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Genome-wide identification of the NAC gene family and its expression

profiling during fruit development in Chinese cherry
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(Nanjing Institute of Agricultural Sciences in Jiangsu Hilly Areas, Nanjing 210046, Jiangsu, China)

Abstract: [Objective]l The NAC transcription factor family represents one of the largest plant-specific
transcription factor families, playing pivotal roles in diverse biological processes including growth, de-
velopment, response to biotic and abiotic stresses, and fruit quality formation. Chinese cherry (Prunus
pseudocerasus L.) is an important native fruit tree species in China, valued for its early ripening, orna-
mental value, and nutritional fruit. To elucidate the potential functions of NAC genes in Chinese cherry,
particularly during fruit development, a systematic genome-wide analysis was conducted. The objec-
tives of this study were to: 1) identify all putative NAC gene family members in the Chinese cherry ge-
nome; 2) characterize their basic physicochemical properties, chromosomal distributions, and phyloge-
netic relationships; 3) analyze their gene structures, conserved protein motifs, and promoter cis-acting
elements; 4) investigate the evolutionary mechanisms through collinearity and duplication event analy-
sis; and 5) profile their expression patterns across different cultivars and key fruit developmental stages
using transcriptomics and RT-gPCR. [Methods] The study utilized the genome and protein sequences
of Chinese cherry Zhuji Duanbing. NAC gene family members were identified through a dual- ap-
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proach: BlastP analysis using Arabidopsis NAC proteins as queries (E-value < 1e¢'°), and an HMM
search for the NAM domain (PF02365; E-value < 1e*). Redundant candidates were merged and re-
moved. Genes were systematically renamed PpseNACO001 to PpseNAC114 according to chromosomal
position. Physicochemical parameters were computed with TBtools, subcellular localizations predicted
by WoLF PSORT, and chromosomal locations mapped. A phylogenetic tree was constructed from
aligned PpseNAC and AtNAC proteins using the neighbor-joining method (JTT+G model; 1000 boot-
straps) and classified into subfamilies based on established systems. Gene structures, conserved motifs,
and domains were analyzed using genome annotations, MEME, and NCBI CD-Search. Putative cis-ele-
ments were identified by scanning 2-kb promoter regions with PlantCARE. MCScanX (TBtools) was
employed for intra- genomic collinearity and duplication analysis; interspecific synteny was assessed
with Arabidopsis thaliana and Prunus avium genomes. Ka/Ks ratios were calculated for duplicated
pairs. For expression analysis, RNA was extracted from three cultivars at three fruit developmental stag-
es (S2, S5, S7) and sequenced (Illumina). Expression levels (FPKM) were log,-transformed for heatmap
visualization. Four candidate genes were validated by RT-gPCR using S-actin as the reference and the
2*“ method for quantification. [Results] A total of 114 non-redundant NAC genes were identified and
systematically characterized. These genes were unevenly distributed across all eight chromosomes and
nine unanchored scaffolds, with chromosomes 2 (25 genes) and 4 (19 genes) being the most gene-rich.
The predicted proteins exhibited considerable diversity in physicochemical properties: amino acid
length varied from 152 (PpseNACOQ77) to 680 (PpseNAC098), molecular weight from 17.38 kDa
(PpseNACO074) to 77.00 kDa (PpseNAC098), and theoretical pl from 4.55 (PpseNAC114, acidic) to 9.82
(PpseNACO010, basic). Subcellular localization prediction indicated that 96 members (84.2%) were local-
ized to the nucleus, while the others were predicted to reside in chloroplasts, cytoplasm, extracellular
space, and other organelles. Phylogenetic analysis classified the 219 NAC proteins (114 PpseNACs +
105 AtNACSs) into 18 distinct subfamilies, with the TIP (22 members), OsNAC7 (12 members),
