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Transcriptomic analysis of peaches =0

and nectarines reveals alternative mechanism
for trichome formation
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Abstract

Trichomes in Prunus persica (L.) Batsch are crucial specialized structures that play a protective role against both biotic
and abiotic stresses. The fruits with and without trichomes are respectively named as peach and nectarine. At

the genetic level, the formation of trichome in peach is controlled by a single gene, PpMYB25, at the G locus. Peach
(GG or Gg) is dominant to nectarine (gg), but such regulatory role was reported in a small-scale accession. In this
study, we performed large-scale genotype and phenotype screening on 295 accessions. Almost all accessions sup-
ported the casual relationship between trichome formation and PoMYB25. However, a peach to nectarine mutant,
named Maravilha Nectarine Mutant (MN), was discovered to possess a putative functional PpMYB25 gene sequence
(Gg) but revealed nectarine phenotype. Comparative transcriptomic analyses revealed that PpMYB25 transcript

was absent in MN. Correlation analyses also demonstrated that the PoMYB25-mediated regulatory network was abol-
ished in MN. In summary, our results demonstrated an alternative mechanism beyond genetic regulation on trichome
formation.
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Introduction

Trichomes in plants represent a type of specialized cells
above the epidermal cells, primarily serving as an addi-
tional protective layer on the outermost surface for
defense against both biotic and abiotic stresses [11]. For
example, the pointed shape of trichomes prevent plants
from insect or spider bites [33]. Clustering locations of
trichomes form a protecting layer to buffer the mechani-
cal stress caused from raindrops [16]. The trichomes may
also serve as a “coat” to adapt to extremely environmental
dynamics, such as the oscillation between wet and dry or
cold and hot weathers [4, 12, 17], or protect plants from
excessive UV light during development [31]. Thus, tri-
chomes play a crucial role in ensuring survival of plants.

The initiation of trichome formation mainly is regu-
lated by transcription factors, and there are two major
different regulatory routes in plants. In Arabidopsis, tri-
chome formation is initiated by a trimeric transcription
factor (TF) complex, comprising R2R3 MYB, WD40
repeat, and basic helix-loop-helix (bHLH) proteins [13].
In cotton, GhMYB2S initiates trichome formation, and
the loss-of-function mutation in GEMYB2S results in the
absence of trichomes. Although AtMYB106, the homolo-
gous gene of GEMYB25 in Arabidopsis, also participates
in trichome formation, its mutant is still capable of form-
ing trichomes. AtMYB106 is not a required gene for tri-
chome formation in Arabidopsis [15, 35, 36].

Peach, Prunus persica (L.) Batsch, can be regarded as
a model plant in Rosaceae because of its relatively small
genome size (~ 230 Mb) and short juvenility (~ 3 years
to fruit) [1, 2]. Comparing to the genome of two well-
known herbaceous (Arabidopsis thaliana, ~ 135 Mb) [21]
and woody (Populus trichocarpa, ~500 Mb) [24] model
plants in angiosperms, the genome size of P persica
appears to be highly suitable for comparative genomics
and transcriptomics. Furthermore, the high-quality chro-
mosome level assembly of peach reference genome [27]
would minimize potential bias occurred during the bioin-
formatic analyses.

In addition to the small genome size and short repro-
ductive cycle, many horticultural traits in peaches are
found to be controlled by a single gene or locus, making
peach an excellent plant species for studying the molecu-
lar mechanisms underlying traits. For example, the flat
fruit trait in peaches is genetically controlled by a single
gene, PpOFP1, or the “S locus” (saucer locus) localized
on chromosome 6 [34]. PpMYBI10.1 is a master regula-
tor of anthocyanin accumulation in red-skinned peach,
which is at the H locus (highlighter locus) in chromo-
some 3 [23]. Loss-of-function on PpMYBI0.1 caused
the absence of anthocyanin on peach skin. The color of
peach fruit yellow vs. white fresh is regulated by another
single gene, PpCCD4, localized on chromosome 1 [10].

Page 2 of 12

These Mendelian traits show that P, persica is an excellent
model woody species, also as a perennial crop, to explore
the molecular mechanisms of some traits, especially on
fruits.

