S22 Eo|”7 HEHLolE ded 22

ol

Terpene biosynthetic pathway in Sanionia uncinata

o
Hl
H
2
N
m
0



ild

Al

10

H

K]

Ok

nr
w

™

i

B
TH

il

H

=

thiel 5= "g=3%2LE0101 H

A" 1
NZ HZ

LICt.

b

S
=

2025.12.29

ot
!

_J
ol

M

0

T

u]
E

)

.

wr

ok

ol
=l

gl

-

wr

ok

g 4



RIAN 2=

Rk g3l Hanrols ARy A2 a7
CEEEE DRI A I 2 AEET L 1w enm
S ® | wmmele amsst | gellgn |

SAFEAT | ol S AR -

QOHATARE FHLE A 500401 S m

75

=5h

o a

|2 o|7|(Sanionia uncinata) 92 H2M|xolt A §4 S AA

2 J¥stel 98 SAAES AR,
SuTPS7(SUMTPSL2)9] &4 7]5< in vivo ¥ in vitrooAl A&stil, of
wanojdd Y 5408 GC-MS #Ao=2 gl

SAA} AAA] HHE 7jgtog =7} TPS &8 SAXE whZs}

PacBio HiFi 2a]= A|HEAlT} Hi-C
A= 22 -=A5}6H

2 A7 du= IAIsr=sA](Planta, BMC Plant Biology 5)oll AlAiEo] =
Al MEAMES &8 7S Rz dS5e

O

O

O

1, SUMTPSL39] &4 7158 Me&A #9&

O il 9 AR sha Alase wasiol clenlnols A4 e
O

O

Mg s nER FIAWALO] §

M

8 Qo
(2 57 °l3)

a = |8=RAE0], HErrkols APY, HEH ddar, 7AiM
pad =

37 g2
9 o Sanionia uncinata, Terpene biosynthesis, Terpene synthase,
[¢]

Functional genomics, Polar biological resources




o
1l
*
=

Jol7] Bl2swels AYA AR A7

I. a7 53 3

B a7 FA2 g5 S @A AS7 17 Sanionia uncinata®H-E H| 23| o] A
Aol Fofsts A4 G20 FAALS E2-qPEEta, o8 Ve s §8 A= A
7bede EAske W v SA e AU &7 AeS Tl 55 AR &
a2 BAS ASANA oy, 7 RAdA sEAAL AAA] AT we AZH oA
53] H =29 wol=x= o318} H]'O]_‘?-é‘l"d ARkl A &8 7HA7F 22 24T s, At &

© A AEAAS 44 AAE BABIAA0E FATH FA, FAF
AR HEEE AT FF BIAE L vpol e Ho o] AAE s @

G g Shed s anel G

m A770de] yg 3 He

2 AFE EFRA o)V (Sanionia uncinata) & B2 ol AFAE HAZE FHEH]
As) B2 FdEL Fu FAA) BF, V) AT R AL A2 FHE zRHoR
TP FHE=E AlEA ]

NEAT AAA E4 S 7o fFHAE 1FEE =Y -F4386)
al, olE F&ste] HEMN dH4EL FER FAAE AAH oz AT AEE #§d

s e 9 s TdE A2"HES o] 83t in vivo ¥ in vitro FEAA B 75 E
AFsA e, GC-MS £4& B3l A tAES TAAT =3 gl o AH 3
FLA A2EES T3t {§& HEFA o= A MeAS T EN, A AE
2] 7IEHAA HRIF vlo] e i) MER AAE F AE AT HAE B3 A
V. a7AdE

2 AFE 3l FFHAE 0 (Sanionia uncinata) w3 HEFH ol A Host=
A HEN FHEAE 7Pt T S50 715S B 9 A FEAA A
39tk SuTPS7(SUMTPSL2)S £33 F2 &47) olr=2vydS v&£3 A=FH=

B

Aol #ATS in vivo # in vitro AFE Tl I o, AFHEH 1EFEHD A
A of AAA HERE &8st F7FHQ HEZ FPEL $H FHAAE B2ty IF

SuMTPSL39] &2 7]&5—% NEA TFHsAT. T

a

gL
g
=
o
e
>
kY
:Jd
ot
e
ol
>,
[>
ol
o

_3_



T ARE & HoleaA AEE FFD 5

dTNEase] E8AE
B AdolA e

V.

Hrol=

FHA ARE H2
289 dgolth 73

=i}
=

2o

A

oF

<«

718k elefutol @

St 7N A R H A3 8l Akl 28 A=

alil

AAG Aot



SUMM AR
(o(:)] I O ok

— <

I. Title

Terpene biosynthetic pathway in Sanionia uncinata

Il. Purpose and Necessity of R&D

The objective of this study is to identify and characterize key enzymes and
genetic resources involved in terpene biosynthesis from the Antarctic moss
Sanionia uncinata, which has adapted to extreme polar environments, and to
expand the potential for producing valuable natural products based on these
resources. Polar organisms have evolved unique metabolic pathways and enzyme
properties through long-term adaptation to harsh environmental conditions;
however, systematic investigations at the functional genomics level remain
limited. Terpenoids, in particular, represent a class of compounds with high
value across pharmaceutical, chemical, and biotechnological industries, and the
discovery of novel enzymatic resources provides an important strategy to
overcome the limitations of existing production systems. Therefore, this study is
significant in that it elucidates the latent value of polar biological resources at
the molecular and biochemical levels, enhances the utility of polar genomic
information, and enables future applications in synthetic biology and bio-based

industries.

