
 

Open Access https://doi.org/10.48130/vegres-0025-0011

Vegetable Research 2025, 5: e013

Phenotypic characteristics and transcriptome of wax gourd embryonic root
development under high auxin stress
Xiaoxin Cheng1,2, Jiesheng Hong1,2, Xuling Zhai1,2, Baochen Wang1,2, Renlian Mo1,2, Dian Li1,2, Wenrui Liu1,2,
Jinqiang Yan1,2* and Biao Jiang1,2*

1 Vegetable Research Institute, Guangdong Academy of Agricultural Sciences, Guangzhou 510640, China
2 Guangdong Key Laboratory for New Technology Research of Vegetables, Guangzhou 510640, China
* Corresponding authors, E-mail: yanjinqiang@gdaas.cn; jiangbiao@gdaas.cn

Abstract
Wax gourd is an important horticultural crop, and auxin plays a crucial role in its growth and development. However, excessive concentrations of auxin can

inhibit plant growth. In this study, we investigated the phenotypic characteristics and conducted a transcriptomic analysis of wax gourd embryonic root

development under high auxin concentration. Phenotypic observations revealed that as auxin concentration increased, the primary root of the wax gourd

radicle became shorter, the number of lateral roots increased, and the length of lateral roots fluctuated. Transcriptomic analysis identified 1,305 differentially

expressed genes (DEGs), including 43 genes associated with auxin, as determined by GO and KEGG annotations. We further focused on 10 key genes with

significant  differential  expression and validated the results  using qRT-PCR,  which aligned with  the transcriptomic  date.  Notably,  the  expression of ABCB
increased with higher IAA concentrations, while PILS7, LAX3, IAA16, FRQ1, and MYBS3 showed significant downregulation at 600 μM IAA. Conversely, SAUR32
and SAUR71 were significantly upregulated under the same conditions, while the expression of PIN3 and KRP1 exhibited variable patterns. These findings

suggest that these genes are key regulators of wax gourd embryonic root responses to high auxin concentration. This study provides valuable insights into

the molecular mechanism underlying auxin-induced stress in wax gourd and lays a foundation for further research on its response mechanisms.
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Introduction

As one of the oldest crops in the Cucurbitaceae family, wax gourd
(Benincasa  hispida,  2n = 2x = 24)  is  native to southern China,  India,
Thailand,  and Myanmar.  It  is  known for  its  high yield  and excellent
storage  resistance[1].  Wax  gourd  fruit  ranges  in  weight  from  a  few
kilograms  to  20  kg,  with  some  reaching  up  to  50  kg,  making  it  an
important  vegetable  crop  in  China[2].  Beyond  its  agricultural  value,
wax  gourd  possesses  rich  nutritional  and  medicinal  properties.
The  fruit  is  rich  in  protein,  carbohydrates,  inorganic  salts,  vitamins,
and other  essential  nutrients[3].  Additionally,  the  skin  of  wax gourd
has been shown to aid in the prevention and treatment of metabolic
diseases,  such  as  hyperglycemia,  obesity,  and  cardiovascular
disease[4].

Auxin  is  a  crucial  regulator  of  plant  growth  and  develop-
ment,  primarily  influencing  processes  such  as  cell  division  and
differentiation[5].  Additionally,  auxin  plays  a  central  role  in  various
physiological  processes  by  mediating  chemical  signaling,  enabling
plants  to respond to a  wide range of  biotic  and abiotic  stresses[6,7],
including  resistance  to  Rice  dwarf  virus  (RDV)[8],  heavy  metal
stress[9],  and  salt  stress[10].  Indole-3-acetic  acid  (IAA)  is  the  most
prominent  natural  auxin  in  plants,  existing  in  both  free  and  conju-
gated  forms[11].  A  network  of  auxin-responsive  genes  detects  and
responds  to  auxin  through  complex  signal  transduction  pathways,
maintaining  a  delicate  balance  in  plant  growth  and  development.
For instance,  in nutrient-deficient soil,  auxin rapidly accumulates in
root hair cells, elevating levels of reactive oxygen species (ROS), and
nitric  oxide  (NO),  which  promotes  root  hair  growth  as  an  adaptive
response  to  environmental  challenges[12].  Auxin  synthesis  is  tightly
regulated  by  both  internal  and  external  factors,  and  its  concentra-
tion has a  direct  impact  on plant  growth and development.  At  low

