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Abstract
Background Cassava (Manihot esculenta Crantz) is an important tropical crop with excellent stress
tolerance and stress resistance genes. The antioxidant enzymes play an important role in regulating the
cassava plants respond to stress. To date, little is known the relationship between natural variations of
MYB genes that have been proven to regulate stress tolerance in model plants and the diversity of
reactive oxygen scavenging enzymes under drought in cassava varieties. Therefore, we conducted this
study to discover natural variations in MYB2 gene in association with the reactive oxygen scavenging
enzymes.

Results Here, the relationship between the natural variation of MYB2 gene and the reactive oxygen
scavenging enzymes under drought in cassava were analyzed. Natural variation of antioxidant enzymes
in leaf and roots of 97 cassava varieties under drought analyses indicated that the variation of the
various antioxidant enzymes is very different among the cassava varieties. MeMYB2 expression pro�ling
analysis indicated that MeMYB2 was up-regulated obviously when induced by drought stress. Re-
sequencing analysis of the 97 cassava varieties indicated that the MeMYB2 gene region included 87
single nucleotide variants (SNPs) and two insertion/deletion variants (Insert/ Deletion, Indel), the SNP
locus of the coding region of MeMYB2 gene can be divided into 29 haplotypes, including 7 major
haplotypes. These 7 major haplotypes can be classi�ed into two categories, one of which is more closely
related to wild cassava genotype W14, which indicates that MeMYB2 is positively selected during
cassava breeding. Correlation analysis between MeMYB2 and drought tolerance showed that 12
functional SNPs in the MeMYB2 coding region were signi�cantly associated with CAT activity, proline
content, SOD activity and other traits, and the prediction of interaction with key genes of drought
tolerance was further con�rmed that MeMYB2 and key genes involved in CAT, proline and SOD can
interact through intermediate metabolic pathways.

Conclusions Some natural variations exist in the MeMYB2, which might be involved in regulating the
reactive oxygen scavenging enzymes (SOD and CAT) changes under stress. This study will facilitate the
understanding of the roles of MYBs in regulating the reactive oxygen scavenging enzymes.

Background
Cassava is an important tropical crop with drought tolerance, high light e�ciency and high yield. The
main growing areas of cassava are tropical and subtropical, how to deal with the seasonal drought in
these areas is one of the main problems in improving cassava production. The cultivation of drought-
resistant and high-yield cassava varieties through molecular-assisted breeding is an important way to
solve this problem. During drought stress, reactive oxygen species (ROS) and proline play the important
roles in the regulation of cassava drought stress, effective ROS clearance mechanism can delay leaf
senescence and slow the formation abscission zones in leaf petioles to control leaf abscission (Liao et
al. 2016a). Active oxygen scavenging enzymes such as proline, catalase (CAT), superoxide dismutase
(SOD), and ascorbate peroxidase (APX) play the important roles in cassava drought tolerance (Liao et al.
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2016a; Liao et al. 2016b; Xu et al. 2013a). Xu et al. overexpressed two ROS scavenging enzyme
MeCu/ZnSOD and MeCAT1 in cassava, which greatly enhanced the ability of cassava to scavenge
reactive oxygen species, resisting drought stress, leaf greening, senescence in transgenic cassava when
compared with the wild-type controls (Xu et al. 2013a, Xu et al. 2013b). Therefore, ROS scavenging
system and proline content have important regulatory effects on the drought tolerance in cassava.

There is a signi�cant difference in drought tolerance between cassava genotypes (Oliveira et al. 2017),
different cassava genotypes may take different countermeasures to resist drought stress. For example,
cassava cultivar SC124 (usually used as a drought-tolerant genotype) and Arg7 (usually used as a
drought-sensitive genotype) adopt two distinct strategies of stopping growth and maintaining life to fall
off old leaves (Zhao et al. 2015).). This signi�cant phenotypic difference should be closely related to its
genotype.

