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M TR KA, 15200433

THEE: A4 i B A A8 A 45, AR ARSIk & (expansin) Ao AR &) JEAE 1 4% %) 45 25 B/ /K A% B (xyloglu-
can endotransglucosylase/hydrolase) AR 4 40 i BE 69 AN T 5 T My b K AFE AR . R4t M £ A R AT
FHA. RAER EoPegha R, FEAR KGR T A BAR £ W Wit B3 4 32 2 48 75 & 69 B ST AT I

K, VA BIFEILRECAN I A R R R — 2L &3k

KEEIR): A 0 RE ISR R F TRAB N 46 WA IR B/ K AR B, £ TR T

T ) 4 e B 2 R ) 240 T DX 53T B P 4 e 1) 32
BRHE 2 —, B AMEMAK K B S AL 5L m 1) > 3
ORI AE F (B ORI 28R BE2016) . )40 g BE 3=
BHAgE R, PAERULRRZ RSN, B
R FE N N AR 4E R AR N I M 2 08, N
T2 B BE SR AL 1 R 7 X 2R 25 4, 2 AE 0 41 P
BEPAT A B D) BE (R A (FE IR 5 2011) . 2T 4ERR
SETEY AN N )BT 2, 5T S 5 G EE
A A R (M AN K < R 1994) . 1T
RIEZ WE RGN o —RIEE P 2 0, /R Y
K AR R AR G55 T TH R ¥4 F (Jarvis 1984;
Atmodjo%52013; Levesque-Tremblay%$2015), 5L
b, A 20 B A O R PR SR A S PR F (R
I, R A BR A 4E A K — AN B &R .
DRI I, 5% Gy st 55 B AA AL o FF 9 A g G v B B —
W. FHIRE ORI, AR RMNE LN
TP 20 H BE At 7 R AL &5 4, AR T 47
Y 2R - 2 2 I 24 5 ) ) il 42 o 3 4 B P e ot
My, 2 720 2K, B2 2 AR SN N
P il /7S IR 1100 R B, A 45 T A 4 20 i = A
THEUGR, AN R E S5 g R
it 5 5 A (4 ) (Cosgrove 2000; Fry 1995). ikt
R, B 2K 2 (expansin, EXP) LA K AH] A
N T 5T W L i /7K fi# i (xyloglucan endotransgluco-
sylase/hydrolase, XTH)JE R Dy Refff FL RN, KN
HAFEEFENAETIIGE. FXUREXPLLMXTH
FE R [P D REmT L AT )3

1 BBk E R RS
WK (EXP) X449 86 1, & A 3 55

Cosgrove fEMF 7 “BR 2L K I G i M3 TN (Cucumis
sativus) T W5l 53 8515 21 075 AR SN IE B R DL £
2% i 2 PR A 2 A e 14 1) A 115 (Cosgrove 2000).
Z JafEMH ¥ (Nicotiana tabacum). 74 I+ (Arabi-
dopsis thaliana). ER¥)(Populus trichocarpa) 518
Vi K. CARERY, f£58)R(Cucumis
sativus) 4 58 35N EXPEER, R T+ A1 747 vh
% e K36/ NEXPHEA, FAhi(Lycopersicon escu-
lentum)H % 52 H38ANEXPREK], IKFE(Oryza sativa)
B [N A K0 2 b % S S8 ANEXPREN, T AE K
(Glycine max)™, EXPX:H 1] B8 =ik 75 (4 1k
2016). L] WLEXPEE R & —A 2 5L R 5, 1
AN [R] 35k ER 76 A8 P 44 1 Dl et AN JAH ], e 41145
25K KE & R0
AR MAREK. TELL SRR G .
FATK FHAHAR T & (Neighbor-Joining, N-J) &%)
i 7 EXPHE N 9 i 25 A P A1 1 R g4 (B D),
HHE AT 51 A4 R EXPEER Dh R N B 4, fERERE
R EEA A SR SR ) R A B2 Hh EXP A
FEZ 5K 5 R ARG CHF [ EXPEEK]
FEALUN R LR E P klEH; DA EXPE:
HFEES G5 AR, LK. T HIRe
R EARBI FORAE T AT A
1.1 EXPEREMTFEHLTHIER
Chenfl1Bradford (2001)7E X} 75 % 2 (gibberellin,
GA )R B B4 2 0t b1 1 K55 5 I 7 b R 30 36 At
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Fig.1 Phylogenetic tree of the amino acid sequences of EXPs

A ZIRTER TR ORAEAE I EXPsEE IR, W RORTER R RIEVE IR EXPs LY, @ FRIORAE 2R R FEE IR EXPs 34 K]
WERTEARTE S T T R AV E I EXPsHE, © FRTERSER & R IEAE I EXPs 5 Rl . AtEXP2: NP_196148.1 (Arabidopsis thaliana),
AtEXPA4: NP_181500.1 (Arabidopsis thaliana), AtEXPA14: NP_001332569.1 (Arabidopsis thaliana), AtEXPA17: NP_192072.1 (Arabidopsis
thaliana), CaEXPA2: ADC35365.1 (Coffea arabica), CsEXPI1: AAB37746.1 (Cucumis sativus), GmEXP1: NP_001237850.2 (Glycine max),
GmEXPA4: AEK69292.1 (Glycine max), GmEXPB2: NP_001242200.2 (Glycine max), HvEXPB7: ALP44111.1 (Hordeum vulgare), LeEXP1:
AAC63088.1 (Lycopersicon esculentum), LeEXP2: AAC64201.1 (Lycopersicon esculentum), LeEXP3: AAD13631.1 (Lycopersicon esculentum),
LeEXP4: AAD13632.1 (Lycopersicon esculentum), LeEXP5: AAD13633.1 (Lycopersicon esculentum), LeEXP6: AAD13634.1 (Lycopersicon
esculentum), LeEXP7: AAD13635.1 (Lycopersicon esculentum), LeEXP8: AAG32920.1 (Lycopersicon esculentum), LeEXP10: AAG32921.1
(Lycopersicon esculentum), LeEXP18: CAA06271.2 (Lycopersicon esculentum), OsEXP1: CAA69105.1 (Oryza sativa), OsEXP2: AAB38074.1
(Oryza sativa), OsEXP4: XP_015640854.1 (Oryza sativa), OsEXPB2: XP_015614021.1 (Oryza sativa), OsSEXPB4: AAF72985.1 (Oryza sativa),

