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Abstract

The YABBY transcription factor (TF) family is a group of plant-
specific proteins characterized by a unique structure comprised of a
C2C2 zinc finger domain and a helix-loop-helix YABBY domain.
These TFs play crucial roles in regulating various aspects of plant
development, such as lateral organ formation and leaf polarity, as
well as mediating responses to abiotic and biotic stresses. This study
investigated the potential functions and expression profiles of 13
genes encoding the YABBY TF family in cassava (Manihot
esculenta) under various stress conditions. Through a comprehensive
analysis of promoter regions, we identified numerous cis-regulatory
elements (CREs) associated with abiotic stress responses and
phytohormone regulation. Specific CREs, such as low-temperature
responsive elements and MYB recognize sites, were linked to cold
and drought responses, respectively, suggesting their involvement in
stress adaptation. RNA-Seq analysis under drought and PEG6000
treatments revealed significant transcriptional changes, with several
YABBY genes being upregulated or downregulated, indicating their
roles in drought tolerance and water use efficiency. Under biotic
stress conditions, specifically cassava brown strike disease
inoculation, YABBY genes exhibited diverse expression patterns,
with notable downregulation of certain genes, suggesting their
potential regulatory roles in stress responses. Taken together, these
findings highlighted the diverse and critical functions of YABBY
TFs in cassava's stress resilience and developmental processes.
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Introduction

Cassava, a starchy root crop native to South
America, plays a crucial role in food security and
agriculture, especially in tropical and subtropical
regions (Olsen & Schaal, 1999; Guira et al.,
2017). It is a primary food source for over 800
million people globally, particularly in Africa,
Asia, and Latin America, providing essential
calories and nutrients (Li et al., 2017; Malik et
al., 2020). Cassava cultivation is favored due to
its remarkable ability to grow in poor soils and
withstand harsh climatic conditions, including
drought and low soil fertility (Gleadow et al.,
2016; Shan et al., 2018). This resilience makes it
a dependable staple crop in areas prone to
adverse weather, contributing significantly to the
livelihoods of smallholder farmers.
Understanding the molecular mechanisms
underlying cassava's stress responses is vital, as
it can lead to improved breeding programs,
enhance crop yields, and support sustainable
agricultural practices (Okogbenin et al., 2013;
Turyagyenda et al., 2013; Zhao et al., 2015a). By
studying these mechanisms, researchers can
develop more resilient crop varieties, ensuring a
more stable food supply and addressing food
security challenges in regions vulnerable to
climate change.

In higher plant species, the YABBY
transcription factor (TF) is considered as a family
of specific regulatory proteins characterized by a
unique structure comprised of a C2C2 zinc finger
domain and a helix-loop-helix YABBY domain
(Finetetal., 2016; Romanova et al., 2021). These
TFs have been reported to play crucial roles in
regulating various aspects of plant development,
including lateral organ development, leaf
polarity, and reproductive organ formation
(Shchennikova et al., 2018; Zhang et al., 2020).
In addition to their developmental functions,
YABBY TFs were also found to be involved in
responding to environmental stresses (Liu et al.,
2022; Kong et al., 2023; Hussain et al., 2024).
Recently, 13 members of the YABBY TF family,
namely from MeYABBYO0l to MeYABBY13,
were surveyed in the recent cassava assembly
(Vinh et al., 2024). Investigating the expression
levels of the YABBY TFs in cassava is essential
to elucidate the molecular mechanisms
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underlying the plant's stress response.
Understanding how YABBY genes are
regulated under stress conditions can provide
insights into cassava's resilience to adverse
environmental factors, guiding the development
of more robust and stress-tolerant cassava
varieties through targeted breeding and genetic
engineering efforts.

The aim of this study was to investigate the
expression profiles of the genes encoding the
YABBY TF family in cassava under adverse
environmental conditions. We first analyzed the
promoter regions to enrich the cis-regulatory
elements (CREs). Next, three transcriptome
databases were explored to access the expression
patterns of genes encoding the YABBY TF
family under abiotic and biotic stress conditions.

