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K—4%, wEtk BT, BHF, gL

JRRY5 i 52 e A i Ao 2 52 e, T AL JER 7065000

WE: £ F, KRBT RABRER LG —A 0 74, TMERFHEFAMER T O EZNR, @ LEENIR
BREARFERERERNA. ALEE T D REFT ORBHER . EIM 86 LA BRI EFAE TR 550 R
AR, AT R R R AR I A A A @ e RS R R

KEEIA): Ak F RfHesR, a5 2 545

JK 3& % (allantoin, C,H,O;N,)& fE 4 % 2 15 4
RAMEZMB R . H LY Macalister (1912) 1
RAE R H(Symphytum officinale) P HEEUH J5, JR
FRAEEM RN — BN N R NEIS o i R i
— M EAE Y, S 5EMENRREE. i
DL FEA] FH 2575 5 (Matsumoto®5:1978; Smith 1 Atkins
2002; Rentsch®$2007). Weah, [ 4 51 R AT 55 5
N AT PR 3 2R AT B R AR ) G A
1993; %A UM EEIR 1995; VFIGIEE1997), L4
KA FE RN, FEYIAET R B 12 G+(Montalbini 1991).
IR (KaplanZ2004; Wang252012), & 26 = (Ni-
kiforova%$2005). 5 4LF (BrychkovaZ:2008). &
#h(KananiZ$2010; WangZ$2016; LescanoZ52016) A
J2 T 5(Oliver452011; SilventeZ52012; Yobi%$2013)
EME KA, WA RERKMR R RN, AN
B ) PR 3% KT B A it /R 3 25 X0 5 S YY)
PRI — R 5 38 N 25 [ . (Takagi®%2016; Watanabe
£52014b). HHULTT WL, PREEZALAEY) PP RLE R
WRIEFHEEEH . AL EEELLEREY) IR
AU AR S FL 2 5 R A 0 i S PR AH ST 5
bR, B R 38 R AR P B B AR R A E T
X, Fh X PR ¥E R AP A B A (1R,
WIHLE AL L S Piid & Fh i B 7o 5 (Honr K
1 EREZNRGIRR

S EYR N IR B 3B i B R R
WEE A % fiAt O R SE R (BT 1) o IR VRS 1% 7 IR (ade-
nosine monophosphate, AMP) 5 & FEI4 4% 1 iR (gua-
nosine monophosphate, GMP)Z: it it &/ F )5, 3
AL N B E M (xanthine), 7E B RS i S (xan-
thine dehydrogenase, XDH) {4k T 4= Al R B2 (uric
acid). JRIGTEJRIE A AL B (urate oxidase, UOX).
JR3E % 5 (allantoin synthase, AS){EH] 4= iR
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Fig.1 Metabolic pathway of allantoin in plants
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Fzxm . Hh, AMPHIGMP [ 5 BE R4 [ 5540 DL S
JSC PR R P ok R 38) 7 48 i 5 5 g v 58 B (Stasolla s
2003), JRER 2 PR IE 2% (1 AQ U E ok A0 Y i s rh gk
17(Hanks%51981). B )5, /KR¥E % vl LLEEME RS 12
M (ureide permease, UPS) K HiAth JR & K 51z 5 H
(allantoine transporter) FI{EH ~, AL 25
Z P AT 2 (Schmidt&2004), 7] [ 417 34 2]
Yl 5, 25 % R 2 (SmithAlAtkins 2002;
Baral%52016); 80 fFHAEYIR, fEEAE - &
FE A F(WangZ2007).

PREEZR 7 AT 32 2E7E P 5 X 47 (Werner 55
2013) (1), &5 /2 1 /R % % i (allantoinase) [ 1
F T A2 iR #£1R (allantoate) . [ Jim 18 I R 2k i 15
TR ¥ .1 (ureidoglycolate), — 2% 7E JR FE FR i3
(allantoicase) FIFE I T B4 A4 &, [FIBHREC— 70+
JRE; T3 — 5B 2 e e A IR B 1 2R (ureido-
glycine), [FNBH— 2§ FINH,FICO,, FFA IR
FE OB — 73 T NH,o #% TR IR CRYPURFE 4
FR 24 i it (ureidoglycolate lyase)nl K ¥ 2. & /K fift fig
(ureidoglycolate hydrolase)f% it 5 Z. [ (glyoxylate),
I3 A2 R K BINH, AI1CO, (ZrennerZ:2006) .