ANACO063-B (11 members), and NAC2-A (10 members) subfamilies being the most populous. Sixteen
PpseNAC genes formed a distinct clade and were designated as unclassified. Gene structure analysis re-
vealed a range of 1 to 9 CDS per gene, with the majority (88 genes, 77.2%) containing 2 to 4 CDS. Mo-
tif analysis identified 10 conserved motifs; Motif 2, 3, and 6 were present in over 88% of all members
and constituted the core NAM domain. The number of motifs per protein ranged from 3 to 10, and close-
ly related members within the same phylogenetic clade generally shared similar motif compositions.
Promoter analysis revealed a vast number of cis-acting elements. Hormone- responsive elements were
abundant. 90 genes were found to have abscisic acid response elements, 78 with methyl jasmonate-re-
sponsive elements, and 68 with salicylic acid response elements. Stress-responsive elements were also
prevalent, with 60 genes containing low-temperature responsiveness elements and 39 containing de-
fense and stress responsiveness elements. Notably, seven genes (PpseNAC010, PpseNAC049,
PpseNACO055, PpseNAC069, PpseNACO77, PpseNAC089, and PpseNAC111) harbored MYB binding
sites implicated in flavonoid biosynthesis. Collinearity analysis identified 9 segmental duplication pairs
and 16 tandem duplication pairs, indicating both mechanisms contributed to family expansion. Chromo-
some 2 was a hot spot for tandem duplication, containing 7 of the 16 pairs. The Ka/Ks ratios for all 25
duplicated pairs were significantly less than 1 (ranging from 0.092 to 0.818), strongly suggesting purify-
ing selection has been the dominant evolutionary force. Interspecific synteny analysis identified 70 col-
linear blocks between Chinese cherry and Arabidopsis, and 100 collinear blocks between Chinese cher-
ry and sweet cherry, indicating a closer evolutionary relationship with the latter. Expression profiling
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across three cultivars and three fruit developmental stages revealed highly divergent expression pat-
terns. Sixteen genes showed no expression in any sample. Several genes, including PpseNAC044,
PpseNACO067, and PpseNACOQ71, exhibited a consistent and significant upregulation during fruit matura-
tion (from S5 to S7) in all three cultivars. Conversely, PpseNACO076 showed highest expression at the
early green fruit stage (S2) and decreased thereafter. Some genes, like PpseNAC010, PpseNAC036, and
PpseNACO063, displayed distinct expression trajectories among the different cultivars, suggesting poten-
tial roles in cultivar-specific traits. PpseNAC005 was constitutively highly expressed across all stages
and cultivars. The RT-gPCR results for the four selected key genes perfectly corroborated the RNA-seq
expression trends, validating the reliability of the transcriptome data. [Conclusion] This study provides
a comprehensive genomic identification and characterization of the NAC transcription factor family in
Chinese cherry, revealing 114 PpseNAC genes. The analysis delineates their chromosomal distribution,
phylogenetic relationships, gene structures, protein motifs, and promoter regulatory elements. The ex-
pansion of this gene family was driven by both segmental and tandem duplication events, with all dupli-
cated pairs being under strong purifying selection. The prevalence of hormone-, stress-, and develop-
ment-related cis-elements in their promoters suggests diverse regulatory roles. Expression profiling fur-
ther uncovered dynamic and sometimes cultivar-specific expression patterns during fruit development,
pinpointing several candidate genes, such as PpseNAC044, PpseNACO067, PpseNACOQ71 (potentially as-
sociated with maturation), and PpseNAC076 (potentially associated with early development), for future
functional studies. This work establishes a foundational resource for understanding the roles of NAC
transcription factors in Chinese cherry biology and offers valuable candidate genes for molecular breed-
ing efforts aimed at improving fruit quality traits.

