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Abstract
Background: Class III peroxidases (POD) proteins are widely present in the plant kingdom that are
involved in a broad range of physiological processes including stress responses and lignin
polymerization throughout the plant life cycle. However, little is known about the POD genes in Betula
pendula, although it has been characterized in Arabidopsis, rice and maize. The POD genes remain to be
determined in Betula pendula.

Results: A total of 90 nonredundant POD genes were identi�ed in Betula pendula. (designated BpPODs).
These POD genes were divided into twelve groups based on their phylogenetic relationships. The BpPODs
are unevenly distributed on the 14 chromosomes. In addition, some BpPOD genes were located
sequentially in tandem on chromosomes, inferred that tandem duplication contributes to the expansion
of the POD genes family in Betula pendula. Analysis of the distribution of conserved domains of BpPOD
proteins showed that all these proteins contain highly conserved motifs. We also investigated their
expression patterns in different tissues, the results show that some BpPOD genes might play signi�cant
roles in root, xylem, leaf and �ower. Furthermore, under low temperature conditions, some BpPOD genes
showed different expression patterns at different times.

Conclusions: Comprehensive study of the POD genes suggests that their functional diversity during
Betula pendula growth and development. Our �ndings provide a basis for further functional analysis on
POD genes family in Betula pendula.

Background
Peroxidases or peroxide reductases (POD, EC number 1.11.1.x) are a large group of oxidases existing in
animals, plants and microorganisms, which catalyzes the oxidation of a particular substrate by hydrogen
peroxide [1]. Among them, class III peroxidases, belonging to the haem peroxidase subfamily, exist only in
plants and have an extremely widespread presence in the plant kingdom [2]. The Class III peroxidase in
plants are also reported as POX [3, 4], GPX [5], Prx [6], ClassIII PRX [7], and POD [8, 9]. Most plant species
contain dozens of Class III peroxidases, for example, switchgrass [7] genome contains more than 200
POD coding genes, and Populus [10], rice and Arabidopsis contain 93, 138 and 73 members of POD
family, respectively [6, 11] .

POD are involved in a broad range of physiological processes throughout the plant life cycle, probably
due to the high number of enzymatic isoforms (isoenzymes) and to the versatility of their enzyme-
catalysed reactions [12]. Recent studies indicate that POD has two most important functions in plants: on
the one hand, it is related to the normal morphogenesis of plants and plays a role in the growth and
development of plants. On the other hand, it is related to the resistance of plants, including disease
resistance, cold resistance, drought resistance, etc., and it is one of the important protective enzymes of
plant protective enzymes [13, 14]. Although it is known that POD play a key role in cell growth and
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response to abiotic stress, the speci�c function of each member of the family is still elusive. The
comprehensive researches are necessary to explore the role of POD in plant growth and defense.

The gene family always arose from multiple ways including tandem duplication, duplicative
transposition, and whole genome duplication (WGD), which was followed by mutation and divergence
[15]. During the last decade, several molecular biology approaches have been developed to isolate,
characterize and study the expression of POD genes family in plants [6]. Betula pendula is a pioneer
boreal tree that can be induced to �ower within one year [16], it plays an important role in people life. Up
to now, however, no genome-wide characterization of the POD family in B. pendula. It has been shown
that POD is related to the synthesis of lignin [17] and cork [18, 19], and lignin is considered as an
important defense means against invasion and expansion of pathogens [20, 21]. At the same time, a
large number of experimental evidences of stress treatment showed that under the stress of drought and
low temperature, the expression of POD increased signi�cantly [22, 23].

Since Betula pendula is a widespread species and has many applications in the pulp and paper industry,
it is necessary to study its development and physiology [24]. To understand the role of POD family in
lignin synthesis and resistance to biotic and abiotic stresses in B. pendula will greatly contribute to its
application in industrial production. Fortunately, B. pendula has attracted much attention, particularly by
the availability of its genome sequences [25], which gave us an opportunity to carry out a comprehensive
genome-wide analysis for exploring the potential functions of the POD genes in B. pendula.