lll. Contents and Extent of R&D

This study comprehensively addressed the identification, functional
characterization, and application of terpene biosynthetic pathways in the
Antarctic moss Sanionia uncinata. A high-quality genome assembly and
annotation were generated using long-read sequencing and transcriptomic data,
enabling systematic identification of candidate terpene synthase genes. Selected
genes were functionally validated through in vivo and in vitro assays using
plant- and microbe-based expression systems, and the resulting metabolites were
identified by GC-MS analysis. In addition, a transient overexpression system in
tobacco leaves was established to evaluate the feasibility of producing valuable
terpenoids. Through these approaches, the scope of this research was defined to
bridge functional genomic information from polar organisms to the development

of bio-based resources and production platforms.



IV. R&D Results

Through this study, key terpene synthases involved in terpenoid biosynthesis in
the Antarctic moss Sanionia uncinata were identified and functionally
characterized at molecular and biochemical levels. The enzymatic activities of
major candidates, including SuTPS7 (SuMTPSL2), were validated through in vivo
and in vitro assays, demonstrating their roles in the biosynthesis of
sesquiterpenes such as amorphadiene. Using a high-quality reconstructed genome
and transcriptomic datasets, additional terpene synthase candidates were
identified, and the enzymatic function of SuMTPSL3 was newly characterized.
Furthermore, a transient overexpression system in tobacco leaves was
established to demonstrate the feasibility of producing terpenoids using polar
moss—derived enzymes. These results were published in international
peer-reviewed journals, providing a validated foundation for extending functional
genomic information from polar organisms to the development of valuable

bio-based resources.

V. Application Plans of R&D Results

The terpene synthases and genomic information identified in this study from
the Antarctic moss Sanionia uncinata will be utilized as key genetic resources to
enhance the production efficiency of terpenoid-based pharmaceutical and
bio-based materials. Based on the characterized enzymatic properties, these
resources will be applied to microbial and plant production platforms to enable
scalable biosynthesis of high-value natural products, and further extended to
metabolic pathway optimization and industrial applications through synthetic

biology approaches.
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(o]
< 7= HhE AR, 9
AR 32l Atk (Gershenzon and
Dudareva, 2007). o]o] wz} ZA|AH o2 HE¥H o= A A2 % gz FAzs
(Terpene synthase, TPS)oll tjdt A= ol 717F A &HEo] gfon HTol= TAME
g B fAE S Ve WA A RS wHus

a9 Aol A & (Artemisia annua) e ofEEdU A FHIALAE FHOE T
et ] op A x**‘rLXﬂ AR A7 giEAe Abdl 2 2 Fa dew (Ro et al, 2006),
ol AVIZ T AE FH HEH FHE2Y VT FHEA AAE 7 At A7)
Surs] AP QY. 53| Escherichia coli$t Saccharomyces cerevisiaeS 5% &

& AR ATH ATE QA Y Asde nelFa vk

HI e HFY 84 Vs FHS Hol, s 24 2FEE T3 53 HEA o= ATA
HEYZ 9 A7 5718t ot (Lanier et al, 2023). o]# 3t &5 H=2d FgAAE
27 dxow Agev|RYgs, o8 a4t %ﬁ]xﬂ.ii = HEgxygor z8sle 54

o By Fas 2EITE= Al 71RkskaL Sl

Al 2 A HEN gL F2 7 W U3 dF T

()
Ao sAlAE Hed FHEse ohuiil A mEd Zu) welx gwa 33
o

TxE AMor Fx 5L ot
(Whitehead et al., 2023). £3] X-ray crystallography 2 cryo-EM 41 E3 g =3
A F A HE HAYFE A A olslstE = A= S sk 9l

oo} s wwld Fx oF V|EY WHS TPS &4 AT & HSE JMASH
AlphaFold$t 22 Ql&Ae 7|9 72 A5 7la2 A4 =2 ¥l o A &
Ao A E Bl Jee 72 JEE ATFOEA, Ve oS E Ed¥e] AA A

H

g Jh&statan Aok e ArAE oldd T2 o3 YR Faate] /1A HolA
7%23 ;5_}7], /\gz\gg rjro}:x% =z A x}7] =

et al., 2024).

x]§].14 y/}ﬂoﬂ/\i Eﬂe,ﬂ ?}*éﬁ.ﬁ: _ﬁ.
ARrk= D‘rOUUr AR SHA Ad=
oA TPS FHAtel &, Awid, 7]
(Jia et al., 2022), o]+= =A| 7ol =
= AlAbghT

o]
A AR ATE A54or 34 43 WAUZ el 2l RFoIA gov, AL
4 PaE sk Sel gE Ak 28 ool gtk Aol T4
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