OsEXPB6: XP_015614019.1 (Oryza sativa), OsEXPB11: XP_015623786.1 (Oryza sativa), PhEXPI: AAR82849.1 (Petunia*xhybrida), PhEXP2:
AARS82850.1 (Petuniaxhybrida) .
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Pl 8 SO 2 A B A LeEXPSFILe EXP10%: K] (1)
ik, 3 H R LeEXP4FE R ik & 5Fh T84k
FEEEA—B, DRI 2 it P71 K HH LeEXPA
Jegeik 5| e B AL, 2 J5LeEXPSVA )k LeEXP103%
e R AN R VN LN TN S S 2 2 i
FHHR . TEX KRR KO AR o EXPHE R 1A
(I 5 H I, R ik #2 AR Bl 5 OsEXP,
OsEXP2V) J OsEXP4 3/ /K FGEXPHE: I 1) 5 % 35
(HuangZ£2000; YanZ$2014)7E Xt #0 Fd T AtEXP 25
DR 2 A8 A (R 9 R BN, Atexp2 828R Fh 1 23R
Z%, UEHA T HAEFp i Ao R AR A
1.2 EXPERERARERPHIER

EXPHE K B A5 Fh 19 K k ¥5 B ZEAE A,
TEMP 0 K 5 AR R S DL SR AR KR E
[ ey HE A . WLeefs(2003)7EX K
EXPEERHEAT DIRERTE FU I, 1 31K K S EXPR:
K GmEXPB2A 45 H AR # & W35 38 £, M GmEX-
PA4FEPR AT LS RERTAEAR K . Dorota®%:(2012)
¥ GmEXP I’ N3 FE T 5 R I AT AR AR S ik A AR
BRI BE MK R . 2 J5HanfIKim (2013)
TEXF U R JF EXPEE R (1 D Re i 78 i R LA K &R
(auxin, IAA)F] fE/ FAIEXPA4. AtEXPA14VL S At-
EXPAI7HIZFIERARAEMARR LRI K E - Zouss
(2015)1E X /K FEEXPIE K OsEXPB2 (I 58 v K B,
RNATH 5 FHAR B 240 /N B A B AE R
i /NG, HEW N K FE AR Rk B A AR
Mo BUNE(2015)1EX KZZHvEXPB7 1) V) REW 7t
HFEREUESE T IR R 5IRE R B BHHEAEK,
1.3 EXPERFEEZMHRKPHIER

IR T AN [ Bk I SE T EXPERIFEAR
R E A, thAh, B 7R 2R A 2 0HE
WAEKK B FFFEAEEZ/EH. WSanchez55(2004)
TEXT WS & (Cicer arietinum) EXPEEIR (KT REHT 7%
HR I, JHSE Z N B (brassinolide, BR)FITAA RE i
A 5 CaEXPA2EL R (1) 22 15 M 5 /e e 25 P id
K. Yi%e(2002) & K FEGA TS S (1) 715 ] Pridi A=
K5 OsEXPB4. OsEXPBG6VLJ; OsEXPBI113EHA
Ko Choi (2003)7E % OsEXPB41H 1E X 5 e X Th#g
WEF A I, IE SCHE PR B A2 AR b R A
(bR i, T B SCRER A 16 2R 0 HH AH e 1) R AR, ik B
TIEMK EAHER A K HEEVER . Pien%(2001)%

30 JNCSEXP 1 HE R  N R R I, e 35 DR A A
mRJT TR AE TR R B AR A, TS IE T R 2=
EFEGIM KB Pk E R .
1.4 EXPERERMBIFBARREL ERHAH
HI1ER

EXPIE[X (1 53— D g 1 AR DAL B R S
KERAERES . R EERE, FLEXPERD
Al REZ 516 R B T B CL S AT T80 A ke
WA KM By . fnReinhardtZ5(1998)7F % 4 i EXPHE
DR TE A AT B FE I R IR, 25 i LeEXP 1 8% K 7E
e EH A mERE, WS 50 EHR N
Ji%, 1M LeEXP2N W] g 55 ML A 5. Zenoni
28(2004) 7L X 122 2 (Petunia hybrida)it EXPHEH
TR A AT B T R ILPREXP I BE R TEAE T 1R
ZE TN Ak, i — 2 K DR 5 K I, PhEXPI
S SURE IR A6 38 DR A2 36 40 B 4 /N T 5 ST E R T AR
TN, MIMEGAE T HIhRE . HaradaZF(2011)%F M 5E
JyE2(Dianthus caryophyllus){t i+ % 15 3134
EXPIER R4 XTHIEE K (T 70 KB, X PR3
Rl ek 5 MMAEK S KE. Rtk sk,
WZEXPERNMZ 5B RELKKE RSP
Brummell %5 (1999)8F 57 K I 2 i H LeEXP3 . Le-
EXP4. LeEXP5. LeEXP6F1LeEXP7RN A i 5 &
S RA K, MLeEXPI 5 RS 8 Ko A 7EX
Hiki(Fragariaxananassa)~ %L (Pyrus bretschnei-
deri). Mk(Amygdalus persica). 7 ¥ (Litchi chinen-
sis) LA K A #E (Musa nana) % 1) 5 SE A AL B 5T
R FE K R 2 5(F L 2014).,

