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Abstract: In Eucalyptus grandis, EgrGATL1  (Eucgr. 101882), a member of the glycosyltransferases 8 family
belongs to the GATL subfamily, which contributes to the biosynthesis of cell wall components such as pectin
and xylan, is classified as the GATL-a subgroup. In this study, the protein sequence of EgrGATL1 was analyzed
and cis-elements were searched in the promoter sequence of this gene with Mathlnspector software. Real time
fluorescence quantitative Polymerase Chain Reaction (qRT-PCR) method was used to evaluate expression pat-
tern of EgrGATL]1 under treatments of low temperatures (-8, -4, 0, 4, 8 °C), time course at 4 °C (0, 2, 6, 12,
24, 48 h), drought, 100 wmol -L™" MeJA, 200 mmol -L." NaCl and 100 pwmol :L™" ABA. In addition, a KEGG
analysis was used to test co-expression genes of EgrGATL1 under treatment of time course at 4 °C. The protein
sequence analysis showed EgrGATL1 contains a typical GT8 domain. Results of expression in different tissues
showed that expression of EgrGATL1 was higher in xylem and phloem than in roots and leaves. Low tempera-
ture (-8, -4, 0, 4, 8 °C) and time course treatment at 4 °C both can promote the expression of EgrGATLI.
With KEGG analysis, 25 genes co-expressed with EgrGATL1 can match to KEGG pathways, 11 genes belong to
the sugar metabolism pathways and 8 genes were distributed to amino acid metabolism pathways. EgrGATL1

was also induced by drought and showed transient induction with the 100 pmol L' MeJA treatment. And, there
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is no significant difference between the expression patterns of EgrGATL1 with treatments of 200 mmol - 1" NaCl
and 100 pmol - L™ ABA. Thus, EgrGATL1 was possibly involved in cell wall remodeling and with activity of
hormones such as ABA, thereby implying a possible role in low temperature, drought, and salinity stress re-
sponses in E. grandis. [Ch, 6 fig. 1 tab. 35 ref. ]
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Wl 3 55 7 i (glycosyliransfereases, GTs) REFUA [A] 5 AL HL 55 B8 BIME 65 . IR . A BT JEB L) K 4%
AR W SR w2k rF L, TS F AR Ay, EAYRE P ERE X, Wit
Bl ZZ 5NN . B, A& Fh B L IR . AR . VSR R REAE AR Y
ol 0 0 A AE W L A RS AR T R S b 2505 LR, A St M BE Y 2F 4 3R L e 2 2 3R N R e 4 4 i 40
SR AR T B W 2 5 JhAh, ek T LI ik T 25 AR AR R R R A, oA K
P FNE Y, S AW AR R E LA O 30585 DR 4 e o gk AR T A A ol SRR A A il S AR I TR T g
WEFERE T A DA RN, LA ) A BT LD . LA/ B 58 1% i 1y S A o 2 5 S i R 12 S Tl 179 5 PRI A
FLNA PR AL, WL IT Arabidopsis thanliana WA 450 24>, JKEG Oryza sativa F 4 600 £, 1%
W Populus trichocarpa 45 800 A", Z IS FLH 8 F LIS KRG A6, HAr & m AL R i
Gt 90 4>, A A 40 2400 tEY D GT8 WL R B B8 K We 2 U 2, 125 IR G 1 A K
HARZ, I A 41 A8 T GT8 KRRy AR, AR g % 2 (1 )7 SR AE M T g, wl K% GT8 LA
R AL 2 K3BE . — 28l 2 3B 88 R %% % i (gAlac uronosyl transferase, GAUT), 445 GAUT Fil GATL
(GAUT-Like)2 4~ F26, HEITMFIFEIA N . K EN FE S 5 RIKMARREN LD G L, WieE T+
GAUTI 2t (25 1 Ry F UM TR R W LA 08, S 5 RIKE ™ . ArGAUTI2 1) 5 748 B K B [ I AE
FRPAREEE S Y, GUXL, GUX2 Rl GUXS WS SRR MG 10, i 2R A SR A 2 20 B 5
JRR b i, R GT8 FH 1t e IR 7EAH W) 40 W BE 5 i v A #E BE AR U0 o) — S A A ) S e 0 &
A iR 25 1 (plant glycogenin-lilke starch intiation proteins, PGSIPs) F1 | #% H & i i (galactinol synthses,
GolSs), i PGSIPs Z: 5 AE WG LI 25 GolSs WA TS 2 0l & i S il , )5 4 RB A8 A
B 37 VRV S A A ) 3 B e I v R P AR N R R B R L AR £, B ILEE R T T e R
AR, B VR E] — S TR AW S, AT R IR Sy 2 AN [ 1 A R B R ok o2 s M HL, AR
TG B B AE T R b AR AE 28 OGS, 3 2 ] J00 24 W e e 8 Rl DR D BB AT 5l ok T AR R IRIME o A 4y ol Jk
R AR OCHE R D BE R SIS AL TS 20 B B, PR Hh 2 R PR i) B T e S 2 N 2 L /0 o Me Eucalyptus
SR B =R A 22—, A R o A R B s BV . TR s TR e Eh SR AR AR W B R Y
S, EgrGATLI (Eucgr. 101882) /2 E ¥ Eucalyptus grandis GT8 8 i — A JE PG, BT AR 95 vh & 9
I LR Z AR 75T, RUIZEEHE e S B BEm N A — & R R . HET—BOA Y GATL 1
e i R PR G R AR R A 5 A R, A KRR RIS OsGATL B FZ AR . T
LRI ABA KRBTSR, MEURAEY) T GATL FE R AT REAE AR A W i g W ae g o b R T — 2 gt A
FEM EgrGATL W) P SRAE AR . 5 F0 5 56 30 DL B V% IR (ABA) , SRR iR (MeJA) b BN AL [H]
FIRME L, 5t T EgrGATLY 5EMBUHI R, N — L DR8I o 58 SR ALK

