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Identification of genes responsible for cell-wall dynamics

in supporting tissues of Arabidopsis thaliana

Abstract: Cell wall confers mechanical strength to the plant tissues, and thereby offer support to the aerial
portion of the plant body. We have focused our research effort on a set of genes that play important roles in
specific aspects of cell wall construction in supporting tissues of the inflorescence stem of Arabidopsis.
Results from two microarray screenings identified several key candidate genes responsible for cell wall
formation in supporting tissues of the inflorescence stem. We examined expression profiles of
promoter::GUS fusion constructs for each of the genes. The results indicated that each of the genes exhibited
distinct expression patterns in terms of cell specificity. Reverse genetics analysis for function of the genes
indicated that glycine-rich protein modifies mechanical strength of the cell wall in protoxylem in basal of the

stem, thereby providing a conduit for the translocation of water and nutrients.

Key words: Arabidopsis, inflorescence stem, secondary cell wall

1 =

RS AR EE O PIBR A B I K > THL DR AL A TS, krild, v uf XTI FHEED
KRR O MRS S Jo \  CERE A 2 4 40 5 BIR T O A2 EAICHED T3, v 4 s
TUAEEROEZ 2O 22 ) ==V 2k > T, [EELHRHEO MRS I IcHETH
2% ZoNBEMMOBIETERIE L. 70— 4 —:GUS IWEEHAZ W72 #illg L ~LTo%
BURHI T3, 8272 ME ORI R A HT2Z L 2L IS Lz, FFEShd
ETIZOVWTHBIEFNERERIT 2T 72825, VYY) 9 F 2 Vs GonREKREED
HINEEEDREE IZBE - LT, Zhilt, KEBICH T 2WERRBICBHEEED TH D Z & Amkd
AR A7z,

1. EUBHIC

1 g EHBREIN T, MW LKR LR E MR T 2 720 ICHEE XA 53Rl BT 5. 2 OSCRAIREO PRI
BRI & 7 AR, fiE 4 Ol 2 IO POl EEO RIS § 5 8 DL EA 6N T 5. KRABIEFREZTO
W7, ORI CRENISERB L, 2 DB ROZCIZ O REBIZAL 2 73 9 Ml B LS {17 & Al E
L7z, AR, Zho OfifeER SR T RFO B 2 fila L <L T § 2 T 12k 5 T, SRR B TE
HBRE IR L T B 8(E T & RRMEFOMEICBS L T2 e EA S BZT O A HIEL 2, $722hb60
BRT AR L 2 RRERARORBINZ RN § 2 Z 212k 0, BIETFEMO R 51T 2D & ilA 7=,

This document is provided by JAXA.



2. BROBE

2.1, HERREERSEERTF DIEEELRICH (T S ML NIV TORIBEHENR
211, MEBELVFHE

MEHIETHBHIMTH 5> a4 T X F &MV, EEEZTIIYA 2707 LA ETRE L 72, {EERTTER
BAERL, 2OHENAFHOZECREZ AR T 16 MO MIEEREEZ T (1D O5 L0 7 v E— 4 —4f
B (2~3kb) #7/ LDNA KD PCRIEICK > THIRL , ¥ 727 u—=v o Ltk, FPHICLVA—4—BIZTTdH
p-rnru=g—¥ (GUS) BIzFaEM L2 (K1), ZOFAFEIETE, "M TV -y 2—-Z/u—-=V7r
Lizth, 72005707 L&G Lz, BEEREIC X > TEAMEEE T & 310 a4 X+ X RERISEA L
7o, VUEE A OGBS K o OBBERIRA A HEEL | ZhAEMNIcHvz, JBEERKOMEE (8 cm) ORHB%E
HLREIE € L 721, VIBRATOME % FWTHEIFETH (70 xm) 12U T, GUS OFE TH % 5-bromo-4-chloro-3-indolyl- 3 -
D-glucuronic acid (X-Gluc) & 5-% , FE@IMAL A IE 7 PHMSE TS L 72, RIRICEREIRMKROKESRE (18, 3, R} 0
(R RBURNT & 1T 5 72
2.1.2. #HR