2 HEMARRE R EIE B A R E

FURM BTN, mEEIE RN 558
Jolp30 I N A AE SR FR G 2R (Morgan 1984). A5
Gy iE g fe ML R B ELREIIB IE e, BRUE, IR
KRS S5HEW M E N, 582 R T Y+ 5
SELEAY EP RIS

OliverZ: 201 ) 7 K I, 1E60% /K326 F,
PR E JR E (Sporobolus stapfianus) 5T UK AY
(1S, pyramidaliskEG, &N IRIEZR & & 81 .
1E K E.(Glycine max) P WAFAESRMIN R o X+ 51
IR (R RF K 8 23%) K G F & A NAS009RG”
AN R DMS0048° [T 2H 3040 330 47 32 1l
43 T (principal component analysis, PCA), & &
PR T B RR X A B F bR T 5o b
) —A 3 EhR L (Silventef52012) . L Ah, X LT 5
PEAF R E BRI, TR aT, & i REK
PR AT IR 24k & W) (ureides) R B, BEAR T R UK
i 2 PR B R IR K, E TR R B R 2
NIRFERR . MPLE R RRBE R, JKRER
EL 155 1 (ColetoZ52014) . HAARMEYISelaginella

lepidophyllas&—Ff ] P42 BE R AR T Pk 1 T
FAEY, HAEKS hia TR N A K& KRN
2 (YobiZ£2013). Xt Fd I+ (Arabidopsis thaliana)
PRFE 2 [l 5 IR D e R Ok S R alnidb AT HE R 4y
WT IR, alnfi bk H K S 3)) 1 BT 2 (abscisic acid,
ABA)FIZEF R (jasmonate, JA)FH 2k N &g 4E, HoK
T R R aE e R AH OC R 2 B R Rk
(Watanabe%5$2014b).

UBAL, HEAA N PR 3E 2 B 52 At B aE )
SR, KR JUAE, sk se . R AR
RIBAIGAE T FIAR R, B8R THEDEN
REZGES ZHEAEEY a2 EAEX, 5
AW EE e R 5 AR DR (FR D).

3 REZS5EYMIMERENS FIER

o} e A A7) M WA A iR A AR (R T TR,
WA i Pt 00 5 420 | M2 2 T (al lopurino 1) T 411 1 A 4
Ho P B T R v 1) o P SR FE IR (Montalbini
1992), 17 48\ 7 77 55 MG W4 i S0 1k P s 2 SR AR A R L
HH B B AR B0 AR S IR, AT 0 R R
JREEZR ATV B AR ) E IR A R & B (Nakagawa
2:2007; Watanabe:2010, 2014a). KA A, M
FEf@ e SR s b /] = P R 2 5 7 P
L AR 0] A I U T U PR R A AL il R AR
A B FE IR, R R A8 AX T 1Y) ) e S 2k Pl S B 1)
PRIGAR T2 22 X AE MDA = A B L 38 R Bl 1 5 5
(Hauck%52014), X3RS S5V Prd N2 g
B v B = ) A T PR IR Vi o

Watanabe 5 (2014b) %} #, FE 71 2 FEE 4> Jid 20
JREEFWE . JRIEIREGIN T g 6 RAZAK (xdh
aln. aah){CHF 5K, alnfi bk JRFER K E R
HE K S ShABAS B, 75 T4 A F09% B2 AH DG 3k
R FIRIE, $Emr 1 AT AR 4 et AEAE P i ia
i 52 P, (B R K xdhMlaah A BEIEII S . It
G, BF A BRI RE At R B 2, RIS aln i bk
PRI BT PR R A . i, JREREE YA
PO R AR AT 2 T BRI U
4 REZS5EUMENENIERILE
4.1 [RERESHIEE

SRR ) R 3 2 AT 7T O A S K I
], EL7E ol i R A A 7 A PR 2 2 R LB 19 A B
. WIAEESE(2001) 8 DA _FH 2000 () I 25 2R
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Table 1 Changes in allantoin levels and related indexes in plants under various stress conditions
Fh IS ER- SN WL &5 5 EEBEN
K FE Yoshida# 773£+140 mmol-L"' NaCl JREEZE R LT Wang%52016
(Oryza sativa) FRIRBERAK (M TEBH) YT R SR IR R S E IR Wang4§2012
Yoshida#% 7 %E+7.5 mmol-L” NaHCO, JREEZ BB LT, SR o R AR RoseZE2012
Z53 59 TH(1.6£0.02)F1(2.0£0.03) %
JoEE S T Yoshidal% 3£ 3E+7.5 mmol L JREER S L TF, BUbEmt 4 5 & R Rose%#2012
NaHCO, ) ETR(1.7£0.12)F1(3.3+£0.30) /%
£ R 7K35+50 mmol-L" NaCl IREER B L3R KananiZ$2010
(Arabidopsis thaliana) 1/2MS+250 mmol-L"' NaCl REZEERE LT+ Lescano%52016
1/2MS+150 mmol-L"' NaCl UOX5ASFIE R L E LT, ALNFR G LescanoZ£2016
N
4°C ¥4 ab 3R REZEERE LT+ Kaplan&$2004
1/2MS H.ii 7o % 75 & 2> 89% JR¥EE A B TF4.77~15.094% Nikiforova2$2005
B AL PG d PP AR MRS B LT BEEe A Brychkova®$2008
il RASKRAR N IR R O RO R E L
b E6 d+H 9 d 7 A T 26 KT 75%, B A it S Brychkova%52008
ARERATE 2 T50%
1/2MS+25~200 pmol-L" CdCl, REZREERE LT+ Nourimandf1Todd 2016
3, WEiti500~1 500 pmol-L' CdCl, SRR R R SRR E LI, IRER Nourimand#{ITodd 2016