In the present study, a genome-wide analysis of POD genes family from B. pendula was conducted via
genomic sequence, including BpPOD gene models, phylogenetic relationship, conserved motif,
chromosome location and other structural features [26]. we performed for the �rst time the
comprehensive analysis to the POD genes involved in lignin synthesis and abiotic stress response in B.
pendula. Our study provides important insights for further study of the potential role of POD genes family
in B. pendula growth and development.

Results
Identi�cation of POD genes

To identify members of POD family in B. pendula, we used the 73 POD genes of Arabidopsis to obtain the
best hits in the B. pendula genome by BLASTP. A total of 90 putative PODs were identi�ed in the B.
pendula genome. We further examined the conserve domains of proteins encoded by these genes using
Pfam [27] and SMART [28] database. The results revealed that all the genes have classical POD domain
structures, which demonstrates the reliability of the results. The B. pendula genome contains more PODs
than Arabidopsis (73) [6], but fewer than Populus euphratica (93) [29], chinese pear (94) [26], and rice
(138) [11]. We de�ned the BpPODs as BpPOD1 to BpPOD90. The isoelectric point (PI) varied from 4.28 to
9.6 with a mean of 7.25 and >7.0 of 52.2% POD proteins. Their detailed information, including
chromosome location, gene name and molecular weight (MW) gene size of each BpPOD gene/protein,
was listed in Table1.
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Phylogenetic analyses of POD proteins in B. pendula

To investigate the evolutionary history and phylogenetic relationships among the members of POD family
in B. pendula, a phylogenetic tree was constructed with the Neighbor-Joining method based on multiple
sequence alignment of the 90 BpPODs, with 1000 bootstrap replicates (Figure 1). The BpPOD proteins
were divided into twelve major subgroups with high bootstrap probabilities, designated group I to group
XII. The POD genes of each subgroup is unevenly distributed, with the number of members varies from 4
to 15. Subgroup VIII contains the most members (15), subgroup X, XI, XII contains the least number of
members, with only 4 members.

Analysis of conserved amino acid motifs

To understand the functional regions of BpPODs, conserved amino acid motifs analyses of BpPOD
proteins were performed. A total of eight conserved amino acid motifs were identi�ed in the BpPOD
proteins (Figure 2). All BpPOD proteins contain at least one conserved amino acid motif. For example,
BpPOD55 only contains motif 8, BpPOD83 contains motif 1 and 7, while BpPOD10 proteins contain all
the eight conserved amino acid motifs.

Most of the closely related members have the same motif compositions, suggesting that there are
functional similarities between POD proteins within the same subgroup [30]. We found that motifs 1, 2, 3,
4, 5 and 7 appeared in nearly all members of BpPOD proteins, these motifs might be important for the
functions of BpPOD proteins.

Analysis of chromosomal location

To investigate the genome organization and distribution of BpPODs on different chromosomes of B.
pendula, a chromosome map was constructed. The results show that the 90 BpPOD genes were
distributed among 14 chromosomes, as shown in Figure 3, the physical locations of these BpPODs on
chromosomes were scattered and uneven. Chromosome 1 and 8 contains the most BpPOD genes (14),
followed by chromosome 13 (10). Eight BpPOD genes were simultaneously distributed on chromosomes
5 and 7, whereas chromosomes 14 had only one and chromosomes 11 does not include the POD genes.
In addition, some chromosomes exhibit a relatively high density of BpPOD genes, such as the bottoms of
chromosomes 13 and the top of chromosome 8.