2 RERENELEEEKEIEEFENI

REAFF T

R 6] SR PN R S R K f Bl R RN (X TH) 72
RO IAE RSN A AT I i R R 2 —, R
AR SR U0 R B, i B PN B B L Bl (xyloglucan
endotransglucosylase, XET)i& (EC:2.4.1.207) 1
W) 7K fi# if (xyloglucan endohydrolase, XEH)y P
(EC:3.2.151), SEXPEN F—Ff, XTHE: A [FIFE
e MNRIEFRFE, O M FRRA, R I
PAAAEI3DXTHIL A, 1B R P XTHE R H &
K414 . HXTHEERI R RIS, HD)Rewt it —
HWGIE&EFHRH G, BT XTHEER 1)
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THRE R 70 32 B AR AR W 7 T L — 3l i SR A% B
HMRIBRBELAE A, Z a0 aibi & it
AT A B S AR 9, e B I RT-qPCR., #5 5&
Rl. RNAIQL JEAL A8 S H AR R XTHE R (1 £ 3T
REBEAT AT . R SCME 0T XTHEE (R £ 3R I e R4
3

H R 70 3 B XTHE R 76 R R A4 Py e B0 HE A
WERNMGE. S5 TR, EEEK.
TEITE RS TF I S SRk DA B R SRR iR 28 5 1)
RE WAL 4E K2, FINXTHRERIE S 505 %
Pl A= 0 e 3 (g 7, B 2 E A A9 R B 1 4
DA K B AR R NAR 1 R R B i AR A
o AT AR A(N-D)EIEM T XTHIE R
GniD R 7 5 K R GUd A (B12), B E2nT s A4
MXTHERTE R SR & R 35 EZ1EH; BALM
XTHRERNEMR R E P RIEEEWEM; CAN
XTHEERTEAR 22 DA S ZE MK o R IR (R DAAXTH
BRI ThEe BN R 24, AT RES 5 AR I A A
JA 1, MELH (XTHE R vl RESE 2 /E Rae k& v
AR . T2 T XTHEE K Th B8 i ELAR T 7015 4
TE R SCRHT IR
2.1 XTHEREMFIELZPRI{ER

T 17 2 A P Bt 2 R AT L ) 20 24 5 Ak,
T JVAS 40 L 4o J R e L 73 T 2 1) — S S
. Kaku®5(2004) L K WuE (2005 )38 ik < BE 1 4
HT N A XTHE P 5 Fh 7 8 2 HH V200 P RE (1 24 sth e
JEAH 5. Romo&(2005)7E X & W 528 £ —I#(PEG)
Kb 3T IS ) 25 S SCBE HEAT IR R I R B, I
CaXTHIFENTE L IR 3R IA, HHRIA R
BEPEGST - Ul #0111 B I, H AR CaXTH T
FEDRILE P10 A T2 I Rl 1 o R 3 B4
F. Miedes%5(2011)if i % JE A AR XS B i LeXTHI
F R AT BT FEI R B, T it LeXTH 15 R E 2 it fh
TN WA b s e RO, B H SR BRI
— AT A B S Rl T B 5 A RS b e
A%, U T HAEFR AP R P EEAEH.
UbAh, VF 2 2 AR H R A A U, AR 2 3
T — .
2.2 XTHEREERZERFHIER

FERF o R AR h, AR B o R Ak S 1
PR IEEESER R FAEKERIRR. ERR
R, XTHHER R FE R G EEAEH . Liuss

(2007)7E X} 8L 5 T+ X THIE [R 3 36 4% 2030k 47 1 7¢I
RIL, ALXTH21 FEAER RZ e Rk, 2 Jaiiid
i R IAFIT-DNAJE N ZEARIE SE 7 3 o o5 A8 AR 35
R Y F DU DL S At B S JR PR AE R ARR B il B
BUEH . [FIRE, YasueZ5(2006) 7 %48 5 7+ X THE K]
FIWE A KB, BRI IFAtXTHI7. AtXTHIS.
AtXTHI9VL Je ALXTH201E AL FFAR Fh fl e R IE, 2
J& 18 1 T-DNA$di \ R A8 B 5848 7~ tHALXTH 1 8%
WM B HEAER, Bl AXR2/IAAT75:
IRl Iy i ik O R IR AT 90 R AL XTH194b T AXR2/
TAA7(E SR Tt 1MXuZE(2014){EHDGIIX L
TR R K E S R ORI, f M ST HDG 1]
TR RKIHLH 5 JLNXTH. EXPEERA %,
Ut BHXTHEE R AR 5K B 2 1 — AN 320w
R, EIRBE A K IXTHIE R AER R 24 Kk
HHEGEEMEH, HHLTRERRZKE HH
TR T g mE R B . H Maris25(2009) 78 %ML R FF
AtXTHI14V\ } AtXTH2 6347 4R 4 B Sh BEWF 2 K
I, AtXTHI4 VI &8 8 T XD R I+ AR DA
KIRENIKE; MAXTH26 5 /M IR RILF IS
IEASAR R R B 45 1k, (R I 76 AR 7 53 240 it Ak 7
AN FI T P Sk e 25 0 o XX TR UL ] R T I SR HE B T
I IR WL XTHAES R Dy e (1) B2 2 1
2.3 XTHEREZMHEKPHER

