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The WD40 gene family in Prunusmume was identified by bioinformatics analysis., The

evolution and function of WD40 gene family were predicted by phylogenetic analysis,

chromosome localization analysis, protein sequence analysis, exon-intron structure

analysis. The results showed that the WD40 gene family contained 77 members, which

were divided into 61 groups, and only 18 groups had more than one member. When the

plum plants were treated with different density of light illumination, the content of

anthocyanin in plants was increased with the illumination enhancement, qRT-PCR analyses

revealed that the expression of 27 WD40 genes showed the same expression trend. The

results of this study can provide useful information for further studying the function of

WD40 genes in Prunusmume.
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Abstract:TheWD40 gene family in Prunus mume was identified using bioinformatics analysis.,6

The evolution and function of WD40 gene family were predicted using the methods of phylogenetic,7

chromosome localization, protein sequence, and exon-intron structure analyses. The results showed8

that the WD40 gene family contained 77 members, which were divided into 61 groups, and only 189

groups had more than one member. When the plum plants were treated with different density of light10

illumination, the content of anthocyanin in plants was increased with the illumination enhancement,11

qRT-PCR analyses revealed that the expression of 27 WD40 genes showed the same expression trend.12

The results of this study can provide useful information for further studying the function of WD4013

genes in Prunus mume.14
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1 Introduction16

Prunus mume is an important ornamental plants in the landscape. The color of plum17

flower is one of the main embodiment of its ornamental value. At present, the color of18

plum flower mainly shows red, purple, pink, white, green, yellow and so on[1].19

Anthocyanin is one of the main pigments that compose the color of petals and fruits. It20

has been found that anthocyanins can make a variety of colors, from pink to blue.21

Because of its influence on plant color, the breeders have paid much attention on it.22

WD40 protein is an diverse super family of regulatory proteins, and is highly23

conserved in evolution and exists in a wide range of eukaryotes, participating in a variety24

of biochemical mechanisms and cellular processes [2]. WD40 protein is also known as25

WD-repeat protein or Trp-Asp, which contains about 40~60 amino acid residues [3]. In26

general, WD40 protein contains 4~10 tandem repeats of WD domains, and N-terminal27

has a Ganki acid histidine dipeptide (Gly-His, GH), C-terminal has a tryptophan aspartic28

acid dipeptide (Trp-Asp, WD) [4].29

WD40 transcription factors are widely found in plants and related to anthocyanin30
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biosynthetic pathway. Since the first transcription factor c1 was cloned in maize (Zea31

mays) in 1986 [5], scientists began to study the transcription regulatory factors of32

anthocyanin synthesis. Walker et al. [6] found the TTG1 transcription factorin WD4033

family in 1999. The AN11 of Petunia is the first WD40 protein found in plants, and the34

expression of DFR is affected and decreased in an11 mutants, which regulates the35

synthesis of anthocyanin[7].The mutants of Arabidopsis ttg1 were found to reduce the36

expression of DFR and to reduce anthocyanin synthesis by Brueggemann et37

al.[8].Sompornpailin et al[9]. found that WD40 transcription factor PhAN11 in Petunia can38

be transferred into Arabidopsis thaliana to promote the formation of anthocyanins in39

Arabidopsis thaliana.Subsequently, the WD40 proteins of maize(PAC), perilla (Pf WD),40

morning glory (IpWDR1, IpWDR2), Alfalfa (MtWD40) and other plants were also found41

to be related to the anthocyanin biosynthetic pathway[9-15]. Xiu-Hong An identified an42

apple WD40 protein (MdTTG1) that promotes the accumulation of anthocyanins in43

2012[16].44

There are many related domestic studies in the past time. For example, Xu studied45

the related genes in the anthocyanin synthesis process of turnip in 2008[17].Luo studied46

the cloning and expression of anthocyanin transcription-activating gene StWD40 in47

2008[18]. Han studies on the key genes of anthocyanin biosynthesis in chrysanthemum[19].48

