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I B 2 AR A0 I B A R LR A, T4
TEYINURREE . ORFFAMIIR . Fa ) 40 B A 4 DA K g
(49053 ) 5 ia FME S 5% bl s AR, A2 A
KAFHEENRARM . AR G748 B, TR A
i Be U5 5E R A OBE B 3 2 A l ER 4> (Caffall and
Mohnen, 2009; Kong et al.,, 2009; Pauly and
Keegstra, 2010). 1 440 Bl BE 53 A4 A= 4 B e R vk A=
dHfEE. PR REE B A 2, B kL
F . b 20 F E AR A4 & (cellulose). 474
Z (hemicellulose) FR % 5 (pectin) » 84 20 i BE R &
BAgE MR VAL, IS H AR ZE (lignin). H
HH R ] SRR A2 X R ) S AR R AL i A A
AR S B R FE R AR 2N, 2SI
Ji BE T EE () 20% LA I (Pauly et al., 2013). A% FHE
Sz, R DA e e B A LA HK, TR
T W 47) A 24 i B (1) 3 22 7K 4k 45 74 (Cosgrove and
Jarvis, 2012; Kong et al., 2013). 4k, £ 55
T ) A 6 B W 6 1l ) 5 IR i 2 9 %5 %€ (Kong et al,,
2011; Pauly et al., 2013). AL EEREIR T A R B
ML SEH6 S A& ) e it et g

1 AERENERSEH

AR W ) B £h B-1,4-D- 1 SRHBE (Gle) 4 A, A7 8t

WA H 3. 2014-09-22; %52 H#: 2015-04-02

T o A7 2P A R B 2 (X ) 422 8 5 B O-6 1 B

IXBEAEE b R ACHE Sk — A0 Bl AN A BB L XS Bl =
PR E L. #UE 7T (Arabidopsis thaliana) X2 %
(1 A ] SR I 1 25 M B LA R (von - Schantz et
al., 2009). 11 §AN - BES A AN [ 00 B 2H A o
BN, 7 REGFR 7 Jo M FEAS 1 1Y) 6 25 0 (Gle) Bk 2k, X
#7ra-D-Xylp-1,6-B- D-Glep& . Xyl [F] 7] LAk 4
HHR-D-F- L pE % (Gal), EB-D-Galp-1,2-a-D-
Xylp-1,6-B-D-Glcp4itt, fiifk L. LM% I Galbk
Fenr DLt — P iE e a-L- 5 BB 5L (Fuc), JERa-L-
Fucp-1,2-B-D-Galp-1,2-a-D-Xylp-1,6-B-D-Glcp, i #x
NFEEE . fERFF T, B R R S 2
XLFG. XXXGHIXXFG, 437 Ai43%. 25%F124%
(von Schantz et al., 2009), itf77E D EIIXXLG.

XLLGHIXLXG. [Eif, FATHIHEFTEE KL, R
TR BHAFAE—FORHT SR NE R 1, RISE & it
P2 L PE S 2 (GalA) I YXXG 45 ) (K1B), Xt 5 35
T ARG S AN RS TF AR SR A S R e )
BRI 5 (Pefia et al., 2012). H )2 Mo BE 22 B 1 o 2>
¥eO- WAk, TERLRE I SERE S, U MEE E
FUBE 24 QTR AL, 00 I R i SR E O B 2 ik
60%11O% 2. k2.0 (K 1A) (Perrin et al., 2003).

T EARPRUR AL, AR JENE 55 b 1358 4> i %
PEIL ] LA O- 2 Bk k (Gibeaut et al., 2005; Jia et
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Figure 1 Structures of the representative XyGs subunits and glycosyltransferases that involved in xyloglucan biosynthesis

(A) The structure of the XLFG subunit, XXT1, XXT2 and XXT5 are xyloglucan xylosyltransferases that adding xylose residues;
(B) The structure of the YXXG subunit, XUT1 is a xyloglucan-specific galacturonosyltransferasel; (C) The structure of the XXJG
subunit; (D) The structure of the XSGG subunit. Fucp: Fucose; Xylp: Xylose; Galp: Galactose; Glcp: Glucose; GalpA: Galactu-

ronic acid; OAC: Acetylation

al., 2005).