Materials and Methods

Data collection

Three types of sequences, encompassing
coding DNA sequences, genomic DNA
sequences, promoter sequences, and full-length
protein sequences, of the 13 members of the
YABBY TF family in cassava reported in the
recent study (Vinh et al., 2024) were obtained
from the newest cassava assembly (NCBI
RefSeq assembly: GCF_001659605.2)
(Bredeson et al., 2016) available on Phytozome
(Goodstein et al., 2012) and NCBI.

Three RNA-seq datasets were obtained from
GEO NCBI (Edgar et al., 2002; Barrett et al.,
2013). These libraries included both biotic stress
from cassava brown strike disease (CBSD)
inoculation (GSE56467) (Patil et al., 2015;
Tomlinson et al., 2018) as previously reported
(Maruthi et al., 2014) and abiotic stress conditions
from a polyethylene glycol 6000 (PEG 6000)
treatment (GSE93098) (Ding et al., 2017) and
drought stress (GSE98537) (Zhu et al., 2020).

Promoter analysis

A 1000bp sequence upstream of the start
codon was employed to identify the CREs as
outlined in a previous study (Chu et al., 2018).
The PlantCARE website (Lescot et al., 2002)
was used to analyze the promoter regions of the
genes. Several CREs were also manually
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searched by using BIoEDIT software (Hall,
1999). A list of two stress-responsive [LTRE
(low-temperature  responsive element) and
MYBRS (MYB recognize site)] and six
phytohormone-induced CREs [namely ABRE
(abscisic acid-responsive element), TGACG-
motif, P-box, TGA-box, TCA-element and
CGTCA-motif] were explored as previously
described (Abe et al., 2003; Nakashima &
Yamaguchi-Shinozaki, 2013; Chu et al., 2018).
The core sequences and putative functions of
these CRESs are provided in Table 1.

Transcriptomic analysis

We selected three microarray datasets
available from GEO NCBI (Edgar et al., 2002;
Barrett et al., 2013) to retrieve the transcriptional
changes of the genes. Briefly, the GEO dataset
GSE56467 explored the transcriptional response
of cassava leaves infected with CBSD using an
Illumina HiSeq 2000 (Maruthi et al., 2014). The
GEO dataset GSE93098 analyzed samples from
different tissues (roots, folded leaves, fully
expanded leaves, and bottom leaves) in response
to a PEG 6000 treatment to simulate drought
stress using an lllumina HiSeq 2000 (Ding et al.,
2017). The GEO dataset GSE98537 investigated
the genetic regulation of drought-stress
responses in cassava leaves using an Illumina
HiSeq 2000 (Zhu et al., 2020). The fold change
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was utilized to estimate the expression profile of
the genes.

Data analysis

To estimate gene expression levels using
fold-change in RNA-Seq, the fragments per
kilobase of transcript per million mapped reads
(FPKM) of each gene in the examined sample
were explored. Differential expression analysis
was performed using DESeq?2 software (version
3.20) (Love et al., 2014), which models the count
data and estimates the fold change in gene
expression between conditions. The fold change
is calculated as the ratio of normalized
expression levels (FPKM) between the two
conditions. Significant differentially expressed
genes were identified based on the fold-change
and adjusted P-values, with upregulated genes
showing a positive fold-change (fold-change >
1.5) and downregulated genes showing a
negative fold-change (fold-change < -1.5).

