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Abstract Saponarin found in young barley sprouts has a 

variety of beneficial biological and pharmacological properties, 

including antioxidant, hypoglycemic, antimicrobial, and hepato-

protective activities. Our previous work demonstrated that 

saponarin content was correlated with the expression levels of 

three biosynthetic pathway genes [chalcone synthase (HvCHS1), 

chalcone isomerase (HvCHI), and UDP-Glc:isovitexin 7-O-gluco-

syltransferase (HvOGT1)] in young barley seedlings under 

various abiotic stress conditions. In this study, we investigated 

the saponarin content and expression levels of three saponarin 

biosynthetic pathway genes in hulled and hulless domestic 

barley cultivars. In the early developmental stages, some 

hulled barley cultivars (Kunalbori1 and Heukdahyang) had 

much higher saponarin contents than did the hulless barley 

cultivars. An RNA expression analysis showed that in most 

barley cultivars, decreased saponarin content correlated with 

reduced expression of HvCHS1 and HvCHI, but not HvOGT1. 

Heat map analysis revealed both specific increases in HvCHS1 

expression in certain hulled and hulless barley cultivars, as 

well as general changes that occurred during the different 

developmental stages of each barley cultivar. In summary, our 

results provide a molecular genetic basis for the metabolic 

engineering of barley plants to enhance their saponarin content.

Keywords Hulled and hulless barley cultivars, Chalcone 

isomerase, Chalcone synthase, Saponarin, UDP-Glc:isovitexin 

7-O-glucosyltransferase

Introduction

Barley (Hordeum vulgare L.) is a major and historic cereal 

grain worldwide that has been cultivated for centuries as 

either animal feed, human food or malting substrate 

(Honsdorf et al. 2014). Over the past two decades, barley 

grains and leaves have ceased to be core livestock fodder 

and in turn their production has decreased. However, since 

secondary metabolites synthesized in young barley leaves 

contain the beneficial effect of potent antioxidants (Kami-

yama and Shibamoto 2012), barley has begun to consider 

as a potential functional feed or food supplement for animals 

and humans, respectively.

  Flavonoids are an important group of specialized plant 

metabolites and include the 10 major flavonoid classes: 

chalcones, aurones, flavanones, flavones, isoflavones, di-

hydroflavonols, flavonols, leucoanthocyanidins, anthocyanins 

and proanthocyanidins (Yonekura-Sakakibara et al. 2019). 

This structural diversity is a consequence of plant species 

adapting to specific ecological environments (Mouradov 

and Spangenberg 2014). Flavonoids contain a numerous of 

beneficial pharmacological effects (Seo et al. 2013). For 

instance, a diglycoside flavone (apigenin-6-C-glucosyl-7- 

O-glucoside), also known as saponarin, when isolated from 

young barley sprouts, can promote anti-oxidant, hypoglycemic, 

anti-microbial and hepaprotective activities (Cushnie and 

Lamb 2005; Hertog et al. 1993; Mojzisova et al. 2006; 

Moses et al. 2014; Seo et al. 2014).

  Flavonoid biosynthetic pathways have been thoroughly 

investigated in barley plants (Jende-Strid 1993; Peukert et 

al. 2013). To date, the sequences of chalcone synthase (CHS), 
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phenylalanine ammonia-lyase (PAL), cinnamate 4-hydroxylase 

(C4H), flavanone 3-hydroxylase (F3H) and dihydroflavonol 

4-reductase (DFR) genes have been identified in 16 barley 

genotypes. Single nucleotide polymorphism (SNP) markers 

for these respective genes have been found and developed. 

The genes encoding other flavonoid biosynthetic pathway 

enzymes, however, have yet to be discovered. The lack of 

available mutants in barley also hampers the identification 

of and functional study with new biosynthetic genes 

(Reuber et al. 1996).