T B RARK & F O CEIZ TR BLO T 217 - 72 16 MO MBI ELE(Z F O 2 ToY, ZhZhEEORR T n 7 7
ANERL Tz, 20558 —24RP) 7=V AHHICBE§ % b o — 25 REE RPN d F 24—
VRT3 [1], fEFERSOMES R0 R B CRHCIR VW RBIA R L Tz, £ 2h b OB, =X
BEDREER ) ' = VAR 6 N B TEE B R EOME R B T BBV SNz, p-13- A -1, X
JFF—X, SNy F LSO, AEEIHBORE QMG 72 MRS RBIA R L 2. RHIN Y F P —FUC
BIL Cid, MINERE AR (L A5 Z 6 2 W NEHLIR O A CREEINICRBLL Th b, 6RO DSt ORE (£
M) IZBES LTS AR TAREIR & o 7,

®1 FOE—4—:GUS REEGIREICE > TREAMINE T4 > - HMIRERE&E T

BIEF773I) % EET4
A -1,3-glucanase BGL2
A -1,4-glucanase CEL2
Cellulose synthase IRX3

IRX5

Chitinas CTL2
Galactosidase BGAL4
Glycine-rich protein GRP
Laccase Lacl

IRX12
Lacl7
Pectinesterase PMT61
Peroxidase PER42
PER64
Polygalacturonase PG20
PG43

A BB R T D5 i 7' 1 & — & — Rl

.

-
*

Nos# — I — & —
1 7O0F—42—:GUS RS BEFOERE

This document is provided by JAXA.



22. RAZREFBOBER
22.1. MEBLVHEE

B & 71Ty B Salk Institute Genomic Analysis Laboratory D3 &2 4 X+ XJ T-DNA # 7' 7 4 » k0, fEEDKEE L
12K > TREAIH S M7 MTuEE R B T2 T-DNA A SN TR L ZEL SN2 EREREKDO I A vV EAFL
T, ZDIBTITAVIZONWTHREY 2 =7 ARERERKLZ FHEL T, [EEDERPHFE LD s 5 -2 &
SIZHIMIEREIZ DO WT DT 21T 5 5 72, HEL 72 R ERERKRDOIEZDOEABIRE T L 812, {EXDOUN &1
LU CHIRRE I U7, 72 T-DNA ZERZEERICE W OBREE L EFIERI L) v v ) v F 4 582 E (GRP)
DWW T BHEAOEPUAE R GRP 7' 1 € — # —:GFP IR Rk & FIWT, & VO B DIGLESN Ok %1775 - 7=,
% 72 GRP DAEBDHEHHEFEAEIZBI S L T B AR AR X 72728 | SRS FEFR O T-DNA 2R Bk ~B R 512 &
5T, WAEREOK FICLDECEZLEL NI RARERARORBADPHMTE 3 &2 IR L 72,
222, 1R

7RO TOREY 2 =7 ARERERIKIZONT, [EEOBRERER N — VAR LT A5, 6fElDO%
RAEFRIZ OO T AR OREY & OECIIHER T E b > 72, F228E LD R S 2 — ¥ LR O ZRER) 2
ZRGMER S h a7z, — 0, WEg VS0 BO—Ths27) V) v F L V328 (GRP) #I—FLTW3
IR T O T-DNA BRZERIKIZOWTE, BB W THFELBREE RO SN iz, grp ZRERKL, EEOME
F CTIEB RN & OTERER) VI BIER S Wk b 5 7208, [EEDOMBIZPEOEZED FEHE RS % Z & 23 HER
SNz, BHEHOEHUARR GRP 7’1 € — & —:GFP JPHE R IR 4 VT, GRP & v /3 7 M DIGIESRN DN % 177 >
72£ 2%, GRP & VS BIZEREFUR CIMIEZ R 1R b N6 I CIXRBIL T <, BRSO FE
AREOEIRER (GEE) OMIEEHZREL T b ZEMER I Nz, ZORMRLD, gp BAERAKOE LETERH
AN, GRP & V3B ORI & > THEZEBOBEEOHRERENME T L2 Z L2k 38D TR AW rLE L 5hiz,
Z 2T grp BRERKIEF O MR ER ARG Lz 25, 6% BB TRBEANLE IS h 5 Z & 2R &
nr-.