In model plants, many MYB members have been reported to be involved in mechanisms to resist drought
stress. For example, overexpression of MYB12, one of the regulatory genes of the �avonoid pathway,
reduces water loss (Nakabayashi et al. 2014). MYB60 is a negative regulator of drought stress (Oh et al.
2011). MYB41, MYB88, MYB44 and MYB102 are also positive regulators of drought stress (Xie et al.
2010, Denekamp et al. 2003, Mengiste et al. 2003, Cominelli et al. 2008, Jung et al. 2008) MYB2, MYB96
and MYB15 are positive regulators of drought stress bind to the MYB binding site of the key genes such
as RD22, thereby regulating ABA-dependent signaling pathways (Urao et al. 1996; Abe et al. 1997; Ding et
al. 2009; Seo et al. 2009). MYB2 is involved in the regulation of abiotic stresses such as drought stress,
salt stress and phosphorus de�ciency. Abe et al. reported that AtMYB2 regulates rd22 under drought or
salt stress conditions. Drought and salt stress lead to ABA synthesis, ABA as a signaling molecule
induces expression of bHLH-like proteins rd22BP1 and AtMYB2, rd22BP1 and AtMYB2 bind to drought
stress response gene rd22, the expression of the rd22 gene was regulated by the MYC and MYB binding
sites of the promoter region (Abe 1997). Yoo et al. reported that AtMYB2 directly regulates calmodulin
and enhances Arabidopsis resistance to salt stress (Yoo et al. 2005). AtMYB2 responds to a phosphorus
de�ciency signal, and AtMYB2 binds directly to the promoter region of the miR399f gene, regulating the
expression of miR399f, thereby increasing the Arabidopsis tolerance to phosphorus de�ciency (Baek et al.
2013). In addition, AtMYB2 regulates senescence in whole plants by inhibiting cytokinin-mediated branch
growth at the late growth stage (Guo and Gan 2011).

In our previous research, we reported the whole MYB superfamily genes in cassava genome, many MYB
family members respond to drought stress and ethylene related pathways. In this study, We detailed the
relationship between the natural variation of MeMYB2 gene and reactive oxygen scavenging enzymes
under drought, and found that there are 12 functional SNPs in the coding region of MeMYB2 gene and
signi�cant correlation with CAT activity, proline content, SOD activity, sugar content, fresh weight of roots
and storage root dry matter rate, suggesting that this gene may play an important regulatory role in the
response of cassava drought stress.

Results
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Natural variation of antioxidant enzymes in leaf and roots of different cassava varieties under drought

In order to investigate whether there are differences in the natural variation of antioxidant enzymes in different

cassava varieties under the same drought stress, we detected antioxidant enzyme levels (SOD, CAT and proline) in

different cassava varieties for two consecutive years (in the year of 2014 and 2015). Among the 97 cassava varieties

(Additional file 1: Table S1), the highest level of SOD was in roots in 2015, which was 33.81, the minimum expression

level of SOD was in leaves in 2014, and its value was 0.10; the highest level of CAT was in leaves in 2015, the value

was 512.81, the minimum expression level of CAT is in root in 2014, and its value is 0.00; the highest level of proline

was in roots in 2014, which was 66.34, the minimum expression level of proline was in root in 2015, and its value was

0.26. The results indicated that the natural variations of antioxidant enzymes in different cassava varieties under the

same drought stress are very different (Additional file 2: Table S2). The statistical results of drought tolerance

coefficient of various antioxidant enzymes are shown in Fig.1 and Table S2, the drought tolerance coefficients of

various antioxidant enzymes are continuous quantitative traits, and the drought tolerance coefficient of antioxidant

enzymes varies obviously. Among them, the largest drought tolerance coefficient of antioxidant enzymes was CAT-R-

2014, the smallest was SOD-R-2014; the largest coefficient of variation was CAT-L-2015, and the smallest coefficient of

variation was proline-L-2015 (Fig.1 and Additional file 2: Table S2). This indicates that the drought tolerance

coefficient of various antioxidant enzymes is very different between the cassava varieties, and the variation is very rich.