Zhang further studied the homology between PsWD40-1 and PsWD40-2 protein49

sequences of peony and WD40 protein related to anthocyanin biosynthesis in other50

species[20]. Min found that when the WD40 transcription factor TTG1 was over expressed,51

the expression of related genes in anthocyanin biosynthetic pathway was upregulated, and52

the anthocyanin accumulation was increased[21]. Hong summarized the transcription53

factors of anthocyanin synthesis in Arabidopsis thaliana, and elaborated that the54

pathways of anthocyanin synthesis in Arabidopsis were mainly regulated by four55

transcription factors, MYB, bHLH, WD40 and bZIP[22].The mechanism of anthocyanin56

biosynthesis in the leaves of the red-claw Maple Leaf was expounded by An et al. [23], and57

the transcription factor WD40 gene, which regulates anthocyanin expression, was58

obtained successfully.59
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At present, WD40 genes in Prunus mume has not been reported in the literature. In60

this paper, the WD40 genes in Prunus mume were studied to provide further61

understanding of the nature and function of WD40 protein family. Finding the genes62

related to anthocyanin biosynthesis in plum flower can provide a basis for future research63

on color improvement.64

2 Materials and methods65

2.1 Plant materials and treatments66

2.1.1 Plant materials67

One-year-old plum "Pink cinnabar" in the School of Horticulture, Anhui Agricultural68

University was used in this study."Pink cinnabar" is a species of red plum.69

2.1.2 Different light intensity treatments70

Plants with similar growth potential and similar leaf area were selected and placed in71

an artificial growth box (16-h light from 06:00 to 22:00, 23-27 °C). Different light72

intensity treatments were: Normal-light: 7,000-8,000 lx; Low-light: 3,000-4,000 lx; High-73

light: 11,000-12,000 lx. After7 days, all leave samples were clooected and immediately74

frozen in liquid nitrogen, and stored at -80 °C for determination of anthocyanin content75

and RNA extraction.76

2.2 Extraction of anthocyanin from plum leaves and determination of its77

content78

Anthocyanin was isolated from plum leaves according to Xiong (2003), anthocyanin79

content was determined using the formula:（nmol/cm2）=OD_�/�_� � �/䁫 �〖��〗��。80 OD_�: the optical density of anthocyanin; �_�: anthocyanin molar extinction coefficient of81

4.62×104; �: total volume of extract (mL); 䁫: sampling area (cm2);〖��〗��: the result82

of the calculation is converted into a multiple of nmol.83

2.3 Database search and identification ofWD40 family genes in Prunus84

mume85

To identify WD40 proteins in plum, the plum genome data base (http://prunus mume86
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genome.bjfu.edu.cn/) [24]was searched using BLASTP (Basic Local Alignment Search87

Tool algorithms), with the published ArabidopsisWD40 protein sequences as queries.88

The ArabidopsisWD40 protein sequences are obtained from the Tair website89

(https://www.arabidopsis.org/). All acquired protein sequences were analyzed manually90

for the presence of the WD40 domain using the Hidden Markov Model of Pfam91

(http://pfam.xfam.org/)[25] and SMART (Simple Modular Architecture Research Tool)92

tools (http://smart.embl-heidelberg.de/smart/)[26].93

2.4 Analysis of physicochemical properties94

Physical parameters of the predicted WD40 proteins, including the amino acid95

length (aa), molecular mass (Da), isoelectric point (pI) and instability index for each gene96

product were calculated using the online ExPASy programs97

(http://www.expasy.org/protparam/)[27].98

2.5 Phylogenetic analysis99

Phylogenetic trees were constructed with the NJ method [28]. Bootstrap analysis was100

conducted using 1000 replicates. Multiple sequences of all WD40 protein sequences from101

Arabidopsis and plum were aligned using ClustalX 2.0 [29]. An unrooted NJ tree was102

constructed using MEGA 6 [30].103

2.6 Identification of conserved motifs104

We used the online MEME (Multiple Expectation Maximization for Motif105

Elicitation) (http://meme-suite.org/tools/meme) program to analyze the conserved motif106

structures of the proteins encoded by the WD40genes [31]. The program was set to detect107

up to 20 motif. Multiple sequence alignmen was performed using DNAMAN 6.0108

software (LynnonBiosoft, Qc, Canada).109

2.7 Gene structure analysis110

Exon and intron structures of individual plumWD40 genes were analyzed using the111