Results and Discussion

Prediction of the cis-regulatory elements in the
promoter regions of the YABBY transcription
factor family

In order to investigate the potential function
of the YABBY TF family in cassava, we
performed a comprehensive analysis of the

Table 1. List of phytohormone-induced and stress-responsive cis-regulatory elements used in this study

Name of cis-

Core sequence
regulatory element q

Function Reference

1 LTRE CCGAAA
CAACTG or

2 MYBRS TAACTG

CACGTG, ACGTG

3 ABRE or TACGTG

4 TGACG-motif TGACG

5 P-box GCCTTTTGAGT

6 TGA-box TGACGTAA

7 TCA-element CCATCTTTTT

8 CGTCA-motif CGTCA

Cis-acting element involved in low-
temperature responsiveness

MYB binding site involved in drought-
inducibility
Cis-acting element involved in ABA
responsiveness

Cis-acting regulatory element involved in
MeJA responsiveness

Gibberellin responsive element

Part of an auxin-responsive element

Cis-acting element involved in salicylic acid
responsiveness

Cis-acting regulatory element involved in
MeJA-responsiveness

(Abe et al., 2003; Yamaguchi-
Shinozaki & Shinozaki, 2005)

(Maruyama et al., 2012)

(Nakashima & Yamaguchi-
Shinozaki, 2013)

(Chu et al., 2018)

(Chu et al., 2018)

(Chu et al., 2018)

(Chu et al., 2018)

(Chu et al., 2018)
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promoter regions based on various tools (Hall,
1999; Lescot et al., 2002). As a result, a summary
of the occurrences of CREs that were found in
the promoter regions of genes encoding the
YABBY TF family in cassava is provided in
Table 2.

We found that one CRE involved in low-
temperature responsiveness, namely LTTRE,
was localized in the promoter regions of three
genes, MeYABBY03, MeYABBY05, and
MeYABBY08. Meanwhile, MYBRS (CRE
involved in drought-inducibility) was recorded in
the promoter regions of two genes, MeYABBY03
and MeYABBY06. Our analysis suggested that
these genes might be involved in cold and
drought conditions.

Next, to hypothesize which genes encoding
the YABBY TF family in cassava were regulated
by phytohormones, the phytohormone-induced
CREs were enriched. As expected, ABRE was
found in the promoter regions of three genes,
namely MeYABBY05, MeYABBY06, and
MeYABBY12. Two CREs involved in the MeJA
responsiveness, the TGACG-motif and CGTCA-
motif, were found in the promoter regions of six
genes, namely MeYABBYO0l, MeYABBYO02,
MeYABBY06, MeYABBY08, MeYABBY10, and

MeYABBY11. Additionally, the P-box and TGA-
box, two CREs involved in gibberellin and auxin
responsiveness, were found in the promoter
regions of MeYABBY04 and MeYABBY10,
respectively. A CRE involved in salicylic acid
responsiveness, namely the TCA-element, was
recorded in the promoter regions of four genes,
namely MeYABBYO08, MeYABBY09,
MeYABBY10, and MeYABBY13.

Previously, the enrichment of stress-
responsive and phytohormone-induced CREs
was reported in the promoter regions of genes
encoding YABBY TF families in higher plant
species. In carrots, various CREs with distinct
physiological and biological roles were
identified in the promoter regions of genes
encoding the YABBY TF family (Hussain et al.,
2024). Notably, ABRE was found in four
YABBY genes, while five YABBY genes
contained the TGACG element (Hussain et al.,
2024). Only one YABBY gene had the TCA-
element associated with salicylic acid response,
and another gene showed TC-rich repeats,
indicating involvement in stress and defense,
while MYBRS, responsive to drought, was
present in three YABBY genes, and two YABBY
genes contained LTRE, which responds to low

Table 2. Summary of the phytohormone-induced and stress-responsive cis-regulatory elements found in the promoter regions of