3. £&0

v a4 X FAF ORI O LHHARIE, TEEOMBILICK 5T, AT HMEELIORES 2 SIS, 20
ZEh5, EXOLFHIRTERE L T 2 MilaiEBEER F0 5 5, EEXEAMBILICT 2 Z L1k THREIH
SN 5 MR A 1%, fEE EBOBES LW VO FAEAEEZTED , ZOES %X A 5 720 O Mk % ki
FTHEFBETTHEOTEEVIEEZ LN [2]. L2ALAMD, {EEIEHREMIEZ A T oRAMMTH D,
MRaREE D IEE R & > TH A 2720 OB ICEHINT 2 Mlad &AL, HEICIEEIE 3 ICREEORREE & Dz
HERFET S, 2 2 TERIEINMIERHEGEE T IS DWW T, EEERIZH T B MIEL XL TORBURNT & 170,
ke A IS L TAL 3 2 A THRBLL TOWBDh0, & 5 WVIFRAKREE & DI TRELL T 5 1% & @i L 7-.
ZOMER, Lo — Z2AEOBET, FFF - BRIETF, NUFF U X — BT, FEEIIBIC BT R
MR 7 = b2 A & N B HEE RO MEE R CREREBE L TWA Z LB MIRD, ThEDRBIETH,
{EZDOFHEORE ICEEER T 28D TH 2 Z L Hff s hz, —H T, KWIRICEWTE, Ths OBETH
RIF L 72 RERIRDTERENZN G2 MR CE L o7z, T L72BIZFOIREAEPBIZT 7 7 3) — %2R LT
WBZENS [3], MOLDBIETHMELEGHL TWE3DLHEEL T0E, 58, “Hd b\ 0IF EERERK
KT B Z L2k - C, BRI OLRHMIC B 2 Zh o BIETFEMOREGEHI NS Z LAl ch 3,

GRP BIZT2VKE L 72 BRERIRE, {632 BSOS L S BRIV AR L 72, GRP & VX7 BIIMEEIG D4
WHHR (GBS OMIFEEEIZIRO N TOB T 056, grp EIRERIKTIE GRP KIFIZ X > THEZEILES D A5 B RE 1
I, ESHEEANOWERREN W > T2 DLl I Nz, & LZORFEASIEL OO THIUT, HF O MR
BHREEEGT2ILI0E5T, BN OMBRERENMIETE , gp HRERKOMERE LI TERBMEWA 5 Z
EBRTEZOTREW»EE L, BROMBREROLEGFREIT R 572, ZOMR, grp RRERIKOIEE LETE
BRI SRy I § 5 Z L 3T &, GRP & VS B AMEEIROEE ORI B 5§ 5 L 0 S IREHE R &

This document is provided by JAXA.



7=,

4.1.
[1]

(2]

[3]

[4]

[6]
(7]

[8]

4.2

(1]

(2]

[3]

[4]
[5]

[6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

SRIMEEFI O EIRZEROMNEEIZ I 1 5 GRP D BR8] 2 R L T <,

4. K R B X

ST RO

Osato Y, Yokoyama R and Nishitani K, “A principal role for AtXTH18 in Arabidopsis thaliana root growth - a functional analysis using
RNAI plants”, J. Plant Res., 119, 153-162, 2006.

Yokoyama R and Nishitani K, “Identification and characterization of Arabidopsis thaliana genes involved in xylem secondary cell walls”, J.
Plant Res., 119, 189-194, 2006.

Suzuki H, Takahashi S, Watanabe R, Fukushima Y, Fujita N, Noguch A, Yokoyama R, Nishitani K, Nishino T and Nakayama T, “An
isoflavone conjugate-hydrolyzing beta-glucosidase from the roots of soybean (Glycine max) seedlings. Purifiocation, gene cloning,
phylogenetics and cellular localization”, J. Biol. Chem., 281, 30251-30259, 2006.

Yoshida K, Imaizumi N, Kanako S, Kawagoe Y, Tagiri A, Tanaka H, Nishitani K and Komae K, “Carbohydrate binding module of a rice
endo-b-1,4-glucanase OsCel8-1 expressed in auxin-induced lateral root primordial is posttraslationally truncated”, Plant Cell Physiol., 47,
1555-1571, 2006.