Gene structure display server (GSDS; http://gsds.cbi.pku.edu.cn/) by alignment of the112

cDNAs with their corresponding genomic DNA sequences[32].113

2.8 Chromosomal location114

The chromosomal location image ofWD40 genes was generated by Map Draw V2.1115
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software [33] according to chromosomal position information provided by the plum116

genome database.117

2.9 RNA extraction and qRT-PCR analysis118

Total RNAwas extracted from the collected plum leaf samples using the UNlQ-10119

Column Trizol Total RNA Isolation Kit (Sangon Biotech) according to the manufacturer's120

instruction. The integrity of the RNAwas assessed by1.5% agarose gel electrophoresis.121

First-stand cDNAs were synthesized from RNA using the Trans Script One-Step gDNA122

Removal and cDNA Synthesis Super Mix (Trans Gen Biotech) according to the123

manufacturer's instructions.124

The qRT-PCR analysis was performed on a BIO-RAD CFX96 Real-Time system.125

Each reaction contained 10μl of SYBR Green Master Mix reagent (Applied Biosystems),126

400 nM gene-specific primers, and 2.0 μl of diluted cDNA sample in a total volume of127

20μl. The qPCR thermal cycle reaction conditions as follows: 95 °C for 30 s; followed by128

40 cycles of 5 s at 95 °C and then 60 °C for 30 s. A melting curve was generated at the129

end of the 40 cycles and used to analyze the specificity for each gene, three biological130

replicates were conducted for each sample. The actin gene was used as internal131

reference.The relative expression level was calculated as2–ΔΔCT [ΔCT = CT Target— CT132

Actin，ΔΔCT = ΔCT Test—ΔCT Control].133

3 Results134

3.1 Identification of WD40 family genes in Prunus mume135

The A. thaliana full-length WD40 protein sequences (AEC10837.1) were used as136

queries to search against the plum genome database. All potential candidates were137

subjected to SMART and Pfam analyses to ensure that the predicted proteins contained138

WD40 motifs. Through an extensive search forWD40 genes, 77 non-redundant WD40139

genes (named PmWD4001 to PmWD4077) were identified (Table1). The identified plum140

WD40 gene family members encode predicted proteins ranging from 269 (PmWD4038)141

to 3612 (PmWD4077) amino acid residues (aa) in length, with an average length of 712142

aa, molecular masses of 30746.79 Da (PmWD4038) to 402874.69 Da (PmWD4077)143

(average of 79041.88Da)in theory, and its oelectric point of 4.58 (PmWD4057) to 9.53144
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(PmWD4007) (average of 6.76). Moreover, when the instability index was more than 40,145

the gene was in an unstable state [35]. Only 42.9% of the predicted WD40 proteins were146

below 40, indicating that the WD40 proteins are in an unstable state and prone to147

degradation. The details of theWD40 gene family, such as locus names, were provided in148

Table 1.149

3.2 Phylogenetic analyses ofWD40 gene family members150

To explore the phylogenetic relationships of WD40 proteins from different species,151

we constructed a phylogenetic tree of the WD40 protein families from Arabidopsis and152

plum (Figure 1). Two hundred and thirty seven WD40 proteins in A.thaliana were153

divided into 143 different groups, and only 49 of the groups have more than one member.154

The Figure 1 showed that all the plumWD40 proteins were distributed into 61 groups, 18155

groups have more than one member. From the NJ tree, we noted that most PmWD40156

proteins clustered with Arabidopsis had a high bootstrap support. The distribution of157

PmWD40 proteins are similar to that of AtWD40 protains, although there were less158

groups in plum than that in Arabidopsis.159

3.3 Chromosomal locations of PmWD40 genes160

According to the chromosomal location map, 72 of the 77 plum WD40 genes were161

widely, but unevenly,distributed on the 8 poplar chromosomes, while five genes162