the YABBY transcription factor family in cassava

Stress-responsive cis-
regulatory elements

Phytohormone-induced cis-regulatory elements

# Gene name

LTRE MYBRS ABRE TGACG-motif

CGTCA-

: TCA-element
motif

P-box  TGA-box

MeYABBYO01

MeYABBY02

MeYABBYO03 + +
MeYABBYO04

MeYABBY05 + +
MeYABBYO06 + +
MeYABBYO07

MeYABBY08 +

© 00 N o g A~ W N e

MeYABBY09

=
o

MeYABBY10

[
[N

MeYABBY11

=
N

MeYABBY12 +

=
w

MeYABBY13

+

+
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temperatures (Hussain et al., 2024). Five
YABBY genes showed the CGTCA motif, also
involved in  methyl  jasmonic  acid
responsiveness, while the P-box, TATC box, and
TCA element, related to gibberellin and salicylic
acid responses, were each found in one YABBY
gene (Hussain et al., 2024). To explore the
potential functions of YABBY genes in Juglans
regia and J. mandshurica, the CREs in their
upstream promoter regions were also examined
(Liu et al., 2022). The analysis identified the
stress response elements of MBS, associated
with drought stress, and LTR, related to low-
temperature stress (Liu et al., 2022). These
findings indicated that YABBY genes may be
involved in plant development, stress responses,
and phytohormone responses in J. regia and J.
mandshurica (Liu et al., 2022). Furthermore, the
promoter regions of the YABBY genes in
Platycodon grandiflorus included various CREs
(Kong et al., 2023). Each YABBY gene featured
light-responsive CREs, which were the most
abundant, followed by several hormonal CREs
(Kong et al., 2023). Among them, PgYABBY1
had the highest diversity of CREs, with 11
different types related to defense and stress
responses, zein metabolism regulation, and
endosperm expression (Kong et al., 2023).
PgYABBY4 featured four types of CREs, with the
occurrences of ABRE, while PgYABBY5 and
PgYABBY6 each contained three CREs,
including both light-responsive CREs and ABRE
(Kong et al., 2023).

Expression  profiles of the YABBY
transcription factor family under abiotic
stress conditions

Cassava is recognized for its remarkable
tolerance to abiotic stresses (Gleadow et al.,
2016; Shan et al., 2018). Its resilience to drought,
poor soil fertility, and high temperatures is
attributed to several physiological and molecular
mechanisms. Of interest to us, we expected that
several YABBY genes would exhibit differential
expression levels under drought stress. To assess
the expression levels of genes encoding the
YABBY TF family under water limitation in
cassava, we analyzed two sets of RNA-Seq data
related to drought (Zhu et al., 2020) and
PEG6000 treatments (Ding et al., 2017).

https://vjas.vnua.edu.vn/
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Under drought conditions, genes encoding
the YABBY TF family exhibited great
transcriptional changes in treated leaf samples
(Figure 1). Specifically, four genes, namely
MeYABBY05, MeYABBY06, MeYABBY09, and
MeYABBY10, were not responsive to the drought
stress in leaf tissues (fold-change < 1.5-fold). We
found that six genes, namely MeYABBYO1,
MeYABBY03, MeYABBY04, MeYABBYO0S,
MeYABBY11, and MeYABBY13, were reduced
(fold-change < -1.5-fold) in drought-treated
leaves. Among them, MeYABBYO03,
MeYABBY11, and MeYABBY13 were noted to be
strongly down-regulated in leaf samples under
the drought treatment by -43.96, -35.49, and -
262.66-fold, respectively. The significant
reduction of these YABBY genes in drought-
treated cassava leaves highlights their potential
role in the plant's response to drought stress,
suggesting their involvement in pathways that
modulate adaptation to water scarcity. This
dramatic downregulation could be a protective
mechanism to reduce growth and conserve
energy during drought conditions (Okogbenin et
al., 2013; Zhao et al., 2015b). In contrast, our
analysis proposed three up-regulated genes (fold-
change > 1.5-fold), namely MeYABBY02,
MeYABBY07, and MeYABBY12. Among them,
MeYABBY02 and MeYABBY12 were recorded to
be highly induced in drought-treated leaves by
21.38 and 7.14-fold, respectively. The induction
of certain YABBY genes in drought-treated
cassava leaves indicated their potential
involvement in the plant's adaptive response to
water deficit. Upregulation of these genes
suggested they may enhance drought tolerance
by maintaining cellular homeostasis, activating
protective mechanisms, and improving water use
efficiency under drought conditions (Okogbenin
et al., 2013; Zhao et al., 2015b).

