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Abstract
Background: As a famous and important medicinal herb in the world, ginseng contains numerous
bioactive components that are remarkable for mankind's health. The basic leucine zipper (bZIP)
transcription factor genes play important roles in many biological processes and plant response to
abiotic and biotic stresses. Nevertheless, these genes remain unknown in ginseng.
Results: Here, we report 91 bZIP genes, designated as PgbZIP genes, identified from ginseng. These
PgbZIP genes were alternatively spliced into 273 transcripts. Phylogenetic analysis grouped the
PgbZIP genes into ten groups, including A, B, C, D, E, F, G, H, I and S. Gene Ontology (GO) categorized
the PgbZIP genes into a number of functional categories, suggesting that they have substantially
diversified in functionality, even though their putative proteins share a number of conserved motifs.
These 273 PgbZIP transcripts expressed quite differentially across 14 different tissues, the roots of
different aged, and the roots of different cultivars. However, the expression of these transcripts was
coordinated as they formed a co-expression network. Furthermore, we studied their response to
drought stress in ginseng using five representatives of the PgbZIP genes, including PgbZIP25 ,
PgbZIP38 , PgbZIP39 , PgbZIP53 and PgbZIP54 . The results showed that these PgbZIP genes all
responded to drought stress in ginseng, but the magnitudes of their response to drought stress
varied.
Conclusions: These results provide knowledge and resources for deeper functional analysis of PgbZIP
genes and molecular tools for enhanced drought tolerance breeding in ginseng.

Full Text
Due to technical limitations, full-text HTML conversion of this manuscript could not be completed.
However, the manuscript can be downloaded and accessed as a PDF.
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Figure 1
Conserved motifs and Phylogenetic relationship of the PgbZIP proteins. a Conserved motifs
of PgbZIP proteins according to the evolutionary relationship. The conserved motifs in the
PgbZIP proteins were identified with MEME software. Each motif is indicated by a colored
box numbered at the top. b Phylogenetic analysis of ginseng , Arabidopsis , tomato and rice
bZIP proteins.
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Figure 2
In silico functional categorization and GO term enrichment of the PgbZIP gene transcripts. a
Venn diagram of numbers of the PgbZIP transcripts involved in the biological process (BP)
(235 genes), molecular function (MF) (249 genes)and cellular component (CC) (2 genes)
categories. b Subcategories in which the PgbZIP transcripts are involved at Level 2 and their
enrichments. The GO terms of the transcripts expressed in 14 tissues of the four-year-old
plant used for identification of the PgbZIP genes as the background control for the
enrichment analysis. **, significant at P ≤ 0.01; the remaining GO terms are not significant
at P ≤ 0.05.
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Figure 3
Variation of the functional categories of the PgbZIP transcripts. a Variation of the functional
categories of the PgbZIP transcripts among 14 tissues of a 4-year-old plant. b Variation of
the functional categories of the PgbZIP transcripts among the 4-year-old roots of 42 ginseng
cultivars from Jilin, China. c Variation of the functional categories of the PgbZIP transcripts
among the roots of differently aged plants.
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Figure 4
Expression of the PgbZIP gene transcripts in ginseng. a Expression of the PgbZIP gene
transcripts in different numbers of tissues. The percentages of each part of the pie indicates
the percentage of the 273 PgbZIP gene transcripts; the number behind the percentage in
each part of the pie indicates the number of the 14 tissues in which the gene transcripts
expressed. b Expression of the PgbZIP gene transcripts in four-year-old roots of different
genotypes. The percentages of each part of the pie indicates the percentage of the 273
PgbZIP gene transcripts; the number behind the percentage in each part of the pie indicates
the number of the four-year-old roots of different genotypes in which the gene transcripts
expressed. c Expression of the PgbZIP gene transcripts in differently-aged roots.. The
percentages of each part of the pie indicates the percentage of the 273 PgbZIP gene
transcripts; the number behind the percentage in each part of the pie indicates the number
of the number of four aged roots in which the gene transcripts expressed.
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Figure 5
Expression of the PgbZIP transcripts categorized into the immune system process. a
Expression of the PgbZIP transcripts in 14 tissues. b Expression of the PgbZIP transcripts in
42 cultivars. c Expression of the PgbZIP transcripts in four different year-old roots.
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Figure 6
Network analysis of the PgbZIP transcripts expressed in the 4-year-old roots of 42 farmers’
cultivars. a The co-expression network constructed from 273 PgbZIP transcripts at P ≤ 5.0E02. It consists of 207 nodes and 1994 edges. b 18 clusters in the network. c Tendency that
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PgbZIP genes form a network using the randomly-selected ginseng unknown genes as a
control: variation in number of nodes. d Tendency that PgbZIP genes form a network using
the randomly-selected ginseng unknown genes as a control: variation in number of edges.
The networks shown in (c and d) were constructed from 273 transcripts with no replicate. e
Statistics of variation in number of nodes in the PgbZIP network. f Statistics of variation in
number of edges in the PgbZIP network. Capital letters, significant at P ≤ 0.01; Error bar,
the standard deviation for 20 bootstrap replications.

Figure 7
PgbZIP gene expression levels in ginsen seedlings after 3, 6, 12, 24 and 48 h of 20% PEG6000 treatment. The values are expressed as the means of 3 replicates.*: P < 0.05. **: P <
0.01.
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