MeMYB2 responds to drought stress in cassava

In our previous studies, we confirmed that the cassava leaf abscission zones were extremely easy to shed under

drought conditions and the cassava abscission zones can be used to evaluate and screen the drought tolerance genes

(Liao et al. 2016a; Liao et al. 2016b). Therefore, in order to understand the response of MeMYB2 to drought in

cassava, we used cassava leaf abscission zones to evaluate the MeMYB2 response under drought. Specifically, we

analyzed the sampling of the cassava leaf abscission zones at six time points under drought and analyzed by

quantitative PCR. The results shown as the figure 1, MeMYB2 was not detected to express at the early stage during

drought (T2), however, MeMYB2 was significantly induced to express from T3 to T6 time point under drought,

moreover, the natural variation of MeMYB2 were obviously increased as the drought progresses from T3 to T6 time

point, the expression ratio increased from 13.762 at T3 time point to 30.1347 at T6 time point (Fig. 2). It is indicated

that MeMYB2 responded significantly to drought stress, and the induced natural variation of MeMYB2 is also getting

higher and higher as the drought becomes more and more serious.

MeMYB2 gene structure and conserved domain

The gene sequences of cassava germplasm AM560-2 were obtained from the JGI cassava genome database. The full

length of the MeMYB2 gene region is 1027bp long, including two introns, which are 148bp and 98bp in length

respectively, and three coding exons, which are 160bp, 130bp and 517bp respectively. The CDS sequence of the

MeMYB2 gene is 807bp in length and encodes 268 amino acids. The CDS sequences were aligned in the conserved

domain database of NCBI, two MYB binding domains were discovered in the N-terminus of MeMYB2 that indicated the

MeMYB2 gene may belong to the R2R3 type MYB family members.

The nucleotide diversity analysis of the cassava MeMYB2
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The nucleotide diversity analysis of the cassava MeMYB2 gene was carried out. The results are shown in Additional file

3: Table S3. The gene region includes 87 single nucleotide polymorphisms (SNPs) and two insertion/deletion

polymorphisms (Insert/Deletion, Indel), the exon region has a total of 59 SNPs, including 17 synonymous mutations

and 42 non-synonymous substitutions, 42 non-synonymous substitutions resulted in 40 amino acid differences, the

conserved domain includes 2 synonymous substitutions and 12 non-synonymous substitutions. The DNA nucleotide

diversity was analyzed by sliding window with a window size of 100bp and a step size of 25bp using DnaSP5 software,

the results are shown in Fig. 3, the nucleotide diversity π valure averaged is 0.01322, in detail, the highest acid

diversity was discovered in the first intron, a total of 87 SNPs and 2 Indels (including 18-base SSR insertion deletion

and 1 single-base insertion deletion) had 38 sites with MAF greater than 5%.

Linkage disequilibrium and haplotype analysis of MeMYB2

The exon region of the MeMYB2 gene includes 29 haplotypes and 7 major haplotypes (Fig. 4). All of these haplotypes

can be divided into two categories three amino acid differences were discovered between the two categories and

positive selection was indicated in the third exon region (Fig. 5),. Category II may be derived from wild type cassava

W14, which may be introgressed into cassava cultivars during long-term breeding and may be produced by mutation in

different directions. The linkage disequilibrium analysis of cultivars revealed that there were two haplotypes in the

nucleotide variation of the exon region of MeMYB2 gene, which were separated by recombination hotspots (Fig. 6). The

three SNPs that divide the haplotype into two major categories are located in the haplotype 2, which can result in two

amino acid variations (Fig. 6).