Key words: Chinese cherry; NAC gene family; Bioinformatics analysis; Expression pattern; Fruit de-
velopment
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PpseNAC044 GGCACAAGACAGGGAAGACA TTGGTCTTTTCGGGCTTCCT
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Table 2 Characterization of physicochemical properties of the PpseNAC gene family proteins
S SRR S 1D FAEREE HFiE IS EEH? ﬂ%iiﬁiﬁz H‘ﬁlﬂﬁm‘éiﬁz MOPRISEKYE WA E A
Gene name Gene ID Number c_)f Mqlecular Theoretical _Instablllty Allphatlc Grand average of Subcgllu_lar
amino acid weight/Da  pl index index hydropathicity localization

PpseNAC001  PAV01G012540.1 323 36 697.36 5.77 37.30 57.93 -0.920 4lIffA% Nucleus
PpseNAC002  PAV01G016000.1 288 3285777 5.32 48.41 63.58 -0.767 4% Nucleus
PpseNAC003  PAV01G058280.1 256 2918715 9.20 45.68 63.13 -0.700 4% Nucleus
PpseNAC004  PAV01G070780.1 482 5329452  7.00 43.94 57.28 -0.576 4ffLJi Cytosol
PpseNAC005  PAV01G071150.1 288 3319951 7.01 37.02 60.66 -0.714 4% Nucleus
PpseNAC006  PAV01G072060.1 282 3216021 4.77 45.77 81.84 -0.435 14 Extracellular
PpseNAC007  PAV01G072070.2 241 27288.05 5.40 50.55 86.97 -0.229 244 Chloroplast
PpseNAC008  PAV01G074240.1 464 52569.25 5.31 44.92 77.28 -0.651 4H % Nucleus
PpseNAC009  PAV01G091370.1 343 38101.83 8.95 31.87 54.05 -0.728 4 it & 42 Cytoskeleton
PpseNAC010  PAV01G095650.1 181 2077355 9.82 47.00 64.14 -0.884 4lAfA% Nucleus
PpseNACO11 ~ PAV01G108000.2 468 53119.38 6.30 52.58 59.85 -0.862 4% Nucleus
PpseNAC012  PAV01G108320.1 469 5314743 6.36 51.99 59.94 -0.855 4% Nucleus
PpseNAC013  PAV02G034550.1 443 47592.88  6.09 21.11 55.53 -0.740 4HMfaJ5i Cytosol
PpseNACO14  PAV02G034570.1 201 2336232 9.79 33.42 76.47 -0.323 4L Cytosol
PpseNACO15 PAV02G056490.1 400 4523414 582 54.33 60.25 -0.783 4% Nucleus
PpseNAC016  PAV02G056540.1 233 2652329 9.8 50.64 74.08 -0.567 4% Nucleus
PpseNAC017  PAV02G057120.1 442 48537.41 545 54.66 54.73 -0.815 4% Nucleus
PpseNAC018  PAV02G057130.1 457 5176293 4.60 56.92 55.47 -0.838 4HJf1#% Nucleus
PpseNACO019  PAV02G057140.1 507 56 321.32 4.59 63.81 64.48 -0.717 4% Nucleus
PpseNAC020  PAV02G057150.1 457 5143691 4.65 51.73 63.39 -0.728 4% Nucleus
PpseNAC021  PAV02G057200.1 427 48117.87 5.3 51.65 67.17 -0.709 M 4% Nucleus
PpseNAC022  PAV02G057240.1 420 4752094 495 60.63 62.50 -0.836 4% Nucleus
PpseNAC023  PAV02G057250.1 450 5204256  4.89 54.66 60.20 -0.885 4% Nucleus
PpseNAC024  PAV02G057360.1 233 2721762 547 37.69 62.32 -0.712 4% Nucleus
PpseNAC025 PAV02G057370.1 467 53990.79 4.76 58.76 59.94 -0.843 4% Nucleus
PpseNAC026  PAV02G057380.1 477 54722.09 6.82 48.91 65.87 -0.905 4% Nucleus
PpseNAC027  PAV02G057390.1 382 44 486,54  6.00 52.39 68.12 -0.951 4% Nucleus
PpseNAC028  PAV02G057450.1 529 60691.18 6.54 44.82 66.18 -0.802 4L Cytosol
PpseNAC029  PAV02G057620.1 197 23360.77 8.41 51.67 65.38 -0.826 4% Nucleus
PpseNAC030 PAV02G057820.1 233 27366.66 5.27 4321 56.05 -0.823 4% Nucleus
PpseNAC031 PAV02G057840.1 436 4999524  4.68 61.14 59.95 -0.780 4HJf1#% Nucleus
PpseNAC032 PAV02G057850.1 481 551285  6.42 48.31 65.32 -0.901 41 fut% Nucleus
PpseNAC033 PAV02G057860.2 439 50 043.97 5.90 42.55 65.06 -0.728 fR R A