Under the PEG 6000 treatment, genes
encoding the YABBY TF family exhibited
variable expression patterns in examined tissue
samples (Figure 2). In root tissues, we found that
only one gene, namely MeYABBYO01l, was
reduced (-1.71-fold) in this sample at 24h after
the treatment of PEG 6000. This gene was also
down-regulated in bottom leaf tissues at 24h after
the PEG treatment (-1.97-fold) and in PEG 6000-
treated fully expanded leaves. MeYABBYO03 was
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Figure 1. Transcriptional changes of genes encoding the YABBY transcription factor family in drought-treated leaves in cassava
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Figure 2. Transcriptional changes of genes encoding the YABBY transcription factor family in PEG 6000-treated root and leaf
samples in cassava

reduced in both the treated bottom leaf and fully
expanded leaf samples by -1.96-fold and -1.71-
fold at 24h after the treatment, respectively,
while two genes, MeYABBY04 and MeYABBY05,
were down-regulated in fully expanded leaves
and bottom leaves by -2.05-fold and -1.98-fold,
respectively. MeYABBY08 was down-regulated
in the PEG 6000-treated bottom leaves (-1.73-

2400

fold), whereas two genes, MeYABBY09 and
MeYABBY10, were up-regulated in the PEG
6000-treated folded leaves by 2.09-fold and 1.84-
fold at 24h after the treatment, respectively. One
gene, namely MeYABBYO06, was reduced (-1.85-
fold) but induced (1.58-fold) in folded leaves at
3h and 24h after the treatment, respectively.
Interestingly, this gene was also down-regulated

Vietnam Journal of Agricultural Sciences



in bottom leaf samples by -1.89-fold and -3.39-
fold at 3h and 24h after the treatment of PEG
6000, respectively.

Expression  profiles of the YABBY
transcription factor family under biotic stress
conditions

To access the expression levels of genes
encoding the YABBY TF family under biotic
stress conditions in cassava, we explored the
previous RNA-Seq data related to the CBSD-
inoculated leaves of cassava plants (Maruthi et
al., 2014). As a result, the transcriptional changes
of the 13 genes encoding the YABBY TF family
are provided in Figure 3.

We found that all the genes encoding the
YABBY TF family exhibited divergent
expression levels in CBSD-treated leaf tissues.
Particularly, the expression levels of six genes,
namely MeYABBYO02, MeYABBYO04,
MeYABBY07, MeYABBY11, MeYABBY12, and
MeYABBY13, were not detected in inoculated
leaf samples. Meanwhile, MeYABBYO03,
MeYABBY09, and MeYABBY10 were not
significantly induced (fold-change > 1.5-fold)
and MeYABBYO01, MeYABBYO05, and
MeYABBY08 were not significantly reduced
(fold-change < -1.5-fold) in treated leaves.
Interestingly, we found that MeYABBY06 was
strongly reduced in CBSD-inoculated leaf tissues
by approximately -49.23-fold. This evidence
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suggested that MeYABBY06 might be a negative
regulator in leaf tissues under the CBSD
treatment.

Previously, the expression levels of genes
encoding the YABBY TF family in plant species
under biotic stress conditions were reported
(Zhang et al., 2020). For example, to explore the
roles of YABBY genes in the stress responses of
J. regia, their expression patterns in different
walnut varieties subjected to biotic stress were
analyzed (Liu et al., 2022). The study showed
that YABBY gene expression levels were higher
in anthracnose-resistant cultivars compared to
anthracnose-susceptible cultivars, indicating a
potential role for YABBY genes in conferring
anthracnose resistance (Liu et al., 2022). Among
them, YABBY genes exhibited low expression
levels in the early-stage susceptible cultivars (Liu
et al., 2022). However, three genes, namely
YABBYO02, YABBY04, and YABBY 10, were highly
expressed in the early-stage resistant cultivars,
highlighting the significant roles of YABBY
genes in early-stage biotic stress defense (Liu et
al., 2022).