  Flavonoid biosynthetic pathways are evolutionarily con-

served among plant species, and a variety of flavonoid 

biosynthetic genes have been well studied in plants (Lepiniec 

et al. 2006; Weisskopf et al. 2006). For instance, CHS 

catalyzing the first step in flavonoid synthesis is regulated 

at various levels of transcription and translation, and enzy-

matic activity (Block et al. 1990; Hartmann et al. 2005; 

Hartmann et al. 1998; Knogge and Weissenbock 1986). In 

addition, the levels of various genes involved in the flavonoid 

biosynthetic pathway are spatially and temporarily regulated 

in plant tissues (Hutzler et al. 1998; Schulz and Weissenbö ck 

1986; 1988). These findings suggest that the control of 

flavonoid production is more complex than expected.

  We have recently reported on the relationship between 

the saponarin contents and expression levels of three 

saponarin biosynthesis genes [barley CHS1 (HvCHS1), 

barley chalcone isomerase (HvCHI) and barley UDP-Glc: 

isovitexin 7-O-glucosyltransferase (HvOGT1)] in young barley 

seedlings during developmental stages and with several 

abiotic treatments (Lee et al. 2019). In this study, we analyzed 

the saponarin contents and saponarin biosynthetic gene 

expression in the same three biosynthesis genes for hulled 

and hulless domestic barley cultivars.

Materials and Methods

Plant materials and growth conditions

Barley seeds and cultivars were obtained from the National 

Institute of Crop Science (Jeonju, South Korea). These 

included 8 different barley seeds: Kunalbori1, Heukdahyang, 

18CPB4, 18CPB10 and 18CPB 11 (hulled barley cultivars), 

as well as Nulichalssal, Hinchalssal and Saechalssal (hulless 

barley cultivars). 18CPB4, 18CPB10 and 18CPB 11 were not 

yet registered as new varieties (Yoon et al. 2019). According 

to our previous report (Lee et al. 2019), barley seeds soaked 

in water for 1 d were germinated in the darkness over 2 d, 

transferred to soil, and then grown in a growth room (23°C, 

16-h photoperiod, light intensity of 120 mmol m
-2
 s

-1
). For 

saponarin content and biosynthesis gene expression analyses, 

young barley leaves were harvested at 3 d, 6 d or 9 d. After-

wards, the samples were immediately frozen in liquid 

nitrogen for subsequent analysis. All experiments involved 

two or three biological replicates (independently harvested 

samples).

Saponarin content analysis of ultra-high performance liquid 

chromatography (UHPLC)

The saponarin contents in a variety of barley cultivars 

were analyzed in accordance with previous reports (Lee et 

al. 2019) (Seo et al. 2014). We prepared barley seedling 

extracts by incubating and shaking 0.5 ~ 1 g dried barley 

seedlings in 20 mL 80% methanol (v/v) at room tempera-

ture for 1 d. UHPLC with a UV detector was implemented 

to measure the saponarin contents of the extracts. Three 

technical duplicates were performed for each of the two 

biological replicates (independently harvested samples). SPSS 

program for Windows (version 12.0, Seoul, Korea) was 

used for statistical analyses.

RNA expression analysis

Total RNA was extracted from the seedlings of hulled and 

hulless barely cultivars using Trizol reagent (Invitrogen, 

Carlsbad, CA, USA), and the quantity and quality of the 

resulting RNA were assessed using a Nanodrop ND-2000 

spectrophotometer (Nanodrop Technologies, Waltham, MA, 

USA) and agarose gel electrophoresis, respectively. Comple-

mentary DNA (cDNA) was synthesized from 5 µg of the 

total RNA, following the protocol of the ReverTra Ace 

qPCR RT Master Mix kit (Toyobo, Osaka, Japan), and 

real-time quantitative polymerase chain reaction (RT–qPCR) 

analysis was performed in 96-well plates using a CFX 

real-time system (Bio-Rad, Hercules, CA, USA), THUN-

DERBIRD SYBR qPCR mix (Toyobo). Gene-specific RT–

qPCR primers were designed for HvCHS1, HvCHI and 

HvOGT1 using QuantPrime (https://quantprime.mpimp-golm. 