concentrations,  auxin  promotes  growth,  whereas  high  concentra-
tions  can  inhibit  it[13].  At  low  auxin  levels,  the  transcriptional  co-
repressor  TPL  suppresses  auxin-regulated  transcription  by  media-
ting  the  interaction  between  AUX/IAA  proteins  and  ARFs  (Auxin
Response Factors). At high auxin levels, the SCFTIR1 complex binds to
auxin, targeting AUX/IAA proteins for degradation via the ubiquitin-
proteasome  pathway[14].  These  sophisticated  regulatory  mecha-
nisms underscore the importance of auxin in plant development. A
deeper understanding of auxin synthesis,  signaling,  and its  interac-
tion with specific  genes is  essential  to  unravelling the complexities
of plant growth and response to environmental stimuli.

The  root  system  is  fundamental  to  plant  growth  and  develop-
ment,  as  it  absorbs  water  and  mineral  nutrients  from  the  soil.  In
response  to  changing  environmental  conditions,  the  root  system
adapts  its  architecture,  regulates  transcription  factors,  and  modu-
lates  hormone  levels  to  enhance  plant  fitness  and  survival[15−17].
Auxin  plays  a  central  role  in  shaping  root  system  architecture[18].
Research has demonstrated that exogenous auxin promotes lateral
root  growth  and  alleviates  the  inhibitory  effects  of ERF012 overex-
pression on root development[19]. Additionally, studies indicate that
auxin  signaling  is  mediated  through  specific  modules,  including
SLR/IAA14-ARF7, ARF19, BDL/IAA12-ARF5, TRH1, and PIN2.  These
modules  are  crucial  for  driving  root  epidermal  cell  differentiation
and  the  root  gravitropic  response[18,20,21].  Such  findings  highlight
the  intricate  regulatory  role  of  auxin  in  root  system  development
and  its  potential  for  enhancing  plant  adaptation  to  environmental
challenges.

NPA  is  an  auxin  transport  inhibitor.  In  our  preliminary  experi-
ments,  we  observed  that  the  inhibitory  effects  of  600  to  1,000 μM
IAA were similar  to  those of  1−5 μM NPA.  Based on these findings,
we  selected  the  600  to  1,000 μM  IAA  concentration  gradient  for
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further  in-depth  investigation.  In  this  study,  we  investigated  the
phenotypic  characteristics  and  transcriptomic  changes  associated
with  wax  gourd  embryonic  root  development  under  high  auxin
stress.  Our  analysis  identified  differentially  expressed  genes  and
explored  their  roles  in  regulating  root  organ  development  in  res-
ponse to elevated auxin levels. These findings provide new insights
into  the  molecular  mechanisms  underlying  wax  gourd  embryonic
root development under high auxin stress, contributing to a deeper
understanding of its adaptive responses. 

Materials and methods
 

Plant materials
The  inbred  line  B227  of  wax  gourd  (B.  hispida)  was  provided  by

the  Vegetable  Research  Institute,  Guangdong  Academy  of  Agricul-
tural Sciences (Guangdong, China). 

High auxin stress treatments
The  seed  coats  were  removed,  and  the  seeds  were  soaked  in

warm  water  at  55  °C  for  8  h.  Afterward,  the  seeds  were  placed  on
filter  paper  moistened  with  different  concentrations  of  IAA  (600,
800, 1,000 μM) in culture dishes. The control seeds were moistened
with distilled water. The seedlings were then cultivated at 32 °C in a
greenhouse under darkness for 4 d until germination. 