Gene duplication, including segmental and tandem duplication, is considered to be one of the primary
driving forces in the evolution of genomes [31, 32]. In this study, among the 90 BpPOD genes identi�ed, a
large number of BpPOD genes have the same duplicated regions (Figure 4). Generally, a gene cluster is
the result of gene tandem duplication [33]. In this study, we found that some BpPOD genes were adjacent
to each other (Figure 3). For instance, BpPOD17-20, BpPOD22-29 and BpPOD11-15 were located
sequentially in tandem on chromosomes 5, 8, and 13, respectively, implying that these genes might arise
from recent tandem duplication events [34]. The result indicated that tandem duplications play main
contributors in the expansion of the BpPOD genes family. However, in previous studies, segmental
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duplication and tandem duplication were identi�ed in maize POD family [30]. This indicates that there are
signi�cant differences in the POD genes expansion pattern in B. pendula and maize, which strongly
implied that POD family members have different expansion patterns among different species. It may be
the reason why the POD family members (90) in B. pendula were less than those in the maize (119) [26].

Tissue-specifc expression of BpPOD genes in B. pendula

To better understand the functions of POD genes in the growth and development of B. pendula, their
expression pro�les in different tissues (including root, xylem, young leaf and �ower) were analyzed with
publicly available transcriptome data. Of the 90   BpPOD genes, 69 genes were expressed in one or more
birch tissues, while 21 BpPOD genes exhibited no expression in various individual tissues. The heat map
(Figure 5) demonstrated that most BpPOD genes had tissue-speci�c or preferential expression patterns.
BpPOD6, BpPOD21 and BpPOD37 were highly expressed in xylem, suggesting that they may play speci�c
roles in xylem development. Several BpPOD genes were expressed in root during development, revealing
the signi�cant roles of these genes in root growth, such as BpPOD62, BpPOD63 and BpPOD65. BpPOD78
and BpPOD19 showed higher expression levels in young leaf and �ower, respectively, implying their
speci�c roles in leaf and �ower development. The expression level of BpPOD6 was high in xylem and low
in root, leaf and �ower. In contrast, BpPOD67, BpPOD68, BpPOD80 and BpPOD81 had no expression in
any of the investigated tissues, suggesting that these genes are not involved in the development of these
tissues. BpPOD21, BpPOD59 and BpPOD62 were highly expressed in developing xylem, root, leaf and
�ower. In conclusion, the variations in the expression of BpPOD genes in different tissues revealed that
POD genes may be involved in several processes during B. pendula growth and development.

Responses of BpPOD genes expression to cold treatment

Several roles have been attributed to plant peroxidases in response to biotic and abiotic stresses [35]. In
recent years, the number of studies on POD genes response to abiotic stress have been reported [30]. For
example, Arabidopsis overexpressing AtPOD3 showed an increase in dehydration and salt tolerance,
whereas the antisense suppression of AtPOD3 exhibited dehydration and salt sensitive phenotypes [36].
The expression of POD genes is induced by various environmental stresses, such as metal, pathogens,
humidity, temperature, anoxia and potassium de�ciency [35], suggesting that POD genes are involved in
plant defense. In this study, we examined the expression levels of the BpPOD genes in response to low
temperature stress. As shown in Figure 6, the result indicated that the expression of most BpPOD genes
was altered under cold treatment. After cold treatment, the expression levels of BpPOD4, BpPOD13,
BpPOD15, BpPOD17 and BpPOD21 were signi�cantly induced at a relatively early stage (0.5 h after
treatment), this suggests that these genes play a more important role in B. pendula under cold treatment
than other genes. The expression levels of BpPOD19, BpPOD21, BpPOD39 and BpPOD47 were increased
after 1.5 h treatment of low temperature. BpPOD50 and BpPOD58 did not response to cold treatment at
the beginning (0.5 h), and were slightly increased after 2 h exposure to low temperature. The low
temperature responsive BpPODs may play important roles in birch under cold stress.
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Discussion
It is reported that members of Class III Peroxidases gene family are involved in the regulation of a variety
of processes [6, 29], and play a key role in biological and abiotic stress responses during plant growth
and development [30]. Systematic and comprehensive analyses of POD genes families have been
published for Arabidopsis thaliana [6], Populus trichocarpa [29], Zea mays [30] and Oryza sativa [11], but
a genome-wide study of the POD family has not previously been reported in B. pendula. The published
genome data of B. pendula [25] provides a useful tool for analysis of the BpPOD genes family in birch.

