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Expression Analysis of Anthocyanin Biosynthetic Genes of Tassel and Silks in
Gwangpyeongok and Dacheongok
Young Sam Go" ', Hwan Hee Bae', Yu Chan Choi', Jae Han Son', Jun Young Ha?, Seong Hyu Shin®, and Tae Wook Jung®

ABSTRACT Anthocyanins are known to be involved in various functions such as antioxidant and antibacterial activities in
plants. Although studies on anthocyanins in corn have been conducted recently, basic research related to anthocyanin biosynthesis
is insufficient. In this study, we examined the molecular biological and physicochemical properties related to anthocyanin
biosynthesis in the tassel and silks of Gwangpyeongok and Dacheongok cultivars. Anthocyanins were not synthesized in either the
tassel or silks in Gwangpyeongok, whereas were synthesized in both in Dacheongok. The total anthocyanin content was
approximately 30 times higher in the tassel and silks of Dacheongok than in those of Gwangpyeongok. In addition, C-3-G was
measured only in the tassel of Dacheongok, and C-3-G, Pg-3-G, and M-3-G were 45.2 times, 27.3 times, and 37.6 times higher,
respectively, in the silks of Dacheongok than of Gwangpyeongok. Expression of F3'H, DFR, and GST genes decreased in the
tassel, and that of F3'H and DFR genes decreased in the silks of Gwangpyeongok. It was further confirmed that transcription factor
P1 and R1 regulate the expression of anthocyanin biosynthetic genes in the tassel and silks, respectively, in Gwangpyeongok.
Linoleic acid (C18:2) decreased by 6.6% and 10.9%, and linolenic acid (C18:3) increased by 8.5% and 8.5%, in the tassel and silks,
respectively, of Gwangpyeongok compared to those of Dacheongok. Palmitic acid (C16:0) increased by 4.1% and oleic acid
(C18:1) decreased by 2.1% in the silks of Gwangpyeongok compared to that in Dacheongok. In addition, the total fatty acid
content in the tassel and silks increased by 10.3% and 30.4%, respectively, in Gwangpyeongok compared to that in Dacheongok.
However, no significant results were observed in the analysis of phytosterol components. These results may be utilized as useful
resources for the development of functional corn containing a large amount of anthocyanins.

Keywords : anthocyanin, corn, fatty acid, gene expression, phytosterol
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ofl Al 24 A1t HiFAIZT T 10,000 rpmofA 102 422
stk &S AAS N2 0.45 um membrane filterol 3}
Al#A HPLC E4& 438519y HdH2 YMC-Pack ODS-AM
2 A3 a1, 5% HCOOH7} &H5-H =542} acetonitrile
2 o] FACE AMESte] §45 0.7 mL/minC 2 408 F9F
EX519cE #FE2 =2 cyanidin chloride, myrtillin chloride,
pelagonin chloride pelargonidin chloride, peonidin chloride
52 A8 sel AFTAL Aol FEAlob Ak T

Aot AT Welch ef al., 2008). o] AFSL W= 34t

i

RNA 22| 2! RT-PCR

BEE thL0] srolAla =¢foflA] Plant RNA Extraction
Kit (Qiagen)< ©]8-3to] % RNAE 323191, GoScript™
Reverse Transcription System (Promega) AF-8-3}¢] ¢cDNA
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StAof B E AR Eo]F primers= 200~500 bp 7]
2 ZZ57 A A8l ci(Sharma ef al., 2011; Liu et al.,
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Table 1. Primers of anthocyanin biosynthesis-related genes used in this study.

Symbol Gene name Forward primer (5'—3") Reverse primer (5'—3")

P1 Pericarp colorl GAACCAGCCCAACAGCAGCAG CAGCAGCAGCAGCAGCAACTTC
DFR Dihydroflavonol 4-reductase @CCCTGAGAATGAGGTAATCAAGCC GCGTCTTGTACCTGAAGGTGAACC
ANS Anthocyanidin synthase GCTCAAGATCAACTACTACCCGA TCCTCTGCTTTTGCTTTGTGCT
UFGT g_ ];1[1’1 C((;’glﬂf‘r;iz;’éfase GACCAGGCAGCAAACAGGG GACGCAGTTGGGCAGGATC
GST Glutathione S-transferase ACAGACTCCTCGCTGCCAACC TGAAAGAAGAGCCTGAACTGTCCC
F3’H Flavanone 3’-hydroxylase TCTTCACGGCTGGGACGGAC GAAGTCGCTCCCTTTGACATCG
CHS Chalcone synthase AGGAGTGGGGGCAGCCAAAGT CGAGTCGGGCAGGATGGTCT