Root phenotype assessment
Four days after germination, the lengths of the primary roots and

lateral  roots  were  measured  using  a  ruler  with  six  biological  repli-
cates, and the number of lateral roots was recorded. Statistical ana-
lyses were subsequently performed using SPSS software. 

RNA extraction, Illimina sequencing, and
differentially expressed gene analyses

RNA  extraction  and  Illumina  sequencing  were  conducted  by
Metware  Biotechnology  Co.,  Ltd.  (Wuhan,  China),  differential  gene
expression  analysis  and  functional  enrichment  analysis  were
performed  using  the  online  tools  available  on  the  Majorbio  Cloud
Platform  (www.majorbio.com).  The  processes  for  RNA  extraction,
Illumina sequencing, quality control, read mapping, and differential
expression gene (DEG) enrichment analysis were as follows:

Total  RNA  was  extracted  using  ethanol  precipitation  and  the
CTAB-PBIOZOL  method.  RNA  purity,  concentration,  and  integrity
were  assessed  using  a  NanoPhotometer,  Qubit  4.0,  and  Qsep400,
respectively.  High-quality  RNA  was  reverse  transcribed  into  cDNA
and amplified by PCR to construct the transcriptome library. Paired-
end sequencing of the RNA-seq libraries was conducted on the Illu-
mina  NovaSeq  6000  platform  (Illumina,  San  Diego,  CA,  USA).  Strict
quality  control  was  applied  to  the  raw  sequencing  data  using
fastp[22] to  ensure  high-quality  reads.  An  index  was  built  using
HISAT[23],  and clean reads were aligned to the reference genome of
wax gourd (wax gourd B227 v1 Genome[1]).  Gene expression levels
were  quantified  using  FPKM  (Fragments  Per  Kilobase  of  transcript

per Million fragments mapped) with featureCounts. Graphpad Prism
9.5 was used to analyse and visualize Pearson correlation.  Principal
component  analyses  (PCA)  were  performed  using  FactoMineR  R
package  and  visualized  with  ggplot  R  package.  Differential  expres-
sion  analysis  between  sample  groups  was  conducted  using
DESeq2[24,25], with criteria set as log2FoldChange ≥ 1 and FDR ≤ 0.05.
Functional  enrichment  analysis  was  performed  using  the  Gene
Ontology (GO) (www.geneontology.org) and Kyoto Encyclopedia of
Genes and Genomes (KEGG) (www.genome.jp/kegg) databases. 

Quantitative real-time RT-PCR
Total RNA was extracted from wax gourd embryonic roots grown

under normal and high auxin conditions using the TransZol Up Plus
RNA  Kit.  Extracted  RNA  was  reverse-transcribed  into  cDNA  using
TransScript® All-in-One  First-Strand  cDNA  Synthesis  SuperMix  for
qPCR  (with  One-Step  gDNA  Removal).  qRT-PCR  was  conducted
using UBIQUITIN as the internal reference gene, with specific primers
listed in Supplementary Table S1[26]. Each experiment included three
biological  replicates  and  three  technical  replicates.  Relative  gene
expression  levels  were  calculated  using  the  2−ΔΔCᴛ method.  A  heat
map based on RNA-seq data was generated by Tbtools[27]. 

Results
 

Morphological characterization of wax gourd
embryonic roots under high auxin

Wax gourd seeds  were  treated with  600,  800,  and 1,000 μM IAA,
with  ddH2O  serving  as  the  control.  After  4  d  of  germination,  the
main root length and the number of lateral roots were recorded. The
germination rate and morphological development of the seeds was
illustrated  in Supplementary  Fig.  S1; Fig.  1,  respectively,  and  the
quantitative  analysis  of  root  characteristics  are  presented  in Fig.  2.
The results revealed that the germination rates ranging from 62.5%
to 78.7%. Seeds treated with ddH2O had the longest main roots and
the highest number of lateral roots. With increasing IAA concentra-
tions,  the  main  root  length  decreased,  and  the  number  of  lateral
roots declined, showing statistically significant differences (p < 0.05)
among  treatments.  Interestingly,  seeds  treated  with  800 μM  IAA
exhibited  the  highest  number  of  lateral  roots,  followed  by  the
ddH2O  control,  while  those  treated  with  1,000 μM  IAA  had  the
fewest lateral roots. 