Previous studies revealed that the trichome develop-
ment on peach skin is also governed by a single gene,
PpMYB25, at the G locus (glabrous locus) on chromo-
some 5 [8]. The glabrous trait of nectarines is recessive,
designated “g” PpMYB2S5 on the G locus, homologous to
GhMYB25, is the master regulator of trichome forma-
tion in P. persica [32]. Thus, the trichome development
appears to be conserved in cotton and P persica. An
insertion of transposon on exon3 of PpMYB25 at the G
locus impedes its transcription and leads to the loss of its
function [26].

The fruits with and without trichomes are named as
peach (2 persica L. Batsch) and nectarine (P persica L.
Batsch var. nectarina), respectively. Nectarine is clas-
sified as a subspecies of peach in botany [19]. The fuzz
(trichomes) on peaches may lead to an undesirable
mouthfeel, so breeding nectarines is a goal in various
programs. Both peaches and nectarines are economi-
cally significant crops, and their annual economic output
could reach to 25 million USD worldwide [25].

In this study, we performed genotyping and phenotyp-
ing of 295 P, persica accessions. To our surprise, we found
one exception that was Maravilha Nectarine Mutant
(MN). It was a peach in genotype possessing a putative
functional PpMYB25 gene sequence (Gg), but fruited as a
nectarine in phenotype (no trichomes). The failure of tri-
chome development under the presence of the functional
master regulator PpMYB25 gene sequence raises the fol-
lowing biological questions: Is trichome development not
solely regulated by a single gene, PpMYB25? Or does a
functional gene sequence not necessarily result in actual
functionality in such accession? We thus conducted tran-
scriptomic analyses on the fruits of this MN cultivar
(Gg) together with that of other three cultivars (Tainung
No.11-XingTaoll peach as GG, Tainung No.7-HongLing
peach as Gg, Sunraycer nectarine as gg) to investigate the
regulatory mechanisms of trichome development, espe-
cially on this MN cultivar.

Materials and methods

Plant materials and DNA extraction

A total of 295 accessions from the National Plant Genetic
Resources Center (NPGRC) at Taiwan Agricultural
Research Institute (TARI) were used for visual inspection
of the present (peach) or absent trichomes (nectarine).
The samples were collected at fruit set stage, where petals
were shed, ovules developed into seeds and initial fruit
organogenesis completed [32]. DNA of each accession
was extracted using 0.1 g fresh leaves and the modified
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CTAB (cetyltrimethyl ammonium bromide) procedure
[9]. The concentration and quality of extracted DNA
were measured using NanoDrop'~ ND-1000 UV-Vis
spectrophotometer (Thermo Scientific, Waltham, MA,
USA) and gel electrophoresis, respectively.

Peach and nectarine genotyping

In addition to visual inspection of the trichomes on the
skin of the peach fruit, the InDel G marker developed
by Vendramin et al. [26] was screened in this study to
discriminate the peach or nectarine genotypes. The
sequence of primer set for Indel G marker are indelG-F
(5CTTGCACCTGAGTTCGATTCCGS3)), indelG-1R
(5GGCTTCAATGGCAGAACAAGG3’), and indelG-2R
(5'GCAGGTGGTGGAGATTCATTCAT?3). The poly-
merase chain reaction (PCR) formula was set up as fol-
low: 10 uL. Ampliqon Taq DNA polymerase 2X Master
Mix RED with a final concentration of 1.5 mM MgCl,
(Ampliqon, Denmark), 20 ng of template DNA, 0.2 pyL
of each 10 uM primers, and sterile ddH,O to achieve a
total volume of 20 pL. The PCR reaction was conducted
using a ProFlex PCR System (Applied Biosystems, USA)
with the following temperature profile: an initial hot start
denaturation at 95 °C for 5 min, followed by 30 cycles of
denaturation at 95 °C for 30 s, annealing at 60 °C for 30 s,
and extension at 72 °C for 60 s. The final 5-min reaction
was performed at 72 °C. Subsequently, the PCR products
were analyzed through 2% (w/v) agarose gel electropho-
resis in 1 X TAE buffer, with an ethidium bromide (EtBr)
staining.