The correlation analyses between MeMYB2 and the drought tolerance in cassava

The correlation analyses between candidate gene MeMYB2 and the drought tolerance were carried out with the rare

allelic variation filtered out under the condition of MAF>0.05. The results are shown in Fig. 7. A total of 38 SNP/Indel

marker sites in the MeMYB2 gene region were involved in drought-related phenotypic analysis. MeMYB2 has

significant correlated with the drought tolerance coefficients of CAT, proline, SOD, fresh weight in the ground, root

dry matter rate, root dry weight per plant, fresh weight per plant, root number per plant, reducing sugar,

malondialdehyde and POD under the threshold conditions of P<0.05 and FDR<0.05, When P<0.01, MeMYB2 was

significantly correlated with CAT, proline, stored root dry matter rate, fresh weight per plant, root dry weight per

plant, number of roots per plant and reducing sugar. When the screening conditions were P<0.05, a total of 30 SNP

loci and 1 intron SSR marker were significantly associated with drought tolerance traits, 21 of which were located in

exons, 9 synonymous mutations, 12 non-synonymous mutation. The average interpretation rate of these SNPs for

phenotypic variation was 10.13%, ranging from 3.99% to 39.14%. Non-synonymous mutations were significantly

associated with phenotypic drought tolerance coefficients such as CAT, proline, SOD, reducing sugar, fresh weight of

individual plants, number of roots per plant, and root dry matter rate per plant (Fig. 7 and Additional file 4: Table S4).

Two groups of three SNPs with high linkage disequilibrium were indicated in the third exon region, which are located

in the haplotype 2 interval. The first three SNPs are SNP1_31465734, SNP1_31465773 and SNP1_31465774, which

have significantly associated with the drought tolerance coefficient of CAT and SOD, the second group of 3 SNPs were
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SNP1_31465762, SNP1_31465765 and SNP1_31465804, which were significantly associated with reducing sugar and

CAT (Additional file 4: Table S4).

In order to further understand the relationship between MeMYB2 and drought tolerance at the genetic level, we

used the Haploview 4.2 software to analyze the missense mutations in the related sites of the MeMYB2 gene region.

The block was divided into confidence intervals, statistical genes and traits. The haplotype consisting of functional SNP

loci associated with drought tolerance coefficient, and the haplotype was correlated with the drought tolerance.

The MeMYB2 gene region includes 12 non-synonymous replacement SNPs that are significantly associated with

drought tolerance traits. The haplotype analysis of these 12 functional mutation sites were carried out, among which 9

SNPs constitute 1 monolithic block, including 5 haplotypes (frequency >0.01). The cassava materials were grouped

according to the five haplotypes, and a total of 96 haplotype groupings and drought tolerance groupings were

obtained. According to ANOVA analysis of drought tolerance and drought tolerance coefficient of single traits among

haplotype groups, MeMYB2 and CAT-L-2014 (P=2.0E-03), Proline-L-2015 (P=0.038) and POD-R-2015 (P = 9.0E-03)

was significantly associated (Table 1).

 

Table 1 ANOVA analysis of drought tolerance and drought tolerance coefficient of single traits among haplotype

groups

Traits   Sum of Square F value Significant Level

CAT-L-2014 Among 763.000 4.420 .002
Within 5610.448    
Total 6373.449    

Proline-L-2015 Among 20.613 2.643 .038
Within 196.906    
Total 217.520    

POD-R-2015 Among 162511.283 3.632 .009
Within 1040164.070    
Total 1202675.353   

Interaction prediction of MeMYB2 with key genes of drought tolerance in cassava

In order to understand the functional interactions between drought-tolerant genes and MeMYB2 gene, we used the

Arabidopsis homologous gene AtMYB2 of cassava MeMYB2 and other drought-tolerant candidate genes we got,

including the gene from the EST-SSR and SNP analysis, drought-tolerant related enzyme encoding genes, Arabidopsis

homologs of all these cassava genes were introduced into AraNet for analysis. The results are shown in Table 2.