RNA-seq, quality assessment, and differentially
expressed gene (DEGs) analyses

The  embryonic  roots  treated  with  0 μM  IAA  and  1,000 μM  IAA
were  examined  by  RNA-seq,  each  with  three  biological  replicates.
After  filtering  low-quality  reads,  41,593,638  to  46,908,870  clean
reads were obtained. The error rate of all samples was controlled at
approximately  0.03%.  The  Q20  and  Q30  values  were  greater  than
90%, and the GC content ranged from 42.65% to 43.88%. No GC or
AT bias was observed in any sample.

 

a b c d
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Fig. 1    Phenotype of wax gourd seedlings treated with different concentrations of IAA. (a)  Control,  (b)  treatment with 600 μM IAA, (c)  treatment with
800 μM IAA, (d) treatment with 1,000 μM IAA. Scale bar = 1cm.
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Pearson  correlation  and  PCA  were  performed  to  assess  the  qua-
lity  of  the  transcriptomic  data  (Fig.  3a, b).  High  correlation  coeffi-
cients among replicates demonstrated the consistency of transcrip-
tional changes within each sample. PC1 accounted for 48.1% of the
variance,  while  PC2  explained  21.8%.  Samples  within  the  same
group  were  tightly  clustered,  while  those  from  different  groups
were  well  separated.  These  results  indicate  that  the  sequencing
quality was sufficient for subsequent analyses.

A total of 1,305 DEGs were identified, of which 575 were upregu-
lated, and 730 were downregulated (Fig. 3). Among the most signifi-
cantly  affected  genes  (top  50  DEGs,  ranked  by  log2FoldChange),
many  were  involved  in  redox-related  processes.  These  included
genes  encoding  proteins  such  as  PF00067.25  (Cytochrome  P450),
PF00155.24 (Aminotransferase class  I  and II),  and PF02373.25 (JmjC
domain, hydroxylase).  Additionally,  several genes related to regula-
ting  gene  expression,  such  as  transcription  factors,  were  identified
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Fig. 2    Morphological changes during early roots development in different concentrations of IAA. (a) Main root length, (b) lateral root length, and (c) the
number of lateral roots of wax gourd seed embryonic treated with 0, 600, 800, and 1,000 μM IAA. Data are presented as mean ± standard error (n = 6).
Different lowercase letters on the bars indicate significant differences at p < 0.05 (Duncan's multiple range test).
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Fig. 3    Pearson correlation, PCA analysis, and Volcano plot of differentially expressed genes. (a) Correlation matrix and cluster dendrogram of the whole
dataset.  The analysis  compared the transcriptomes of  all  samples with three biological  replicates.  Dark purple indicates strong correlations,  while  light
purple indicates weaker correlations. (b) PCA of samples grouped by treatment. Blue dots represent 1,000 μM IAA-treated samples, and orange triangles
represent  0 μM  IAA-treated  samples.  (c)  Volcano  plot  showing  DEGs  between  the  two  treatment  groups.  The  x-axis  represents  the  log2FoldChange  of
gene expression levels, while the y-axis represents the significance of the DEGs. Red dots indicate upregulated genes, green dots indicate downregulated
genes, and gray dots indicate non-differentially expressed genes.
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among  the  top  50  DEGs,  including  PF00847.23  (AP2  domain),
PF03106.18  (WRKY  DNA-binding  domain),  and  PF00010.29  (Helix-
loop-helix  DNA-binding  domain).  Other  functional  classifications
among the top 50 DEGs included phosphorylation and dephospho-
rylation  during  signal  transduction,  hydrolysis  reactions,  such  as
glycosidases  and  proteases,  those  involved  in  transferring  groups,
such  as  glycosyltransferases  and  maintaining  cell  structure,  and
cytoskeleton.  Notably,  the  largest  proportions  of  these  DEGs
belonged to the Protein kinase domain (22 members),  Cytochrome
P450  (21  members),  AP2  domain  (17  members),  and  Leucine-rich
repeat (10 members). 