RNA extraction and sequencing

Total RNA of the peach "Tainung No.7-HongLing’ (TN7)
and 'Tainung No.11-XingTao’ (TN11) with the GG and
Gg genotype, and the nectarine 'Sunraycer’ and 'Mara-
vilha Nectarine Mutant’ (MN); with gg and Gg genotype
were extracted at the fruit set stage (n = 5 per accession)
by RNeasy Plant Mini Kit (Qiagen, Germany) accord-
ing to the manufacturer’s instruction. Subsequently, the
quality of isolated total RNA was assessed by Qsep400
Bio-Fragment Analyzer (BiOptic Inc., Taiwan). Library
preparation was performed by TruSeq Stranded mRNA
Library Prep Kit (Illumina, San Diego, CA, USA) fol-
lowing the manufacturer’s instruction. Brieflyy, mRNA
was purified from 1 pg of total RNA utilizing oligo (dT)-
coupled magnetic beads. Following RNA fragmentation
under elevated temperature, first-strand cDNA synthe-
sis occurred using reverse transcriptase and random
primers. Subsequently, double-strand cDNA was gen-
erated, and adaptors were ligated. The products under-
went enrichment through PCR and purification using
the AMPure XP system (Beckman Coulter, Beverly,
USA). The quality of the cDNA libraries was assessed
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using the Qsep400 System (Bioptic Inc., Taiwan), and
quantification was performed with a Qubit 2.0 Fluorom-
eter (Thermo Scientific, Waltham, MA, USA). Finally,
the qualified libraries were sequenced on an Illumina
NovaSeq 6000 platform, generating 150 bp paired-end
reads, by Genomics BioSci & Tech Co., New Taipei City,
Taiwan.

Analysis of differential expression genes

In summary, the comprehensive analysis of transcrip-
tomic data for identifying differentially expressed genes
(DEGs) in peach and nectarine accessions was described
in Figure S1. The raw reads obtained from the Illu-
mina NovaSeq 6000 platform were processed using the
FASTQ data pre-processing tool Fastp (version 0.23.2)
to eliminate adapters and undergo quality filtering (Fast-
pQC_paired.job). The peach genome annotation file and
genetic information for chromosomes were sourced from
the Joint Genomics Institute (https://phytozome-next.jgi.
doe.gov/info/Ppersica_v2_1). Further refinement of the
genomic annotation file involved the exon column was
extracted and information of coding sequences (CDS)
was added. For gene and transcript abundance quantifi-
cation against a reference transcriptome, RSEM (version
1.2.31) coupled with Bowtie2 (version 2.5.1) alignment
was performed. The analysis of differential expression
genes utilized the DESeq2 package (version v1.34.0)
within the R software environment (version 4.1.1). Anal-
ysis of DEGs were classified based on the criteria of an
adjusted P-value <0.05 and an absolute fold change > 1.5.

Principal component analysis

Principal component analysis (PCA) was performed by
the DESeq2 package (version 1.34.0) within R software
(version 4.1.1) and visualized with the ggplot2 package
(version 3.4.2). First, read counts of each sample were
imported and transferred into DESeqDataSet object
with dispersion estimation and fitting model based
on DESeq2. The DESeqDataSet was then transformed
using the function of DESeq2 packag, varianceStabiliz-
ingTransformation. Finally, the plotPCA command was
employed to perform PCA analysis and create a scatter-
plot, utilizing PC1 and PC2 as the X and Y axes.

Correlation of gene expression

Gene expression relationship analyses were conducted
to test the association or correlation between paired
samples using R software (version 4.2.1), in which the
alternative hypothesis employed was"two-sided"and
the method utilized was Pearson correlation. The tar-
get genes used for the calculation included PpMYB2S,
PpMYB26, and their upstream and downstream genes.
Visualization of the correlation network illustrating the
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relationships among PpMYB25, PpMYB26, and their
respective upstream and downstream genes was gener-
ated using Cytoscape software (version 3.10.1).