In the present study, 90 non-redundant POD genes were identi�ed in B. pendula, the number is higher than
that in Arabidopsis (73), but lower than that in maize (119) and rice (138), which indicates that the POD
genes in B. pendula have expanded compared to those in Arabidopsis. Subsequently, we performed
analyses of the phylogenic relationships, chromosomal locations, conserved motifs and expression
pro�les [37].

In the process of genome evolution, tandem duplication and segmental duplication were the main factors
that led to the expansion of gene family [32]. Certain studies have shown that tandem duplication was
largely responsible for the expansion of brich gene families [30], such as tandem duplication are the main
reason for the expansion of B. pendula NAC gene family [15]. By contrast, segmental duplication has
contributed signi�cantly to the expansion of this gene family in populus [34] and chinese pear [26].
Interestingly, in this study, we found that some BpPOD genes were adjacent to each other, suggesting
tandem duplications play main contributors to the expansion of the BpPOD genes family. However, in
maize, the segmental duplication and tandem duplication almost identically contributed to the POD
genes family expansion [30]. These results also explain why the number of POD genes in B. pendula (90) ,
pear and populus were less than those in maize (119). According to the above analysis, we speculated
that the expansion of the POD genes family differed between different plants.

The 90 BpPOD proteins possess ten highly conserved motifs. MEME analysis revealed that different
conserved motifs are present in each of the BpPOD proteins. Notably, most BpPOD proteins contain all
the conserved motifs, while only a few BpPOD proteins contain one or two motifs, which means that
these motifs may be involved in the important basic function of the POD protein. However, a few motifs
with unknown functions are present in nearly every subgroup, these motifs might play important roles in
the BpPOD family.

Gene expression patterns are an important aspect of the study of gene function [38]. High-throughput
microarray technology provides a good platform for the study of genome-wide gene expression patterns
[39]. We used publicly available genome-wide transcript pro�ling data from B. pendula tissues as a
resource to investigate the expression patterns of BpPODs. Most BpPOD genes exhibited variable
expression patterns, suggesting functional diversi�cation of BpPOD genes. Twenty-one BpPOD genes
exhibited no expression in four individual tissues, indicating that BpPOD genes are expressed under
speci�c conditions or at speci�c developmental stages. In this study, we found that of the 90 BpPOD
genes, the most abundant expression was in the root, followed by the xylem. The result showed that most
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highly expressed POD genes might play signi�cant roles in root. The highest expression levels of
BpPOD6, BpPOD21 and BpPOD37 genes were found in xylem. It was suggested that these three genes
were participated in regulation of the xylem synthesis in B. pendula. BpPOD59 is most expressed in
�owers and leaves, suggesting that it may be related to leaf spreading and �owering formation in B.
pendula. In addition, several BpPOD genes were expressed in all tissues, suggesting that they might play
basic roles in B. pendula. In conclusion, the expression pro�ling in this study provides an important basis
for further studying of expression and biological functions of the POD genes family in B. pendula.

The growth and development of plants are usually affected by abiotic stress, such as drought, low
temperature and high salinity [39]. A lot of stress-related genes were induced to adapt to these abiotic
stresses [40, 41]. A large number of experimental studies [30] on stress treatment showed that under the
stress of low temperature and other conditions, POD genes expression increased signi�cantly [22, 23].
However, no POD genes responding to cold treatment have been reported in B. pendula. Thus, we
performed a survey of the expression patterns of the POD genes in B. pendula under cold treatment. The
results suggested that �fty BpPOD genes were responsive to cold treatment. Most BpPOD genes were
highly expressed at a relatively early stage (0.5 h after treatment), and with the extension of time, the
expression reached the highest level. This indicated that these genes might play an important role in B.
pendula. By contrast, the expression level of BpPOD30 and BpPOD8 genes gradually increased at 2 h
after treatment, indicating that these genes are involved in the late reaction of cold treatment. In addition,
the expression of a few BpPOD genes decreased under cold treatment, we speculate that these genes
may also have defense and other speci�c functions in B. pendula. These results indicated that most POD
genes were induced by low temperature and might contribute to the defense against abiotic stresses in B.
pendula.