Conclusions

Our analysis of the promoter regions of
genes encoding the YABBY transcription factor
family in cassava identified numerous cis-
regulatory elements linked to abiotic stress
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Figure 3. Transcriptional changes of genes encoding the YABBY transcription factor family in cassava brown strike disease-
inoculated leaves in cassava
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responses, phytohormone regulation, and plant
development. Key elements, such as LTRE and
MYBRS, were associated with cold and drought
responses, while ABRE, the TGACG-motif, and
TCA-element suggested roles in hormonal
regulation.  Expression profiling revealed
significant up- or downregulation of MeYABBY
genes under drought, polyethylene glycol 6000,
and cassava brown strike disease inoculation,
highlighting their potential roles in stress
tolerance and adaptation. These findings
emphasize the diverse functions of YABBY TFs
in cassava's responses to environmental stresses
and development.

Acknowledgements

This study was funded by VNU University
of Engineering and Technology under project
number CN24.18.

References

Abe H., Urao T, Ito T., Seki M., Shinozaki K. &
Yamaguchi-Shinozaki K. (2003).  Arabidopsis
AtMYC2 (bHLH) and AtMYB2 (MYB) function as
transcriptional activators in abscisic acid signaling.
Plant Cell. 15(1): 63-78.

Barrett T., Wilhite S. E., Ledoux P., Evangelista C., Kim I.
F., Tomashevsky M., Marshall K. A., Phillippy K. H.,
Sherman P. M., Holko M., Yefanov A., Lee H., Zhang
N., Robertson C. L., Serova N., Davis S. & Soboleva
A. (2013). NCBI GEO: archive for functional
genomics data sets - update. Nucleic Acids Research.
41(Database issue): D991-5.

Bredeson J. V., Lyons J. B., Prochnik S. E., Wu G. A., Ha
C. M., Edsinger-Gonzales E., Grimwood J., Schmutz
J., Rabbi I. Y., Egesi C., Nauluvula P., Lebot V.,
Ndunguru J., Mkamilo G., Bart R. S., Setter T. L.,
Gleadow R. M., Kulakow P., Ferguson M. E.,
Rounsley S. & Rokhsar D. S. (2016). Sequencing wild
and cultivated cassava and related species reveals
extensive interspecific hybridization and genetic
diversity. Nature Biotechnology. 34(5): 562-570.

Chu H. D., Nguyen K. H., Watanabe Y., Le D. T., Pham T.
L. T., Mochida K. & Tran L. P. (2018). Identification,
structural characterization and gene expression
analysis of members of the Nuclear Factor-Y family in
chickpea (Cicer arietinum L.) under dehydration and
abscisic acid treatments. International Journal of
Molecular Sciences. 19(11): 3290.

Ding Z.,FuL., Yan Y., Tie W., Xia Z., Wang W., Peng M.,
Hu W. & Zhang J. (2017). Genome-wide
characterization and expression profiling of HD-Zip

2402

gene family related to abiotic stress in cassava. PL0S
One. 12(3): e0173043.

Edgar R., Domrachev M. & Lash A. E. (2002). Gene
Expression Omnibus: NCBI gene expression and
hybridization array data repository. Nucleic Acids
Researh. 30(1): 207-210.

Finet C., Floyd S. K., Conway S. J., Zhong B., Scutt C. P.
& Bowman J. L. (2016). Evolution of the YABBY
gene family in seed plants. Evolution & Development.
18(2): 116-126.

Gleadow R., Pegg A. & Blomstedt C. K. (2016). Resilience
of cassava (Manihot esculenta Crantz) to salinity:
implications for food security in low-lying regions.
Journal of Experimental Botany. 67(18): 5403-5413.