Scanning electron microscopy

For sample preparation, 0.2 cm 2 pieces of fruit surfaces
were cut from fruits of TN7, TN11, Sunraycer and MN.
Each sample was mounted onto aluminum stub using
double-sided sticky carbon tabs, was coated with gold
in an Emitech K550X Sputter Coater to create electri-
cal conductivity on the sample surface. The sample was
imaged by the HITACHI SU3900 SEM in a high-vacuum
mode operating at 5 kV and the working distance of 7-9
mm.

X-ray micro-tomography

In this study, the projection X-ray microscopy (PXM) at
TPS31 A beamline of National Synchrotron Radiation
Research Centre (NSRRC) in Taiwan was utilized to ana-
lyze the micro structure of the trichome for TN7, TN11,
Sunraycer and MN. The energy of X-ray from synchro-
tron radiation of 20 keV was adopted by tuning a double
crystal monochromator (DCM) to conduct 3-dimen-
tional (3D) tomography of the specimen. The spatial
resolution of image was 2.6 um using 10X objective lens.
The field of view was 8 X 3 mm? and the pixel number of
image detector was 2560 X 2160. The temporal resolution
was 10 min/tomography. The tomography was imple-
mented by rotating the specimen azimuthally with a 0.25°
interval through +90° range for 721 2D frames, and then
reconstructed all 2D frames as a 3D tomography through
an in-house developed software using filtered-back-pro-
jection algorithm. Finally, we use Amira 3D to analyze 3D
internal structure of the sample.

Statistical analysis

The statistical significance of the differences between the
abundance of expression genes among TN7, TN11, Sun-
raycer and MN were tested by Tukey’s HSD test (P value
<0.05) using R software (version 4.1.1). The ANOVA
(analysis of variance) for the mean abundance of expres-
sion genes was conducted following by pairwise compari-
son of mean abundance of expression genes by agricolae
library (version 1.3-7).

Results

Fruit phenotypes of 295 accessions

The 295 accessions were breeding lines and cultivars col-
lected from China, Japan, Taiwan, USA, Brazil, and South
Africa. At least three biological replicates were used,
and the morphology of trichome were recorded (Fig. 1A
and Table S1). For each accession, the phenotypic results
from three biological replicates were consistent. Among
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these 295 accessions, we observed total 262 accessions
with the presence of trichome (i.e., peaches) and 33
accessions with the absence of trichome (i.e., nectarines)
(Fig. 1A and Table S1).

Genotyping of the 295 P. persica accessions

The 295 accessions were also genotyped (Figure S2 and
Table S1). PpMYB2S5 located in the G locus of chromo-
some 5 (Fig. 1B). A recessive allele at the G locus (g)
would exhibit a transposon integration, which cause the
mutant of PpMYB25. In contrast, the dominant allele at
the G locus would show the absence of such transposon
(Fig. 1B). We adapted the two primer sets as IndelG_F/1R
and IndelG_F/2R designed from previous studies [26]
to examine the G locus (Fig. 1B). These two primer sets
share the same forward primer (IndelG_F), but used dif-
ferent reverse primers (IndelG_IR or IndelG_2R). The
primer sets spans across the exon 3 of PpMYB25 cod-
ing region. Using all three primers in one PCR reaction
(IndelG_F +1IndelG_IR +IndelG_2R), we would be able
to differentiate the genotypes into GG, Gg, and gg. In
theory, the primer set of IndelG_F and IndelG_1R would
generate a 197-bp PCR product for g, but the PCR reac-
tion would be failed in G. The IndelG_F and IndelG_2R
would generate a 6458 bp PCR product for g and a 941
bp product for G. Thus, a PCR reaction using all three
primers together in GG would generate one PCR product
as 941 bp, and that in gg would lead to two PCR prod-
ucts as 197 and 6458 bp. Practically, 6458 bp is too long
for PCR, so gg would only results in one PCR product
as 197 bp. Simply put, the PCR product of G using this
primer set would lead to a bigger size of DNA fragment
comparing to that of recessive g. Thus, the genotypes
as GG and gg would both generate a single band on the
gel after electrophoresis, while the single band from gg
would be smaller due to the presence of the transposon.
The genotype as Gg would then generate two bands each
from G and g. Among the 295 accessions, 159 have the
GG genotype, 104 have the Gg genotype, and 32 have
the gg genotype. Although the genotype and phenotype
are consistent in 294 out of 295 accessions, there is one
exception: the Maravilha Nectarine mutant (MN), which
exhibits the nectarine phenotype but carries the Gg
genotype.