Conclusion
In short, a total of 90 POD genes were identi�ed in B. pendula and divided into twelve major subgroups. A
total of eight conserved amino acid motifs were identi�ed in the BpPOD proteins. Chromosomal location
and microsynteny analysis suggested that these BpPOD genes were unevenly distributed in fourteen
chromosomes. Tandem duplication were identi�ed as the main patterns contributors to the expansion of
POD genes expansion in B. pendula. Finally, expression patterns analysis revealed that some BpPOD
genes might play signi�cant roles in root, xylem, leaf and �ower.  Furthermore, under low temperature
conditions, some BpPOD genes showed different expression patterns at different times. This present
study increases our understanding of POD genes in B. pendula and lays the foundation for further clarify
of the biological functions of these POD proteins in other plants.

Methods
Identi�cation of B. pendula peroxidase genes
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To identify B. pendula peroxidase genes, the B. pendula genome sequences were downloaded [25]. The
protein sequences of POD family members in the genome of Arabidopsis were retrieved from the TAIR
database. The 73 Arabidopsis POD members were used as queries to identify the candidate sequences of
B. pendula POD genes using BLASTP. To verify the reliability of the results, all the acquired candidate
sequences were examined for the presence of the POD domain using Pfam [42] and SMART [43]. Finally,
all candidate POD sequences were aligned using ClustalW [44] and remove potentially redundant genes.
The theoretical molecular weights (MWs) and isoelectric points (pIs) of the proteins were collected using
the online ExPASy program.

Phylogenetic analyses of B. pendula peroxidase genes

To investigate the phylogenetic relationships of the peroxidase genes of B. pendula, a phylogenetic tree
was constructed. Prior to phylogenetic analysis, multiple sequence alignments were generated using
MUSCLE [45]. Subsequently, the RAxML [46] was employed to construct an unrooted phylogenetic tree
based on alignments using the Neighbor-Joining (NJ) method with the following parameters: model (p-
distance), bootstrap (1000 replicates), and gap/missing data (pairwise deletion).

Analysis of conserved motif

To determine conserved motifs structures of the BpPOD proteins , the conserved motifs were detected
using the online MEME Tool [47]. The conserved motifs were analyzed with the SMART and PFAM
programs.

Analysis of chromosomal location

Analysis of RNA-seq expression 

To determine the expression patterns of BpPOD genes in different tissues, we downloaded transcriptome
data (PRJNA535361) [15] from the NCBI SRA database. The clean reads of each sample were obtained
by �ltering out reads of low quality. All the clean reads were aligned to the B. pendula reference genome
using bowtie2 [48]. The RNA-seq (RNA-sequencing) data were analyzed using the RSEM (RNA-seq by
Expectation-Maximization) pipeline [49] and the data were processed using a paired-end sequencing
mode. RSEM could compute transcript abundance, estimating the number of RNA-seq fragments
corresponding to each gene, and normalized expression values as TMM (trimmed mean of M-values).

Abbreviations
POD: class III peroxidases  B. pendula: Betula pendula  BpPODs: POD genes in Betula pendula RNA-seq:
RNA sequencing
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Table 1. The 90 POD genes identified in B. pendula and their sequence characteristics