(PmWD4073-77) were mapped to as yet unattributed scaffolds (Figure 2). The number163

ofWD40 genes on each chromosome varied. Chromosome 5 and 8 contained only five164

plumWD40 genes, while chromosome 2 had the largest number ofWD40 genes (20).165

The genes on the same chromosome were also unevenly distributed, genes in the166

chromosomes 1 and 7 were mainly on the long arm, and the genes in chromosome 2, 3,167

4 and 6 were mainly on the short arm, A gene cluster (PmWD4009 and PmWD4010)168

was found on chromosome 2. The distribution of genes on other chromosomes was169

randomly.170

3.4 Domain structure sequence analysis of PmWD40 genes171

We used the MEME software of online tools to search for conserved motifs that are172

shared among related proteins within each subfamily for 77 WD40 proteins. Twenty173
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distinct motifs were identified, and the details of the conserved amino acid sequences and174

their lengths were shown in Figure3. The results showed that the same subfamily175

members contained very similar conserved structural motifs. We speculated that these176

genes with the same or similar domain might have the same or similar functions.177

The number and combination of motifs in the WD40 proteins were difference. We178

observed that all the amino acid sequences encoded by the PmWD40 genes contain179

multiple identical conserved amino acid sequences. The amino acid sequences shown in180

Table 2 are the core sequence of PmWD40 proteins. In addition, each of the putative181

motifs was annotated by searching Pfam and SMART tool182

To further understand the similarity between plumWD40 domains, we compared the183

sequences of all 77 WD40 domains (Figure 4), the result showed that 77 WD40 proteins184

were only 4.09% identity. The 77 sequences ranged from 43 ~ 60 amino acids, the185

colored part is the homologous part of their sequence.As shown in Fig. 4, the sequences186

have very limited homologous portions, which made it is difficult to determine the187

conservative sequence of the WD40 domain.According to the literature, the WD40188

structure domain usually contains GH and WD, and the universal sequence is {X6-94-[GH-189

X23-41-WD]}4-16[37]. This sequence is similar to the putative WD40 domain sequences190

from Table 2. Therefore, we speculated that these sequences might be the conserved191

sequences of the WD40 domains of plum.192

3.5 Structural analyses of PmWD40 gene family members193

To further understand the structural diversity ofWD40 genes, we analyzed the194

exon/intron organization from the coding sequences of PmWD40 genes (Figure 5). The195

intron number of the 77 PmWD40 genes ranged from 0 to 35, of which 12 genes have no196

intron, PmWD4002,-07,-21,-22,-23,-26,-48,-73,-74,-75,-76 and -77, and accounted for197

15.6% of the total. The most closely related gene members in the same subfamilies198

shared similar exon/intron structures, although exception to this observation was also199

found. And the PmWD40 genes appears to be more compact than normal in the cluster of200

the same structure, for instance, PmWD4034 and PmWD4063. This is similar to the201

pattern shown in the Figure 3.202
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203

3.6 Anthocyanin content in leaves of plum204

The content of anthocyanin in plum leaves was analyzed and shown in Figure 6. The205

content of Anthocyanin was the highest in the high-light treatment, the content of the206

pigment was the lowest in the low-light treatment, indicating that the content of207

anthocyanin increased with the increase of light illumination.208

3.7 Expression analysis of PmWD40 gene family under different light209

illumination210

The level of gene expression in the high-light treatment was higher than that in211

normal-light treatment, the lowest level of gene expression was detected in the low-light212

treatment. Data of gene expression (Figure 7) showed that 27 genes that conform to the213

trend (PmWD4001、-06、-07、-10、-12、-15、-19、-20、-22、-23、-24、-25、-214

27、-29、-31、-36、-37、-42、-48、-53、-56、-57、-62、-64、-65、-70 and -72).215

However, 2 genes (PmWD4047 and PmWD4050) were completely opposite to what was216

expected, with the lowest expression in high-light and the highest expression in low-light217

treatments.218

The remaining 48 genes showed no specific trend, occupying 53.2% of the total219

number of PmWD40 genes. The expression of 24 genes (PmWD4002, -03, -04, -05, -09, -220