INFE

(Triticum aestivum)

Pseudomonas syringae pv. tomato (Pst)
B FRDC 3000347

Pectobacterium carotovorum subsp.
carotovorum (Pcc)FEFRECT )4 F £
TR BRI B AR A

Fusarium graminearum# FRPH-1{{ 7
B TR /N

P e PR N I IR R R AR 3
P EALEF(SOD. APX. CAT)EHE
T A

P24 h, JRPEZ S AT AR N FEAH
AR R PR- 13505 7 W 5T B A=
PR3 h, JRIE A ISR A BLEL BB
H ALK PDF 1. 23255 2 33 T 2 A Y

BEMR e IZ AR SR B R R i i 2 1

TakagiZ:2016

TakagiZ:2016

LyseeZ52011

UOX: JRIRENHIE K (URATE OXIDASE); AS: JR#E 24 B3 (ALLANTOIN SYNTHASE); ALN: JF %% & Wik K (ALLANTOINASE);
SOD: #4E AL 4  AL B (superoxide dismutase); APX: Hi3R LR i 4840 # i (ascorbate peroxidase); CAT: it %At & Eff (catalase); PR-1: PATHO-

GENESIS-RELATED PROTEIN 1; PDF1.2: PLANT DEFENSIN 1.2.

FERBHED, Wi 21 TG E T Mt RA R S A
PR RFERFR M T E N . Lescano®5(2016) 1)
WAL, BEME ] FKER AR EEF
UOXHIASHIZRIA, | 7 il A2 H ALN I 3Rk,
RABMEIRERKTFIRE. A, £TR. &
e KR BARAEZUIMNEABAKME T, HIE
W4 fiit S Bl 3 Rl (XANTHINE DEHYDROGENASE,
XDH) % 367K P340 LA [RIFE (1) 3. (Hesberg
£52004), Ut BAXDH 1) 35 7K 1t 1] §E 52 e 48 4 &
WIRFEZR IR .

i Pty A o 25 DRI 08 R s e, 3 2% A T i)
T T A A A T X HE A A R B 3 KT R AR R
WA KB, RIFE(Robinia pseudoacacia) T4\ /G 7+

PRFE 2 B B 7 B HAEAE — A s AR ST & 8
i, RERXRBEAR SRS TEAFET
WS, HiEtRIM R R E R, W5 22 ESE
J& B T4 (Yang FIHan 2004; Ho%52011). i),
Nourimandf1Todd (2016)H & 4 )& $h CdC1, 4L FE UL
B AT, R DR PR AR P PR JE 2R R M B R R, T
ALNIZRIE B BARPEAEAN G2, Ui R FE R G
PESZ M, o rT s R AR A Y R B KPR L, 4k
M= AP A E S .
42 RERESHES

AT e S AR SRR 2H 5 03 i
N, IRER B EUEABAS 5% 4 (Watanabe 5
2014b). ABAIR AR HE A1 A EE 1) Fop e i AT
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filz—o —MIANN, AN ABAZE T H K
BHEE D AR 06 s Ae DL OB AL ABA 25 4
LI 45 18 123545 (Seo flIK oshiba 2002; Priest
2006; Rai%52011). T, X 40Fg IF i 0t 50 K B,
ABA G R R aba2-1 5 ¥ H ABA XL FEH AL RAL
Phbglul 83N R FE F A A . B A RYAE R
Bl PR 3 2% I0E 1 P e 2 R DR (R A ABAAH OC
B, HAFFETAR G, iR 2 fEaba2-11E 2 {E
bglul 8T AR A eI 235 1A, i B PR
F ] DU 0E ABA ) P 26 RUFE 12K HE ABA
F TR, AR A AU N 2 i B (Takagi s
2016).

