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Mok EERITIRAEDOARREZIERT D L THFEICEERA R b THoTZEEZLND. LOLARBS
B i3k L TR Y, AR, RIEREDA ML ADOMIZEH, HA ML A - #BA LR - iR
FLAEWSTEBAKZ B L ARIRIES FELTWSD, ZOX IR A L RBEICEO XL 5 ITHEY O LN H#EIS
LTV TEDMPDIRTEICAHATH S.

BAEMHEIC OV T ORI B 04 X F X FTELEHENTE . BT, SFR2 (SENSITIVE TO
FREEZING 2) [1X#F5ERRIC trigalactosyldiacylglycerol (TGDG) & \WoH AU 2H T 7 "MEEZERKT 5 DIZH
ARV T THDHI L, FlvuoA XFRXF sfr2 REPERBITERBRBILL 52 5N T3
(Moellering et al., 2010 ). X5HIZ, b~ D SFR2FERLGEET D/ v 7 X7 AR TIIEE 213 0EA ML A
WEZME RO L D122, ETFORRIZTE6 25 LN & B 60572 (Wang et al., 2016). %
D7= 8, SFR2 FEELEGEFITELS KA L AIZED > TND E W) ZEARBEN TV, £EHELAMC G,
vuA XFRAFouty XELSAEBIBIRIKICET L T6D6 NEMET 22 L0nmb5NTn5 (Barnes et al.,
2016).

FZTCARPETIE, BEEESAHETIENHFIICSELZEBZXONDA N LT NEBEETH D
Klebsormidium nitens &, [ FAEMELO LT THIE LZ & X 55 &% Marchantia polymorpha %41} &
LT, BiAKR U AMEE AV TREREE OBRIEICE B LTI A 1T - 7.

T, vaAXFAXFOSFRREBL VNI ETHDH I VT VI T 4 U ADKGCET, 2, 3, £, B=2
47 D MpGGGTL, 2 %, 7 X/ ARSI OAHRIVE & BT D FE L7z, SFR2 L R U7 /L—7" D % % KnGGGT1,
MpGGGTL, o> 7' /V—7D % D% KnGGGT2, 3 ,MpGGGT2 & Fie+ A Z Lic Lz, 7 L7 Y /L35 4 7 A KnGGGTL,
2,3 % GFP & Ofha # 378 (LT, KnGGGT-GFP L FKFE) & L TA_RUH I 7 F X N afET—miic e s+
7278, TGDG DA I GGGT iFMAL St (MFRRALER) B W CHAERICHRIE CE otz £, YuAf XFX)
sfr2 KA FIRIZ, KnGGGT1, 2, 3, SFR2-GFP % ZI TN IBL S, SPR2 MEREDAHAMFEER 21T > 7223, SFR2 T
FBAH L 724K T GGOT IGMAL ST T6DG D AN AL G NI b 03 53, KnGGGT1, 2, 3 TIEARKI MR S
Nenot-. REDFEERZ1T - 7= MpGGCT1-GFP J8El# N 3 #ETl3, SFR2-GFP FEEIIE & [FEEIC TCDG AR A TR
SN2, MpGGGT2-GFP FEHIE TR SN/ o T-. &) AfdEiEZE VT8 =34 MpGGGT1, MpGGGT2 285
ROEHEIT, BAKE OEBTRREZITo7 L Z4A, BHABTRMHTIIEBTOENRL LN/ ) -T2, GGCT Ik
PALSAE (WERRMLER) C, BF4ERE, Mpgggtl, Mpgggt2 OFEE AT LIz L 2 A, BAEKTEK IS TGDG A3
Mpgggtl ZEIMR T I NN LB bhodz. —FH T, Mpgggt2 TIX T6D6 DERN A BTz, T DT &)
5, MpGGGTI1 23 1272 TODG AR E B T2 a— RLTWAH I ENbhoT-. EBIAEFLREIZOWTHEHZ
IToTo bR, GOGT IHMEALS: (WEMRILER) ORFHICK € = I MR 2 B L7=1412, @HAEFTRHICE Lz
BOABICBWT, Mpggetl ZRMAIZE AR & il U<, RHICERRIKO BRI SR LG 5 Z & 35 5 i
ot

F#y DI b FICHEH U7=BEHICIE, F52E L7AAEIC X o CIERR S -t T3 & » = alfEE S RIB S
TW5. RIFFEOFER DO, Beth TIHEREE T CX 0 AEBHIA %2 IR TERT 5729121 GG6T 24 L 7= TGDG Ak
DUEATHY, TO7®, GCCT 1T TM DD A T E TR RTFEINTWVAD TRV E NS Z EAVR
X,

%« RSCERIL, FI3C 2000 77 & 3630 300 354 10O T 27, & L <IEPE30800 354 1 #iRH L T 7EE W,
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The land plant colonization is a very important event in the formation of the present ecosystem.
However, unlike in water, there are a wide range of stresses on land, such as high light stress, UV
stress, low temperature stress, and dehydration stress. How plant ancestors adapted to these stresses
is not fully understood. In Arabidopsis, Sensitive to freezing2 (SFR2) was found to be essential
for synthesis of trigalactosyldiacylglycerol (TGDG) during freezing, and the knock—-out mutants are
sensitive to freezing (Moellering et al., 2010). In addition to freezing, TGDG accumulation was also
observed when Arabidopsis leaves were soaked in organic acid solutions (Barnes et al., 2016).

In this study, I focused on the analysis of SFR2-like proteins using Klebsormidium nitens, a
streptophyte that is thought to have diverged land plant emergence, and Marchantia polymorpha, a
species that is thought to have diverged at the base of land plant evolution. From phylogenetic
analysis, three SFR2-like genes, KnGGGT1, 2, and 3, were found in K. nitens. I analyzed the GGGT
activity of three K. nitens and two M. polymorpha SFR2 homologs (KnGGGT1, KnGGGT2, KnGGGT3, MpGGGT1
and MpGGGT2, each as aGFP-fusion protein) using a transient expression system in Nicotiana
benthamiana leaves and found that only MpGGGT1-GFP synthesized TGDG. The knock—-out mutants Mpgggtl
and Mpgggt2 showed no accumulation of TGDG even after acetic acid treatment of the plants. Growth
of wild-type and mutant plants were similar under control growth conditions, but Mpgggtl mutants
showed impaired phenotype after acetic acid treatment. Plant ancestors expanded on land, there may
have been acidic soils formed by dead plants. From these results, it was suggested that GGGT-
mediated TGDG synthesis might have been essential for plants to expand their growth range and thrive
in acidic soil environments, and therefore, GGGT may have been widely conserved from seed plants to

mosses.
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