Golgi apparatus
PpseNAC034 PAV02G058020.1 160 18786.75 9.32 45.46 75.56 -0.574 4l Cytosol
PpseNAC035 PAV02G066460.1 321 3710137 6.10 43.55 58.94 -0.836 PURER AR [LIIES

Peroxisome
PpseNAC036 PAV02G071740.1 570 63860.45 5.05 42.15 69.63 -0.516 4Hf1% Nucleus
PpseNAC037 PAV03G002640.2 420 46 426,79 5.13 39.08 73.38 -0.489 H-%E4& Chloroplast
PpseNAC038 PAV03G005270.1 396 44350.64 7.57 42.24 55.76 -0.660 4% Nucleus
PpseNAC039 PAV03G005790.1 352 40311.16 6.80 47.31 60.11 -0.776 4% Nucleus
PpseNAC040 PAV03G017740.1 305 35324.03 8.94 32.02 60.95 -0.823 4% Nucleus
PpseNAC041 PAV03G031370.1 210 23878.06 8.19 50.30 72.90 -0.740 41 /a5t Cytosol
PpseNAC042 PAV03G039740.1 435 48609.03 4.70 47.92 54.05 -0.795 4% Nucleus
PpseNAC043 PAV03G058360.1 527 6022189 5.28 41.18 59.20 -0.754 4% Nucleus
PpseNAC044 PAV04G005310.1 318 35878.38  8.47 51.41 66.48 -0.872 4% Nucleus
PpseNAC045 PAV04G017950.1 364 4130598 6.94 38.70 61.18 -0.752 4Hf1% Nucleus
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4 S 1D FAEMRAE TR IS Eﬁﬁ ﬂ%%‘aiﬁz H‘ﬁﬂfz‘ﬁ‘ﬂ‘aéﬁ SOPEIEKEE TANIRE L
Gene name Gene ID Number gf Mqlecular Theoretical !nstablllty {-\Ilphaﬂc Grand ave.ra.ge of Subc_ellu_lar