IR T

1.1 #8

ABEFE T AR ERe G5 TotE 22, ORI T rp MOl B 24 0F 5% Be R Aol AIF 5 B 85 205 1L IF 52 01 552
%o JOMER A R T WA O W . e 3 T, KRBy B M TOVE R A AR D S b4
B TEAEY) A KA (Snijders MC1000, i 22) IR Hi 38, Hilkh 25 °C, &l 22 °C; JGHRmE N 14
h/10 h; 58K 150 wmol -m™-s™, AHXTIRE N 70%
1.2 EgGATI1 EE., EAFIIREBIHNF LGS

MR H (A 7 BE 4 5 Eucgr. 101882, M\ htips://phytozome.jgi.doe.gov/pz/portal.html#! info?alias=Org_ E-
grandis F #HOZ 5 KR P9 ME FF 8. SO K a1 (R 1) 7 R4 w50 0 (PCR)Y 1S, il 56
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Table 1  List of primer sequences used in RT-PCR

51 H ik EIR/E S S519F 51 (5'—3")
LK EgrGATLI-F CTTCTTCTTCCCATATCGCAGC
EerGATLI-R TTGATTCTCGAGCCGAACATAG
qRT-PCR 43 7 Egr18SrRNA-qRT-F CGCGCTACACTGATGTATTC
Egr18SrRNA-qRT-R GTACAAAGGGCAGGGACGTA
EgrGATLI-qRT-F ATCTGCTTCCTCCTGCTCC
EgrGATLI-qRT-R CCCTCAGGTACTCGAAATCC

WE . HEBE &AM 74 A Protparam (http://www.expasy.ch/tools ) B4 HEAT /0 T8 . &L 08T . 4544
T 19 - FAR ST 38804 722 (CDD. https://www.ncbinlm.nih.gov/edd ) 45 & EgrGATL1 AR A %) A [Al 1R 5 H £ ¢
4 LT (Clustalx) PL Ko GT8 K& PR G5 AR OC JE K 43 Bt Sk 47

EgrGATLY Al 73 245 i ULVSKOV X GATL J PR 73 AR E ", 3 1) 306 HOA [] 3~ 201 b AR . D P 5
GATL ¥4, 5 EgrGATL] —j&, J§ MEGA #{FH5 4 1 000 4~ 3 2% 5 5 TOAR SR IE A, X HAE i
o3
1.3 4 CRRLEMET EgCATL £ R EXEFEHRBHRZHH