mpg.de) (Arvidsson et al. 2008). HvPP2AA3 was used as a 

stably expressed reference gene (Janska et al. 2013; Zhang 

et al. 2018), and three technical duplicates were performed 

for each of the two or three biological replicates. The 

primer sequences used for RNA expression analysis were 

previously reported (Lee et al. 2019). To examine the relative 

abundance of the transcripts, the data were analyzed using 

Bio-Rad CFX Manager (Bio-Rad). A heat map was presented 

using heatmapper (http://www2.heatmapper.ca/). SPSS program 
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Fig. 1 Saponarin content in young seedlings of hulled and hulless 

barley cultivars. Barley seedlings grown at 23°C under long-day 

(LD) conditions were harvested at 3 d and 9 d, and the accu-

mulation of saponarin was determined by ultra-high performance 

liquid chromatography (UHPLC) analysis. Different letters indicate 

statistically significant groups, as determined by the Duncan method 

for multiple comparisons (P < 0.05). Comparisons were performed 

within cultivars and days

Fig. 2 Expression levels of HvCHS1, HvCHI, and HvOGT1 in young seedlings of hulled barley cultivars. Barley seedlings grown 

at 23°C under long-day (LD) conditions were harvested at 3 d, 6 d, and 9 d. Real-time quantitative PCR (RT–qPCR) was used to 

analyze the expression levels of HvCHS1, HvCHI, and HvOGT1 in five barley cultivars. At 3 d, each gene’s expression level was 

set to 1. Statistical analysis was performed using the Duncan method for multiple comparisons. Comparisons were performed within 

cultivars and days. Different letters indicate statistically significant groups (P < 0.05)

for Windows (version 12.0, Seoul, Korea) was used for 

statistical analyses.

Results and Discussion

Saponarin contents in hulled and hulless barley cultivars

Since previous reports have shown that saponarin accumulates 

substantially during the primary barley leaf developmental 

stage (Lee et al. 2019; Reuber et al. 1996), we examined 

saponarin contents in hulled and hulless domestic barley 

cultivars grown at 23 °C under long-day (LD) conditions 

for 3 d and 9 d. We used 8 different barley cultivars 

including Kunalbori1, Heukdahyang, 18CPB4, 18CPB10 

and 18CPB 11 (hulled barley cultivars), and Nulichalssal, 

Hinchalssal and Saechalssal (hulless barley cultivars) and 

compared their saponarin contents. UHPLC analysis revealed 

that saponarin contents accumulated significantly at 3 d 

and were reduced at 9 d in all barley cultivars tested in 

this study (Fig. 1). This result was consistent with our 

previous report (Lee et al. 2019). High levels of saponarin 

content, however, were observed at the earliest stages of 

the third day in Kunalbori1 and Heukdahyang (hulled 

barley cultivars) compared with others [18CPB4, 18CPB10 

and 18CPB 11 (hulled barley cultivars) and Nulichalssal, 

Hinchalssal and Saechalssal (hulless barley cultivars)] at 

the same time. The differences in saponarin content levels 

between hulled and hulless barley cultivars may be due to 

variances in parental lines used for barley breeding (http:// 

seed.go.kr). For instance, Kunalbori1 and Heukdahyang 

originated from Kunalbori and Kunalbori1, respectively. 

Nulichalssal, Hinchalssal and Saechalssal originated from 

Yonezawa as their common parental line.
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Fig. 3 Expression levels of HvCHS1, HvCHI, and HvOGT1 in young seedlings of hulless barley cultivars. Barley seedlings grown 

at 23°C under long-day (LD) conditions were harvested at 3 d, 6 d, and 9 d. Real-time quantitative PCR (RT–qPCR) was used to 

analyze the expression levels of HvCHS1, HvCHI, and HvOGT1 in three barley cultivars. At 3 d, each gene’s expression level was 

set to 1. Statistical analysis was performed using the Duncan method for multiple comparisons. Comparisons were performed within 

cultivars and days. Different letters indicate statistically significant groups (P < 0.05)

Fig. 4 Heat map analysis of HvCHS1, HvCHI, and HvOGT1

expression in hulled and hulless barley cultivars. Absolute expression 

patterns of the three saponarin biosynthetic genes HvCHS1, HvCHI, 

and HvOGT1 are presented as a heat map, using the genes’ 

average expression levels over two or three biological replicates. 

