol oxidase(PPO) proteins are more closely related to those of tomato and potato, but are distantly related to those
of soybean. The middle and upper mature leaves of the cultivars ‘CB-1" and ‘K326’ were used as materials. Photoshop
pixel method and qRT-PCR were used to analyze the browning characteristics,PPO activity and expression of PPO family
genes in tobacco leaves at the later yellowing and color-fixing stages. The results showed that during the curing process,
the browning rate and PPO activity of tobacco leaves of cultivars ‘CB-1" and ‘K326’ changed synchronously, and
exhibited a highly significant positive correlation. The browning rate and PPO activity of cultivar ‘CB-1" were
significantly higher than those of cultivar ‘K326’ . The expression patterns of NtPPO genes varied with leaf position,
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cultivar, and curing stage. The expression levels of most NtPPO genes in the upper leaves were higher than those in the
middle leaves, while NtPPOI11 and NtPPO13 were not expressed in either cultivar. The expression levels of most NtPPO
genes in ‘CB-1’ leaves were higher than those in ‘K326’ leaves at the later yellowing and color-fixing stages, which was

basically consistent with the trend of PPO activity. In summary, during the curing process of tobacco leaves, differential

expression of PPO family genes affects PPO activity, thereby leading to the differences in the degree of browning of

tobacco leaves.

Keywords: Nicotiana tabacum; polyphenol oxidase(PPO) activity; PPO gene family; browning in tobacco leaf;

flue-curing process
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Table 1 Amplification primers for qRT-PCR analysis of tobacco PPO gene family members

FE P ID/ 44 Fr ER S 5(5—3") I8 5 R A1)(5'—3")
Nta24g03870.1 TTCGTCCTGCAGCTCATACT AGGGAAGAAAAGCCACGAGA
Nta03228100.1 GCCATGTATGCGAACCGTAG GATCCGCTCCATTGAAGTCG
Ntal5g17370.1 TCCTGTCCACATTTGGGTTG TGGGAATAGAAAAGCGGGTC
Nta04g22740.1 CACCATCACAATAAGCACAA TTCCTCCACCATCAACCA
Ntal6g14050.1 CCAGCTTGCCACATGTTCAT CCAAACCACAGTCCTCAAGC
Nta19g09140.1 ACATTGGCGTGGTGGCAGTAA GTGCGGGATACGGATTTGGGTA
Nta06230520.1 TAGCAAGTCCCATCCCATCC CCGGGATAGGAGGACAACAA
Nta03228080.1 CGACAACGGCGAACATCAT TAGGCACTATCGGCGGAAT
Ntal6g13960.1 GTTCAGTTCCGCCAGCAAGCA GCTCGTCCGCATTCACTGTCTT
Nta19g09130.1 AATCGTGGCTTTTCTTCCCG TCGAACATAGCAGGCAAACG
Ntal5g17450.1 GTTTCCAACAGGGTCCAAGC TTTGCCAGCGACGGTGTAT

Ntal6g13930.1
Ntal6gl4130.1

ACATTGGCGTGGTGGCAGTAA
CCTGGAGGTGCGTGTTGGACTA
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TTGGCATGGTGATCGGGAAGGA

NiActin ACCTCTATGGCAACATTGTGCTCAG TGGGAGCCAAAGCGGTGATT
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Table 2 The characteristics of PPO genes in tobacco

B PR A4 TR B KD RIS bp  BERFIIKE faa  FHE WD TREAD  EEBKMERRE
NePPOI Nta2403870.1 1737 578 631 66.37 0.53
NtPPO2 Nta03g28100.1 1797 598 6.17 66.34 0.38
NtPPO3 Ntal5g17370.1 1776 591 6.24 66.90 -0.52
NtPPO4 Nta04g22740.1 1869 622 765 69.28 ~0.43
NtPPOS Ntal6g14050.1 1788 595 626 67.22 0.49
NtPPO6 Nta1909140.1 1791 596 576 67.27 0.49
NtPPO7 Nta06¢30520.1 1746 581 6.74 66.53 0.45
NtPPOS Nta03g28080.1 1824 607 6381 67.46 ~0.43
NtPPO9 Ntal6g13960.1 1767 588 653 66.68 0.53
NPPOIO Ntal9g09130.1 1791 596 576 67.27 0.49
NPPOII Ntal5gl7450.1 1803 600 8.74 67.62 ~0.50
NPPOI2  Ntal6g13930.1 1902 633 661 7183 ~0.49
NPPOI3  Ntal6gl4130.1 1806 601 8.51 67.71 ~0.48
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Fig. 1 Chromosomal location of PPO genes in tobacco
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Fig.2 PPO gene structure in tobacco
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Fig.3 Motif structure of PPO protein in tobacco
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Fig. 4 Phylogenetic analysis of PPO in soybean, Nicotiana benth , Nicotiana tabacum, potato and tomato
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Fig. 6 The browning rate of middle leaves at later yellowing and color-fixing stages
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Fig. 7 The browning rate of upper leaves at later yellowing and color-fixing stages
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Table 3 Correlation coefficients between PPO activity and browning rate
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Fig. 8 Relative expression levels of PPO genes in tobacco leaves of different cultivars, parts, and flue-curing stages
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