3 HE R T 4 CARIR A AR, ke S iy~ IBORE e [] AN [ 0] 56 PR 3 3k 3 i o, S22
FKHIEIETRIRE 0, 24, 36, 42, 46 h RUTHA A KA, LA 25 CAKFM T Ami1E 3 (ck) . 4k
PS¢ EE 5 — R ORI R (B OB 25 T02F 1 T 56 3~5 ot Pt fr), s AR AT, $2 X RNA #
1T F 23R8 (DGE) My (W ARSI ) o 45 R b 22 5 KGR R (> 2 %) F A 3 TR 3t 3 5k 9 2% ) A
(WGCNA) I8 5 EgrNAC1 HA L3RG5 5K R ALY Pearson R (r,) , MRYG ro, K/ANFEAT I HERF o eI
Foo B Too 28X >0.9 Y FE DR, 4 30K 46 I [R] 114 2 1 2 191 7 91 7E UniProtKB 2 1 8488 2 P i#£ 17 Blastp (https://
blast.ncbi.nlm.nih.gov/Blast.cgi) b X}, FESE E {5 <<e™ i il P4 i 16 U fiC B i 4 1) — W 4 BB 1 91 G 5
SR G K T A TR 2R 1 0 91 G i 418 52 3 AT AR 5 2 1 T R A (DAVID ) v, o bl st Rk [R5 6 P 4
F BH4 15 (KEGG) 7 4 BF (hups://david.ncifert.govitools.jsp) , 4 AES 7 KEGG w0 A 7 R 2 4 1y 3
RIXFEH PTG .
1.4 RiE. &, TF. HEE(ABA)FIKF B BEE (MeJA) BT EgrGATLT RiEZH

SHEPMIRIS FEPN T, AR DL 25 CAKFM T ER X (ck), -8, -4, 0, 4, 8
42 CHraib 3 2 hy 4 CARRIEF AL FESE G [R] 1.3, A5 fE bR R3O A R A, T RNA $2H, &
AR Ab VU)K AR R T (W] SR (60 L) P, Ak BRZH SR s N DR SRR R 35 2 1/3 5 19 200 mmol -
L AR, X B 00 P K DR A5 [ AR T v B2 o [l SR I IET B O, 24, 48, 60, 66 h (% 75 kMK ik
AL s TRALBEHT S, 3, 2, 1 d AR/KMRIE N HA, W 5FEKI/E XTI, 100 wmol - L™
ABA F1 100 pmol - L™ MeJA 2k 3R FFAF Bk I T80 W 5t 1) )7 32:, ABA DI RS WS 6, 12, 24, 48 hid
PRAE AL FEAH 5 MeJA DIWSHEIR WG 2, 12, 24 h A ARAE AL B4, R W it A Ak A A % B (k) o
SEEER G, ok R, $EECRNA, SCER I O k- abEE, 3pk-EmES, L3AEE,
1.5 RNAREL, cDNA ER R EFEERIEDH

HR A T 21 55 20 Oy TR B HURE i RNA, VR R T DLIEH AR K AT iR 3 M H WE %
M RS . ) K B Ay RNA $2HUM B, RNA 2% 5% F ] PrimeScript®RT reagent Kit(TaKaRa,
i, PEDIAFETLH ., EE2IEYR SYBR-Green (Takara, Ki#%, W[FE )M BIO-RAD CFX96 it PCR
%45 (Bio-Rad, £ [)J11F EgrGATL1 X[ (5 §t RT-PCR. L) Egrl8SrRNA {E} 5P, 925aik 3 4
BHHE ., 450 Bio-Rad CFX Manager(Version 1.5.534) 8 {F3E47 5087 o I35 GraphPad (ver 4.0) g1 74/E A .
FIFA IR 1,

2 HERG M

21 EgrGATL1 EEMERF I S5
EgrGATLY R4 ¢DNA 2y 1 319 bp, JFRBIEEHER 1 062 bp, WANE T, Hifh—1 353 1A
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FLER IR FL A LAY FE 1 o Protparam F0F TN H A T4 39.5 kD, &5 50 6.83, W H 4G E A 745
FoAt oy Bborb [W) R 2R 9 R AT 27 50 X . 5 R R W] . H 58 Citrus sinensis (CsGATL) , 8L g J7 (At-
GATL10), #§ Prunus mume (PmGATL) FI %L Nicotiana tomentosiformis (NtGATL) 55 (1) = 3 Wi 195 1R 5% % il
EAE A (GATL) Z R 7 A A IR B2 AR . SR B3 510 v & DxD Al HxxGxxKPW 2 4~ GT8 K i) i 7Y
FRAE LT (motif) , R E S TR B CT8 ZIEME AN, My, EAFFITiLA A
(RxYLxxIL), B(CxFN), C(LPPF)f D(WxxxGL)3:F, Ef1NZE GT8 ZKi%Eh GATL 7251, it 4w i &5 1
JRF 5 0 B R AE Y, X SRR ] EgrGATL1 J2& 2 ZURHIE TR 4% A% I S UL IR (181 1)

E) O LE@ NI#AAN-———— -~ GEJR--|
F) (O L.D@S [RL--LLACD]S.