amino acid weight/Da  pl index index hydropathicity localization
PpseNAC046 PAV04G018420.1 354 40430.71 4.75 40.84 61.21 -0.791 41 fat% Nucleus
PpseNAC047  PAV04G018820.1 354 40372.67 4.76 38.32 62.06 -0.774 4lAfA% Nucleus
PpseNAC048  PAV04G020640.1 322 3716544 6.64 40.01 61.49 -0.823 4% Nucleus
PpseNAC049  PAV04G021640.1 272 31197.60 8.94 49.49 61.29 -0.611 4% Nucleus
PpseNAC050 PAV04G022650.1 221 2537830 5.37 36.60 64.34 -0.810 4AEA% Nucleus
PpseNACO051  PAV04G022670.1 258 3003745 561 49.92 65.23 -0.970 A% Nucleus
PpseNAC052 PAV04G022870.1 220 25367.11 5.7 39.61 57.59 -0.925 4 AEA% Nucleus
PpseNAC053  PAV04G022890.1 220 2528513 5.36 36.72 61.55 -0.822 4NAEA% Nucleus
PpseNAC054  PAV04G026700.1 357 3951031 7.63 53.00 54.34 -0.597 4AEA% Nucleus
PpseNAC055 PAV04G028510.1 348 39173.14 8.05 38.02 64.66 -0.614 Y% Nucleus
PpseNAC056  PAV04G040240.1 320 35632.09 4.69 45,09 56.97 -0.773 Y% Nucleus
PpseNAC057 PAV04G040300.1 318 35510.02 4.63 46.42 57.96 -0.762 Y% Nucleus
PpseNAC058 PAV04G040390.1 412 46614.71  4.90 40.97 66.24 -0.752 Jifu4h Extracellular
PpseNAC059 PAV04G040500.1 323 36076.60 4.65 46.69 59.75 -0.773 4MAEA% Nucleus
PpseNAC060 PAV04G040530.1 369 4197748 AT7 41.26 63.14 -0.809 4MAEA% Nucleus
PpseNAC061 PAV04G040580.1 412 46815.05 4.86 40.96 66.48 -0.745 Jfu4h Extracellular
PpseNAC062 PAV04G046880.1 252 29339.25 8.84 40.04 59.56 -0.842 41 t% Nucleus
PpseNAC063 PAV04G063120.1 292 33854.11 5.86 4513 58.15 -0.821 4ffi#% Nucleus
PpseNAC064  PAV05G000920.1 182 21082.87 9.17 38.89 60.60 -0.758 4% Nucleus
PpseNAC065 PAV05G002800.2 354 3977042 6.61 48.65 60.34 -0.686 41ffA% Nucleus
PpseNAC066 ~PAV05G004540.1 182 20926.43  6.55 42.95 59.45 -0.671 iR Cytosol
PpseNAC067 PAV05G005640.1 361 40657.97 7.63 41.55 61.05 -0.577 4% Nucleus
PpseNAC068 PAV05G011330.1 235 26546.89 8.64 54.74 58.85 -0.632 4% Nucleus
PpseNAC069 PAV05G012940.1 436 50 114.05  6.09 52.17 63.94 -0.692 4344 Chloroplast
PpseNACO070  PAV05G020620.1 336 39259.79 6.64 57.33 61.22 -0.889 4lIffA% Nucleus
PpseNACO071  PAV05G027600.1 154 18042.61 856 23.32 63.90 -0.593 4lffL)5 Cytosol
PpseNAC072  PAV05G051220.1 439 49709.83 6.35 35.82 63.99 -0.649 YA A% Nucleus
PpseNACO073  PAV06G015900.1 357 40607.55 8.44 40.62 58.46 -0.735 A% Nucleus
PpseNACO74  PAV06G027790.1 154 17377.71  6.75 45.36 68.38 -0.519 4l Cytosol
PpseNACO75 PAV06G055120.1 391 43699.60 554 51.70 66.60 -0.629 it Vacuole
PpseNACO76 PAV06G055870.1 255 2921069 5.90 4953 58.86 -0.777 4AEA% Nucleus
PpseNAC077  PAV06G056030.1 152 17 669.68 5.88 54.22 60.86 -0.820 Y% Nucleus
PpseNACO078 PAV06G063260.1 346 39716.89 8.90 36.26 67.66 -0.660 IH-%¢44 Chloroplast
PpseNAC079  PAV06G069280.1 330 37626.86 4.83 35.33 72.39 -0.702 IH-£¢44 Chloroplast
PpseNAC080 PAV07G010340.1 183 20951.88 9.16 41.61 49.07 -0.897 Y% Nucleus
PpseNAC081 PAV07G010380.1 238 27105.07 8.92 40.86 75.38 -0.552 4MAEA% Nucleus
PpseNAC082 PAV07G012510.1 248 2819253 5.26 43.69 64.03 -0.808 4MAEA% Nucleus
PpseNAC083 PAV07G012590.1 515 5772342 479 53.45 63.40 -0.709 41 t% Nucleus
PpseNAC084 PAV07G032760.1 196 21877.98 6.19 47.91 54.80 -1.067 41 t% Nucleus
PpseNAC085 PAV07G032770.1 397 45550.28 5.89 44.21 57.96 -0.942 4ffi#% Nucleus
PpseNAC086 PAV07G034320.1 290 33026.39 4.94 50.25 65.59 -0.889 4Hf14% Nucleus
PpseNAC087 PAV07G034330.1 407 46 698.34 5.68 44.84 56.54 -0.996 4H 1% Nucleus
PpseNAC088 PAV07G038690.1 356 39789.58 5.08 4731 69.58 -0.535 2R Rif& Mitochondrion
PpseNAC089 PAV07G039840.1 286 32462.04 651 62.78 57.34 -0.852 4lAfA% Nucleus
PpseNAC090 PAV07G048190.1 334 38491.87 4.99 55.78 62.16 -0.814 4% Nucleus
PpseNAC091 PAV07G052550.1 405 45699.29 5.28 53.44 62.89 -0.713 4344 Chloroplast
PpseNAC092 PAV07G054190.1 487 54801.76  6.63 50.97 53.90 -0.983 4lffA% Nucleus
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SRR S 1D BIERAGE e EIRE LA ﬂ%ﬁ%?ﬁﬁ NERA AR R B LR T E
Gene name Gene ID Number (_)f Mo_lecular Theoretical _Instablllty Allphatlc Grand average of Subcgllu_lar

