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Identification of plum PsNAC gene family and its expression patterns
in fruit hollowness and browning
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Abstract: [ Objective ] The NAC transcription factor family is one of the plant-specific
transcription factor families and plays a pivotal role in plant growth and development and
responses to biotic and abiotic stresses. ‘Huangguan’ plum is a newly developed high-quality
plum variety bred by our team specifically suited for cultivation in Fujian Province, China. Its
fruit has the advantages of excellent taste, pleasant flavor, and rich nutrient profile. However, in
our previous long-term observations, Huangguan plum has been found to be prone to fruit
hollowness and browning (HB), characterized by rough and crystalline fruit pulp surfaces
undergoing lignification and browning. We found that lignin biosynthesis and accumulation is one

of the predominant biochemical responses to HB. The NAC transcription factor is recognized as

Wk Hi: 2024-07-16 B HM: 2024-09-21

HEEWH: w@RAMVEIETTE (2023TG18); 4 GLAR bR K 2475 4 O L I LA Bt U 22018 & T
R (KFXH23029); /KZRE “ZMgRE[PE” @ik ‘22 Hradfh ol M 5R7EHE) B (KH240149A)

PRI ML, 2, $H, {4, BT I SRR F il 2R R SFRA . RS TP RS % . E-mail:
denghh@fafu.edu.cn. #ANILESE—1FH

*JM{51E# Author for correspondence. E-mail: fxchen@fafu.edu.cn



the primary regulator in the transcriptional control of plant secondary wall synthesis. This study
aims to characterize the PsNAC gene family members in plum and investigate their association
with fruit HB in Huangguan plum. [Methods] The molecular weight, theoretical isoelectric point,
and other physicochemical properties were predicted by the online tool ExXPASy. The subcellular
localization of PsNACs was predicted by the online software WoLF PSORT. The MEGA 11
software was used to construct a phylogenetic tree. The online tool Simple MEME Wrapper was
used to analyze the motifs. The conserved motifs and gene structure maps were drawn by Tbtools.
To analyze the cis-acting elements in the promoter region of PsNACs, the upstream 2000 bp
promoter sequences were extracted from the genomic sequences and submitted to the Plant TBDB
website for the identification of cis-elements in the promoter region. The analysis results were
organized and displayed using Simple BioSequence Viewer. The expression analysis of ten
PsNACs in Huangguan plum fruit with and without HB were analyzed by quantitative real-time
polymerase chain reaction (QRT-PCR). [Results] There are 115 PsNAC members identified in
Prunus salicina Lindl., with protein sequences ranging from 182 to 861 amino acids, molecular
weights from 20.98 to 95.97 kDa, theoretical isoelectric points from 4.43 to 9.55, and the
instability index from 27.84 (PsNAC60) to 61.36 (PsNAC087). The grand average of hydropathy
values of PsNAC gene family members were negative, indicating that these proteins are
hydrophilic in nature. Transmembrane structure analysis revealed that 94% of PsNAC gene family
members do not possess a transmembrane domain. The subcellular localization prediction results
showed that 91 PsNAC gene family members were located in the cell nucleus, and the rest were
distributed in structures such as the cytoplasm, Golgi apparatus, peroxisome, cytoskeleton,
mitochondria, chloroplasts, plasma membrane, and vacuole. Chromosomal localization analysis
revealed uneven distribution across the plum’s eight chromosomes, with chromosomes 2 and 3
harboring the highest number counts (17.4%), followed by chromosome 5 (15.2%), and the fewest
on chromosomes 6 and 7 (10 PsNACs each). Phylogenetic tree analysis between Arabidopsis
thaliana and P. salicina Lindl. classified PsNAC genes into 17 subfamilies, with 6 and 10
members clustered in OsNAC003, and OsNAC7, respectively, which are associated with plant
secondary wall biosynthesis. The number of coding sequence segments in PsNACs ranged from 1
to 8, with most containing 3 to 6 segments. Analysis of gene annotation files identified a total of
10 conserved motifs among PsNACs, with varying positions and frequencies. Motif 1, motif 2,
motif 3, and motif 6 were found in the majority of PsNACs, typically located towards the
N-terminus of the sequence. PsNAC members within the same subfamily exhibited similar motif
distributions and gene structure characteristics including the CDS and UTR regions, suggesting
potential functional similarity. Analysis of the 2000 bp upstream sequences from the transcription
start site of PsNACs identified a total of 3069 cis-elements. The most significant core elements
included phytohormone-responsive elements, MYB binding sites, low temperature responsiveness,
drought-inducible elements, and light-responsive elements. Intraspecific synteny analysis revealed

that the PsNAC gene family contained 13 pairs of duplicated genes within the plum genome. The



relative expression levels of PsNAC26, PsNAC57, PsNAC77, and PsNAC95 were highest at the
fruit expansion period and gradually decreased as fruit development progressed. Conversely,
PsNAC54 and PsNAC74 exhibited their lowest expression levels at the fruit expansion period,
which increased gradually with fruit development and ripening. The expression levels of
PsNAC26, PsNAC57, PsNAC77, PsNACY95, PsNAC54, and PsNAC74 were higher in Huangguan
plum fruit showing hollowness and browning compared to those without. [ Conclusion] This
study represents the first comprehensive analysis of the PsSNAC gene family in plum, identifying
and characterizing 115 members of the PsNAC gene family. We explored their physical and
chemical properties, gene structures, chromosome locations, phylogenetic relationships, and
subcellular localization characteristics. Furthermore, using qRT-PCR technology, we investigated
the gene expression patterns of PsNAC gene family members in Huangguan plum fruit exhibiting
HB and non-HB across various developmental stages. The findings of this study will serve as a
crucial foundation for further exploration into the biological functions of PsNAC gene family and
the molecular mechanism by which PsNAC gene family members regulate fruit HB in Huangguan
plum.
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browning; gene expression
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Table 1 Real-time fluorescence quantitative primers for expression analysis of plum