Goodstein D. M., Shu S., Howson R., Neupane R., Hayes R.
D., Fazo J., Mitros T., Dirks W., Hellsten U., Putnam N.
& Rokhsar D. S. (2012). Phytozome: a comparative
platform for green plant genomics. Nucleic Acids
Research. 40(Database issue): D1178-86.

Guira F., Some K., Kabore D., Sawadogo-Lingani H.,
Traore Y. & Savadogo A. (2017). Origins, production,
and utilization of cassava in Burkina Faso, a
contribution of a neglected crop to household food
security. Food Science and Nutrition. 5(3): 415-423.

Hall T. A. (1999). BioEdit: A user-friendly biological
sequence alignment editor and analysis program for
Windows 95/98/NT. Nucleic Acids Symposium
Series. 41: 95-98.

Hussain M., Javed M. M., Sami A., Shafig M., Ali Q.
Mazhar H. S., Tabassum J., Javed M. A., Haider M. Z.,
Hussain M., Sabir I. A. & Ali D. (2024). Genome-wide
analysis of plant specific YABBY transcription factor
gene family in carrot (Dacus carota) and its
comparison with Arabidopsis. BMC Genomic Data.
25(1): 26.

Kong L., Sun J., Jiang Z., Ren W., Wang Z., Zhang M., Liu
X.,Wang L., MaW. & Xu J. (2023). Identification and
expression analysis of YABBY family genes in
Platycodon grandiflorus. Plant Signaling and
Behavior. 18(1): 21630609.

Lescot M., Déhais P., Thijs G., Marchal K., Moreau Y.,
Van de Peer Y., Rouzé P. & Rombauts S. (2002).
PlantCARE, a database of plant cis-acting regulatory
elements and a portal to tools for in silico analysis of
promoter sequences. Nucleic Acids Research. 30(1):
325-327.

Li S., Cui Y., Zhou Y., Luo Z., Liu J. & Zhao M. (2017).
The industrial applications of cassava: current status,
opportunities and prospects. Journal of the Science of
Food and Agriculture. 97(8): 2282-2290.

Liu H., Ye H., Wang J., Chen S., Li M., Wang G., Hou
N. & Zhao P. (2022). Genome-wide identification
and characterization of YABBY gene gamily in
Juglans regia and Juglans mandshurica.
Agronomy. 12(8): 1914.

Love M., Huber W. & Anders S. (2014). Moderated
estimation of fold change and dispersion for RNA-seq
data with DESeq2. Genome Biology. 15: 550.

Vietnam Journal of Agricultural Sciences



Malik A. 1., Kongsil P., Nguyen V. A., Ou W., Sholihin,
Srean P., Sheela M. N., Becerra Lopez-Lavalle L. A.,
Utsumi Y., Lu C., Kittipadakul P., Nguyen H. H.,
Ceballos H., Nguyen T. H., Selvaraj Gomez M.,
Aiemnaka P., Labarta R., Chen S., Amawan S., Sok S.,
Youabee L., Seki M., Tokunaga H., Wang W., Li K.,
Nguyen H. A., Nguyen V. D., Ham L. H. & Ishitani M.
(2020). Cassava breeding and agronomy in Asia: 50
years of history and future directions. Breed Science.
70(2): 145-166.

Maruthi M. N., Bouvaine S., Tufan H. A., Mohammed I. U.
& Hillocks R. J. (2014). Transcriptional response of
virus-infected cassava and identification of putative
sources of resistance for cassava brown streak disease.
PLo0S One. 9(5): €96642.

Maruyama K., Todaka D., Mizoi J., Yoshida T., Kidokoro
S., Matsukura S., Takasaki H., Sakurai T., Yamamoto
Y. Y., Yoshiwara K., Kojima M., Sakakibara H.,
Shinozaki K. & Yamaguchi-Shinozaki K. (2012).
Identification of cis-acting promoter elements in cold-
and dehydration-induced transcriptional pathways in
Arabidopsis, rice, and soybean. DNA Research. 19(1):
37-49.