amino acid weight/Da  pl index index hydropathicity localization
PpseNAC093 PAV08G006250.1 285 3297532 554 45.28 62.25 -0.653 H-4¢44 Chloroplast
PpseNAC094  PAV08G006370.1 285 32989.35 5.54 45.88 62.60 -0.646 IH-£¢44 Chloroplast
PpseNAC095 PAV08G012370.1 291 33823.78  7.69 51.48 71.03 -0.674 4% Nucleus
PpseNAC096 PAV08G029460.1 271 3104129 8.62 40.95 74.43 -0.538 41 t% Nucleus
PpseNAC097 PAV08G036310.1 306 3547758 6.37 59.48 66.31 -0.813 4% Nucleus
PpseNAC098 PAV08G041090.1 680 7700439 5.09 44.64 74.54 -0.419 4% Nucleus
PpseNAC099 PAV08G045690.1 385 4327547 4.72 34.75 74.16 -0.478 4iMf1#% Nucleus
PpseNACI100 PAV08G045700.1 351 39440.16 5.13 30.02 69.40 -0.588 4% Nucleus
PpseNAC101 PAV08G045710.1 299 33183.18 4.99 40.06 73.61 -0.489 4fIf1#% Nucleus
PpseNAC102 PAV08G048770.1 395 44836.70 8.09 37.92 49.16 -0.981 4% Nucleus
PpseNACI103 PAV08G057080.1 285 3217463 5.28 30.66 77.26 -0.380 4Hf1#% Nucleus
PpseNAC104 PAV08G057090.1 351 3938311 5.06 28.76 71.34 -0.548 4H 1% Nucleus
PpseNAC105 PAV08G057100.1 349 39000.70 5.32 39.38 69.77 -0.566 1A% Nucleus
PpseNAC106 PAV00G003150.1 333 38963.46 6.64 57.19 61.47 -0.887 4liffA% Nucleus
PpseNAC107 PAV00G031760.1 289 3243949 6.56 39.39 62.73 -0.828 4liffA% Nucleus
PpseNAC108 PAV00G034490.1 252 29339.25 8.84 40.04 59.56 -0.842 4lAfA% Nucleus
PpseNAC109 PAV00G038580.1 252 2931321 8.84 38.52 59.96 -0.828 4% Nucleus
PpseNAC110 PAV00G053320.1 171 19500.58 8.30 37.25 56.96 -1.049 4% Nucleus
PpseNAC111  PAV00G068750.1 436 50140.08  6.09 53.34 63.72 -0.700 IH-4344& Chloroplast
PpseNAC112 PAV00G070210.1 182 20926.43 6.55 42.95 59.45 -0.671 4lfL)5 Cytosol
PpseNAC113 PAV00G073560.1 430 4794830 4.86 47.72 59.00 -0.669 4% Nucleus
PpseNAC114 PAV00G097160.1 591 6626539 4.55 29.15 63.43 -0.574 4344 Chloroplast
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Fig. 2 Phylogenetic analysis of NAC gene family in Prunus pseudocerasus and Arabidopsis thaliana
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Fig. 6 Intraspecific collinearity analysis of the PpseNAC gene family in Prunus pseudocerasus
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#F 3 PpseNAC EFEEHIEHA Ks.Ka 5 Ka/Ks EEE 7
Table 3 Analysis of Ks, Ka, and the Ka/Ks ratio for selection pressure in PpseNAC gene duplication events
| 2 I LR