FEXT I P T B DA R 25 5 AR AL (0 i 7 o i
KT XTHXER 2 5. Nakamuras(2003)7E %2
AN IR G XTHEEH (VaXTH 1R VaXTH2) 3% 15 1% [ 5
FUH ORI, VaXTHIK: R AE 2575 (0] 5 =408, M
VaXTH2AE 5 [ T w208, HL L B F A K 3R
(TAA) 5| & )15 T A 2, PR X 5 S XTH
FEPEZE MK AR IEMER . Jan%5(2004)7E X GA T
TR Y R] PO A AL R 7 B, KA
OsXTHSWI R X WGAFE S Eil, H X2 K E
J5 57 SR8 R T TR R DL 3R IA B 5 K FE A A
A2, SRARNATT G, KR A K 32 2140
il I R SRS 78 R T OsXTHSTE /K Fe 251
ARKEEFREZ/ER. MatsuiZs(2005)7E 4] 1/
TFXTHHER TEAE Z B e I, e S ALXTH27
Tiifie ik 2% 578 A o I 52 38 i e v i 7 4 6 DA &%
B, 2 J K B AR L R T A TH2 756 R e N
IR, UEBH T AR I R E R A =
FAEH . HanZE(2017) MFii T-(Diospyros kaki) 4y
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Fig.2 Phylogenetic tree of the amino acid sequences of XTHs

AZTRAER BRSO XTHS ZE N ¥ 3R AEAR AR b A5 A I XTHs ZE [N @ 3o A8 S5 s 48 45 1T X T H s 2
K WRIRAEAE RS TP A A X THs 2 D+ FORAE R SERT AR AE I MIXTHs ZE K] . AtXTH3 1M CaXTH3 3] REZ 5 Eh il
WS, AtXTHI4: AEE85118.1 (Arabidopsis thaliana), AtXTH17: AEE34357.1 (Arabidopsis thaliana), AtXTH18: AEE85746.1 (Arabidopsis
thaliana), AtXTH19: AEE85747.1 (Arabidopsis thaliana), AtXTH20: AED95616.1 (Arabidopsis thaliana), AtXTH21: NP_179470.1 (Arabidopsis
thaliana), AtXTH26: AEE85554.1 (Arabidopsis thaliana), AtXTH27: AEC05508.1 (Arabidopsis thaliana), AtXTH28: AEE29214.1 (Arabidopsis
thaliana), AtXTH31: AEE77976.1 (Arabidopsis thaliana), BcXTHI: AAV92081.1 (Brassica campestris), CaXTHI: CAA06217.1 (Coffea ara-
bica), CaXTH3: ABD96609.1 (Coffea arabica), DKXTHI1: AEQ37175.1 (Diospyros kaki), DkXTH2: AEQ37176.1 (Diospyros kaki), DkXTHS:
AHE13905.1 (Diospyros kaki), LeXTHI: NP_001233858.1 (Lycopersicon esculentum), MdXTH2: ACD03226.1 (Malus domestica), MdXTH3:
ACDO03227.1 (Malus domestica), MdXTH4: ACD03228.1 (Malus domestica), MdXTHS5: ACD03229.1 (Malus domestica), MdXTH6: ACD03230.1
(Malus domestica), MdXTH7: ACD03231.1 (Malus domestica), MdXTHS: ACD03232.1 (Malus domestica), MdXTH9: ACD03233.1 (Malus
domestica), MdXTH10: ACD03234.1 (Malus domestica), MdXTH11: ACD03235.1 (Malus domestica), OsXTHS8: XP_015650689.1 (Oryza sati-
va), SpXTHI: BAE06060.1 (Sagittaria pygmaea), SpXTH4: BAE06063.1 (Sagittaria pygmaea), VaXTHI1: NP_001316764.1 (Vigna angularis),
VaXTH2: XP_017417017.1 (Vigna angularis).
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SR — AN I XTHAE K] iy 44 N DEKXTH T, Y4 5%
T A I, B R B BE R i A DA R R R
SRS IRER X AN [F 9 Fh X THE: K D e iR A 7t
VLA 7 XTHAE RIERE AR 25 R B TR B EAER
2.4 XTHERZELFERFABUARRELEKRHAF
H{ER