Function and pathway enrichment analyses
We  performed  the  GO  and  KEGG  enrichment  analysis  according

to the 1,305 DEGs to annotate their functions in responding to high
auxin.  A total  of  2,353 Gene Ontology (GO) terms were included in
the  GO  enrichment  analysis.  The  results  revealed  that  1,616  terms
were associated with biological processes, 529 with molecular func-
tions,  and  208  with  cellular  components.  The  three  most  signifi-
cantly  enriched  terms  were  heme  binding  (GO:0020037),  response
to auxin (GO:0009733), and oxidoreductase activity, acting on paired
donors,  with  incorporation  or  reduction  of  molecular  oxygen
(GO:0016705),  all  of  which  are  closely  related  to  auxin  response  or
potential interplay with auxin signaling[28,29].

To  further  explore  functional  enrichment,  we  analyzed  31  terms
with  the  highest  degree  of  enrichment  among  the  DEGs  (Fig.  4).
Regarding biological processes, the majority of genes were enriched
in cellular processes, with 320 upregulated and 341 downregulated
genes.  Other  enriched  categories  included  metabolic  processes,
response  to  stimuli,  and  biological  regulation.  For  cellular  compo-
nents, most genes were associated with cellular anatomical entities
and  protein-containing  complexes.  In  terms  of  molecular  function,
DEGs were primarily involved in binding, catalytic activity, and tran-
scription regulator activity.

A  total  of  108  pathways  were  analyzed  using  KEGG,  with  the  20
most  significantly  enriched  pathways  shown  in Fig.  5.  The  top  five
pathways  were  biosynthesis  of  secondary  metabolites,  phenyl-
propanoid biosynthesis, plant-pathogen interaction, plant hormone
signal transduction, and nitrogen metabolism, involving 136, 28, 55,
57,  and  eight  genes,  respectively.  Furthermore,  we  analyzed  DEGs
involved  in  the  Plant  hormone  signal  transduction  pathway

(ko04075)  and  classified  them  into  five  functional  groups:  auxin-
related,  brassinosteroid-related,  signaling-related,  transcription  fac-
tors,  and  others.  This  classification  aimed  to  investigate  the  cross-
talk network between auxin and other plant hormones and factors.
The results showed 13, 14, 10, 13, and seven genes in each category,
respectively.  Notably,  most  genes  encoding  auxin-responsive  pro-
teins,  such  as SAUR and IAA,  were  downregulated,  whereas  others,
including  indole-3-acetic  acid-amido  synthetase  gene GH3,  were
upregulated (Supplementary Table S2). 

Transcriptome validation by RT-qPCR
To  validate  the  accuracy  of  the  RNA-seq  results,  10  genes  with

significant  expression  differences  (eight  up-regulated  genes  and
two down-regulated genes, Supplementary Table S3) were selected
for qRT-PCR analysis.  Furthermore,  we conducted qPCR analysis  for
600  and  800 μM  IAA  treatments  to  enrich  the  data  and  further
understand the effects of different IAA concentrations. The results of
RT-qPCR  showed  a  high  degree  of  consistency  with  the  RNA-seq
data (Fig. 6), confirming the reliability of the transcriptomic analysis.
Among the selected genes, the expression of ABCB19 increased pro-
gressively with higher concentrations of IAA, indicating its potential
role  in  IAA  transport  and  regulation.  Conversely,  the  expression
levels  of PILS7, LAX3, IAA16, FRQ1, and MYBS3 were  significantly
downregulated  under  treatment  with  600 μM  IAA.  In  contrast,
SAUR32 and SAUR71 were significantly upregulated under the same
conditions.  Interestingly,  the  expression  of PIN3 and KRP1 showed
variable  trends  across  treatments,  reflecting  possible  complex  or
condition-specific  regulatory  mechanisms  that  warrant  further
investigation. 