AN TE) R H A T 5RR T 8 e i R 4 e e A
A, (HREMEEE FAE—EMES, KM HED
VIR ERAETEXXX G R BIXXGG AL A H T bl . 1675 52
8K (Simmondsia chinensis) A S0 L, L{I4EE
Al DAk SR E e a-L- Y AR R (Gal), ZRka-L-Galp-1,2-
B-D-Galp-1,2-a-D-Xylp-1,6-B-D-Glcp 4% #), # K J
(Hantus et al., 1997) (K1C). & A(Solanum ly-
copersicum) A EBE 1, Xyl B38 v] LLZE 2 a-L-Fi
Bi 10 #E % (Ara), ¥ B a-L-Araf-1,2-a-D-Xylp-1,6-
B-D-GlcpfllEE4it4, fEiFxANS (K1D); SMIEE ifAra
B 3 W] DA R — 20 % 2 B-L- Bl 47 41 BE 5 (Ara), TE L
B-L-Araf-1,3-a-L-Araf-1,2-a-D-Xylp-1,6-B-D-Glcp il
B, fAFRNT (York et al., 1996). 7EH EHEHMEY N
JH % (Nicotiana tabacum) & 15 Sl 4, RIXSGG
45 KJ(Hoffman et al., 2005). A4h, EE EEAE4E4
T, Xyl BT [ 7R O-2F10-4 41 & 134 3

BRERE, W] R R-D- 1 FUNE I R (GalA) F1 B-D-~F- 3,
BE(Gal), ®FxAP; 8% Hza-L-Fi+7 4 B (Ara) A1 B-D-
FANE(Gal), THFRAM; BOE R a-L-B A5 (Ara) Al
XUBEBR-D-Galp-1,6-B-D-Galp, f#i#7 AN (Pefa et al.,
2008) . A [ AEL 4 00 B 3% 2 1) B R 2 B AT R
B At B R AR AR T LR, EAEEA
FrAEpER, (e BA R T HE(Hoffman et al.,
2005; Schultink et al., 2013). X L&A [ (i hEHEAE
T 8T AN [F R A R AR SRS 0 2

2 AEBRENEMERK

3 DA A T S R A 47 2 A B AR A R
O EAE R, R AT SRR SRE AW £ kBl 2 A ) 25
E OOV E KWK HAT, T RE Y S
5 R TR B B 5 ol PR 2 e B2 Bl L e
€, WIEB-1,4-H GIHE M. o-1,6-ABESLFLFL il
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B-1,2 3 L W I #5 B8 g A1l -1,2- 7 Wi W 2L B i

Cocuron%%(2007) 8T 5t 2 1, A 1 SR 0% i) 41 S0 12 %
& H1 GT23 [K 5 1) £ 4 35 & Bl 2 8L C = IR ¢ ik
(Cellulose synthase-like C)13>CSLCH:[A(CSLC4.

CSLC5F1CSLCB)f# k& i (Liepman and Cavalier,
2012). 1iCAZy GT34Z M5 FIXXT1-5 (xy-
loglucan6-xylosyltran- sferase) % ith A i 3k % 1% i,
% 5 a-d-Xylp-(1—6)-B-d-Glep ) & ft, 1H KA 34
XXTIE R (XXTL. XXT2HRIXXTS)£E A FHE A A W&
%S 3= % {E ] (Zabotina et al., 2008, 2012;
Vuttipongchaikij et al., 2012).

5N IR ] Z M R W B B A2 i (XXT 1-5) 5 [K] 4 15
) & 1 £ 5 a-D-Xylp-1,6-B-D-Glcp i #2 11 £ 1k
(Zabotina et al., 2008, 2012; Vuttipongchaikij et al.,
2012), XXT1. XXT2HIXXTEXY 535 Fl B 2 A 44 3 Y
Wt A1 2 5 [R] o AL = S 11 A ] SR BE A B R S R I
XXT2EXX TS5 RAL T B R A Bk, 72T
() B SR AR A R SRR 1) B 4y i) T P I 30% A
50% (Vuttipongchaikij et al., 2012; Zabotina et al.,
2012) . 5xxt5 . FEARMAAH Ll , XXEIXXESAIXXE2XX5 XY 5
AR R SN 1) R R FE, HLEXXIXXE2 3L
RARRA, KRB LT A8, BME A R R
75 15 (I MALDI-TOF R 6 528 5 7 55) #0RG  AS 31K
H A (14745 (Cavalier et al., 2008), 5 HIXXTLFI/
BUXXT 22 AT R BE WG T T () o BRXXtSHL
AR AR R xxtIxxt2 R AR R £ IR A =& I,
XXEIXX2 XL FEAZ A b | 358 43 10 A K LU T A R i
I, T R AR R R A, HE
TR R G 5 5 42 B A B 2 (10 22 )] (Zabotina
et al., 2012). 5AWIFEEM, /KH#E(Oryza sativa)H
OSXXT LAE 41 4 it B 25 1) s v i FBE mb 2L AT B 24
FH, 23 R 578 J5 7K R 4 i B v A SR 1 A P
T B KAEOSXXTLAE 0L B FFXXtLXXt2 W FE AR A Hh 1)
W ERE EAN 7 HAR BG4 KGR 18 BRI TR )
AR BEEE R A (Wang et al., 2014).