The color scale (shown at right) indicates each gene’s expression 

pattern in a given cultivar: higher expression level is indicated 

by red color, whereas lower expression level is indicated by 

blue color. Note that the expression of HvCHI was much higher 

in the cultivar 18CBP11 than in the other cultivars; in turn, this 

gene/cultivar combination has a different color scale, indicated 

by an asterisk

Expression of three saponarin biosynthetic genes in hulled 

and hulless barley cultivars

Saponarin contents accumulated substantially at 3 d and 

were dramatically reduced at 9 d in all barley cultivars 

(Fig. 1). In order to find whether the changes in the saponarin 

contents of the barley cultivars were correlated with the 

expression patterns of saponarin biosynthesis genes, we 

investigated the expression of HvCHS1, HvCHI and HvOGT1 

in barley seedlings. Barley plants were grown at 23°C 

under LD conditions and harvested after 3 d, 6 d and 9 

d. In Kunalbori1, Heukdahyang, 18CPB4, 18CPB10 and 

18CPB11 (hulled barley cultivars), expression analysis 

showed that HvCHS1 and HvCHI expression decreased 

significantly at 6 d or 9 d, whereas HvOGT1 expression 

was unaltered (Fig. 2). In Nulichalssal, Hinchalssal and 

Saechalssal (hulless barley cultivars), similar expression 

patterns were observed (Fig. 3). These results are consistent 

with previous results that CHS and CHI expression in 

plants are controlled in a temporal manner (Hutzler et al. 

1998; Schulz and Weissenbo¨ck 1986; 1988). Moreover, 

heat map analysis revealed that changes in HvCHS1 

expression appeared among certain barley cultivars, or 

during developmental stages in the same barley cultivar 

(Fig. 4). For instance, higher expression levels of HvCHS1 

at 3 d were found in Kunalbori1 and Heukdahyang with 

a high accumulation of saponarin contents on the same 

day, compared with the expression levels in other barley 

cultivars tested. In addition, a gradual decrease in the ex-

pression of HvCHS1 from 3 d to 9 d was observed in most 

barley cultivars, which indicated the correlation between 

saponarin contents and HvCHS1 expression at same devel-

opmental stage. These results suggest that the decreased 

expression levels of HvCHS1 and HvCHI, at an early point 

within the saponarin biosynthetic pathway, may result in 

the decreased accumulation of saponarin content at a later 

developmental stage in barley cultivars. 

Conclusion

Saponarin has recently been shown to have various medicinal 
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effects on human health (Cushnie and Lamb 2005; Hertog 

et al. 1993; Mojzisova et al. 2006; Moses et al. 2014; Seo 

et al. 2014). However, we do not fully understand the cor-

relation between the saponarin contents and expression of 

saponarin biosynthetic genes in different barley cultivars. 

In this work, we investigated the saponarin content and 

the expression levels of three saponarin biosynthetic genes 

in hulled and hulless domestic barley cultivars. Saponarin 

contents in the early developmental stage of hulled barley 

cultivars were much higher than those in hulless barley 

cultivars (Fig. 1). The changes in saponarin content were 

correlated with altered expression levels of HvCHS1 and 

HvCHI, but not HvOGT1 (Figs. 2, 3 and 4). It is likely that 

the sequence variation(s) of cis-acting elements within their 

promoter regions may cause the changes in the expression 

patterns of HvCHS1 and HvCHI, thereby resulting in 

changing levels of saponarin content in hulled and hulless 

barley cultivars. Alternatively, the sequence changes of vari-

ous transcription factors affecting the expression of saponarin 

biosynthetic genes may be involved in the modulation of 

saponarin contents. This notion is supported by the obser-

vation that the MBW protein complex containing MYB, 

bHLH and WD40, repeat factors usually regulate the groups 

of flavonoid biosynthetic genes (Davies and Schwinn 2003; 

Niu et al. 2010; Ravaglia et al. 2013). Thus, further research 

on which transcription factors affect the expression levels 

of HvCHS1 and HvCHI and control the levels of saponarin 

content would provide a better understanding of the saponarin 

biosynthesis pathway in barley plants.
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