11, -13, -14, -16, -21, -26, -32, -33, -39, -40, -41, -44, -51, -54, -61, -63, -68, -69 and -75)221

was reduced under high-light and low-light, and the expression was highest under222

normal-light treatment. The expression of 17 genes (PmWD4008, -17, -18, -28, -34, -35, -223

38, -45, -46, -52, -58, -59, -60, -66, -74, -76 and -77) was the lowest under normal-light,224

and was up regulated under either high-light or low-light.225

4 Discussion226

WD40 is an astonishing variety super family of regulatory proteins that are highly227

conserved in evolution and present in a wide range of eukaryotes, involving in various228

biochemical mechanisms and cellular processes[37].According to the previous report,229

anthocyanin biosynthesis pathway is regulated by two groups of genes: one is the230

structural gene encoding the enzymes required in the biosynthetic pathway, and the other231
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is the regulator gene that encode the temporal and spatial expression of structure genes[38].232

In general, the structural gene determines the type of anthocyanin, and the regulatory233

gene determines the expression of the structure gene. As a member of the regulatory gene,234

theWD40 gene family plays an important role in anthocyanin biosynthetic pathway. We235

hope to identify the related genes to improve the flower color of plum.236

In this paper, we identified 77 nonredundant WD40 genes in the plum by237

bioinformatics method. More than half of the proteins were found to be in an unstable238

state and prone to degradation. According to phylogenetic analysis, the 77 PmWD40239

genes were divided into 61 groups, and only 18 groups had more than one member, this240

might be related to the diversity of WD40 protein functions. Based on the phylogenetic241

tree of the WD40 protein families from Arabidopsis and plum, similar to what has been242

reported for Arabidopsis thaliana[39], and the WD40 protein family in plum also showed243

low conservative of sequence. We found that some or homologous proteins exhibited a244

closer relationship, implying that those or tholog pairs may have derived from a common245

ancestor. In general, genes clustered into the same group of a phylogenetic tree often246

share similar functional features.247

By analyzing the distribution of PmWD40 genes in chromosome position, it was248

found that the number of genes distributed on each chromosome was different, and the249

distribution of genes on the same chromosome was not uniform. The composition and250

number of WD40 proteins in the same group were similar. Futher more, the composition251

and number of exon and intron were similar, which indicated that the genes of the same252

group might have the same function. Previous studies revealed that WD40 proteins have253

defined as {X6-94-[GH-X23-41-WD]}4-16[37]. As shown in this study, after analysis of the254

WD40 gene family in plum, motif 1, 2, 3, 5 and 9 were identified as core sequences of255

PmWD40 proteins, which are widely distributed in the PmWD40 protein family. In256

general, the similarities in gene structures and motifs of the majority ofWD40 genes257

within each group supported the phylogenetic analysis. Similarly, the differences in the258

characteristics among the different groups may imply that the plum WD40 genes are259

functionally diverse.260
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The previous studies showed that illumination was one of the most important261

regulatory factors affecting the synthesis of plant anthocyanins, and illumination can not262

only regulate the synthesis of anthocyanin in plants, but also play an important role in263

flower development. The optical signal conduction factor and the photoreceptors play an264

important role in the synthesis and accumulation of anthocyanin.265

In this study，the anthocyanin content in plum leaves was determined with different266

light illumination treatments, and the content of anthocyanin in leaves increased with the267

increase of light illumination. By qRT-PCR, the expression of PmWD40 genes was268

obtained under different light illumination. The results showed that expression of 27 in269

high-light treatment was higher than that in normal-light treatment. The expression of270

two genes was completely opposite to previous trend, with the lowest level of expression271

in high-light and the highest level of expression in low-light. These genes with obvious272

regularity might be closely related to anthocyanin regulation in plum leaves. The273