Discussion

In this study, we examined the phenotypic characteristics of wax
gourd  embryonic  roots  germinating  under  high  concentrations  of
IAA.  As  the  concentration  increased,  the  main  roots  exhibited  a
reduction  in  length,  and  the  lateral  roots  showed  a  decline  in
number.  This  observation  aligns  with  previous  studies,  which  have
demonstrated that  exogenous IAA application inhibits  root growth
by  reducing  cell  size  rather  than  by  inhibiting  cell  production
rates[30−32].  For  instance,  in Arabidopsis  thaliana,  excessive  auxin
accumulation in the root meristem leads to increased expression of

 

Fig. 4    Enrichment analysis of GO differentially expressed gene in wax gourd embryonic roots. BP represents biological process, CC represents cellular
component, and MF represents molecular function.
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Fig. 5    KEGG enrichment analysis of differentially expressed gene in wax gourd embryonic roots. The X-axis represents the enrichment factor of different
KEGG pathways and the Y-axis represents different KEGG pathways. Dot colors indicate different p values, while dot sizes represent the number of genes
associated with each pathway.
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Fig.  6    Validation  of  RNA-Seq  data  using  qRT-PCR  analysis.  (a)  Heat  map  of  10  selected  DEGs  based  on  RNA-seq  data.  (b)−(k)  Expression  pattern
validation analysis by qRT-PCR after 600, 800, and 1,000 μM IAA treatment. X-axis indicates treatment with different IAA concentrations, Y-axis indicates
gene relatively exprssion level. Expression levels were represented as mean ± SE. Error bars indicate the standard error calculated from three replicates.
Different lowercase letters above the bars indicate significant differences (p < 0.05, Duncan's multiple range test).
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PIN1 and PIN4,  and  decreased  expression  of PIN2 and AUX1.  This
redistribution  facilitates  auxin  transport  to  the  root  elongation
zone, thereby inhibiting root elongation[33]. Based on these findings,
we  speculate  that  the  observed  reduction  in  main  root  length  in
wax gourd may result  from the inhibitory  effect  of  IAA on root  cell
elongation.

To identify specific genes responding to high auxin stress in wax
gourd roots, we selected various auxin signaling-related genes from
the  transcriptomic  data  and  validated  their  expression  using  qRT-
PCR. The results indicate that these genes play crucial roles in main-
taining  auxin  homeostasis.  Auxin  efflux  transporters  such  as PIN,
ABCB, and PILS7, are essential for root growth and the development
of  root  architecture[34,35].  A  study  demonstrated  that  knock-down
and genome editing of this genetically linked group of ABCB trans-
porters led to a significant reduction in auxin oscillation and lateral
root  densities[36]. ABCB transporters,  which  are  typically  apolarly
localized, actively transport auxin against its concentration gradient
in  an  energy-dependent  manner[37].  In  this  study, ABCB expression
was  found  to  increase  with  higher  IAA  concentrations,  suggesting
its  role  in  facilitating  auxin  efflux  under  high  auxin  conditions.  In
terms of auxin influx carriers, LAX3 expression peaked under 800 μM
IAA treatment,  followed by 1,000, 600, and 0 μM. This trend closely
mirrored  the  changes  in  lateral  root  length.  Previous  studies  have
shown  that  changes  in  the  expression  of  auxin  influx  carriers  like
LAX3 can  influence  lateral  root  development  by  enhancing  growth
parameters[38,39].  Otherwise,  auxin  produced  in  the  lateral  root
would  be  transported  to  other  issues  to  trigger  cell  separation  by
inducing  the  expression  of LAX3 and PIN transporters[40].  Auxin-
responsive proteins also exhibited significant changes in expression
under high IAA concentrations. Notably, IAA16, SAUR32, and SAUR71
showed  differential  expression  under  600 μM  IAA  treatment.  Zhu
et  al.  reported  that ArAux/IAA16 was  significantly  differentially
expressed after 300 mg/L IAA treatment in Acer rubrum. And overex-
pression  of ArAux/IAA16 in  transgenic  plants  inhibited  adventitious
root  development[41].  Although research on SAUR32 and SAUR71 in
root  development  is  limited,  Wang  et  al.  found  that  IAA  treatment
altered  root  development  in Salvia  miltiorrhiza seedlings,  with
SmSAUR family  genes  influencing  root  parameters[42].  These  fin-
dings  are  consistent  with  our  results,  suggesting  that SAUR32 and
SAUR 71 play roles in auxin-mediated root development.