FE %) Hmyelocytomatosis protein 2 (MYC2)/&
— Pl e VESE A G-box 7 41| e HoAH 5¢ 7 1A s (1)
SRR F, NIAIRTEAZ O It (DombrechtZ:2007),
HIEFIMYC2%2 ABA; 3K 15 (Abe%51997). 1EH
LR, MYC24: 8 8 564 K T-jasmonate ZIM-
domain (JAZ)HE H 45 &, ARAWE. CHIAGS
W5 2 Fi 82 - L- 7 72 %4 FR (jasmonoyl-L-isoleucine,
JA-TIe)EH T, JAZA Be R THCA e s R 135 14 1)
MYC2 (Chini%§$2007). #R MY C2IEFIEEY)
A HLBF SR B 400 03 B B2 2, A% M 3
U N2 (Lorenzo252004) L K K ¥ #& (salicylic acid,
SA)ig 4% (Laurie-Berry%52006), Jffeugit— 5 g ik
A2 i (TakagiZs2016). 7] W, MYC2%H L 41t
AR A Y e ) A R R, 5 R PR 26T
18 e S IR AR, BT, Takagi%s(2016)7E X} 58
BARjarl-1 (JA-Nlef I ALAR) Fmyc2-3 (MY C24%
SE DR AR I 98 HR R, ARG T B AR A, A
RAZBIERI RIIRFE R AR, UEL TIAG
5 BL MY C21E JR3E 3R R A FH R rh a5
AT

ABABE SIABENI R RE V] APl B
HHEBAAETFENME S ERILE KEEH
(Munemasa%$2011; Garcia-Andrade%:2011; De
Ollas®:2015; Liu%52016). ABA 5JAI& B AR 4L
A] DL = K 1R 2 2515 5 (Watanabe 55$2014b),
R0 Tzl B A5 5 4L 42 M A AN AR
H AT 2 B S CNABAYE N LI E S5 S TIA
R (KXHTEE2002; Lorenzo%$2004; TakagiZ:2016),
JR R MYC2W] LA 32 B ABAK% S 1 LR IA, i

MYC27E /i & TIAZE A e, X al MR ETAR &
J. M LA _EFE, Lorenzo%(2004) e, iZid 72
HIARIRAL T ABARY A2 &, (B H A ik = B
FUUEHG . 105 2 AH %, Andersoni(2004) AN 7ET
FHIE T, BN ABARR & HIAG S s S
(1o 2R L, PRIEF WIS IAR L LA FR 3R
T AFAE FL A R AR AR R G RIAME 555 7 A, #
it R LR ORI D IR . R, AlemanF(2016)
WER, FEABARIE T, MYC22 e A%t AN A 471
fR 45 i T, X AL T REAE TN A
AR E EEAE

Lk LRTIR, FA12 7% Takagi=s(2016)F2 Hi IR
e 2 VE IR R, A2 8O HE I A 2 PR 98 30 )
PO BB AR (2)

//% ﬁgi‘ '\\\
7 2
[ mzmeew
[ ABA L JA
K% PR I y l
MHE o~
‘5\ \ JA-Ile
A ABA ;
/ \') i |
] — MYC2 JAZ
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Fig.2 The potential mechanism of allantoin-induced

stress response in plants
PR AR BR AT ARET KOO TR K CUREA i i
25 15 RO ISR 5 5 Tl A v AN WAl

5 RE

TR RAE T, W i) 2 AR 3 %2
B, b, AU R BRI K
o Forb, VEZ MR DR DN T A AR SIS
B HE S T B T (LS WISE2014; TEASAE
2016). LN A e g o) =4 S5 SR AL B 1
AP BN T, B A 17BN AR
(E75#1989; B F M B H251996; {7 K&
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2016). JREEFRANEN—FHUES FEAR b a4, JLAE
T R T AR F IE R IR #T R s  TER € B
AT, MRS AR AR 32 B e, B
VAN IRFER AR . TIXMIRER AR
Al AR NP NEAE 5, 1 30 PR S 1 B2
Az

#FGEO (https://www.ncbi.nlm.nih.gov/geo/)
KO P P EAT 8% s AR B 3 B AR SR 3t — 8
e ft 7 EEAE B (1)F ichitooctaose (— 5%
REN B O T PR TFALNR L B & T
[%(Libault$2007; Alonso%52003); $UNFg 7+t i 4=
fii(strigolactone) & i R AR ALNF 5 B % T
FH(Mashiguchi%$2009). A 25 LW R IRER (G S
A A8 5 A A 5 3 B E R R B A AE A X,
B T REME S AN BAE AR N a2
W EE T M. (2)FIFGLABROUS 1 (GLI)
F K 2w % — 4 R2R3 % myeloblastosis protein (MYB)
Mg, KRG h UOX 5ALNT) R IA
KA i BRI A N o B R (Chan®5:2011), T 7
A= RO bR v R 3 IR SR IA 38 32 B R 35 e, 3R A
MYBH ¢ 2 5 JR 3 200 005 5 O N2 i N,
ToUR I B b AT R AR 7E 5 0 S A% e RE AL . (3)
A 2 > microRNA (miRNA) Z R g 5 565 A 7]
TELAER S e S (PR LA M 22 [ 552014), DL JFmiRNA
RAMjaw P ALNFK ik 8 & 3% 1T+ (Palatnik 55
2003); it F AL FE A miR159a. miR164bHfEALN
KiEERZE FFH(Schwab2005). Wt B 35 4>
miRNAX R & Z A O HE R i 42 4% 1 1E
B A FIHLEE 1 75 o — 0 [ R AR 3

b 5 HE ) PR B AR SSIE FL RN, R T i
B — L E R B WS MR R . £ T E M
J7 1, DAEAT B g AR, AT SRR R EE R AR
Hhg A b — S SCHR Mg B AT WA A, @R IR
FE I K, DU IR 3 4 AR R S ol 1
HIH . BEAh, PREERAE NP R AR R
O E L — 51, R EE KPS AR IR A B A R
Fabw, AIAE 9T E 0 R AR BT BRI AR kP, v
M MM R IR A S .