MeMYB2 and 15G040700 (MYB15) may have direct interaction relationship, 15G040700 (MYB15) based on SNP

correlation analysis were significantly associated with CAT activity drought tolerance coefficient, MeMYB2 can form a

functional interaction relationship with the genes of CAT, SOD, proline, and the EST-SSR genes. Three new candidate

pathway genes responding to drought stress and two SNP-associated CAT activity candidate genes establish a
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functional interaction relationship, and then interact with the CAT enzyme coding gene to form a functional network;

MeMYB2 responds to the new metabolic pathway gene AT1G07400 through drought signal. Two cassava homologous

genes 02G124800 (SNP-associated genes) and 02G125200 interacted with three SOD key genes; two new drought

pathway responses to SNP-associated proline-containing drought tolerance coefficient. The candidate gene 13G095700

(MeDHS1) constitutes a functional interaction relationship, through an intermediate gene 09G024500 (MeCPK32), and

functional interaction with MeMYB2 and 03G119400, it is significantly associated with the drought tolerance

coefficient of CAT enzyme activity, and also exists with 15G040700 and 18G061500 (Additional file 5: Table S5).

Discussion
Transcription factors play an important role in regulation the physiological mechanism of plant drought
tolerance. Several members of the MYB family in cassava have been reported to be involved in drought
stress and chilling signal transduction pathways (Liao et al. 2016b; Li et al. 2017). The MeMYB2 is a
typical member of the MYB family and includes two MYB family DNA binding domains in its protein
amino acid sequence. The MeMYB2 gene is classi�ed into the R2R3-MYB subclass (Liao et al. 2016b).
The Arabidopsis homologous gene AtMYB2 of MeMYB2, together with AtMYC2, is involved in the
regulation of the drought stress response gene rd22 in the ABA-dependent signaling pathway (Abe et al.
1997). According to our analysis, MeMYB2 is up-regulated when cassava is suffered from drought stress,
which indicates that this gene may play a positive role to resist drought stress.

The nucleotide sequence diversity of the MeMYB2 gene region is very high, and an average of one SNP
marker is included every 11.80bp, and the average value of the nucleotide diversity π value of the
nucleotide in the gene region of MeMYB2 is higher than that of the Arabidopsis AtMYB2 gene (Kamiya et
al. 2002). There are 14 SNPs in the conserved domain of MeMYB2, and there are 12 SNPs that cause
amino acid variation. These SNPs may affect the binding activity of MeMYB2, and may cause the
downstream genes of their regulation to produce expression differences between different cassava
genotypes.

There is strong linkage disequilibrium between the SNPs in the MeMYB2 gene region, and the SNP locus
in the exon region constitutes a variety of haplotypes. There is at least one error leading to amino acid
differences between different haplotypes. Moreover, haplotypes can be divided into two categories, one of
which has the highest similarity to the MeMYB2 sequence derived from the wild type cassava W14.
According to the analysis of Nzuki et al. on the resequencing of cassava cultivars and W14 whole
genome, a large fragment of W14 origin was introduced at 31 MB at the end of chromosome 1 of some
cultivars (Nzuki et al. 2017). This indicates that MeMYB2 in some cassava cultivars is derived from wild
type cassava W14.

Analysis of the Ka/Ks of the MeMYB2 gene region revealed that the third exon was strongly positively
selected between the two major haplotypes, possibly due to the nucleotide variation of MeMYB2 in this
region against cassava, the contribution of agronomic traits is in line with breeding objectives and is thus
positively chosen. The presence of three SNPs in the two haplotypes resulted in a difference of two
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amino acids, and that these three SNP loci were signi�cantly associated with the drought phenotype,
suggesting that the nucleotide variation of MeMYB2 may result in different cassava genotypes with
differences in drought tolerance. The MYB2 gene of interest has a very different evolutionary feature in
the gene region. MeMYB2 has a relatively long haplotype at the 5’ and 3’ ends of the gene region,
including most polymorphic sites; it corresponds to the DNA binding domain of MYB and the
transcriptional self-activation domain.