AR SR G BB e A 58 AL AE e R R A b, AR AT
Redd I e R F s S SRR ER . i FiR W], CSLC4
fiff /£ XXTL A7 E F #% M 4 Fr 32 /& (Cocuron et al.,
2007). Chou%#(2012)# 75 K IXXT1. XXT2FIXXT5
FHHZ (B AT T8 2 A AT (AL D R, HL.CSLCA
AT AE S XXTL. XXT2FIXXTSHE &2 & 1 34 [ &k 454

FH o 1% 3N AT SR 5 R g #48 o o T v JR B A4 JE b i)
AR T AL, XXTL XXT2HRIXXTS 2 A 1N 76 i i —
M, T Cum Aoz T = R AR i P (Segaard et al., 2012).
CSLCA I A 5 R0 ity 353 7 T 1o 7% 358 7 8 11 B
—fll(Davis et al., 2010). &7 HTA &AM 2 &
FI i 2 A AR BE A RS L T A 8 S 3h A S5 KT8
LA FFBEIRN A

LT I H A 34 2 5 K ) SR RE I S R 2R A
EIMUR3 (MURUS3). XLT2HIXUT1 (xyloglucan-
specific galacturonosyltransferase 1). #4473 #7 & 7~
IX 3™ JE R4 b v B2 [RDUR, AL T GTA7 XK 1 IRl —
A3 (EI2). SR R BRSO B 1 O-241
#H, HE AR, R IFMURIRE 71U 52 1 70
FEBARH RBER I N AREER: 4 A XXXGHI
XLXG JXXLGHXLLG; T 8k F 7+ XLT 247 7 Hh 5% 7%
e B 5 B R TR R B 2 KR L 1, o Ak
XXXGHIXXLG HXLXGHIXLLG (Madson, 2003; Li
et al., 2004; Jensen et al., 2012). XUT1ZmA% A5
W I TR B % I DI £ 11 72 1 B-D-GalpA-1,2-a-D-Xylp ¢
B, BT XUTUAER B e e Rk, DRt B9 dr
4 HROOT HAIR SPECIFIC8 (RHS8). it— %t
XUT1 T-DNASRAN R FRER A, 2iZHEFHh ok
J&, PRI AR IR H K 2 B ], RXUTLZ
55 G PR3 T R A A ) SR 45 A Y E AR B 4 e ) S i
ot #2 kS 5 2 A (Pefia et al., 2012).

15 T FE AR R S BB A R B B R RAZ R b, R
A LERAZAA IR B AEACSE T T R P, (HE A
ER A AR KA R . MEAMURSZE [R] 28 745 [ e 71
Feii i 4%, 3 HA 2 S MURS S AS (A4l i 5t AR i
(KI3). TEXFMUR3ZEE R RAL 5] i R B AR 9T
AR A IR MU R 32 PR 2% 48 44 1 Ak A& H EM S5 48 3R
SR, A FEmurd3-1Fmur3-2, 43 37ES470LA!
A290V it KA A . Madson (2003)#Emur3-1F1
mur3-2 - KK BIMUR3 2 5 £ 5 A 6 58 0 F 3 [
MAFTE, KA LAFE 2R 458, BIXXXG A
XLXG, {HIE)REM 1E % 4K (Madson, 2003). HA&
Ikuko®It 7 /)N 2H 72 1 128 A I 28 48 25 L 1K AR AR A v,
K ILT-DNAJE A 2228 A mur3-3/kam1-3 i tk % A 7
W, RINNIER G ZEL, BN RS %5 & R
FAATRL, HRmERL, BREAKEETTHEYAT
JRENASREIE G, KON BRI — . JRT,
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Figure 2 Phylogenetic tree of MUR3 homologous genes in Arabidopsis thaliana

mur3-7/kam1-2 mur3-3/kam1-3
SALK 127057 SALK_141953
kam1-1 rsa3-1 mur3-2 mur3-1/cieciel
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B3 murd3RB AR s