Bt 72 B XTHE ERLAE A6 I T B L B B 5 Rl 2
AR EE EE S M. 41 ShindF(2006) A2
(Brassica napus)f E5 ) cDNA S %58 H—A
XTHFER, 5 4% NBeXTHI, JRAL I35 S R SL7E
TE SRR Z A M = A, HEN HnT 5e 5187 TE Rk
<. TMiKurasawaZs(2009)i@ i 4 4815 5+ AtXTH28
HE DR ) e m) s A% 27 B D e SR e AE 78 30, AtXTH28
FEDR I D) e ik 2k 2 S B B AR B BE 0 0 T B,
BE— 5 10T FTUE WA 40L B I A e X TH 285 PR 76 1 6 i
K EER . LiZE(014)7E X} 22 16(Cymbidium ssp)
EWSMAMATEAN., HRAER T
WoRXTHHN Z 51E V&5 K 4 . Chervindg
(2008). Asif%5(2014) L 2 Xu%5(2016) 73 5l % 75 B2
kA % (Cabernet Sauvignon). & 1L (Cratae-
gus pinnatifida) AT S 3 HT, S5 B RHXTHE
BRI e 2 5 RSB 72 . Zhu5(2013)7E5X%T
Al A R XTH S [R] 2 38 458 = R i 7 rh R B,
DIXTHIFIDAXTH2IX P 1 52 L0675 %, (2
HAER T A R A MR B DEXTHIAE
FSCAES 3 ORIk B de v U6, T DAXTH2AE BUEAEE 12K
1K B f e U, HEDN G 5 i) A8 s R 39 5 G 0 Ak
HORYEDIRE . Han%§(2017)¥DAXTH 1% NFifi v
TR, e B DR 8 i 2 I HR B R ) RS 9 H b
FEAHAPHER, MITIER] 1 i DAXTH 1S [R5 2 1
Z: 5 B RS 2K, T DAXTH2W] g 55 2 Hhy
Z 5. M Han%5(2016) i3~ 4 5E H —
ANHAXTHES R - 4 N DKXTHS, i 5% 5 K 7%
HuE M S5 @ SRS . T,
ZhangZ5(2017)EXT 2= 1L -85 3 - (Malus domesti-
ca) R A T 2 H X TH RS PR 55 0 D e R e 9 45 S
SoRERXTHI. XTH3. XTH4. XTHSAXTHI9 W]
Re 2 5 9E 0 MRS 1t 1 5 SR S e, TXTH?2
XTH6. XTH7. XTHS. XTHIOMXTHII W] {55
I MR R P G O SR S R A A, R B R XTH 2N
XTHI0EFE A id RIS S OIHAEME L L AE
S AL R Y M, B s FLAT REAE R s ifb

R R TER . ST S 2, XTHIERIFE RS2k
AR AL HR BT BE 0V R FROAS () () €8, LR XTH
DR A SR S Rl s o ) PRI R T B B 1) e s PR
FH, 17 55— 350 53 UL FE F 3 1D SR S Ak o B e ok
EAER
2.5 XTHE R 7B nm &+ #1EF

IR A i H X TH S PR R AR A A K
Wi E R, TR, A 7T 2% B LA R AR S X Ak
ZAAEYHE TR, A . EEEAE
Ry e )87 ke 3 B AR A, S H AR R R R B AR
IR B R G R A2 5. 0okawara®$(2005)
TEXT ¥E 28 0 (Sagittaria pygmaea) 25K 5 B 48
RS 2R BT 9T A IR, i AR 0E T 4 SR Sp X TH 1A
SpXTH4IFIE KM 2 . Cho%%(2006) LA K
Han%%(2013)38 i #% 2 P ARIESE T XTHAE R 7E 42
AL PR T R B T S MR EEAE A . ZuntE
(2012) R B4 F-ALXTH3 1 () T-DN A N\ 535 {4 L
By A R B S A AR 2 M, 2 S T A S R
I REUE L T 4l PR BB - AR SR = A AT
7, M ) W T AeXTH3 10 GEE o 18 =5 A SR
B B R M R R R R R BB, T IO XTH
DRl = 5 AR N %oF B 4 Ja AT 1) 1) 2R el 3,
XTHZE DR 4035 A8 bk 3k 36 i 52 14 B HL AR W] g 5
AR, . T AR SR, AATTEE 2 Hhud i o8 v 4 A s
XTHHERIAE R k7K DL R 6 38 1 o g 47 %
R B (Li%52016; XuanZ52016). FiRWF7T 45 RAE
GallZF(2015) % 4H Hu A ) B & AR 4 3 B )
A AR BRIk 4b, XTHEEH G P §ES 5
F| 7 HBR. GALLKIAAS S KRR 8] B (Leels
2005; Keuskamp%52011; Sasidharan%52014), #H
BT AE X 27 A MW % 22 F (Cuscuta chinensis) N2
T E RN T R, 2 FENRTE R
Firp, JLH BXTHARTER 35 s kik, #—0m
T F 2 B — J TH] L AT DASE i 3 40y /)N W 8 PRk g
TR NAE EAR N, 53— 5 THLXTH W35 53 s )
T 25 FPOE I P St T 2 4 EE A5 R SR I AR i R
(Olsen%52015, 2016). 1M £ i A % 22 1Ptk 1t
TR I, TAiLeXTH 1] RE i ok U 55 401 it B o g
P B8 22 T I NAR (AlbertZ£2004) . X 1] AE & IR A
HH 2 R A A H T — b R T 24 A 5
T 1% Le B 0 — 209 K T AT XTHEE R T fig
Z R DL RS RS




SRR AR IR AN TR P e A R /K gt e 258 DR P D REATT Tk e 1665

3 HitERE

TE X EXPEE R FIXTHZFE IR A HE T R HEAT VA 44
FRER R FR R, R T — SR A B . e
EXPHRIFIXTHEERIER P AR, 2
K DL R AE R LR R G Ry g AR A
o, I HEATRIERE A WA AL, TR —E
(R, XA A5 FRATTTE IO 15 79 & < R] 2 A7 A 3 ol
[FI1E IR, IR ELAEXT A 1) 20 Hr v R B, EXPHS
IR RN THZEE DR Bl 2 4 (0 4 PR 3 e 5 LR o6 R AL
A M RA M, 47 n] DU 3T e B EXPRIXTH:
DR ) A2 B T Be EAT R0 T, BeAh, FRATTE =
FIAXTHI4FAtXTH2 63 R 0 H1I AR R AR KX A [
IR, XA HE R XTHsF R AT e B AT B[]
WATIThRE, X — S T XTHEF ThRe 2
e T B