Transcriptomic analyses of the Gg accession lacking
trichomes

To investigate molecular mechanisms causing the only
exception (MN) of our genotype—phenotype screening,
we performed transcriptomic analyses to explore the
mechanisms involved in the failure of trichome forma-
tion under the genotype of functional PpMYB25. We also
selected other three cultivars with different genotypes as
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Fig. 1 Visual inspection and nectarine genotyping for the peach core collection. A Part of photographs, phenotype (peach or nectarine), genotype
(GG, Gg, gg) and amounts of peach accessions at Taiwan Agricultural Research Institute (TARI). B Position of the main regulatory gene PoMYB25
among G locus on chromosome 5 in peach along with the gene structures of the G allele (wild-type) and g allele (mutant). All genotyping results
for 295 peach accessions were shown as Figure S2 and Table S1
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Phenotype Peach Nectarine
Genotype GG Gg gg Gg
Accession

(abbreviation)

Mature fruit stage

X-ray micro-
tomography of
fruit surface
(isometric view)

X-ray micro-
tomography of
fruit surface
(front view)

SEM of fruit
surface (X100)

SEM of fruit
surface (X1000)

; hn& . (’

Fig. 2 Trichome morphology of peach and nectarine accessions. From top to bottom panels, this figure illustrates phenotypes, genotypes
(white bar represents 2 cm), accession names, photographs of mature fruit, X-ray micro-tomography (CT) of fruit surfaces (isometric and front
view, white bar represents 50 um), and scanning electron microscopy (SEM) of fruit surfaces (the minimum unit of the scale are 500 and 50 ym
for X100 and X1000, respectively) in four accessions. Peach accessions include the GG allele ‘"Tainung No.11-XingTao' (TN11), the Gg allele "Tainung
No.7-HongLin'(TN7) and the Nectarine accessions encompass the gg allele ‘Sunraycer’ (Sr), and the Gg allele 'Maravilha Nectarine Mutant’ (MN)

the controls, including TN11 (GG), TN7 (Gg), and Sun-
raycer (gg) (Fig. 2). Thus, total four cultivars were used for
comparative transcriptomic analyses: TN11 (GG, pres-
ence of trichome), TN7 (Gg, presence of trichome), Sun-
raycer (gg, absence of trichome), and MN (Gg, absence of
trichome) (Fig. 2).

A total of 20 RNA samples, five biological replicates
each for the four cultivars, were extracted, quantified, and
used for the transcriptomic analyses. Our results showed
high-quality total RNA samples were extracted using our
pipeline, with the RNA Integrity Number (RIN) close to
or equal to 10 (Figure S3A). These high-quality total RNA
were then used to construct libraries for subsequent Illu-
mina sequencing, and the libraries showed a qualified
distribution with the sizes spanning mainly between 200
to 400 bp (Figure S3B). Read count and total sequencing
output of 20 RNA samples were provided in Table S2.

Principal component analysis (PCA) was performed to
compare the transcriptomic profiles among these sam-
ples (Fig. 3A). Two cultivars with the presence of tri-
chomes (TN11 [GG] and TN7 [Gg]) located closely on
the PCA plot, which demonstrate the highly consistency
between their trichome phenotypes and their transcrip-
tomic profiles. The other two cultivars with the absence
of trichomes (Sunraycer and MN) separated from TN11
and TN7, showing potential different mechanisms on the
regulation of trichome formation. However, Sunraycer
and MN also separated from each other, and the results
suggested two possible scenarios. First, the absence of tri-
chome could be caused by different mechanism. Second,
trichome formation is regulated by a small set of genes,
so the transcriptomic difference could not explain the
corresponding trichome phenotype.
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Fig. 3 Results of transcriptomic analysis of peach, the "Tainung No.7-HongLin’(TN7) and ‘Tainung No.11-XingTao' (TN11), and nectarine,