1 PG| DGRGG----GGAGSY
E) [T LS| GLRILKSLALACDESTY
12| [SEE@STES|BLS - - - -VCDINL

A DxD

EgrGATL] ----MRPVLAAAMCFL----- LiFRSCAHISH = SELSH VR -—[JK]
PmGATL ---JLFLEPVSVMLFLVS---F\{PFPTN SRaSE< - DAHAQMG--FR13S
NtAGTL --MULSK HIFMBFVSIP---LILIPAS, I§GRLEKPKANFDGY)IR!

CsGALT ---UFRPEEVFPEILFVS--SLYFLSVDLMASE=-RIKFEAS--O]
AtGATL10 --MUSGSELASRMITIIFSIISTSFFTVESHRL@:-DSFDEAS—--SDL)

EgrGATLI [AS--AFRES@AGT
PmGATL [DESLV, LODETRIHO
NIAGTIL, EKN--SEFQOETOTINE ]

CsGALT BREF| £
AtGATLIO [BOK! = SigaD
EgrGATL1 Ei#p)

PmGATL |BSE! E

NtAGTL [BTK 0.

CsGALT AEESSANTNDEAOTE - CROTR B
AIGATLI0 SGESOG---SIEAKTI®S Fl
i Gl

KI5 o HGT8E M1 ; DxDRIHxxGxxKPW A GT8Z ik 4 1iF 55 )7 5
ML AbA, B, C, DAIGATLT 2[R 3 )7

B 1 EgrGATLI & &L X4ty B R & & 53] 6 bt

Figure 1 Mutiple alignment of EgrGATLI and its homologus proteins from other plants

MG YIN 25 10% GT8 Je R 505 GATL TR0, F LI T sh A [l 2 51 ) GATL K& P 4 5% 3 11 5
P95 EgrGATL] —& #EAT SRR Fg 45 R m] LUA ) EgrGATLL J& T GATL-a 741, Slpor i
AtGATLI0(At3G28340) i [H 4 ith 8 1 i 2 2 ok A fie il (181 2) o

100 — AtlG24170

86 —— At1G70090 GATL-a
| A13G28340
65 Eucgr. 101882
94 At3G02720
i At4G02130 GATL-b
100 | A13G626600
100 At1G19300 } .
A3G50760
80 At1G13250 GATL-d
99 A3G06260 GATL-e
—
0.05

B 2 EgrGATL]1 % & £ R F GATL F X 9 45 %
Figure 2 Classification of EgrGATL] in GATL subgroups

22 4 CRREAMERE EgrGATLT R iZEEH KEGG 47

1E 4 CAFIE 0, 2, 6, 12, 24, 48 h) ALPEN, EgrGATLY JEN G Y5 T, 45 4L B [E] R
EgrGATL1 1¥) RPKM 1{d 43 %) b 0.77, 75.29, 82.44, 113.23, 74.67 #1 182.95, £ 4b BB} [|] &5 1 /-
EgrGATLT {235 KF 2 9 % (0 h) iy 97 F5 A b o 7 #r 4 CAR R AL RIS 8] T EgrGATLT JL 3556,
e CHEIE 1] 2L kAL ] 90 A (7, >0.90) , f 1] Hh Gk A 106 4> ( >0.90), 4t 196 4~ A i 17
KEGG 73 . RZBAES BA KEGG AR VE LA FE A 25 4>, Hh 2 SR AR 18 4>, Z 5
AU EE DA R 13 A GR BN Z 5 T 1AL ERSIETE) o X2 KEGG A2 4045 4% Flopi A
KA S B kA, WA A, CRBERH BR U, LRI, wRm A, AT
i, N-BEH A a R, wER RIS AF . SR h s 1L AR . USRI A A A= 1 5 & A2
Haam . @AM, PO A s M, MU, am A m A, 20 H K