if?li:tated type fuijlitajj;ene pairs Ka Ks Ka/Ks

Jr Bt & il Segmental PpseNAC011/PpseNAC012 0.003 681 6 0.009 590 0.383 899
Jr Bt i Segmental PpseNAC004/PpseNAC038 0.292 698 0 1.402 371 0.208 717
Jr B il Segmental PpseNAC003/PpseNAC068 02343781 1.333 170 0.175 805
J B il Segmental PpseNAC035/PpseNAC070 0.178 1147 1.292 143 0.137 844
J B A= il Segmental PpseNAC015/PpseNAC069 0.265 796 1 2.883 815 0.092 168
Fr B i Segmental PpseNAC039/PpseNAC067 0.209 198 9 1.288 398 0.162 371
J B = il Segmental PpseNAC076/PpseNAC089 0.352 960 3 1.546 138 0.228 285
J B i Segmental PpseNAC084/PpseNAC086 0.131 4472 0.231 850 0.566 948
F B i Segmental PpseNAC100/PpseNAC103 0.130 638 6 0.193 962 0.673 526
H I H1) Tandem PpseNAC006/PpseNAC007 0.184 3259 0.279 646 0.659 140
H I 1) Tandem PpseNAC017/PpseNACO018 0.237 518 4 0.322 543 0.736 393
H P 1) Tandem PpseNAC018/PpseNAC019 0.374 685 7 0.520 893 0.719 315
H P 1) Tandem PpseNAC019/PpseNAC020 0.375 883 4 0.526 897 0.713 391
H P2 1) Tandem PpseNAC022/PpseNAC023 0.401 749 4 0.553 618 0.725 680
H P 1) Tandem PpseNAC024/PpseNAC025 0.074 167 1 0.101 978 0.727 285
R 1P | Tandem PpseNAC026/PpseNAC027 0.212 000 6 0.272 803 0.777 120
R4 1 Tandem PpseNAC032/PpseNACO033 0.272 647 1 0.333 224 0.818 209
IR A 1 Tandem PpseNAC050/PpseNACO051 0.103 0379 0.242 934 0.424 140
IR 1 Tandem PpseNAC052/PpseNAC053 0.038 959 0 0.075 976 0.512 782
A 1 Tandem PpseNAC084/PpseNAC085 0.532 505 6 0.916 452 0.581 051
A Tandem PpseNAC086/PpseNAC087 05145547 0.855 385 0.601 548
HR IR A | Tandem PpseNAC099/PpseNAC100 0.148 083 3 0.271 747 0.544 931
H RS i1 Tandem PpseNAC100/PpseNAC101 0.101 568 6 0.226 373 0.448 679
H LA 1 Tandem PpseNAC103/PpseNAC104 0.128 976 7 0.199 909 0.645 178
HR IR A | Tandem PpseNAC104/PpseNAC105 0.088 998 0 0.240 637 0.369 843
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Interspecific collinearity analysis of NAC gene family among Prunus pseudocerasus, Arabidopsis thaliana,

Fig. 7
and Prunus avium
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Fig. 8 Fruit phenotypes of three Prunus pseudocerasus cultivars at key developmental stages

R4 =EAPEESRMEXRE SREINR MR
Table 4 Fruit traits of three Prunus pseudocerasus cultivars at key developmental stages

lcm

it Fof KEB B Wiz 1% R wCRT VA [ TR
Cultivar Developmental stage Longitudinal diameter/mm Transverse diameter/mm Single fruit mass/g Soluble solids content/%
AN/ S2(ZREHD 13.35+0.95 8.68+0.49 0.58+0.10 —
HF S2 (Green fruit stage)
S5CEE B I 14.53+1.21 12.87+0.38 1.39+0.20 6.05+0.21
S5 (Turning stage)
STOREHD 16.97+0.84 15.32+0.82 3.33+0.41 12.23+1.01
S7 (Mature stage)
Wk S2(4ERED 10.74+0.67 9.16+0.29 0.54+0.03 —
HzzZ S2 (Green fruit stage)
S5CEL B 11.58+0.74 11.72+0.61 1.16+0.13 6.57+0.05
S5 (Turning stage)
STOREID 14.31+0.69 15.88+0.54 2.94+0.28 11.98+0.72
S7 (Mature stage)
NIY-1  S2(Z:5H) 12.26+0.60 9.87+0.46 0.71+0.09 —
S2 (Green fruit stage)
S5CEEAB ) 16.41+0.84 16.24+0.65 1.97+0.23 5.34+0.53
S5 (Turning stage)
STOREID 16.35+0.54 16.37+0.55 3.81+0.47 9.74+0.61
S7 (Mature stage)

R ZIN A E R R R R

Note: “—” indicates that soluble solids content was not determined at this stage.
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Fig. 9 Expression patterns of PpseNAC genes at various developmental stages in three Prunus pseudocerasus cultivars
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