SE R

Abe H, Yamaguchi-Shinozaki K, Urao T, Iwasaki T, Hosokawa D,
Shinozaki K (1997). Role of Arabidopsis MYC and MYB ho-

mologs in drought- and abscisic acid-regulated gene expression.
Plant Cell, 9 (10): 1859-1868

Aleman F, Yazaki J, Lee M, Takahashi Y, Kim AY, Li Z, Kinoshita T,
Ecker JR, Schroeder JI (2016). An ABA-increased interaction of
the PYL6 ABA receptor with MY C2 transcription factor: a puta-
tive link of ABA and JA signaling. Sci Rep, 6: 28941

Alonso JM, Stepanova AN, Leisse TJ, Kim CJ, Chen H, Shinn P,
Stevenson DK, Zimmerman J, Barajas P, Cheuk R, et al (2003).
Genome-wide insertional mutagenesis of Arabidopsis thaliana.
Science, 301 (5633): 653-657

Anderson JP, Badruzsaufari E, Schenk PM, Manners JM, Desmond
0J, Ehlert C, Maclean DJ, Ebert PR, Kazan K (2004). Antago-
nistic interaction between abscisic acid and jasmonate-ethylene
signaling pathways modulates defense gene expression and dis-
ease resistance in Arabidopsis. Plant Cell, 16 (12): 3460-3479

Baral B, Teixeira da Silva JA, Izaguirre-Mayoral ML (2016). Early
signaling, synthesis, transport and metabolism of ureides. J Plant
Physiol, 193: 97-109

Brychkova G, Alikulov Z, Fluhr R, Sagi M (2008). A critical role for
ureides in dark and senescence-induced purine remobilization
is unmasked in the Atxdhl Arabidopsis mutant. Plant J, 54 (3):
496-509

Chan Z, Grumet R, Loescher W (2011). Global gene expression anal-
ysis of transgenic, mannitol-producing, and salt-tolerant Ara-
bidopsis thaliana indicates widespread changes in abiotic and
biotic stress-related genes. J Exp Bot, 62 (14): 4787-4803

Chini A, Fonseca S, Fernandez G, Adie B, Chico JM, Lorenzo O,
Garcia-Casado G, Lopez-Vidriero I, Lozano FM, Ponce MR, et
al (2007). The JAZ family of repressors is the missing link in
jasmonate signaling. Nature, 448 (7154): 666671

Coleto I, Pineda M, Rodifio AP, De Ron AM, Alamillo JM (2014).
Comparison of inhibition of N, fixation and ureide accumulation
under water deficit in four common bean genotypes of contrast-
ing drought tolerance. Ann Bot, 113 (6): 1071-1082

De Ollas C, Arbona V, Gomez-Cadenas A (2015). Jasmonic acid inter-
acts with abscisic acid to regulate plant responses to water stress
conditions. Plant Signal Behav, 10 (12): 110-114

Dombrecht B, Xue GP, Sprague SJ, Kirkegaard JA, Ross JJ, Reid
JB, Fitt GP, Sewelam N, Schenk PM, Manners JM, et al (2007).
MYC2 differentially modulates diverse jasmonate-dependent
functions in Arabidopsis. Plant Cell, 19 (7): 2225-2245

Garcia-Andrade J, Ramirez V, Flors V, Vera P (2011). Arabidopsis
ocp3 mutant reveals a mechanism linking ABA and JA to patho-
gen-induced callose deposition. Plant J, 67 (5): 783-794

Hanks JF, Tolbert NE, Schubert KR (1981). Localization of enzymes
of ureide biosynthesis in peroxisomes and microsomes of nod-
ules. Plant Physiol, 68 (1): 65-69

Hauck OK, Scharnberg J, Escobar NM, Wanner G, Giavalisco P,
Witte CP (2014). Uric acid accumulation in an Arabidopsis urate
oxidase mutant impairs seedling establishment by blocking per-
oxisome maintenance. Plant Cell, 26 (7): 3090-3100

He YF, Li X, Xie YF (2016). Research progress in sugar signal and its
regulation of stress in plants. Plant Physiol J, 52 (3): 241-249 (in
Chinese with English abstract) [{T V. K, 285, i 814(2016). i