IEGn BSCRTR, BEIK 2R 5 A i SR P R b
B K ARG R A K A S B oy R
WEEN A, I HENINEE CEXEXPLL K
XTHEER (MR QD S A B T RE AT T i 2
IR FE, HRTE V2 M AR k. H—, &
SR AR A IR R B AR BB A B T RE, ()
HAERMEI WL E®R, ¥ HEETEKERED
SERIN N BAT B I, B A S2 I8 AT 7 R I
XoF 240 L BE 2 R A 3 R S I E A, HOETEE 2 1)
2R T AR H AT A 1 (R R R A
VER, o=, WK 3 5 R SRE0H P 2 i 0 g/ 7K At
B e Thie b BAT AR 2 AL, i i 2
KI7Eh e b B WA, (HIXAPMER R EAT
TE MG AN TG W, T 40 S 7 2 2 DA SE A7 AE R
H W [ 2 an ] 2 Az 1) DA S SX Bl b IR 6 e AT 2R
PR Ty R 1) 52 0 TG BE A — AN R A A3 R I 1] A
H=, EXPEXTHRR YR T 2 BN Kk, B4
AR Dh e 75 2 — 5 R 7, Fe Al 2 7EmE
PR R SR R R R E IR
H AR AR HOK R, R HAE R m AR
PR N 25 X 28 L 22 7 BRI
EMEAEEWHENE, HE5EY™ 2R XA
WA TR T — /M Fe i s, DY, iIX R A
R Z B R R AT, R AT RE R V2 T R E
Tl R R, 7o T AR LR A NS A E T e
N IR RE S SR A AR T — A

IRGFH BN TR, — 7 TN 12 4k S 0K He R
IR A BT RE IR TT, F3— 7 T ML HES) 5L
FHIR I P Hcdia P, g 25 [ 2 3 X EXP VA S XTH A
DR PP BUARRALE - AR 2 LA K Th REARFAIE R F 7 1R
BEATER G B, M BE G X B AN AT

£ ik (References)

Albert M, Werner M, Proksch P, et al (2004). The cell
wall-modifying xyloglucan endotransglycosylase/hydro-
lase lexthl is expressed during the defence reaction of to-
mato against the plant parasite cuscuta reflexa. Plant Biol,
6: 402407

Asif MH, Lakhwani D, Pathak S, et al (2014). Transcriptome
analysis of ripe and unripe fruit tissue of banana identifies
major metabolic networks involved in fruit ripening pro-
cess. BMC Plant Biol, 14: 316

Atmodjo MA, Hao Z, Mohnen D (2013). Evolving views of
pectin biosynthesis. Annu Rev Plant Biol, 64: 747-779

Brummell DA, Harpster MH, Dunsmuir P (1999). Differen-
tial expression of expansin gene family members during
growth and ripening of tomato fruit. Plant Mol Biol, 39:
161-169

Chen F, Dahal P, Bradford KJ (2001). Two tomato expansin
genes show divergent expression and localization in em-
bryos during seed development and germination. Plant
Physiol, 127: 928-936

Cheng X, Hao HQ, Peng L (2011). Recent progress of cellu-
lose synthesis in cell wall of plants. J Trop Subtrop Bot,
19: 283-290 (in Chinese with English abstract) [F£#, /i
PRIR, S2MD2011). HE D40 BE vh £ 4 3K & B R F 5k
J&. FAAT AT 4R, 19: 283—290]

Chervin C, Tira-Umphon A, Terrier N, et al (2008). Stimula-
tion of the grape berry expansion by ethylene and effects
on related gene transcripts, over the ripening phase.
Physiol Plant, 134: 534-546

Cho SK, Kim JE, Park JA, et al (2006). Constitutive expres-
sion of abiotic stress-inducible hot pepper CaXTH3,
which encodes a xyloglucan endotransglucosylase/hy-
drolase homolog, improves drought and salt tolerance
in transgenic arabidopsis plants. FEBS Lett, 580: 3136—
3144

Choi D, Lee Y, Cho HT, et al (2003). Regulation of expansin
gene expression affects growth and development in trans-
genic rice plants. Plant Cell, 15: 1386-1398

Cosgrove DJ (2000). New genes and new biological roles for
expansins. Curr Opin Plant Biol, 3: 73-78

Fry SC (1995). Polysaccharide-modifying enzymes in the
plant cell wall. Annu Rev Plant Physiol Mol Biol, 46:
497-520

Gall LH, Philippe F, Domon JM, et al (2015). Cell wall me-
tabolism in response to abiotic stress. Plants, 4: 112-166




1666 T A P )

Han WL, Kim J (2013). Expansina 17 up-regulated by 1bd18/
asl20 promotes lateral root formation during the auxin
response. Plant Cell Physiol, 54: 1600-1611

Han Y, Ban Q, Li H, et al (2016). DkXTHS, a novel xyloglu-
can endotransglucosylase/hydrolase in persimmon, alters
cell wall structure and promotes leaf senescence and fruit
postharvest softening. Sci Rep, 6: 39155

Han 'Y, Han S, Ban Q, et al (2017). Overexpression of persim-
mon dkxthl, enhanced tolerance to abiotic stress and de-
layed fruit softening in transgenic plants. Plant Cell Rep,
36: 583-596

Han Y, Wang W, Sun J, et al (2013). Populus euphratica xth
overexpression enhances salinity tolerance by the devel-
opment of leaf succulence in transgenic tobacco plants. J
Exp Bot, 64: 42254238

Harada T, Torii Y, Morita S, et al (2011). Cloning, character-
ization, and expression of xyloglucan endotransglucosy-
lase/hydrolase and expansin genes associated with petal
growth and development during carnation flower open-
ing. J Exp Bot, 62: 815-823