Protein Name Gene ID Theoretical pI Molecular weight Da

BpPOD1 Bpev01.c0000.g0142 7.16 38520.2

BpPOD2 Bpev01.c0001.g0018 5.76 34481.79

BpPOD3 Bpev01.c0015.g0107 8.52 35715.62

BpPOD4 Bpev01.c0015.g0108 9.06 35517.27

BpPOD5 Bpev01.c0022.g0082 8.05 34206.63

BpPOD6 Bpev01.c0022.g0083 9.11 34146.78

BpPOD7 Bpev01.c0023.g0043 9.32 36436.39

BpPOD8 Bpev01.c0027.g0161 6.43 35985.96

BpPOD9 Bpev01.c0038.g0066 8.86 16650.95

BpPOD10 Bpev01.c0055.g0011 5.7 36849.2

BpPOD11 Bpev01.c0090.g0013 9.15 40130.67

BpPOD12 Bpev01.c0090.g0014 8.72 35448.63

BpPOD13 Bpev01.c0090.g0016 8.9 35155.75

BpPOD14 Bpev01.c0090.g0017 9.03 34839.38

BpPOD15 Bpev01.c0090.g0018 9.21 34931.7

BpPOD16 Bpev01.c0094.g0039 7.57 35824.75

BpPOD17 Bpev01.c0115.g0033 8.28 34790.11

BpPOD18 Bpev01.c0115.g0034 9.21 34709.95

BpPOD19 Bpev01.c0115.g0036 9.57 34410.61

BpPOD20 Bpev01.c0115.g0100 8.13 28980.85

BpPOD21 Bpev01.c0127.g0079 8.51 37428.88

BpPOD22 Bpev01.c0154.g0008 6.98 34749.39

BpPOD23 Bpev01.c0154.g0009 5.97 34913.58

BpPOD24 Bpev01.c0154.g0011 6.17 38375.7

BpPOD25 Bpev01.c0154.g0012 5.71 34090.42

BpPOD26 Bpev01.c0154.g0013 8.56 33988.06

BpPOD27 Bpev01.c0154.g0014 4.92 30751.05

BpPOD28 Bpev01.c0154.g0015 5.79 33695.64

BpPOD29 Bpev01.c0154.g0016 9.09 37699.91

BpPOD30 Bpev01.c0161.g0034 6.95 37831.82
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BpPOD31 Bpev01.c0210.g0047 8.01 35734.78

BpPOD32 Bpev01.c0214.g0014 4.7 44989.41

BpPOD33 Bpev01.c0222.g0007 6.09 36320.35

BpPOD34 Bpev01.c0228.g0001 6.29 25755.32

BpPOD35 Bpev01.c0253.g0021 6.31 33855.45

BpPOD36 Bpev01.c0253.g0022 4.75 35040.89

BpPOD37 Bpev01.c0253.g0025 4.28 36363.54

BpPOD38 Bpev01.c0253.g0026 4.8 36734.26

BpPOD39 Bpev01.c0292.g0023 6.75 35088.84

BpPOD40 Bpev01.c0335.g0033 5.16 37438.99

BpPOD41 Bpev01.c0395.g0053 4.8 34822.54

BpPOD42 Bpev01.c0414.g0013 9.23 35888.05

BpPOD43 Bpev01.c0441.g0005 7.52 35297.73

BpPOD44 Bpev01.c0443.g0013 6.51 37358.81

BpPOD45 Bpev01.c0483.g0021 5.6 36858.73

BpPOD46 Bpev01.c0518.g0009 6.34 35401.21

BpPOD47 Bpev01.c0518.g0010 6.22 35012.98

BpPOD48 Bpev01.c0566.g0037 4.74 35256.87

BpPOD49 Bpev01.c0577.g0019 8.86 33926.77

BpPOD50 Bpev01.c0605.g0023 5.58 37438.76

BpPOD51 Bpev01.c0605.g0024 5.92 40256.6

BpPOD52 Bpev01.c0672.g0007 5.31 35421.93

BpPOD53 Bpev01.c0702.g0001 8.28 41401.42

BpPOD54 Bpev01.c0753.g0001 5.97 23067.41

BpPOD55 Bpev01.c0811.g0007 8.7 9122.73

BpPOD56 Bpev01.c0834.g0015 7.95 37636.09

BpPOD57 Bpev01.c0848.g0029 8.46 36912.4

BpPOD58 Bpev01.c0932.g0013 4.69 34485.93

BpPOD59 Bpev01.c0944.g0009 9.6 35965.28

BpPOD60 Bpev01.c0990.g0011 8.86 34411.46

BpPOD61 Bpev01.c0991.g0009 9.37 16644.16

BpPOD62 Bpev01.c1029.g0016 4.71 38697.61

BpPOD63 Bpev01.c1029.g0017 5.2 38867.05
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BpPOD64 Bpev01.c1078.g0006 5.67 17097.87