1136 T A P22 IR

VIR S S O 1 R 4% W U R R AR B AR, 52
(3): 241-249]

Hesberg C, Hiansch R, Mendel RR, Bittner F (2004). Tandem orienta-
tion of duplicated xanthine dehydrogenase genes from Arabidop-
sis thaliana. J Biol Chem, 279 (14): 13547-13554

Ho YY, Hsieh HC, Huang CY (2011). Biochemical characterization
of allantoinase from Escherichia coli BL21. Protein J, 30 (6):
384-394

Kanani H, Dutta B, Klapa MI (2010). Individual vs. combinatorial
effect of elevated CO, conditions and salinity stress on Arabi-
dopsis thaliana liquid cultures: comparing the early molecular
response using time-series transcriptomic and metabolomic anal-
yses. BMC Syst Biol, 4 (1): 177

Kaplan F, Kopka J, Haskell DW, Zhao W, Schiller KC, Gatzke N,
Sung DY, Guy CL (2004). Exploring the temperature-stress me-
tabolome of Arabidopsis. Plant Physiol, 136 (4): 41594168

Laurie-Berry N, Joardar V, Street IH, Kunkel BN (2006). The Arabi-
dopsis thaliana JASMONATE INSENSITIVE 1 gene is required
for suppression of salicylic acid-dependent defenses during in-
fection by Pseudomonas syringae. Mol Plant Microbe Interact,
19 (7): 789-800

Lei KJ, An GY (2014). Advances in miRNAs mediated phosphate sig-
naling in plants. Plant Physiol J, 50 (8): 1071-1078 (in Chinese
with English abstract) [ gL, %[ 5 (2014). FE4/miRNAS>
SRS SO0 SO R R A H AR, 50 (8): 1071-1078]

Lescano CI, Martini C, Gonzalez CA, Desimone M (2016). Allanto-
in accumulation mediated by allantoinase downregulation and
transport by ureide permease 5 confers salt stress tolerance to
Arabidopsis plants. Plant Mol Biol, 91 (4-5): 581-595

Libault M, Wan J, Czechowski T, Udvardi M, Stacey G (2007). Iden-
tification of 118 Arabidopsis transcription factor and 30 ubig-
uitin-ligase genes responding to chitin, a plant-defense elicitor.
Mol Plant Microbe Interact, 20 (8): 900-911

Ling XY, Fu TZ (1995). Effect of allantoin on the photosynthetic
function of wheat seedling. J Anhui Agric Univ, 22 (3): 203-207
(in Chinese with English abstract) [ 7T, HEEIA(1995). J&
FEF N FZ GGG DREIIRE IR, 22 B R 2543, 22 (3):
203-207]

Liu X, Zhang SQ, Lou CH (2002). Jasmonic acid signal transduction
and it’s relation to abscisic acid signal transduction. Plant Physi-
ol Commun, 38 (3): 285-288 (in Chinese with English abstract)
DA, TkE K, 205 (2002). SRFTRR (S 58 5 L 5 75 12
SR, MY BLAEEN, 38 (3): 285-288]

Liu N, Staswick PE, Avramova Z (2016). Memory responses of jas-
monic acid-associated Arabidopsis genes to a repeated dehydra-
tion stress. Plant Cell Environ, 39 (11): 2515-2529

Lorenzo O, Chico JM, Sanchez-Serrano JJ, Solano R (2004). JAS-
MONATE-INSENSITIVE 1 encodes a MYC transcription factor
essential to discriminate between different jasmonate-regulated
defense responses in Arabidopsis. Plant Cell, 16 (7): 1938-1950

Luo JP, Jia JF (1996). Structure and function of plant oligosaccharins.
Chin Bull Bot, 13 (4): 28-33 (in Chinese) [Z &, Bisr
(1996). HPIFERE R (&5 H A A FLIh RE. Y7k, 13 (4):
28-33]

Lysee E, Seong KY, Kistler HC (2011). The transcriptome of Fusar-
ium graminearum during the infection of wheat. Mol Plant Mi-
crobe Interact, 24 (9): 995-1000

Macalister CJ (1912). A new cell proliferant: it's clinical application in
the treatment of ulcers. Br Med J, 1: 10-12

Mashiguchi K, Sasaki E, Shimada Y, Nagae M, Ueno K, Nakano T,
Yoneyama K, Suzuki Y, Asami T (2009). Feedback-regulation
of strigolactone biosynthetic genes and strigolactone-regulated
genes in Arabidopsis. Biosci Biotechnol Biochem, 73 (11):
2460-2465

Matsumoto T, Yatazawa M, Yamamoto Y (1978). Allantoin metabo-
lism in soybean plants as influenced by grafts, a delayed inocu-
lation with Rhizobium, and a late supply of nitrogen-compounds.
Plant Cell Physiol, 19 (7): 1161-1168