He XY (2015). Isolation, Cloning and functional identifica-
tion of the growth-regulated gene HvEXPB7 from wild
barley roots of tibet under drought stress (dissertation).
Hangzhou: Zhejiang University (in Chinese with English
abstract) [#4/NE(2015). TR B8 T PRI 4 KFERE
AR HVEXPB 7 73 85 v FE AN T e 48 8 (4
BLU30). UM WL K]

Huang C, Li LG (2016). Understanding of plant cell wall
biosynthesis for utilization of lignocellulosic biomass re-
sources Chin Sci Bull, 34: 3623-3629 (in Chinese) [ i,
FRPE(2016). FHYI N EERE T 5 RV SOE R A . R
SFIER, 34: 3623-3629]

Huang J, Takano T, Akita S (2000). Expression of alpha-ex-
pansin genes in young seedlings of rice (Oryza sativa L.).
Planta, 211: 467-473

Jan A, Yang G, Nakamura H, et al (2004). Characterization of
a xyloglucan endotransglucosylase gene that is up-reg-
ulated by gibberellin in rice. Plant Physiol, 136: 3670—
3681

Jarvis MC (1984). Structure and properties of pectin gels in
plant cell walls. Plant Cell Environ, 7: 153-164

Kaku T, Tabuchi A, Wakabayashi K, et al (2004). Xyloglucan
oligosaccharides cause cell wall loosening by enhancing
xyloglucan endotransglucosylase/hydrolase activity in
azuki bean epicotyls. Plant Cell Physiol, 45: 77-82

Keuskamp DH, Sasidharan R, Vos I, et al (2011). Blue-
light-mediated shade avoidance requires combined auxin
and brassinosteroid action in arabidopsis seedlings. Plant
J, 67:208-217

Kurasawa K, Matsui A, Yokoyama R, et al (2009). The
AtXTH28 gene, a xyloglucan endotransglucosylase/hy-
drolase is involved in automatic self-pollination in arabi-

dopsis thaliana. Plant Cell Physiol, 50: 413-422

Lee D, Polisensky DH, Braam J (2005). Genome-wide iden-
tification of touch-and darkness-regulated Arabidopsis
genes: a focus on calmodulin-like and XTH genes. New
Phytol, 165: 429444

Lee DK, Ahn JH, Song SK, et al (2003). Expression of an ex-
pansin gene is correlated with root elongation in soybean.
Plant Physiol, 131: 985-997

Levesque-Tremblay G, Pelloux J, Braybrook SA, et al (2015).
Tuning of pectin methylesterification: consequences for
cell wall biomechanics and development. Planta, 242:
791-811

Li X, Xu W, Chowdhury MR, et al (2014) Comparative pro-
teomic analysis of labellum and inner lateral petals in
Cymbidium ensifolium flowers. Int J Mol Sci, 15; 19877—
19897

Li XB, Zhang JZ (1994). Chemical structure and physiologi-
cal function of hemicellulose. Chin Bull Bot, 11: 27-33 (in
Chinese with English abstract) [Z=#E %, 7K 4. (1994).
S LT Y2 1AL 2 R RE TR IO R HOIZER, 11: 27—
33]

Li Z (2014). Expression analysis and functional verification
of CpEXPI gene from Brassica chinensis (dissertation).
Chonggqing: Southwest University (in Chinese with En-
glish abstract) [25IH(2014). BEHEH Tk 85 14 £ CpEXPI
IR 3T LI DN RESAE (A AR 30). HIR: PURI K]

Liu YB, Lu SM, Zhang JF, et al (2007). A xyloglucan endo-
transglucosylase/hydrolase involves in growth of primary
root and alters the deposition of cellulose in Arabidopsis.
Planta, 226: 1547-1560

Maris A, Suslov D, Fry SC, et al (2009). Enzymic character-
ization of two recombinant xyloglucan endotransgluco-
sylase/hydrolase (XTH) proteins of arabidopsis and their
effect on root growth and cell wall extension. J Exp Bot,
60: 3959-3972

Matsui A, Yokoyama R, Seki M, et al (2005). AtXTH27 plays
an essential role in cell wall modification during the de-
velopment of tracheary elements. Plant J, 42: 525-534

Miedes E, Zarra I, Hoson T, et al (2011). Xyloglucan endo-
transglucosylase and cell wall extensibility. J Plant Physi-
ol, 168: 196-203

Nakamura T, Yokoyama R, Tomita E, et al (2003). Two azuki
bean XTH genes, VaXTHI and VaXTH?2, with similar tis-
sue-specific expression profiles, are differently regulated
by auxin. Plant Cell Physiol, 44: 16-24

Olsen S, Popper ZA, Krause K (2016). Two sides of the same
coin: xyloglucan endotransglucosylases/hydrolases in
host infection by the parasitic plant cuscuta. Plant Signal
Behav, 11: ¢1145336

Olsen S, Striberny B, Hollmann J, et al (2015). Getting ready
for host invasion: elevated expression and action of xy-
loglucan endotransglucosylases/hydrolases in developing




SRR AR IR AN TR P e A R /K gt e 258 DR P D REATT Tk e 1667

haustoria of the holoparasitic angiosperm cuscuta. J Exp
Bot, 258: 193-204

Ookawara R, Satoh S, Yoshioka T, et al (2005). Expression of
a-expansin and xyloglucan endotransglucosylase/hydro-
lase genes associated with shoot elongation enhanced by
anoxia, ethylene and carbon dioxide in arrowhead (Sagit-
taria pygmaea miq.) tubers. Ann Bot, 96: 693-702

