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Overexpressing of chalcone isomerase (CHI) gene enhances
flavonoid accumulation in Glycyrrhiza uralensis hairy roots
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Abstract: Chalcone isomerase (CHI) is the second rate-limiting enzyme involved in the biosynthetic pathway
of flavonoids in Glycyrrhiza uralensis. Based on our previous studies, we selected the specific CHI haplotype
(GenBank Accession No. KY115232) to maximize flavonoid accumulation. We constructed a plant binary expression
vector for overexpression of this CHI gene by the gene fusion method and transfected the plasmid into Agrobacterium
tumefaciens ACCC10060 by electroporation. The recombinant A. tumefaciens ACCC10060 subsequently was used
to infect cotyledons and hypocotyls of G. uralensis to obtain transgenic hairy roots. A qRT-PCR method was used
to determine the copy number of CHI and a UPLC method was used to assay the content of four flavonoids in
different hairy root lines. The gRT-PCR results showed that the copy number of CHI in hairy roots was 1 or 5. UPLC
results showed that the content of total flavonoids, liquiritin, liquiritigenin, and isoliquiritigenin in transgenic hairy
root samples was significantly higher than that in wild-type samples. This study demonstrates that overexpression of
CHI significantly increases the content of flavonoids in hairy roots of G. uralensis. This work provides a theoretical
basis for clarifying the function of CHI. Three transgenic hairy root lines of G. uralensis were isolated which can
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be used to increase the accumulation of licorice flavonoids in vitro.
Key words: Glycyrrhiza uralensis; chalcone isomerase; overexpression; hairy root; UPLC; gRT-PCR
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Figure 1 The biosynthetic pathway of flavonoids in licorice. ACC: Acetyl-CoA carboxylase, CHS: Chalcone synthase, CHI: Chalcone

isomerase, CHR: Chalcone reductase, GT: Galactosyltransferase
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Table 1  Primers used in this study. a: Primers for the verification of recombinant A.rhizogenes; b: Primers for the verification of CHI in

hairy roots; c: Primers for gqRT-PCR

Gene Purpose Code Sequence (5'-3")

CHI a CHIF CTCTTGACCATGGTAGATCTATGGCGGGAGCAGCACCAGTA
CHIR TTGATCGGGTACAGACTAGTTCAGTTTCCGTTTCCAAT

rolC a, b RF CATATATGCCAAATTTACACTAG
RR GTTAACAAACTAGGAAACAGG

CHI b HF CTCTTGACCATGGTAGATCTATGGCGGGAGCAGCACCAGTA
HR CGCAGCGAGTTGTTGATTTCCGC

CHI c IF GCTGTTTGGCTGAAAGATTACC
IR CTTCCAGTCCTTTCCCGTAGT

Actin c AF CAAAAGGATGCCTATGTGGG

AR CAGGAGCAACACGCAATTC
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Figure 2 The construction of the recombinant plant expression vector pCA-CHI
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Table 2 UPLC gradient elution procedure

Time/min Acetonitrile (A)/%  0.05% Phosphoric acid (B)/%
0 14 86
1.36 23 77
3.26 30 70
4.08 34 66
4.76 36 64
5.71 42 58
6.53 51 49
9 51 49
9.5 14 86

12 14 86
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Figure 3 The verification of the recombinant plant expression
vector pCA-CHI and the recombinant A. rhizogenes containing
CHI gene. M is DNA marker, No. 1-3 shows the CHI in pCA-CHI,
No. 4-6 shows the CHI together with GUS in the recombinant
A. rhizogenes, and No. 7-9 shows the rol C in the recombinant
A. rhizogenes
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Figure 4 The transgenic hairy roots overexpressing CHI and the
wild hairy roots of G. uralensis. a-c: 10, 20, and 40 d old wild
type hairy roots culturing on the solid 6,7-V medium, respectively.
d-f: 10, 20, and 40 d old transgenic hairy roots overexpressing
CHI culturing on the solid 6,7-V medium, respectively. g: PCR
verification results of the CHI in the transgenic hairy roots. h: PCR
verification results of the rolC in the transgenic hairy root samples
(No. 4-6) and the wild type hairy root sample (No. 7)
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Table 3 Copy number of CHI in different transgenic hairy root FR (LOD) A M FX AH Xt b5 #E {25 (RSD) {8 %1 T 3% 4
lines detected by GRTPCR 1. UPLC Bl 5 B, H B0 ShH 0
AverageY - AverageY o COPY NUMbET s e o 2 iy (RLER IR ] 43 5 K 2,447 .3.705..4.377 Fil

Samples value of CHI  value of Actin of CHI
16 76879.436 73329241  1.048 1 6.378 min. K 6454t KIA CHI B H H HEEBARIB R
17 47635635  60314.119  0.790 1 J i 5 g
120 1701600 28509005 0.405 ) (1617120 141.180) Jz 7 A4 B H B ARAR R (K15)
141 91315221 17365946  5.258 5 R CHES RHES HEX R HEZNSEY
180 29554895 25552715  1.157 1

BrAEIR I, 45 R 7R 5 AN CHIH B B IR AR 2 e 3

Table 4 The UPLC standard curves, linearity range, LOQ, LOD, and RSD of peak area

Compound Standard curve R? Linearity/ug LOD/ng LOQ/ng RSD of peak area/%
Liquiritin Y =1.0x10"X-1.076 2 x 10* 0.9999  1.3500- 135.0000 0.1720 0.5150 0.1900
Isoliquiritin Y =3.0 x 10°X + 8.500 3 x 102 09991  0.2080- 20.8000 0.078 3 0.2350 0.460 0
Liquiritigenin Y =2.0x10°X - 1.061 9 x 10° 0.9995 0.0713- 7.1300 1.4300 35700 0.9400
Isoliquiritigenin Y =5.0x10"X - 1.156 2 x 10? 1 0.0782 - 0.7820 0.019 4 0.1550 1.000 0

0.00 6.00 8.00 ' 1000 1200  min

Figure 5 The UPLC chromatograms of reference substances (a), wild hairy root sample (b), and transgenic hairy root sample (c). Peak 1-4
represents liquiritin, isoliquiritin, liquiritigenin, and isoliquiritigenin, respectively
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Figure 6 The contents of total flavonoids (a), liquiritin (b), isoliquiritin (c), liquiritigenin (d), and isoliquiritigenin (e) in different transgenic
and wild type hairy root lines. Y axis shows the contents of flavonoids (mg-g*). Paired T test was applied to calculate the content difference
among samples. "P<0.05 vs K15
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Figure 7 Difference in the contents of flavonoids (mg-g*)between wild type and transgenic hairy roots analyzed by Non-parametric test.
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AR BT T ARG SE IS Jds; PR B AR E Y S 518 T
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