Teo
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TR L S AR A A, A0 8 AN SEIN o AL A 1 R AT, A TR R I o A, b 5 o ¢
FACHE, Bk S QL RIR AR A A (18] 3) o RS EgrGATLY m A SR ML s R ol il 7
KEGG 3 H7 i X E 9 AN (12.8% ), ABAT REAE — 7 72 BE b Ul B S 26 1 X ] REFE A2 10 b 32 282 S bk
TR A LR AT, R X L8 QRS S EerGATLY VR4 BA — € IR 1k

20

15 1

K K A

CEEHEESUREESFEEREREEEERREE
WREBEZZReLLLe Lyl ldya BY
EREEEEIRELLSERER v EHEE Y
P4 HBHERKXIAXNFEFISJdxEERE S
EY THEHIREEREE FETE OB
HE B EEE§RER ¢RHE SRR
T = > H 8= gw RBEER
H O K g 5 g2
X St iz

& 5

‘;%i

io

KEGGHH R ACH & 12

A3 4CrRAREZRET EgGATL] 3 &% K K o9 KEGG 9 #7

Figure 3 KEGG analysis for co-expression genes of EgrGATL]1 under time course treatment at 4 °C

2.3 EgrGATI1 MARRIEDH

EgrGATL1 FERRAL . #E T IFRBA —E X5, KRB R R E AR S, AR,
P FR AR (B 4) . 1EH GATL ZER 5L, AT RETE 4 M RE A= 1) 45 it B v 23 R 4% —E 1E o
24 RiR. B, TREURBERMXANBRARELET EgCATL EERIEHSH

£ & RT-PCR 25 3R W . 76 4 CARIBF AL, 4P 2 h 5 EgrGATLY Fih B 8L B, S xf BR
(25 C)M 6.8 fi5, AbFE 12 h J B RIR AR K, EXTHRA) 42.8 ff5; MEMFER, Rikg A/ TR, B
P3bFHA TR (B SA) . ARG (-8, —4, 0, 4, 8 C)F EgrGATLI Fik#AET, HF LKFE
AT FE 5 S AE S0, 76 8 CI i R A E e, XS RIKEEXT IR 143 155 m i iia (42 C)xf
EgrGATLY &3k 3345 W1 W 2t 2% (1 5B) .

7E 200 mmol - L™ S AL AL BRSNS , EgrGATLY 2 R i, B AR I vy B[R] 32 35 Bl Ak FH R (1] S A 7
TR, AFE 48 h 5, BEH A AKCE R X AL B 0.02 £5 (B 6A) . T F AT 2 d 5L H R k95
S, WG RBAKERB T —E W sh, Joe T, G A BT LT (E 6B) . £ 100 pumol - L 7 R b B

. 6 3 A B
il .
X 4 ]fj 2
#® &
o 7o
< E
0 0
W AR v ck 26 122448 ck—8—4 0 4 8 12
FIL AL t/h 7/°C
B4 Ed EgGATLI AR A, Kix BS5 4 CRrEE(A)FREBEB)LETEH P
. WA A P R EgrGATL1 A B #9482t & ik 2 7

Figure 4 Analysis of EgrGATL1 expression in root,  Figure 5 Relative expression of EgrGATL] under time course treatment

xylem, phloem and leaf at 4 °C (A) and different temperatures (B)
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'~ EgrGATLY F3K A BERS AR s2 2 W il o A BB AR, vk AL B S5 SR aa b B, S [N sz 41
il R L sE ax [l 22 (B 6A, [ 6C) o EgrGATLY FRak X ZRATIL B Bt A7 W, SRFTIR FHARALTE 2 h,
Rmram 2 E AR R IK, il EgrGATLY FiKK-FIBRIX IR 2113 1%, Z a7 SAF WSS, 24 h J53858
IR Xt HERY 2.1 4%, s SR AR W R Xt EgrGATLY 7= /L (i 2 W i 5 - H (161 6D)

mﬂ‘ﬁ A AL B. T2 C. JBivk i 30.0 = D. Mg S
I 15 20.0
;;i 1.0 % 10.0
= 03 =
=05 Z o2
0.1
0 0