Figure 3 The schematic diagram of the site of mutation in
MUR3 mutants

mur3-1F1mur3-2 1) P I R G 58R 1IE# (Tamura et al.,
2005). &EAF 4R TR, mur3-1fimur3-2 &%
TRAAE, 1EEAMENTIAAMURIE A IRIE, i
mur3-3/kam1 & H 1E 6 LRAE . FATTT X L R AR A4
A SR 25 R P 4 T AE B T mur3-181mur3-273
KA BA MR FIMURSE AE M, AR T
XXXG FIXLXG W Bl B 4, A1 & F 29 o7 B A4 &Y
7%—8%[HIFIV 3 . T mur3-35R A8 K 4 = B IE AT SUR
AF AN XXXGRIXLXG R E JE, TEF 3 (1) 17
1E o AW 7045 FABIUESE T murd-39 4 il R 40 & L
T RE AR T A T 28 BT 2 T i SR &5 i )
fJ(Kong et al., 2015). MURSZ:[A [T X AR 5]
LR EASL, St ciel/murd ZE A% A I 78 & 7R MUR3

1) 35 2% 3 2 5| S i A 4 4406} 76 %% B (Hyaloperono-
spora parasitica) {2 4« ] &F &2 14 Bj 48 ) B (Tedman-
Jones et al., 2008); *trsa3/mur3Z&48 4 I 7L EoR,
RSA3/MUR3 } & 4l B SC I 8 L i 28 b aa Hh g
EORBAER, i 4ERFVLS) H AL UKD g
Z G EE(ROS) 5l 5 i (Li et al., 2013). {HZ
T e 2% T 15 -5 mur 3 9 A% Ak v A ] SRR 4 A 11 2t
B RKILA it — 5T

FUT1 (fucosyltransferasel) it & 5 4 3k ¥4 7%
By, i1 7R i ] 7% 30 o U0 3k B L 0 I8 i ik
b, TERFMEE . futl/mur2 987458 ok U me I 2 TR bE 5
A i TEOBE 1 58 4 Bk R W) AtFUTL 2 JE TU & 1
(Vanzin et al., 2002; Perrin et al., 2003; Zabotina et
al., 2012). $UNFg FT P ANAFAE 25 BT R AR R 0 B ) A
SR o 1 RAE A il v %5 78 BIMURBMIXLT 2 7] 5 2 [A]
XSTIMXST2, KHIThae HAMK T, 1EF AR Z
AR T mur3-1 xR A8 i, i FIEXSTIFIXST2
B, AR AR TS B R AU AN B P A SRR, [R
A RN T mur3-1xIt2 (i A= KRR, 3 B A SRHE )
FUBERSAE ARG KA SARE 7 TH ) D g B R m £
SF P (Schultink et al., 2013).

BOE R IIAXYARIAXYALEE R 2 5 7 2 3L
LTkAL, AXYAFIAXYALESJE T W4 TBLE A K
% (Trichome birefringence-like) (Bischoff et al.,
2010; Gille et al., 2011). A7t E/RtEYO- LEEL



648 fHYEM 50(5) 2015

TEHCPL WS IR B 4= G4 7 1 ] fe kS 1 F (Manabe et al.,
2011). Pogorelko%:(2013)#F 7T o~ 78 g 7+ F1 — it
J Al 22 (Brachypodium  distachyon) 1) %% %& K ki 4 74
W 2RI TR T 5 1N T R A R BB R
IR 2 WE 1) £ A AE SR TR 4R S P x4 i e AL
TRAE R o AEFU R I A A R R B R B 45 A AL A,
A R HEO- 2B Ak 7K T 14 1R T8 i B i AR T 2 41 4
I 4 A % R B W AR K BIUK M (Zhu et al,
2014).