Osato Y, Yokoyama R, Nishitani K (2006). A principal role
for AtXTH18 in arabidopsis thaliana, root growth: a
functional analysis using rnai plants. J Plant Res, 119:
153-162

Pien S, Wyrzykowska J, McQueen-Mason S, et al (2001). Lo-
cal expression of expansin induces the entire process of
leaf development and modifies leaf shape. Proc Natl Acad
Sci USA, 98: 1181211817

Reinhardt D, Wittwer F, Mandel T, et al (1998). Localized
upregulation of a new expansin gene predicts the site of
leaf formation in the tomato meristem. Plant Cell, 10:
1427-1437

Romo S, Jiménez T, Labrador E, et al (2005). The gene for a
xyloglucan endotransglucosylase/hydrolase from cicer
arietinum, is strongly expressed in elongating tissues.
Plant Physiol Biochem, 43: 169176

Sanchez MA, Mateos I, Labrador E, et al (2004). Brassino-
lides and IAA induce the transcription of four alpha-ex-
pansin genes related to development in Cicer arietinum.
Plant Physiol Biochem, 42: 709-716

Sasidharan R, Keuskamp DH, Kooke R, et al (2014). Interac-
tions between auxin, microtubules and xths mediate green
shade- induced petiole elongation in Arabidopsis. PLoS
One, 9: 90587

Shin YK, Yum H, Kim ES,; et al (2006). BcXTH1, a brassica
campestris homologue of Arabidopsis XTH9, is associat-
ed with cell expansion. Planta, 224: 3241

Soltys D, Rudzinska-Langwald A, Gniazdowska A, et al
(2012). Inhibition of tomato (Solanum lycopersicuml)
root growth by cyanamide is due to altered cell division,
phytohormone balance and expansin gene expression.
Planta, 236: 1629-1638

Song L, Prince S, Valliyodan B, et al (2016). Genome-wide
transcriptome analysis of soybean primary root under
varying water-deficit conditions. Bmc Genomics, 17: 57

Wu Y, Jeong BR, Fry SC, et al (2005). Change in XET activ-
ities, cell wall extensibility and hypocotyl elongation of
soybean seedlings at low water potential. Planta, 220:

593-601

Xu J, Zhao Y, Zhang X, et al (2016). Transcriptome analysis
and ultrastructure observation reveal that hawthorn fruit
softening is due to cellulose/hemicellulose degradation.
Front Plant Sci, 7: 1524

Xu P, Cai XT, Wang Y, et al (2014). HDG11 upregulates
cell-wall-loosening protein genes to promote root elonga-
tion in Arabidopsis. J Exp Bot, 65: 4285-4295

Xu Q (2016). Cloning and functional analysis of heat-resistant
and leaf-elongation-related expansion protein genes in
turfgrass (dissertation). Beijing: Beijing Forestry Univer-
sity (in Chinese with English abstract) [#£1{(2016). ¥
LTI AR S A S R A 1 B TR 1 T AN D BE R
FLCEAALIRS0). Abnt: dbRtkal k]

Xuan Y, Zhou ZS, Li HB, et al (2016). Identification of a
group of XTHs genes responding to heavy metal mercu-
ry, salinity and drought stresses in medicago truncatula.
Ecotoxicol Environ Saf, 132: 153163

Yan A, Wu M, Yan L, et al (2014). AtEXP2 is involved in seed
germination and abiotic stress response in Arabidopsis.
PLoS One, 9: ¢85208

Lee Y, Choi D, Kende H (2002). Expansins: ever-expanding
numbers and functions. Curr Opin Plant Biol, 4: 527-532

Zenoni S, Reale L, Tornielli GB, et al (2004) Downregulation
of the Petunia hybrida a-expansin gene PAEXP] reduces
the amount of crystalline cellulose in cell walls and leads
to phenotypic changes in petal limbs. Plant Cell, 16:
295-308

Zhang Z, Wang N, Jiang S, et al (2017). Analysis of the xy-
loglucan endotransglucosylase/hydrolase gene family
during apple fruit ripening and softening. J Agric Food
Chem, 65: 429-434

Zhu Q, Zhang Z, Rao J, et al (2013). Identification of xylo-
glucan endotransglucosylase/hydrolase genes (XTHs)
and their expression in persimmon fruit as influenced by
1-methylcyclopropene and gibberellic acid during storage
at ambient temperature. Food Chem, 138: 471477

Zhu XF, Shi YZ, Lei GJ, et al (2012). XTH31, encoding an in
vitro xeh/xet-active enzyme, regulates aluminum sensitiv-
ity by modulating in vivo xet action, cell wall xyloglucan
content, and aluminum binding capacity in Arabidopsis.
Plant Cell, 24: 4731-4747

Zou HY, Wenwen YH, Zang GC, et al (2015). Osexpb2, a
B-expansin gene, is involved in rice root system architec-
ture. Mol Breeding, 35: 41




1668 T A P )

Research progress in the function of expansins and xyloglucan
endotransglucosylase/hydrolase
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Abstract: The plant cell wall is a specific architecture of plant cell, a lot of research indicates that expansins
and xyloglucan endotransglucosylase/hydrolases play an important role in the relaxation and reconstruction of
plant cell walls. This review summarizes recent studies on the physiological functions of these two genes in
seed germination, root establishment, growth of stems and leaves, development of flowers and fruits, and abiotic
stress response. This work can help us better understand them and provide some ideas for future research.
Key words: plant cell wall; expansin; xyloglucan endotransglucosylase/hydrolase; physiological function
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