Nakashima K. & Yamaguchi-Shinozaki K. (2013). ABA
signaling in stress-response and seed development.
Plant Cell Reports. 32(7): 959-970.

Okogbenin E., Setter T. L., Ferguson M., Mutegi R.,
Ceballos H., Olasanmi B. & Fregene M. (2013).
Phenotypic approaches to drought in cassava: review.
Frontiers in Physiology. 4: 93.

Olsen K. M. & Schaal B. A. (1999). Evidence on the origin
of cassava: Phylogeography of Manihot esculenta.
Proceedings of the National Academy of Sciences of
the United States of America. 96(10): 5586-5591.

Patil B. L., Legg J. P., Kanju E. & Fauquet C. M. (2015).
Cassava brown streak disease: a threat to food security in
Africa. Journal of General Virology. 96(Pt 5): 956-968.

Romanova M. A, Maksimova A. I, Pawlowski K. &
Voitsekhovskaja O. V. (2021). YABBY genes in the
development and evolution of land plants. International
Journal of Molecular Sciences. 22(8): 4139.

Shan Z., Luo X., Wei M., Huang T., Khan A. & Zhu Y.
(2018). Physiological and proteomic analysis on long-
term drought resistance of cassava (Manihot esculenta

https://vjas.vnua.edu.vn/

Nguyen Phi Hung et al. (2021)

Crantz). Scientific Reports. 8(1): 17982.

Shchennikova A. V., Slugina M. A., Beletsky A. V.,
Filyushin M. A., Mardanov A. A., Shulga O. A,
Kochieva E. Z., Ravin N. V. & Skryabin K. G. (2018).
The YABBY genes of leaf and leaf-like organ polarity
in leafless plant Monotropa hypopitys. International
Journal of Genomics. 2018: 7203469.

Tomlinson K. R., Bailey A. M., Alicai T., Seal S. & Foster
G. D. (2018). Cassava brown streak disease: historical
timeline, current knowledge and future prospects.
Molecular Plant Pathology. 19(5): 1282-1294.

Turyagyenda L. F., Kizito E. B., Ferguson M., Baguma Y.,
Agaba M., Harvey J. J. & Osiru D. S. (2013).
Physiological and molecular characterization of
drought responses and identification of candidate
tolerance genes in cassava. AoB Plants. 5: plt007.

Vinh T. T., Chien D. L., Tinh T. L., Trinh T. P., Quyen T.
H., Thuy C. P., Trien M. P., Ha D. C. & Diep T. H.
(2024). Identification, annotation, and expression
profiles of genes encoding the YABBY transcription
factor family in cassava (Manihot esculenta): An in
silico survey. The 3" International Conference of
Advances in Information and Communication
Technology: 1-8.

Yamaguchi-Shinozaki K. & Shinozaki K. (2005).
Organization of cis-acting regulatory elements in
osmotic- and cold-stress-responsive promoters. Trends
in Plant Sciences. 10(2): 88-94.

Zhang T., Li C., Li D,, Liu Y. & Yang X. (2020). Roles of
YABBY transcription factors in the modulation of
morphogenesis, development, and phytohormone and
stress responses in plants. Journal of Plant Research.
133(6): 751-763.

Zhao P., Liu P., Shao J., Li C., Wang B., Guo X., Yan B., Xia
Y. & Peng M. (2015a). Analysis of different strategies
adapted by two cassava cultivars in response to drought
stress: ensuring survival or continuing growth. Journal of
Experimental Botany. 66(5): 1477-1488.

Zhu Y., Luo X., Wei M., Khan A., Munsif F., Huang T., Pan
X. & Shan Z. (2020). Antioxidant enzymatic activity and
its related genes expression in cassava leaves at different
growth stages play key roles in sustaining yield and
drought tolerance under moisture stress. Journal of Plant
Growth Regulation. 39(2): 594-607.

2403