Montalbini P (1991). Effect of rust infection on levels of uricase,
allantoinase and ureides in susceptible and hypersensitive bean
leaves. Physiol Mol Plant Pathol, 39 (3): 173-188

Montalbini P (1992). Inhibition of hypersensitive response by allopu-
rinol applied to the host in the incompatible relationship between
Phaseolus vulgaris and Uromyces phaseoli. ] Phytopathol, 134
(3): 218228

Morgan JM (1984). Osmoregulation and water stress in higher plants.
Annu Rev Plant Physiol, 35: 299-319

Munemasa S, Mori IC, Murata Y (2011). Methyl jasmonate signaling
and signal crosstalk between methyl jasmonate and abscisic acid
in guard cells. Plant Signal Behav, 6 (7): 939-941

Nakagawa A, Sakamoto S, Takahashi M, Morikawa H, Sakamoto A
(2007). The RNAi-mediated silencing of xanthine dehydroge-
nase impairs growth and fertility and accelerates leaf senescence
in transgenic Arabidopsis plants. Plant Cell Physiol, 48 (10):
1484-1495

Nikiforova VJ, Kopka J, Tolstikov V, Fiehn O, Hopkins L, Hawkes-
ford MJ, Hesse H, Hoefgen R (2005). Systems rebalancing of
metabolism in response to sulfur deprivation, as revealed by me-
tabolome analysis of Arabidopsis plants. Plant Physiol, 138 (1):
304-318

Nourimand M, Todd CD (2016). Allantoin increases cadmium toler-
ance in Arabidopsis via activation of antioxidant mechanisms.
Plant Cell Physiol, 57 (12): 2485-2496

Oliver MJ, Guo L, Alexander DC, Ryals JA, Wone BWM, Cushman
JC (2011). A sister group contrast using untargeted global metab-
olomic analysis delineates the biochemical regulation underlying
desiccation tolerance in Sporobolus stapfianus. Plant Cell, 23 (4):
1231-1248

Palatnik JF, Allen E, Wu X, Schommer C, Schwab R, Carrington JC,
Weigel D (2003). Control of leaf morphogenesis by microRNAs.
Nature, 425 (6955): 257-263

Priest DM, Ambrose SJ, Vaistij FE, Elias L, Higgins GS, Ross AR,
Abrams SR, Bowles DJ (2006). Use of the glucosyltransferase
UGT71B6 to disturb abscisic acid homeostasis in Arabidopsis
thaliana. Plant J, 46 (3): 492-502

Rai MK, Shekhawat NS, Harish, Gupta AK, Phulwaria M, Ram K,
Jaiswal U (2011). The role of abscisic acid in plant tissue cul-
ture: a review of recent progress. Plant Cell Tiss Organ Cult,




Gk — 444 IRIER AL B2 B 1137

106: 179-190

Rentsch D, Schmidt S, Tegeder M (2007). Transporters for uptake and
allocation of organic nitrogen compounds in plants. FEBS Lett,
581 (12): 2281-2289

Rose MT, Rose TJ, Pariasca-Tanaka J, Yoshihashi T, Neuweger H,
Goesmann A, Frei M, Wissuwa M (2012). Root metabolic re-
sponse of rice (Oryza sativa L.) genotypes with contrasting tol-
erance to zinc deficiency and bicarbonate excess. Planta, 236 (4):
959-973

Schmidt A, Su YH, Kunze R, Warner S, Hewitt M, Slocum RD,
Ludewig U, Frommer WB, Desimone M (2004). UPS1 and
UPS2 from Arabidopsis mediate high affinity transport of uracil
and 5-fluorouracil. J Biol Chem, 279 (43): 4481744824

Schwab R, Palatnik JF, Riester M, Schommer C, Schmid M, Weigel
D (2005). Specific effects of microRNAs on the plant transcrip-
tome. Dev Cell, 8 (4): 517-527

Seo M, Koshiba T (2002). Complex regulation of ABA biosynthesis
in plants. Trends Plant Sci, 7 (1): 41-48

Shan SM, Dong XY, Wang YZ, Liu LC, Yuan YB (2004). Sugar signal
and sugar-mediated transduction mechanism in plants. Chin Ag-
ric Sci Bull, 20 (3): 12-16 (in Chinese with English abstract) [
S, EERERL, FKE, KIRGE, JRKI%(2004). AR R

G5 RS, AR 2, 20 (3): 12-16]

Silvente S, Sobolev AP, Lara M (2012). Metabolite adjustments in
drought tolerant and sensitive soybean genotypes in response to
water stress. PLoS ONE, 7 (6): e38554

Smith PM, Atkins CA (2002). Purine biosynthesis. Big in cell divi-
sion, even bigger in nitrogen assimilation. Plant Physiol, 128 (3):
793-802