3 AREAREETEMAMENSEDRY
1EH

AR, 8T AR JEBE I S A AE W6 R A 7 B
TRFEBRE, R AT TR SR A BE v () T
R T AREL/D o AT SRWE AL A I T 4] A BEATL A A ) ST 46
(B #5571 R ) R WEAE BEATLAR 27 vh 1K B A 25 4 T
fe(Park and Cosgrove, 2012b). A% 50 IE & L&
TEAHHAE T, 72 BE bR JOBE S LSRR YoE 1A 2k
71(Takeda et al., 2002). )AL KK & £ 2 40 7 2
FIH T 7S e B S AR A i i AR, T G B A P )
S 52 24 PR () AN W0 A o S A M A e e R e )
WAEAYI S I R S AR B R i ST I AN A, (BAERR
A RS e RO 2 L 1% S AP S 52 AT 4 3 AR R
25 22 8 2H R ) 3 A R 235 #4) B 42 fill (Cosgrove: and
Jarvis, 2012). H HiA% 45 1A H SE0E- 21 2 35 0 45 25 1)
BTz 452, EVRH R AR T 20BN E
TBEHEREK, DB RURE M2 4518, Hod R AE N
21 24 (1] B 11 33 70 28 o - 16 o L %€ J2 % (Cosgrove  and
Jarvis, 2012),

R ] SRR 45 ) 1) 0 2 R T R T SR S B T R
P 5 A4 RF 2 MEI 45 G380, AT R4 i
# 5k 77 (Cosgrove, 2005; Park and Cosgrove,
2012b; Wolf et al., 2012), A% S HE7E P 1 mT
Ttk S 1 R A 5 e 70 #R5 R SROBE 0] A0 4 A B
WA ARHMSEIE I, A SN T R ¥ e 1 32 M
2 FURE L AR, X 2 U R 0] i 5 2 4 o) A
R BEI H R4 (self-association); X H I EM NN
2% B 240 JH B vh R R SRR S A 4R R I A5 S A BLAR
R, AT 52 Vi) 2048 7 4 i ) 4G 55 % & 3 7% (Shira-
kawa et al., 1998; Pena et al., 2004; Whitney et al.,

2006; Park and Cosgrove, 2012a). A T&IT IR 5T
R, I AEmur3-3 R AR i F Ak XLT 25 P Bl
FIAXXT2EXXTSRAE,  #B AT LASE e A 50 0 4% 1)
PFBERAL, AR KRB EIE IR . R
FLWEFEALFR I 32 o 40 P S B AR K B A IR
W EE R /EH (Kong et al., 2015).

EE AR TE FUURE TFXXELXXE2 X € AR A v 5 A4 I AS 3
RHRBEAFAE, EEDTIR R ALK, UGEAEK
P LT AR RS R . I ANAR A A AR B8 A TR PR TE
Y 2 B 1 25 K b 2 15 A B 2R H (Cavallier et
al., 2008; Zabotina et al., 2012). #7341 &R,
TR A ZREW A A ) 5 W K 1 il 4 B v R 5 B K
M 35 L R ) SRR R 2k Al A AL 4 4 L B ) AL
PR S AR, RIS G, R ARAT 1B = a- g 2
H i Z bR (Park and Cosgrove, 2012a). i H.ifl
I PC-NMRE I S2 36 R B, 76 58 8 AT FE 7 F 4
(Phaseolus radiatus) 2 Jitd &% o 5 76 £ 4 22 3R 1 11
K FERE /D> T10%, X 5 1% G 1) 45 4 22 - AR H FRHE 45
oy W 2% B K — 3 (Bootten et al., 2004; Dick-Pérez
et al., 2011). [Ftk, i oA o )20 i o £F 4 35

5RWE &5 1) WX 2% A Dy 32 L K R 45 AL R U 0 T e R 2
Ik,

4 45

H BT, A RAH BB R LR A& R el T8
FilkRE, ERARAHBREOMERN . 25580
AR AR ARG — PR R . LR
FC SR AG  $8 7 A 40 200 L B Y 445 ) AN D g DA B i
Sk TR] TR 50 AR 5032 A i 22 W A 23 O I T Ak AR
PEHR BRI -

SEH
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Abstract The hemicellulosic polysaccharide xyloglucan (XyG), found in the primary cell walls of most plants, plays im-
portant roles in structural organization of plant cell walls and regulation of growth and development. Recent research in
structural characterization of XyGs from different plant species revealed the diversification of XyG during plant evolution.
This paper reviews progress in studies of glycosyltransferase genes involved in XyG biosynthesis. Most of the
XyG-specific glycosyltransferases have been identified, and some of them appear to form a complex for involvement in
XyG biosynthesis. We discuss how changes in XyG structure affect plant growth and development.
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