BpPOD65 Bpev01.c1163.g0010 8.1 36508.06

BpPOD66 Bpev01.c1189.g0010 6.93 35457.58

BpPOD67 Bpev01.c1189.g0011 5.94 28953.96

BpPOD68 Bpev01.c1230.g0004 6.41 57999.02

BpPOD69 Bpev01.c1230.g0005 8.95 37658.16

BpPOD70 Bpev01.c1519.g0002 6.99 35815.14

BpPOD71 Bpev01.c1529.g0006 8.89 38531.35

BpPOD72 Bpev01.c1719.g0005 8.42 33743.46

BpPOD73 Bpev01.c1776.g0001 8.38 33425.87

BpPOD74 Bpev01.c1776.g0002 6.44 28814.32

BpPOD75 Bpev01.c1889.g0001 8.46 32601.89

BpPOD76 Bpev01.c1889.g0002 8.75 43372.13

BpPOD77 Bpev01.c1889.g0003 8.05 33592.04

BpPOD78 Bpev01.c1922.g0001 8.42 34940.65

BpPOD79 Bpev01.c1922.g0002 9.41 32305.51

BpPOD80 Bpev01.c2035.g0001 5.3 20474.83

BpPOD81 Bpev01.c2059.g0007 7.56 34908.57

BpPOD82 Bpev01.c2165.g0002 6.38 34883.46

BpPOD83 Bpev01.c2185.g0001 5.01 14822

BpPOD84 Bpev01.c2220.g0001 9.04 29887.06

BpPOD85 Bpev01.c2322.g0001 9.35 35748.32

BpPOD86 Bpev01.c3133.g0001 6.89 9127.53

BpPOD87 Bpev01.c3133.g0002 7.89 61365.35

BpPOD88 Bpev01.c3139.g0001 8.54 34756.42

BpPOD89 Bpev01.c3210.g0001 8.53 33682.38

BpPOD90 Bpev01.c3916.g0001 4.74 38628.55

Figures
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Figure 1

Phylogenetic relationship of the 90 identi�ed BpPOD genes. Unrooted tree constructed using RAxML by
the Neighbor-Joining (NJ) method. The tree shows 12 major phylogenetic subgroups (subgroups I to XII).
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Figure 2

Distribution of eight putative conserved motifs in BpPOD proteins. Conserved motifs are represented by
different colored boxes while nonconserved sequences are shown by gray lines. Note that the length of
each box does not represent the actual motif size, and the colored boxes were ordered manually
according to the results of MEME analysis.
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Figure 3

Chromosomal locations of 90 POD genes on 14 B. pendula chromosomes. Each was mapped to the
chromosome based on its physical location. The number of chromosomes (chr01-chr14) is marked in
yellow. The gene names on the right side of each chromosome correspond to the approximate locations
of each POD gene.
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Figure 4

Collinearity analysis of POD genes in B. pendula genome.
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Figure 5

Expression pro�les of BpPOD genes across different tissues. Different organs/tissues are exhibited below
each column. The BpPOD genes were listed at the right of the expression array, and the expression values
mapped to a color gradient from low (blue) to high expression (red) are shown at the right of the �gure.
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Figure 6

Responses of BpPOD genes expression to cold treatment. Different time are exhibited below each
column. The BpPOD genes were listed at the right of the expression array, and the expression values
mapped to a color gradient from low (blue) to high expression (red) are shown at the right of the �gure.