the 'Sunraycer’(Sr) and 'Maravilha Nectarine Mutant’ (MN). A Principal component analysis (PCA) based on read counts of the differentially
expressed genes (DEGs). B Comparison of the mean abundance of the PoMYB25 and PpMYB26 transcripts. C Comparison of the mean abundance
of the downstream genes that mediated by PoMYB25 and PpoMYB26. D Comparison of the mean abundance of the upstream genes that mediated
by PoMYB25 and PpMYB26. Means followed by the same letter within a column are not significantly different at the 0.05 level, as determined

by Tukey's HSD test
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Based on the previous results, the presence of trichome
could be determined by a single gene, PpMYB25 [26], so
the current understanding prefers the possibility of the
second scenario. We then extracted the transcriptomic
information of PpMYB25, and examined its transcript
abundance among different samples. In TN11, TN7 and
Sunraycer, the transcript abundance of PpMYB25 was
consistent to the corresponding genotypes. The tran-
script of PpMYB25 is basically undetectable in Sun-
raycer (gg). The transcript abundance of PpMYB25 was
higher in TN11 (GG) than that in TN7 (Gg), showing
a dosage effect on the transcript abundance with the
functional gene copy number (i.e., the number of the G
allele) (Fig. 3B). Surprisingly, the transcript of PpMYB25
in MN was also nearly undetectable, and the absence
of PpMYB25 transcript in MN is similar to that in Sun-
raycer. The lack of PpMYB2S transcript in both MN and
Sunraycer could explain their fruit phenotype without
trichome.

We also examined the genes involved in the regula-
tory network of PpMYB25, including the downstream
and upstream genes of PpMYB25. PpMYB26 is one of
the most well-known downstream genes of PpMYB25
[32], Table S3), and we found that the relative transcript
abundance of PpMYB26 in the four cultivars is highly
similar to that of PpMYB25, where the transcript in MN
and Sunraycer is basically absent and that in TN11 was
higher than in TN7 (Fig. 3B). The consistent pattern on
transcript abundance between PpMYB25 and PpMYB26
further supported that trichome formation is determined
by the regulatory network mediated by PpMYB25. In
addition to PpMYB26, we further examined the transcript
abundance of other downstream genes of PpMYB2S,
including PpHDGI11, PpEXPA4, PpNAC43, PpCERI,
PpCER3, PpCER4, PpMYB42, PpMYB83, PpPHLS, and
PpCESA7 (Fig. 3C). Again, the transcript abundance pat-
tern of these genes among four cultivars is highly similar
to that of PpMYB25 and PpMYB26. Although PpEXPA4
followed the similar pattern, its transcript abundance is
not absent in MN and Sunraycer, which suggested that
PpMYB25 may not be the only upstream regulator of
PpEXPA4.

In addition to the downstream genes of PpMYB25,
we also investigated the transcript abundance of the
upstream genes of PpMYB25, including PpHMA,
PpNB-ARC, PpTARS, PpSAMT, PpTauE/SafE,
PpAux/IAA, PpABC transporter, PpnsLTP, and PpCNB
binding protein (Fig. 3C). We found that their tran-
script abundance was much lower in TN11 and TN7
than in MN and Sunraycer. Since PpMYB25 expres-
sion was nearly absent in MN and Sunraycer, the plants
might boost the abundance of the upstream regula-
tors to try to enforce the execution of the PpMYB25
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pathway. Instead, PpMYB25 functions effectively in
TN11 and TN7, so the plants do not need to enhance
the upstream regulators of PpMYB25.

Taken together of all of the transcript abundance pat-
terns of PpMYB25 and its upstream and downstream
genes among the four cultivars (TN11, TN7, Sunraycer,
and MN), the transcript abundance of PpMYB25 is the
determining factor on trichome formation. To further
dissect the potential regulatory relationship between
PpMYB25 and its upstream and downstream genes, we
performed correlation analyses among the genes involved
in the PpMYB25-related regulatory network. In TN11
and TN7 with normal development of trichome, high
correlations were shown among PpMYB25, PpMYB26,
and their upstream and downstream genes (Fig. 4A). In
contrast, these correlations were not detected in MN and
Sunraycer without trichomes (Fig. 4B). Our results dem-
onstrated that transcriptomic analyses on the investiga-
tion of the presence or absence of PpMYB2S5 transcript
is much more correlated to the trichome phenotypes
instead of genomic analyses on functional gene coding
regions.