In this study, the MeMYB2 gene was signi�cantly associated with drought tolerance coe�cients of
multiple drought tolerance traits. To further analyze the relationship between MeMYB2 gene and drought
tolerance traits, we also attempted to perform haplotype association analysis on the functional SNP-
related sites of MeMYB2 gene. The monomer domains consisting of functionally related sites are located
in the transcriptional autoactivation domain of the MYB gene, indicating that the MeMYB2 gene may
have an allele of transcriptional autoactivation activity in natural variation. Moreover, the haplotype
association analysis between MeMYB2 and individual traits showed signi�cant differences between one
and three drought tolerance traits among different haplotypes.

AraNet functional interaction analysis found that MeMYB2 and CAT, SOD, Proline, POD may be in the
same functional network, with the help of some intermediate genes such as Hop3, GBF3, MYB102, and
CPK32 and so on. The gene has functional interactions and directly interacts with the SOD enzyme-
encoding gene to participate in the formation of these physiological phenotypes, which plays a regulatory
role in the active oxygen scavenging mechanism and osmotic adjustment during drought stress.

Conclusions
Some natural variations exist in the MeMYB2, which might be involved in regulating the reactive oxygen
scavenging enzymes (SOD and CAT) changes under stress. Natural variation of antioxidant enzymes in
leaf and roots of 97 cassava varieties under drought analyses indicated that the variation of the various
antioxidant enzymes is very different among the cassava varieties. MeMYB2 expression pro�ling
analysis indicated that MeMYB2 was up-regulated obviously when induced by drought stress. Re-
sequencing analysis of the 97 cassava varieties indicated that the MeMYB2 gene region included 87
single nucleotide variants (SNPs) and two insertion/deletion variants (Insert/ Deletion, Indel), the SNP
locus of the coding region of MeMYB2 gene can be divided into 29 haplotypes, including 7 major
haplotypes. These 7 major haplotypes can be classi�ed into two categories, one of which is more closely
related to wild cassava genotype W14, which indicates that MeMYB2 is positively selected during
cassava breeding. Correlation analysis between MeMYB2 and drought tolerance showed that 12
functional SNPs in the MeMYB2 coding region were signi�cantly associated with CAT activity, proline
content, SOD activity and other traits, and the prediction of interaction with key genes of drought
tolerance was further con�rmed that MeMYB2 and key genes involved in CAT, proline and SOD can
interact through intermediate metabolic pathways. This study will facilitate the understanding of the roles
of MYBs in regulating the reactive oxygen scavenging enzymes.
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Methods

Analysis of gene structure and conserved domain
The DNA sequences and CDS sequences of the cassava MeMYB2 gene was obtained from the JGI
cassava genome database (https://phytozome.jgi.doe.gov) and imported into NCBI’s Slign tool
(https://www.ncbi.nlm.nih.gov/sutils/splign/splign.cgi?textpage = online&level = form) to analyze the
length, number and starting position of its exons and introns, and use GSDS (http://gsds.cbi.pku.edu.Cn/)
diagram of the gene structure. The CDS sequencesof MeMYB2 gene was introduced into NCBI’s
conserved domain database CDD (https://www.ncbi.nlm.nih.gov/Structure/cdd/wrpsb.cgi) for sequence
alignment and analysis of its conserved structure.

