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Elucidation of oligosaccharide signaling inducing phase transition in herbaceous
perennials
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Gentian (Gentiana triflora) is an herbaceous perennial that possesses
several growth phases, including germination, growth, and dormancy. This study aimed to reveal the
relationship between gentio-oligosaccharide metabolism and growth phase transitions. Metabolome and
RNA-seq analyses revealed that several metabolites and genes were fluctuated during each phase
transition, and some genes related to phase transition were induced by gentio-oligosaccharide
application, implying that the oligosaccharides related to phase transition in gentian. Furthermore,

we identified gentio-oligosaccharide degradative enzyme, GtGen3A, which is involved in controlling
gentiobiose concentration. Because genetic modification of genes found in this study, including
Gtgen3A, seemed to affect developmental processes, more detailed analysis will reveal the regulatory
mechanisms of phase transition mediated by gentio-oligosaccharides.



Gentiana triflora

FAE L. IRIRE (2P ~Hi2F) iI2oW

FLOWERING LOCUS T (FT )
FT

FT1 GtFT1

CE-TOFMS
LC-TOFMS
1-
LC-TOFMS
1-
RNA-seq
RNA-seq RNAseq
Plant Cell Rep., 32:1925, 2013
RNA

TruSeq RNA sample preparation kits v2

-
PR IRIR~JE 3R], S iR ~ ZEAm kR 40 |
AIFT R~ D



ALSV
PCR
1.
In-
EST
In-
V.
V-
MS/MS
V-
V-

PCR

pH

Amounts (pmol mg 'DW)

Amounts (nmol mg'DW)

e
20

S
=N

S
'S

=
¥

[=}

RNA-seq

-0 Glucose
-& Gentiobiose
-4 Laminaribiose

-® Gentiotriose

i Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug

Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug



25 4

20 A

nmol mg'DW

"
L

NMR

Wik

& Gentiobiose
4 Maltose
-*-Glucose
0 3 5 7
Days after sowing
504
3 B-1,6
3 7

1 x_in P =

84 52 50 48 48 44 42 40 38 38 34 32 30 ppm

ORI ~ i 2 ] ~ SR R ) ~ AT k=

Relative expression

02 0.15 0.6
015 01 ; 04
014
B . 0.05 . % 02

0+ e s O e ..-. e 0 =
03 0.025 Y

0.02 '
02 P anis 0.02
ol y 0.01 001 1
L 0.005 :
0 ——— oM 0
S3EEBREERET  AAEIMTE LTHEITH

08 4 0.04
06 3 0.03
04 2 0.02
02 1 0.01

0 04

GHESn  ENR | gueaen

0.015 08
0.01
0.005
20 2
15 15
§ 10 1 —I—
] 5 0.5
E, 0 0
] Sugar free 1% G2 Sugar free 1% G2
]
>
= 2 15
= s
-1 ;
£ 1 E 2
0 0
Sugar free 1% G2 Sugar free 1% G2

6



ctrl
G2
100 mM SDS
cel G2 G2
7
V.
1vV-
67 kD
GtGen3A
Fractions
(kDa) M 15 16 17 18 19 20 21
180
115
82 = -
64 _— «
49 | ..
37 .-_-——_H
26 . — -
19| S
15 | -
8 GtGen3A
rGtGen3A pH
rGtGen3A 20 pH 6.5
rGtGen3A

A
G3

Relative expression

2 g
iy
B 80 80
S 60 60
£ 40
-
= 20 20
2
20— 0
5678910 0 20 40 60 80
pH Temp. ("C)
B ~—
Lp25
-]
2
E L5 = S%
2 > 2
E 1 & G2
=
DD.S
=
T 0
< 0 5 10
[Substrates] (mM)
9 rGtGen3A
Gtgen3A
rGen3A
5 -
4 @ Gigen3A
3 4
2 4
1

10

Gen3A

Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug

10 Gtgen3A



6

Takahashi H and Nishihara M. (2015).
Gentiobiose feeding in gentian in vitro
overwintering buds or plantlets. Bio-protocol. 5
(12), e1499.

Imamura T, FujitaK, Tasaki K, Higuchi A, and
Takahashi  H. (2015). Characterization of
spermidine synthase and spermine synthase — the
polyamine-synthetic enzymes that induce early
flowering in Gentiana triflora. Biochem. Biophys.
Res. Commun. 463, 781-786.

Takahashi H, Fujita K, Yoshida C, and
Nishihara M. (2016). Metabolite profiling reveals
the involvement of aberrant metabolic changes in
Gentiana triflora seed showing poor germination.
J. Hortic. Sci. Biotechnol. 91 (2), 148-155.

Takahashi H, Abe H, Fujita K, and Sekine
K-T. (2017). The use of metabolome analysis to
identify the cause of an unexplained disease of
Japanese gentians (Gentiana  triflora).
Metabolomics. 13 (51), 1-11.

Nishihara M, Tasaki K, Sasaki N, and
Takahashi H. (2018). Development of basic
technologies for improvement of breeding and
cultivation in Japanese gentian. Breed. Sci. 68,
14-24.

Takahashi H, Kikuchi-Fujisaki S, Yoshida C,
Yamada H, Yamashita T, Konno N, and Takeda T.
(2018). Gtgen3A, a novel plant GH3
B-glucosidase, modulates gentio- oligosaccharide
metabolism in Gentiana. Biochem. J. 475,
1309-1322.

6
1 2 3
1 1 1 1
2 3
56
2015 3
1 1 2
1 1. 2
33

2015 8

Takahashi H. Gentio-oligosaccharide regulates
bud dormancy in Gentiana triflora KAAB

International Symposium 2015 2015 9
1 1 1

R 2.
GtGen3A 57
2016 3

Metabolome analysis revealed the cause of an

unexplained disease of Japanese gentian 58
2017 3
1 1 1

GtGen3A
35
2017 8
7

H—TF—T 5 [BESLFLEFI T2~

2016
0
o 0
o 0
o
2015 8 11
o
20056 9 23
2006 9 24
2005 10 6
@
HIDEYUKI TAKAHASHI
00455247
@
NISHIHARA MASAHIRO
20390883
KONNO NAOTAKE
60549880
©))
©))

FUJITA KOUHEI

YOSHIDA CHIHARU