Among the two cultivars with the presence of tri-
chomes, the transcript abundance of PpMYB25 is higher
in TN11 than in TN7 due to different copies number
of functional PpMYB25 in TN11 (GG) and TN7 (Gg)
(Fig. 3B). Since PpMYB25 appears to be the master regu-
lator of trichome formation, an intuitive idea would be
raised that higher abundance of PpMYB25 transcripts
would lead to higher abundance phenotype on trichomes
in terms of density or length. However, in our study, we
found that the trichomes in TN11 (GG) are shorter than
that in TN7 (Gg) (Fig. 2). In other words, PpMYB25 only
affected the presence or absence of trichome, but not the
length.

Discussion

Among the 262 accessions with the presence of trichome
(peaches), 159 were the GG genotype and 103 Gg. For
the 33 accessions the absence of trichome (nectarines),
32 were gg, and 1 accession Gg. Overall, the results of
294 out of 295 accessions are consistent to previous
studies [26]. Our results suggested that the phenotype
of trichome in P persica can be determined solely by
the genotype of PpMYB25 at the G locus of chromo-
some 5 with an extremely rare exception, the Maravilha
Nectarine Mutant (MN) cultivar, regarded as a peach-
to-nectarine mutant. The genotype of G locus from its
wildtype, Maravilha, is also Gg. Some peach-to-nectarine
mutants were also reported previously [5-7, 29]. Peach-
to-nectarine mutants showed broad pleiotropic effects
on fruit size, shape, and taste in addition to hairless-
ness [5, 30]. The genotypes of those previously reported
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Fig. 4 The network diagram illustrates the statistically significant correlations (P < 0.05) involving PpMYB25, PpMYB26, and their upstream
and downstream genes, as presented in Fig. 3. A The samples exhibiting normal trichome ['Tainung No.7-HongLin'(TN7) and 'Tainung
No.11-XinTao'(TN11)] B The samples exhibiting lacking trichome ['Sunraycer’ (Sr) and ‘Maravilha Nectarine Mutant’ (MN)]

peach-to-nectarine mutants still have not been reported,
and the mechanisms involved in the failure of trichome
formation in these mutants also remained unknown.
Other previous studies also suggested some cases
with genotype GG or Gg but exhibiting as nectarine. In
addition to the transposon insertion on exon 3, some P,
persica cultivars possessed transposon insertion on the
exon 2 of PpMYB2S, and the insertion also led to the
loss of function [22]. Another previous study performed
a large-scale screening on the P persica cultivars with-
out trichomes on the fruits (named as hairlessness phe-
notype), but found the absence of transposon insertion
on PpMYB25 [18]. Instead of the loss of function caused
by transposon insertion, such study discovered several
single nucleotide polymorphisms (SNPs) on PpMYB25,
which also abolished its function [22]. Thus, numerous
studies have shown that trichome development in P. per-
sica is controlled by a single gene, PpMYB25. However,
comparing to the reference genome, the G of MN does
not possess any of the SNPs (Figure S4), which sug-
gests another type of regulation beyond the changes on
genome sequences. Different types of regulations could
result in such loss-of-function phenomenon, including
epigenetic regulation to adjust the transcript abundance

or post-transcriptional/translational regulation to alter
RNA or protein structures.

We conducted comparative analyses for the mecha-
nisms that lead to the absence of trichome development.
Total 118 accessions were collected for the comparative
analyses, and these accessions includes 85 accessions
from previous studies and 33 accessions from our study
(Figure S5). Almost all genotypes (116 accessions) showed
a T-DNA insertion (98.31%), and one accession exhibits
SNPs (0.85%). Only one accession—the MN accession—
exhibits the trichome-absent trait without any associ-
ated T-DNA insertion or SNPs. This finding suggests that
the mechanism we identified is exceptionally rare and
may represent a novel or previously overlooked pathway
underlying the trichome-absent phenotype.