0 6 12 24 48 0 24 48 72 96 0 6 12 24 48 0 2 12 24
t/h t/h
B6 &k, FTF. MEBRPKNRTELELT EMT EgrGATL] kA oy 4ast Rk 25
Figure 6 Relative expression of EgrGATL1 under salinity, drought, ABA and MeJA treatments in Eucalyptus grandis

3 it

A 5T 5 53 B ol AN IE EgrGATL J& — A~ BL R U E I TR 4% B i (GATL) B RIS N, #2724
g F GATL-a 741, —INN GATL F 25 i 01 vl g2 5 4 M BE rp SR sl AR B AE P 65 2
AtGATLL, AtGATL13 1 AtGATL16 25 4 g R A5 BEJE i b AR M AE 9 & 10075 AtGATLY 5 Rk
WA A X S R T AR AR A E — o FREE LR W AN RE Y 54 . AT GATL Ji it 2 5 Fp i B 0%
B, AtGATLS i\ V450 R Bz 0 32 2 A4 8 1 B4 FUBH I 1R SR B % 1) /N, EgrGATLL £ R
JO S R0 B A A X AR R B A R A G, e — o R LU AT T RE S S A R 4 1 A
Wa .

ANFAGHE (-8, -4, 0, 4, 8 °C), (K (4 C)ANFLBEFE (0, 2, 6, 12, 24, 48 h) LI & T FAR Ak
P53 EgrGATLY 3235, Ui BHZ AL R 7 W A A W i b w7 vpon] BB R 45— VE . JKFR T 74> GATL 3k
Wi 6 4% TRiES, SMZMIRESY, £ GATL 5 H 2 5AE A Yy 55 W30 mi i A 52 987 i 30
G o FY)SZ BN AT, AN PR A 20 A IR B v, e LR R RORE R R T R s A R A
Oy SRR LT 4 o AR R AR B P SRR B o 1 B v AR R SR A ) AN T e R R 40 R TR
RS AN 38 2 KR S 3 I AR B 20, TR, MW nT g B, oA AR E AR, 4R
FPLRRE I LT R /NEE SRR Triticum aestivum * Capeiti” 7E T S 450F T, 4 M R B B4 2L
R M T (RG L)AL (RG I ) %58 & 2 R BRI, 17 T 5 SO i P 20 A U 00 & A o e v
RG I A1 RG L {4 () 3% e a8 32 o HoK SR8, BOmAawn i Rk g, ok w4 m Hpr s8>, Wik, %
. TRFEMTEM EgrGATLY W5 T 384 vl & O Z 3L R i 2 5 40 B 4Ly A= A i, AT
20 R A R S AR A IR A 0 S UM Y o A R R A AR A a9 e e R AR A 2 H T
FEYIPCRERF TG — DI FE AN RE T AL o B h ¥ R KR A R AR P, AR (4 °C) R [ ] ik
HF EgrGATLY Je £ 3A 5] KEGG 240 Hrh, & R AR iR A2 i AR Lk LR vl i85 EgrGATL1 %
I Re & IEA —E B AER] . X4 EgrGATLL #E— L Ui Rep 7o d2 it 74 &K

35 5 RS I A4 AT RE XA 4 A KA R R = AR R, SR O AR B AR L R R B e B o
o ARKRZFJAAN), BiEmR, A5 2E%E (CK), 3 E MER(BRs) KR (SA) 5 # 0l LLYlobs 5L 47 #o i
5 b T AR S R AN ) 24 3R LA AL A T X R 5 B e s i 40 R T P e R e B i
UGT71B6 WA DASE 323 T2 BB 7% B i 0 T A JE 9 R 2R 0, T 4% T 5% L s R S 058 1 Al Ay o
A GE 7% R AN AR A8 X EgrGATL1 e[ Rk #A M AR FT, i EL Rl AL B fa) A2 £, 356 PRS2 400 o] 9 0
FILFR 2R, XHER EgrGATLY £ ] B82S B A3 W0 B R i v 45, % 3 — H 0 9 31F 512 1 HLAH
N EARTAFENLRI A BESE, BT IR E AN . KARTP AT EgrGATLY () 335 W A7 75 B i}
WREH, REFFAMPBNGESHSERSS THEY T 2R R 5Em n g #25, He 5%



610

LN /N NI S 2018 4 8 J1 20 H

Mo 2 [0 1) 2% 28 H AT NS E ,  [RIRE T 2 — 2 B LR 7

4
[1]