Additionally,  we  identified  two  stress-related  genes, FQR1 and
MYBS3,  whose  expression  levels  increased  with  IAA  concentration
regardless  of  CK.  Previous  studies  have  shown  that FQR1 mitigates
oxidative  damage  and  enhances  photosynthetic  capacity  under
high-temperature  stress[43].  Similarly, MYBS3 is  highly  expressed
in  cotyledonary  embryos  induced  by  high  IAA  concentrations  and
2,4-D in immature male flowers[44]. Another notable gene identified
was KRP1,  which  encodes  a  calcium-binding  protein  involved  in
inhibiting cell proliferation and enlargement during grain filling and
seed germination in rice[45]. The varied expression of KRP1 observed
in  this  study  suggests  its  potential  role  in  regulating  root  architec-
ture under high auxin conditions.

The observed reduction in main root length, coupled with the vari-
able  lengths  and  numbers  of  lateral  roots,  underscores  the  complex
role of auxin in shaping root architecture. These findings enhance our
understanding  of  plant  hormone  interactions  and  have  potential
implications  in  improving  root  development  in  horticultural  crops
under  stress  conditions.  However,  this  study  raises  new  questions
about the precise mechanisms by which these genes interact to regu-
late root architecture under high auxin stress. Future research should
focus  on  elucidating  the  interaction  networks  of  these  key  genes,
possibly through gene knockout or overexpression studies. Addition-
ally,  exploring  their  interactions  with  other  hormones  and

environmental  factors  will  provide  a  more  comprehensive  under-
standing of root development in wax gourd and other corps. 

Conclusions

In conclusion, this study highlights the significant impact of high
auxin concentrations on the growth and development of wax gourd
embryonic roots. The phenotypic analysis demonstrated that eleva-
ted auxin levels inhibited primary root elongation while promoting
lateral  root  formation with fluctuating lengths.  Transcriptomic ana-
lysis  identified  key  auxin-related  genes,  revealing  distinct  expres-
sion  patterns  under  high  auxin  stress.  Notably,  the  expression  of
ABCB increased  with  higher  IAA  concentrations,  while PILS7, LAX3,
IAA16, FRQ1, and MYBS3 showed  significant  downregulation  at
600 μM IAA. Conversely, SAUR32 and SAUR71 were significantly upre-
gulated  under  the  same  conditions,  while  the  expression  of PIN3
and KRP1 exhibited  variable  patterns,  emphasizing  their  roles  in
auxin  response  regulation.  These  findings  enhance  our  understan-
ding  of  the  molecular  mechanisms  of  auxin-induced  stress  in  wax
gourd and provide a foundation for further exploration of adaptive
strategies  to  optimize  wax  gourd  growth  under  varying  auxin
conditions. 
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