PsNAC gene family
FEA L5149 (5-3Y TSI (53D
Gene Forward primer (5'-3") Reverse primer (5'-3")
PsNAC95 AGAAGCCCCAGGAAAGTTGA TAGAAATCAGGCCACGACGT
PsNAC77 CATCAACAACAGAGCTCGCA ACATTGAGACGCACGACCT
PsNAC74 AGATGAAGAGCTGGTGGACT ATCCCATGGCTCGAACTTGA
PsNACS57 AAATGCTGCTCGATCGTCTG GCCCGGCCATTCTGATAAAA
PsNAC54 AGCGAAGGAAGGTTCACACT ACCCTTAACTGCTCCACCAA
PsNAC22 TTCCACCACTCATCACCAGA GTATTTTCTTGCCGGCGTCT
PsNAC23 GACGTTGTGATTTGTCGGCT ATTCATAATCTGCGGCCCCA
PsNAC26 GCCCCAATCTCCCAACTTTT GCTGTGTCTGTTGTGCTTTG
PsNAC107 GGGGCATATGTTGAAGCGTT AGTTGCTCGTCTCCCCATAA
PsNACS1 TCATCCTTCGTATCGGCTAA TCACCACCGTTGATCAAGGA
PsActin CTGGACCTTGCTGGTCGT ATTTCCCGCTCAGCAGTG
2 BERE5SH
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EAF ISR A (pD) O AGTE 4.43 £ 9.55 2 Ja], Hrb 86 MARRIEE A, 29 M bt E
F.o X7 RUELE 20 980.52 (PsNAC98) % 95967.63 (PsNAC95) [l AFasER¥uu
FEIM 27.64 (PsNACG60) % 61.36 (PsNAC093), .1, 108 A~ PsNAC Fjk A AN K Fa 4L
KT 35, T4 PsNAC A AT g 18U /INT 35, PsNAC F IR ) GRAVY 15 0 11t
K, VYU LS PsNAC FKR A B A3 KRR H .

WS IS5 K 73BT 7, 94% M) PSNAC FG R B 15 IR 45 K635, 17 PsNAC14 . PsNACS0.
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Table 2 Physicochemical properties of PsNAC transcription factor family

IR EINES SEKIREL T4 i 5 for
ER G FEN 4R X5y B AFESRE
Number of Theoretic Hydrophobicity score  Subcellar
Gene ID Gene Name Molecular mass/ku Instability index
amino acids al pI (GRAVY) localization
PsSY0028742 PsNACI 321 37017.25 6.09 42.10 -0.824 PUE=REZ /2N
Peroxisome
PsSY0026484 PsNAC2 330 37567.05 5.13 34.35 -0.646 £t
Chloroplast
PsSY0007631 PsNAC3 372 43076.79 4.65 47.59 -0.787 4%
Nucleus
PsSY0017418 PsNAC4 252 2957821 6.70 46.91 -0.840 4%
Nucleus
PsSY0022568 PsNACS 237 27 449.07 9.44 37.24 -0.765 L AN
Mitochondria
PsSY0014229 PsNAC6 348 3971771 8.18 37.25 -0.672 YA
Nucleus
PsSY0021220 PsNAC7 445 50 530.61 443 40.83 -0.780 A%
Nucleus
PsSY0023045 PsNACS 457 52034.23 4.49 42.99 -0.833 il
Nucleus
PsSY0024302 PsNACY 298 3431534 5.16 39.51 -0.766 234
Chloroplast
PsSY0025630 PsNACI0 357 4121773 4.73 46.78 -0.845 4%
Nucleus
PsSY000863 1 PsNACI1 284 32817.57 5.14 3745 -0.812 il
Nucleus
PsSY0017528 PsNACI2 373 43 174.54 4.6 40.61 -0.886 il ok
Nucleus
PsSY0022852 PsNACI3 255 29 162.70 5.67 49.28 -0.749 4%
Nucleus
PsSY0010290 PsNACI4 389 43572.52 5.84 45.11 -0.630 i
Vacuole
PsSY0004695 PsNACI5 355 40 346.24 7.95 41.33 -0.745 4%
Nucleus
PsSY0006766 PsNACI6 461 52127.43 6.47 49.76 -0.818 4%
Nucleus
PsSY0017158 PsNACI7 425 47098.06 4.57 41.88 -0.622 il ok
Nucleus
PsSY0011487 PsNACIS 207 2369033 5.15 49.39 -0.698 4%
Nucleus
PsSY0013949 PsNACI9 295 33898.11 8.09 61.09 -0.861 4%
Nucleus
PsSY0013465 PsNAC20 345 38258.01 8.95 32.66 -0.711 iliokegy
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Fig. 1 The location distribution of PsNAC gene family members on the chromosomes of

Prunus salicina Lindl.
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Fig. 2 Phylogenetic tree of NAC gene family in Prunus salicina Lindl. and Arabidopsis

thaliana
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Fig. 6 Expression analysis of PsNAC genes in Huangguan plum fruit with and without

hollowness and browning during different development stages
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