[2]

%% Xk
YIN Yanbin, MOHNEN D, GELINEO-ALBERSHEIM, et al. Glycosyltransferases of the GT8 Family [J]. Annu Plant
Rev, 2011, 41: 167 - 172.
LAIRSON LL, HENRISSAT B, DAVIES GJ, et al. Glycosyltransferases: structures, functions, and mechanisms [J].
Annu Rev Biochem, 2008, 77: 521 — 555.
LAO J, OIKAWA A, BROMLEY J R, et al. The plant glycosyltransferase clone collection for functional genomics [J].
Plant J, 2014, 79(3): 517 — 529.
VOGT T, JONES P. Glycosyltransferases in plant natural product synthesis: characterization of a supergene family
[J]. Trends Plant Sci, 2000, 5(9): 380 — 386.
CAMPBELL J A, DAVIES G J, BULONE V, et al. A classification of nucleotide-diphospho-sugar glycosyltransferases
based on amino acid sequence similarities [J]. Biochem J, 1997, 326(3): 929 — 939.
TIWARI P, SANGWAN R S, SANGWAN N S. Plant secondary metabolism linked glycosyltransfrases: an update on
expanding knowledge and scopes [J]. Biotechnol Adv, 2016, 34(5): 714 - 7309.
PALANIYANDI S A, CHUNG G, KIM S H, et al. Molecular cloning and characterization of the ABA-specific gluco-
syltransferase gene from bean (Phaseolus vulgaris 1..) [J]. J Plant Physiol, 2015, 178(2): 1 = 9.
STERLING J D, ATMODJO M A, INWOOD S E, et al. Functional identification of an Arabidopsis pectin biosynthetic
homogalacturonan galacturonosyltransferase [J]. Proc Nat Acad Sci USA, 2006, 103(13): 5236 — 5241.
BROWN D M, GOUBET F, WONG V W, et al. Comparison of five xylan synthesis mutants reveals new insight into
the mechanisms of xylan synthesis [J]. Plant J, 2007, 52(6): 1154 - 1168.
RENNIE E A, HANSEN S F, BAIDOO E E, et al. Three members of the Arabidopsis glycosyliransferase family 8 are
xylan glucuronosyltransferases [J]. Plant Physiol, 2012, 159(4): 1408 - 1417.
COSGROVE D J. Growth of the plant cell wall [J]. Nat Rev Mol Cell Biol, 2005, 6(11): 850— 861.
PEAUCELLE A, BRAYBROOK S, HOFTE H. Cell wall mechanics and growth control in plants: the role of pectins
revisited [J]. Front Plant Sci, 2012, 3: 121. doi: 10.338¢/fpls. 2012. 00121.
CHATTERJEE M, BERBEZY P, VYAS D, et al. Reduced expression of a protein homologous to glycogenin leads to
reduction of starch content in Arabidopsis leaves [J]. Plant Sci, 2005, 168(2): 501 — 509.
NISHIZAWA-YOKOI A, YABUTA Y, SHIGEOKA S. Galactinol and raffinose constitute a novel function to protect
plants from oxidative damage [J]. Plant Physiol, 2008, 147(3): 1251 — 1263.
LAO N T, LONG D, KIANG S, et al. Mutation of a family 8 glycosyltransferase gene alters cell wall carbohydrate
composition and causes a humidity-sensitive semi-sterile dwarf phenotype in Arabidopsis [J]. Plant Mol Biol, 2003,
53(5): 687 - 701.
COUTINHO P M, HENRISSAT B. Annotating Carbohydrateactive Enzymes in Plant Genomes: Present Challenges
[M]. Oxford: Wiley-Blackwell Publishing Ltd., 2010: 93 — 107.
LEE C H, ZHONG R Q, RICHARDSON E A, et al. The PARVUS gene is expressed in cells undergoing secondary
wall thickening and is essential for glucuronoxylan biosynthesis [J]. Plant Cell Physiol, 2007, 48(12): 1659 - 1672.
KONG Yingzhen, ZHOU Gongke, AVCI U, et al. Two poplar glycosyltransferase genes, PdGATL1.1 and PdGATL1.2,
are functional orthologs to PARVUS/AtGATL] in Arabidopsis [J]. Mol Plant, 2009, 2(5): 1040 - 1050.
LIU Jinlong, LUO Mansi, YAN Xin, et al. Characterization of genes coding for galacturonosyltransferase-like (GATL)
proteins in rice [J]. Genes Genom, 2016, 38(10): 917 — 929.
YIN Yanbin, CHEN Huiling, HAHN M G, et al. Evolution and function of the plant cell wall synthesis-related glyco-
syltransferase family 8 [J]. Plant Physiol, 2010, 153(4): 1729 - 1746.
ULVSKOV P. Annual Plant Reviews, Plant Polysaccharides: Biosynthesis and Bioengineering [M]. New Jersey: John
Wiley & Sons, 2011. DOT: 10.1002/9781444391015
BBEFy, BAe%H, W, % B EgrDREB2A JEN S5 K e Fk Rt B [ ], Aol Bh2#, 2015, 51(2): 80
- 89.
WEI Xiaoling, CHENG Longjun, DOU Jinqing, et al. The structure and expression characteristics of EgrDERB2A