Re-sequencing of the gene region
97 cassava genotypes were used to re-sequencing analysis the gene natural variations of MeMYB2 gene
and drought tolerance. The gene region of MeMYB2 was re-sequenced using TA clone sequencing.
Primers covering the entire length of the gene region were designed based on the DNA sequence of the
cassava MeMYB2 gene, and the primer sequences are shown in as the following: M2DF:
ATGGACACTCAAGTAAGAAACCACG; M2DR: AATCAGTTGCTGCTGTAGAAACCAAA. The genomic DNA of
the population consisting of cassava materials was used as a template. PCR ampli�cation was
performed using TAKARA’s PrimerStar high-�delity enzyme ampli�cation, ampli�cation protocols and
procedures. The PCR product was subjected to agarose gel electrophoresis, gelatinization, and
puri�cation. Connect the T vector and transform E. coli, pick a single clone for PCR detection, send it to
Shanghai for sequencing, and �nally get 116 DNA sequence of the MeMYB2 gene of the cassava
genotype. The BWA software aligns the amplicon sequences to the cassava genome Cassava Genome
Version 6.1 (https://phytozome.jgi.doe.gov/pz/portal.html#!info?alias = Org_Mesculenta, Bredeson et al.
2016), SNP for GATK software (V3.8–0, https://software.broadinstitute.org/gatk/) calling and low quality
SNP �ltering. The multiplex PCR-targeted resequencing work was completed in Shanghai Wing and
Applied Biotechnology. The SNP information is imported into the snpEff software
(http://snpeff.sourceforge.net/SnpEff_manual.html), and the obtained SNPs are functionally annotated
using the cassava genome Version 6.1 sequence and annotation information.

Nucleotide diversity analysis
The DNA sequence of the MeMYB2 gene of cassava material was introduced into MEGA4.0 software
(Tamura et al. 2007) for sequence alignment, the.MEG format �le was saved, and the.MEG format �le
was opened using DnaSP5 software (Librado et al. 2009) to analyze the nucleoside. Acid diversity,
statistical type and number of SNP variants.

http://%28https//phytozome.jgi.doe.gov
https://www.ncbi.nlm.nih.gov/sutils/splign/splign.cgi
http://%28http//gsds.cbi.pku.edu.Cn/
https://www.ncbi.nlm.nih.gov/Structure
http://%28https//phytozome.jgi.doe.gov/pz/portal.html#!info?alias=Org_Mesculenta
https://software.broadinstitute.org/gatk/
http://%28http//snpeff.sourceforge.net/SnpEff_manual.html)
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Haplotype analysis
The MeMYB2 haplotype was extracted using the DnaSP5 software and saved as an NRF format �le. The
haplotype network of the MeMYB2 gene was mapped using NETWORK5 (http://www.�uxus-
engineering.com) and the sequence of the major haplotype was introduced into MEGA4.0 draws a
phylogenetic tree. Linkage disequilibrium between the polymorphic sites of the two MYB genes was
analyzed using Haploview version 4.2 software (Barrett et al. 2005).

Candidate gene association analysis
According to the sequencing results, the SNP locus and genotyping of cassava material were extracted
and imported into TASSEL2.1 soft (Yu et al. 2006), combined with drought tolerance-related phenotypic
drought tolerance coe�cient as a phenotype, genome-wide EST-SSR Marking the population structure Q-
value matrix and family effect values as covariance for candidate gene association analysis, the
signi�cance association threshold was recorded as P<0.05, and the P value was controlled by FDR
(Benjamini and Hochberg 1995), and P_FDR<0.05 was considered to be signi�cantly associated with the
phenotype.
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Figure 1

Boxplots of the antioxidant enzymes of drought tolerance coe�cients (DTCs)
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Figure 2

Expression pro�les of MeMYB2 under drought stress

Figure 3
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Nucleotide diversity of MeMYB2 by sliding windows analysis

Figure 4

Haplotypes phylogenetic tree of MeMYB2 exons
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Figure 5

Ka/Ks analysis of two cluster exon haplotypes of MeMYB2 by sliding windows method. Note Nucleotide
position means the location which was relative to the �rst nucleotide A of the start codon.
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Figure 6

Linkage disequlibrium plot of MeMYB2

Figure 7
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Manhattan plot of MeMYB2 associated to drought tolerance related traits by candidate gene association
mapping. Note: The horitontal dashed lines were the signi�cance threhold P<0.05 and P<0.01
respectively.
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