Nishitani K, “A brief history of the XTH gene family”, In The Science and Lore of the Plant Cell Wall: Biosynthesis, Structure and
Function. ed. Hayashi T., Brown Walker Press, pp. 148-154, 2006.

PEAAIE, “HEAMRaRE O S & HSHE - LIy 2 607 Fa—F", KoL R, 41, 34-45, 2006.

FEEEE, BULESE, WANZ, 77V b IXT 4y 2 ICES] B1E e Hdile B e EERnE O
SR EBRE- T RN SO T Tu—F" ) (BR) X - 74—+ TZ, pp.272-278, 2006.

Nishitani K and Vissenberg, “Roles of the XTH protein family in the expanding cell”, In The Expanding Cell ed.by Jean-Pierre Verbelen
Springer, pp. 89-116, 2006.

FRER

RREE, MHEN, AEE, MILEE, WaNZ, oA 2P XF0oxy VRIS v s g YRR RE SRR o R R
(XTH) EIET7 7 3V =2 7 ZMIZIHT % A 23— OFEBLEBAREDMFRMMNT, 55 47 [0 H ARt Boe 4R 2 2006 F 3
A, 50k

MLBESE, WRHZ, " ud XFXFOEERRICEEG 2570 2 v 5 F 84 VoSS BORRMNT, 5 47 18] H AR & 2
FRES, 2006 4E3 H, L.

Imoto K, Kwon HK, Yokoyama R and Nishitani K, “Genomic and Proteomic Approaches to Cell Wall Dynamics in Arabidopsis”, The 53rd
NIBB Conference, June 2006, Okazaki.

Nishitani K, Gordon Research Conference on Plant Cell Wall, July 2006, New England.

Kurasawa K, Yokoyama R and Nishitani K, “Functional analysis for the XTH family of genes in Arabidopsis thaliana”, 8th international
congress of plant molecular biology, Aug 2006, Adelaide.

Yokoyama R and Nishitani K, “Functional analyses of an Arabidopsis glycine-rich protein involved in physical properties of xylem cell
wall”, 8th international congress of plant molecular biology, Aug 2006, Adelaide.

MilBgSe, WAREE, “YuA XFZFOr v v v F & VS BOMERN, BARMES 70 MK, 2006 49 A, A&
A

BEEEE, MBS, HAAZ, " ud X - X OAMGEBRKOBRICE T 5 XTH O%E]", HAMYWY2 70 BIkZ,
2006 -9 F, HEA.

FABHE, “EERTHRA T - 3 Y THEETEOTHIR [CELL-WALL] OME”, HAFHAEWRAEH 20 Hk2, 2006
F9H, KiK.

PERAE, “WNINaEE & VoSO BIRITICEY 2T a T A =L b TV A2 Y T = AOEEA”, E2RlY Yy RY Y Ak T O
T — AW OBHTHR, 2006 €11 H, UK.

W8, BWEILT, KTMET, AT, BulEsS, WEHEZE, “Y o4 XF XTI GIIRRER IS S-§ % Ml BERY
HEE TREOM", HARY A2 LSS 19 k2, 2006 412 H, H#%.

SRR, BOLEETE, WANZ, BEA, “bor sy uREF ORI TEIZ 515 % H-ATPase ORI, B AN ~~ 240
e 19 Ik 4y, 2006 412 H, Ak

JRHDRRS, BuLFEse, WAHEZ, AEAN], “KERM L LY aFEOR R A MRRICE- VT P 702 g VETHEEL 2%
Bl bS5 2827 QM- AR A2 JCLERSS 19 BIk2, 2006 412 A, 4k

This document is provided by JAXA.



5. 2EXH

[1] Brown DM, Zeef LAH, Ellis J, Goodacre R and Turner SR, “Identification of Novel Genes in Arabidopsis Involved in Secondary Cell Wall
Formation Using Expression Profiling and Reverse Genetics”, Plant Cell, 17, 2281-2295, 2005.