B35S EH AW Wi ZE4F . ERWEERE B R SL I EgrGATLL J3 9\ R AE X 3238 43 611

gene in Eucalyputs grandis [J]. Sei Silv Sin, 2015, 51(2): 80 — 89.

FWLL, 4%, EERE. &R RBURA A RNA B2 R 5 (1] ER =@, 2010, 26(15): 48 - 52.
WANG Yahong, LIU Jin, WANG Yuguo. An improved method for RNA isolation from seeds of Ginkgo biloba L. [J].
Chin Agric Sci Bull, 2010, 26(15): 48 — 52.

KONG Yingzhen, ZHOU Gongke, YIN Yanbin, et al. Molecular analysis of a family of Arabidopsis genes related to
galacturonosyl transferases [J]. Plant Physiol, 2011, 155(4): 1791 — 1805.

KONG Yingzhen, ZHOU Gongke, ABDEEN A A, et al. GALACTURONOSYLTRANSFERASE-LIKES is involved in
the production of Arabidopsis seed coat mucilage [J]. Plant Physiol, 2013, 163(3): 1203 - 1217.

TENHAKEN R. Cell wall remodeling under abiotic stress [J]. Front Plant Sci, 2015, 5: 771. doi: 10.338g/fpls. 2014.
00771.

QU Tangdong, LIU Rugao, WANG Weilin, et al. Brassinosteroids regulate pectin methylesterase activity and
AtPMEA41 expression in Arabidopsis under chilling stress [J]. Cryobiology, 2011, 63(2): 111 — 117.

DOMON J M, BALDWIN L, ACKET S, et al. Cell wall compositional modifications of Miscanthus ecotypes in re-
sponse to cold acclimation [J]. Phytochemistry, 2013, 85(2): 51 — 61.

LEUCCI M R, LENUCCI M S, PIRO G, et al. Water stress and cell wall polysaccharides in the apical root zone of
wheat cultivars varying in drought tolerance [J]. J Plant Physiol, 2008, 165(11): 1168 — 1180.

PAULY M, KEEGSTRA K. Cell-wall carbohydrates and their modification as a resource for biofuels [J]. Plant J,
2008, 54(4): 559 — 568.

le GALL H, PHILIPPE F, DOMON J M, et al. Cell wall metabolism in response to abiotic stress [J]. Plants, 2015, 4
(1): 112 - 166.

GACHON C M M, LANGLOIS-MEURINNE M, SAINDRENAN P. Plant secondary metabolism glycosyltransferases:
the emerging functional analysis [J]. Trends Plant Sci, 2005, 10(11): 542 — 549.

BEVERIDGE C A, MURFET I C, KERHOAS L, et al. The shoot controls zeatin riboside export from pea roots: evi-
dence from the branching mutant rms4 [J]. Plant J, 1997, 11(2): 339 - 345.

DONG Ting, XU Zhengyi, PARK Y M, et al. Abscisic acid uridine diphosphate glucosyltransferases play a crucial
role in abscisic acid homeostasis in Arabidopsis [J]. Plant Physiol, 2014, 165(1): 277 — 289.

RIEMANN M, DHAKAREY R, HAZMAN M, et al. Exploring jasmonates in the hormonal network of drought and
salinity responses [J]. Front Plant Sci, 2015, 6: 1077. doi: 10. 3389/fpls. 2015. 01077.