remaining 48 genes did not show any special expression regularity. If we want to274

understand the rationale behind these different manifestations, we need to continue to275

work more intensively in the future.276

5 Conclusions277

In conclusion, PmWD40 gene family might be involved in anthocyanin synthesis278

and regulation process. The regulatory mechanisms of WD40 proteins in plum remain279

poorly understood. Therefore, systematic analysis of theWD40 gene family may provide280

useful information for further studies on the family structure and biological functions of281

plumWD40 proteins. Furthermore, in order to better study the changes of flower color,282

plum blossom petals can be used as samples in later experiments.283
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Figure 1(on next page)

Phylogenetic relationships in WD40 protein family of Prunus mume and Arabidopsis

thaliana

To explore the phylogenetic relationships of WD40 proteins from different species, we

constructed a phylogenetic tree of the WD40 protein families from Arabidopsis and plum

(Figure 1).
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Figure 1 Phylogenetic relationships in WD40 protein family of Prunus mume and Arabidopsis
thaliana
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Figure 2(on next page)

Distributions of WD40 gene family members on the Prunus mume chromosome s

According to the chromosomal location map, 72 of the 77 plum WD40 genes were widely, but

unevenly,distributed on the 8 poplar chromosomes, while five genes (PmWD4073-77) were

mapped to as yet unattributed scaffolds (Figure 2).
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Figure 2 Distributions ofWD40 gene family members on the Prunus mume chromosomes
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Figure 3(on next page)

Classification of PmWD40 protein family and conversed motifs

Twenty distinct motifs were identified, and the details of the conserved amino acid

sequences and their lengths were shown in Figure3.
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Figure 3 Classification of PmWD40 protein family and conversed motifs
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Figure 4(on next page)

Multiple sequence alignment of PmWD40 protein family

To further understand the similarity between plum WD40 domains, we compared the

sequences of all 77 WD40 domains (Figure 4), the result showed that 77 WD40 proteins were

only 4.09% identity.
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Figure 4 Multiple sequence alignment of PmWD40 protein family
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Figure 5(on next page)

The intron-exon structures of PmWD40 gene family

To further understand the structural diversity of WD40 genes, we analyzed the exon/intron

organization from the coding sequences of PmWD40 genes (Figure 5).
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Figure 5 The intron-exon structures of PmWD40 gene family
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Figure 6(on next page)

Anthocyanin content in leaves of plum under different light illumination

The content of anthocyanin in plum leaves was analyzed and shown in Figure 6.
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Figure 6 Anthocyanin content in leaves of plum under different light illumination

HL：High-light；NL：Normal-light；LL：Low-light
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Figure 7(on next page)

Expression analysis of PmWD40 gene family in different illumination

T he level of gene expression in the high-light treatment was h igher than that in normal-light

treatment, the lowest level of gene expression was detected in the low-light treatment. Data

of gene expression (Figure 7) showed that 27 genes that conform to the trend (PmWD4001、-

06、-07、-10、-12、-15、-19、-20、-22、-23、-24、-25、-27、-29、-31、-36、-37、-42、-48、-53、-56、-57、

-62、-64、-65、-70and -72).
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Figure 7 Expression analysis of PmWD40 gene family in different illumination

HL：High-light；NL：Normal-light；LL：Low-light
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Table 1(on next page)

The WD40 gene family in Prunus mume

The details of the WD40 gene family, such as locusnames, are provided inTable1.
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Table 1 The WD40 gene family in Prunus mume