Cl Colorless 1 GCGGACCCCGACTCAGC CGTCTGACAGCGGAGCCA

Bl Booster GCCGACAGCCCGTCAAATGC AGCCTGAACCGAGAGAGCGTCC

R1 Redl GCAAGCCTGGAGCACATCACC CGCAGACCTCCTTCCTCACACT
CHI Chalcone isomerase GTGCGGAATTTAACATGGCGTGC CGGCGCGAAAGTCTCTGGCTT
F3H Flavanone 3-hydroxylase GGCTCAAGCGCCACACCGAC CCGAGTTCACCACCGCCTGG
Actinl Actinl ATGTTTCCTGGGATTGCCGAT CCAGTTTCGTCATACTCTCCCTTG
X[ XA 2A Shimadzu Corporation inc., Japan)® EA3}9ich AHL&
5t & T2 AXSE 244 ol =g B 20 mg HP-5ms capillary column (30 m x 0.25 mm, 0.25 um, Agilent
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ArS e £%3}6] GC-FID (Gas Chromatography-Flame
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Technologies Inc., USA)E ARE-5lo] RWHAF 2448 E43}
Fot B4 AL Oven 255 150°Co]| 200°C7HA] £
2.5°CH], 200°Co)| A 240°C7}A] 3°CH AFA7]1 & 240°C
oAlA 105 Q8313 T}. Injector®} detector 2=+ 250°CE
ARSI, carrier gas+= No S ARE-SFATHKIm ef al., 2018).
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OOE
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Kim et al., 2018).
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Fig. 1. Morphological phenotype and anthocyanin content of tassel and silks in Gwangpyeongok (G) and Dacheongok (D) F1

corn. Error bar denotes standard deviation (n = 3, *P <

0.05).

Table 2. Anthocyanin composition of tassel and silks in Gwangpyeongok and Dacheongok.

Anthocyanin content (ug/g of dry weight)

C-3-G Pg-3-G M-3-G
G . Tassel N.D."” N.D. N.D.
wan congo
gpycong Silks 29.8 + 0.47 N.D. N.D.
Tassel 139.2 + 3.4% 30.8 £ 0.79 293.9 + 4.9?
Dacheongok . b b b
Silks 629.9 £ 12.6” 84.3 + 2.4» 1103.9 + 2.9?

D N.D. not detected., 2 Mean + S.D. (n = 3), *® Mean is Duncan’s multiple-range test at P < 0.05.
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Fig. 3. RT-PCR analysis of anthocyanin biosynthesis-related tran-
scription factor genes of tassel and silks in Gwangpyeongok
(G) and Dacheongok (D) F1 corn. Total RNA was isolated
from tassel and silks of corn and subjected to RT-PCR
analysis. The Actinl gene was used as the quantitative
control.
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Table 3. Fatty acid composition of tassel and silks in Gwangpyeongok and Dacheongok.

Fatty acid content (ug/mg of dry weight)

16:0 18:0 18:1 18:2 18:3 Total
a)
Tassel 6.3 + 0209 08 = 019 08 £ 019 5402 7.8+ 03" 2(}61;/ 0'T8)
. 0
Gwangpyeongok 2.8 + 0.6
. + a) + a) + a) 4 a) 4 b) . .
Silks 7.5 £ 02 0.8 + 0.1 1.7 £ 0.1 8.0 £ 0.2 8.8 £ 0.2 (304% 1)
Tassel 6.0 £ 0.1¥ 0.6 £ 0.1¥ 0.3 £ 0.1¥ 3.5 £ 0.2 8.4 + 0.1¥ 18.9 £ 0.39
Dacheongok . b 2 2 b b b
Silks 6.4 + 0.2 0.7 + 0.1 0.8 + 0.1 3.8 £ 0.1 83 £ 0.2 20.0 £ 0.6

1) Mean = S.D. (n = 3), *® Mean is Duncan’s multiple-range test at P < 0.05.
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3. G0 ol oA TS vis) 42t linoleic
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