[2] Yokoyama R and Nishitani K, “Identification and Characterization of Arabidopsis thaliana Genes Involved in Xylem Secondary Cell
Walls”, Journal of Plant Research, 119, 189-194, 2006.

[3] Yokoyama R and Nishitani K, “Genomic basis for cell-wall diversity in plants. A comparative approach to gene families in rice and
Arabidopsis”, Plant and Cell Physiology, 45, 1111-1121, 2004.

This document is provided by JAXA.



TEIOPUE T 36 F % T NE — I B I — Ml B s o0 1 41l

Role of Microtubule-Membrane-Cell Wall Continuum

in Gravity Resistance in Plants

Abstract: The present study aims to confirm the hypothesis that the structural or physiological continuum of
microtubule-plasma membrane-cell wall is responsible for gravity resistance in plants, by the space
experiment using Arabidopsis mutants. For this purpose, we have decided the procedure for space
experiment in EMCS, such as the optimal method of seed sowing, condition of plant cultivation, and
methods of sample fixation and collection. We have also selected one tubulin mutant (fua6) and one HMGR
mutant (hmgl) in the Columbia background for space experiment. Hypergravity suppressed elongation
growth, whereas it stimulated lateral expansion of stem organs. These mutants had thicker and shorter
hypocotyls than wild-type even under 1 g conditions, and hypergravity did not affect their length or diameter,
suggesting that the mutants are hypersensitive to the gravitational force. We expect that such defects of these

mutants are rescued under microgravity conditions in space.

Key words: Arabidopsis, Cell wall, Gravity resistance, Membrane sterol, Microtubule, Mutant, Plasma

membrane
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PCC 71 ks 2 4 FEFIL & HO - FakbzilEs

Ground Cultivation Test for Cell Wall / Resist Wall
using PCC prototype model

1. FHEERICHERT 5 PCC-Growth pot lid iiBDHEE
Cell Wall / Resist Wall IZffifi3"% PCC (Plant
Cultivation Chamber)  Growth pot lid D% fs

13.30
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0.00

KO IR (%, MULTIGEN-1 J25k TR & .

N3 3{H7CE 7213 5 7D PCC mini-lid 5% B
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AT &S 6 AONEERYD , Adt 7 o N /:_ﬁ_@/ | _124.00

lid /¢ & #%ak L7z, [ S /R ERT
/"/

1. Cell Wall / Resist Wall-PCC-Growth pot lid

2. Cell Wall / Resist Wall PCC 7’00 b #4 7 EF IV & AU - #1505

TI2AF 9 2BOPCC T EA TERNT, YaA XFAFRGREBEET 72, Y oA X+ 2 FEFICIERE
BHA V% 2_X—4 (TOMY: CFH405) # vy, ¥R 23 °C, {0 60 %, YemAy 75W/m? D 16 KA~ 8 IR 1
DBIEYFA 7N E LTz, TREDBBI/ST XA —41%, $XT Cell Wall / Resist Wall DEEREKE (ERD) IZAbYE 7
BETHh 5. MHFHTIRAEZMERE TV, P PZETL 2D WE S ICFER L2, B OETIR
MOIEH, TEEPRZIIIEZEROME ST -7z, BUIEZ T, BER Colombia i DA E WA T > T3, 7
DOFER, EEFEHEN 29 HTHE L, 10em DEERH{ SN 5 DIZAEROFWNAKT 35 Hi%, BWAKTL0 HET
Hote (K2, M3). &<IZ Cell Wall 7 — v TIEAEZD CHHMIZ RS & RT3 5 720, B2 E S L ORIl
BRIV 2R D B0, 1 g EITT T - ARG TIIMEE L S LOEIAL D S hish - 72,

200745 A5, PCC 754 b EF LM YDOMAET 7L I & U EMCS i F28k & Bl U 7- 5 116 B34 ECDK
(Experiment Container Development Kit) % W CTEEHBHIE T T v 4 X+ X FOEERABR%=MIGT 5. £/, B4
B2 T3 A<, 774 MEBICHEHT 2 wab (A281T) I KU hmgl 22RZEHIK, GUS (3 -glucuronidase) & T4
7 %MA L EERE AT, RZA M A VIZBI34ERTu 7 v A LERET 2 VETH 5.
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