Protein

Number Name Accession Length (aa) MW (Da) pI
Instability

index (II)
Chr. Location

1 PmWD4001 XP_008225471 614 66062.17 8.56 47.46 1 6321988-6325700

2 PmWD4002 XP_008230996 567 63275.97 7.56 32.54 1 11904441-11906144

3 PmWD4003 XP_008232154 299 32994.07 6.59 33.36 1 13443750-13446661

4 PmWD4004 XP_008234484 451 51404.30 9.45 45.17 1 15948020-15953033

5 PmWD4005 XP_008236866 321 35060.25 6.74 30.00 1 18528859-18531118

6 PmWD4006 XP_008238593 562 63272.69 5.44 29.13 1 19563514-19569604

7 PmWD4007 XP_008246350 330 37023.73 9.53 36.84 1 23177695-23178687

8 PmWD4008 XP_016652838 763 83295.09 6.41 37.54 1 25148660-25154879

9 PmWD4009 XP_008218563 450 51264.12 9.45 44.70 2 73976-79352

10 PmWD4010 XP_008218559 451 51363.25 9.45 44.62 2 73976-79352

11 PmWD4011 XP_008219078 513 58131.38 6.97 38.80 2 3432932-3445299

12 PmWD4012 XP_016647902 734 80859.72 6.12 53.20 2 5590839-5601411

13 PmWD4013 XP_008219585 1831 204174.56 5.42 37.42 2 6808229-6822498

14 PmWD4014 XP_008219867 924 101890.34 6.37 54.75 2 8422560-8429637

15 PmWD4015 XP_008220347 425 46906.19 6.89 43.05 2 10248086-10251239

16 PmWD4016 XP_008220285 558 62394.27 4.89 36.25 2 10555467-10559238

17 PmWD4017 XP_008220685 673 74506.94 6.41 48.31 2 12444740-12449903

18 PmWD4018 XP_008220972 326 35873.52 6.84 28.81 2 13845587-13847622

19 PmWD4019 XP_008221109 562 62913.43 5.78 50.23 2 14624323-14627912

20 PmWD4020 XP_008221114 803 87248.38 7.86 30.41 2 14652774-14660890

21 PmWD4021 XP_008221806 590 66945.99 6.02 42.59 2 18330280-18333564

22 PmWD4022 XP_008221944 436 47399.85 8.99 48.11 2 19245606-19246916

23 PmWD4023 XP_008222478 448 50453.61 7.21 48.94 2 23746059-23747405

24 PmWD4024 XP_008223206 480 52958.35 9.18 48.16 2 31657152-31662512

25 PmWD4025 XP_016647785 1761 198372.16 6.42 49.69 2 32308287-32321062

26 PmWD4026 XP_008223841 344 37875.20 6.89 34.72 2 36681141-36682175

27 PmWD4027 XP_008224052 768 83766.49 6.33 52.47 2 38353576-38359380

28 PmWD4028 XP_008224605 776 84044.69 6.09 44.02 2 42054622-42063077

29 PmWD4029 XP_008224985 850 93233.31 7.59 50.51 3 1752654-1760017

30 PmWD4030 XP_008225331 279 30818.08 5.97 55.33 3 3344967-3345930

31 PmWD4031 XP_008225323 372 40922.78 7.43 36.31 3 3592102-3595287

32 PmWD4032 XP_008225587 523 57942.41 6.07 46.33 3 4882114-4885983

33 PmWD4033 XP_008225617 1195 134347.47 7.60 31.72 3 5020656-5025523

34 PmWD4034 XP_008226626 905 101201.84 5.59 55.22 3 11861155-11866300

35 PmWD4035 XP_008226666 872 95750.40 6.64 48.84 3 12126631-12131958

36 PmWD4036 XP_016649058 1387 153146.20 5.81 44.17 4 306730-315398
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37 PmWD4037 XP_008228475 414 44902.13 8.14 38.13 4 4396763-4398882