MN is a cultivar derived from sport mutation. This
type of mutation is a common phenomenon among fruit
tree, such as apple and citrus [3]. In apple, sport muta-
tion is one of the main avenues for breeders to gener-
ate new cultivars with diverse on ripening time [14], or
fruit skin colors [28]. The different phenotypes caused
by sport mutation in apple were found to lead to alterna-
tive genetic or epigenetic regulation [28]. In our study, we
identified another case of sport mutation in peach, which
might be regulated by epigenetics.
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Previous studies have reported that trichome forma-
tion in an eudicot weed species, Mimulus guttatus, is reg-
ulated through epigenetic manners. In different regions,
M. guttatus exhibited different trichome densities on
leaves. One of the most distinct trait among there regions
is the frequency of herbivore feeding. Through a com-
mon-garden strategy, that research team applied various
mechanical stress on the leaves. Upon the treatment of
the mechanical stress, they found the high correlation of
trichome density with the intensity of mechanical stress,
and such phenomenon could last for at least two genera-
tions [20]. In our study, we found that trichome forma-
tion could also be regulated through epigenetic manners
on PpMYB25 in P. persica. With the functional coding
region of PpMYB25 in MN cultivar, the plants could turn
off the transcription of PpMYB25 to abolish its function.
Core eudicots is composed of two representative evo-
lutionary clades, rosids and asterids. M. guttatus and P

2
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persica respectively belong to asterids and rosids. Since
trichome formation was found to be regulated by epi-
genetics manners in both M. guttatus (asterids) and P
persica (rosids), the epigenetic regulation of trichome
formation appears to be conserved throughout the whole
core eudicots.

Conclusions

Trichomes in peach represent specialized structures
that play pivotal roles for the protection against both
biotic and abiotic stressors. Genetically, the develop-
ment of trichomes in peach is primarily regulated by
a single gene, PpMYB25, situated on the G locus. G
and g respectively represent a functional and a knock-
out locus. Through the examination of trichome for-
mation across 295 accessions, we identified a specific
accession (MN) that harbored a putative functional
PpMYB25 gene sequence (Gg) but exhibited a nectarine
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Fig. 5 Schematic regulatory models of trichome formation models for peach and nectarine accessions. Regulatory control of trichrome formation
at transcriptomic level for peach, the "Tainung No.7-HongLin’ (TN7) and ‘Tainung No.11-XingTao' (TN11), and nectarine, the ‘Sunraycer’ (Sr)

and 'Maravilha Nectarine Mutant’ (MN) were illustrated. The TN7 with GG genotype expressed functional PoMYB25 manifested normal trichome
formation. Ever though insertion of transposon (black rectangle) in one chromosome of the TN11 resulted in loss of function of the PoMYB25,
expression of the remaining functional PpMYB25 led to normal trichome formation. For Sunraycer with gg genotype, both PoMYB25 possessed
transposon insertion and contributed to no expression of PpMYB25. Putative epigenetic regulation was proposed to block the expression

of the functional PpMYB25 for the MN with Gg genotype, therefore no trichome formation was observed
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phenotype as the absence of trichomes. Transcrip-
tomic analyses were used to explore the mechanisms
of trichome formation in MN, and other three acces-
sions were used as control: TN11 (GG, peach), TN7
(Gg, peach), and Sunraycer (gg, nectarine). The pres-
ence and absence of PpMYB25 transcript were con-
sistent to the trichome phenotypes in all accessions
that PpMYB25 is not expressed in neither Sunraycer
and MN (Figs. 3, and 5). In addition to the absence of
PpMYB25 transcript, correlation network analyses
showed that PpMYB25-mediated regulatory network
was also abolished in Sunraycer and MN (Figs. 4 and
5). Our results demonstrated an alternative regulatory
mechanism beyond genetic regulation on trichome for-
mation, which is highly likely to be derived from epige-
netic regulation (Fig. 5).
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