38 PmWD4038 XP_016649234 269 30746.79 5.57 27.28 4 4947383-4949304

39 PmWD4039 XP_008228579 920 104100.63 4.95 33.56 4 4951898-4963139

40 PmWD4040 XP_008228644 893 99515.16 6.20 33.20 4 5604633-5610504

41 PmWD4041 XP_008229590 578 64475.45 5.98 45.55 4 15376411-15380722

42 PmWD4042 XP_008230548 511 56514.05 8.18 45.92 4 20725224-20728936

43 PmWD4043 XP_008230874 426 46723.72 6.03 35.64 4 22724411-22728053

44 PmWD4044 XP_008231471 474 52818.19 8.74 32.43 5 2013064-2020784

45 PmWD4045 XP_008232410 383 41457.88 6.16 28.24 5 12896479-12898113

46 PmWD4046 XP_008233498 799 86711.95 6.40 55.61 5 19935281-19939920

47 PmWD4047 XP_008234564 875 96195.99 6.37 40.86 5 24779991-24786140

48 PmWD4048 XP_008234637 342 38541.30 5.05 52.56 5 25093939-25094967

49 PmWD4049 XP_008234949 475 52968.44 8.07 41.79 6 255840-259954

50 PmWD4050 XP_008235203 1647 184806.32 6.34 47.10 6 1250721-1264120

51 PmWD4051 XP_008235296 317 34790.30 8.62 28.58 6 1655174-1656762

52 PmWD4052 XP_008235396 432 47016.42 5.57 34.19 6 2210656-2213743

53 PmWD4053 XP_008235489 779 85211.51 6.78 53.23 6 2585993-2591248

54 PmWD4054 XP_016650868 799 86920.71 6.00 48.67 6 3117178-3122398

55 PmWD4055 XP_008235576 629 69389.96 5.98 40.92 6 3195747-3198621

56 PmWD4056 XP_008235875 1384 148757.52 6.87 52.13 6 4755411-4766210

57 PmWD4057 XP_008236022 405 45696.73 4.58 36.80 6 5406535-5409070

58 PmWD4058 XP_008236777 758 83903.68 5.52 37.07 6 9984575-9996249

59 PmWD4059 XP_008236879 377 40907.99 7.14 29.62 6 10974125-10980067

60 PmWD4060 XP_008236956 501 55805.09 9.13 52.32 6 11626071-11629615

61 PmWD4061 XP_008237351 1031 112846.51 7.56 40.35 6 15916139-15924274

62 PmWD4062 XP_008238207 666 75377.61 6.76 48.50 7 2889792-2896366

63 PmWD4063 XP_008239070 1076 120179.30 5.72 45.75 7 10325897-10331641

64 PmWD4064 XP_008239374 508 55828.98 5.90 40.62 7 12238630-12241249

65 PmWD4065 XP_016651149 394 42370.62 7.22 38.11 7 12669460-12672266

66 PmWD4066 XP_008240184 327 36250.28 6.75 31.68 7 16057328-16059075

67 PmWD4067 XP_008240283 1218 136907.52 6.69 33.48 7 16523322-16528054

68 PmWD4068 XP_008240787 535 59182.73 6.28 40.38 8 4919046-4922313

69 PmWD4069 XP_008241369 956 106126.55 6.81 39.37 8 9169264-9175477

70 PmWD4070 XP_008242602 877 100133.24 6.60 39.62 8 15026969-15033749

71 PmWD4071 XP_008242692 874 96114.21 6.80 52.33 8 15356288-15363638

72 PmWD4072 XP_008242709 347 37838.35 5.55 44.10 8 15431608-15434309

73 PmWD4073 XP_008245266 523 56688.18 6.28 29.09 Un 28274-35262

74 PmWD4074 XP_008243924 546 58364.14 7.28 41.74 Un 81696-86665

75 PmWD4075 XP_008244008 1207 133326.65 5.88 43.57 Un 510628-521653

76 PmWD4076 XP_008244270 683 77844.33 5.69 43.19 Un 588268-592847

77 PmWD4077 XP_008235353 3612 402874.69 5.77 42.77 Un 1986938-2004042
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Table 2(on next page)

The details of the putative WD40 domain sequences t;mso-f.

The amino acid sequences shown in Table 2 are the core sequence of PmWD40 proteins.
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Table 2 The details of the putative WD40 domain sequences

Motif number Length (aa) Sequence

1 15 JASGSDDGTVRVWDL

2 21 CIAVLKGHTGAVSSVAFSPDG

3 15 YIASGSDDRTVKJWD

5 15 LVSASDDGSVKVWDL

9 15 LLASGSSDGTVRVWD
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