Stasolla C, Katahira R, Thorpe TA, Ashihara H (2003). Purine and py-
rimidine nucleotide metabolism in higher plants. J Plant Physiol,
160 (11): 1271-1295

Takagi H, Ishiga Y, Watanabe S, Konishi T, Egusa M, Akiyoshil N,
Matsuura T, Mori IC, Hirayama T, Kaminaka H, et al (2016).
Allantoin, a stress-related purine metabolite, can activate jasmo-
nate signaling in a MYC2-regulated and abscisic acid-dependent
manner. J Exp Bot, 67 (8): 2519-2532

Wang HG, Sun XT, Zheng XW, Cui RQ (2016). Research progress of
biological protein elicitor. Guihaia, 36 (4): 413-418 (in Chinese
with English abstract) [JERI %, FMRESE, H DL, FE 1058 (2016).
LEVDIR R ORI SCHE R T IEAE A, 36 (4): 413-418]

Wang KY (1989). Oligosaccharin——a new molecules of plant regu-
latory. Plant Physiol Commun, (4): 56-58 (in Chinese) [+ 7% 5%
(1989). FEHE Z———FSFT AR 1 701 A 2E
(4): 56-58]

Wang P, Kong CH, Hu F, Xu XH (2007). Allantoin involved in species
interactions with rice and other organisms in paddy soil. Plant
Soil, 296 (1): 43-51

Wang P, Kong CH, Sun B, Xu XH (2012). Distribution and function

of allantoin (5-ureidohydantoin) in rice grains. J Agric Food
Chem, 60 (11): 2793-2798

Wang WS, Zhao XQ, Li M, Huang LY, Xu JL, Zhang F, Cui YR, Fu
BY, Li ZK (2016). Complex molecular mechanisms underlying
seedling salt tolerance in rice revealed by comparative transcrip-
tome and metabolomic profiling. J Exp Bot, 67 (1): 405-419

Watanabe S, Kounosu Y, Shimada H, Sakamoto A (2014a). Arabidop-
sis xanthine dehydrogenase mutants defective in purine degra-
dation show a compromised protective response to drought and
oxidative stress. Plant Biotechnol, 31 (2): 173178

Watanabe S, Matsumoto M, Hakomori Y, Takagi H, Shimada H,
Sakamoto A (2014b). The purine metabolite allantoin enhances
abiotic stress tolerance through synergistic activation of abscisic
acid metabolism. Plant Cell Environ, 37 (4): 1022-1036

Watanabe S, Nakagawa A, Izumi S, Shimada H, Sakamoto A (2010).
RNA interference-mediated suppression of xanthine dehydroge-
nase reveals the role of purine metabolism in drought tolerance
in Arabidopsis. FEBS Lett, 584 (6): 1181-1186

Werner AK, Medina-Escobar N, Zulawski M, Sparkes IA, Cao FQ,
Witte CP (2013). The ureide-degrading reactions of purine ring
catabolism employ three amidohydrolases and one aminohydro-
lase in Arabidopsis, soybean, and rice. Plant Physiol, 163 (2):
672-681

Xie DY, Huang JY, Jiang J, Zhang M (2001). Summary of the for-
mation and physiological effects of allantoin in plants. J Henan
Agric Sci, (3): 9-10 (in Chinese) [, ¥, 2182, K
(2001). MR P R FE Y g A S LA B E FHWE SO MR . V]
FA RN, (3): 9-10]

Xie DY, Liang HZ, Wang H (1993). A study on increasing yield mech-
anism of soaking wheat seeds in allatoin solution. Acta Agric
Boreali-Sin, 8 (4): 115-119 (in Chinese with English abstract) [
TR, BB, EW5(1993). JREER AL LN Z2 P11 HLELR
i SRR AR, 8 (4): 115-119]

Xu HY, He B, Yang GS (1997). Effects of allantoin and guangzengsu
on the growth and chilling-resistance ability of rice seedlings. J
Guangxi Agric Univ, 16 (4): 291-294 (in Chinese with English ab-
stract) [VFIJE, 0K, ¥ JE(1997). JREER 5 Bz KTag)
AR PUFERE S IIREM. | A K= 4R, 16 (4): 291-294]

Yang J, Han KH (2004). Functional characterization of allantoinase
genes from Arabidopsis and a nonureide-type legume black lo-
cust. Plant Physiol, 134 (3): 1039-1049

Yobi A, Wone BW, Xu W, Alexander DC, Guo L, Ryals JA, Oliver
M]J, Cushman JC (2013). Metabolomic profiling in Selaginella
lepidophylla at various hydration states provides new insights
into the mechanistic basis of desiccation tolerance. Mol Plant, 6
(2): 369-385

Zrenner R, Stitt M, Sonnewald U, Boldt R (2006). Pyrimidine and
purine biosynthesis and degradation in plants. Annu Rev Plant
Biol, 57: 805-836




1138 T A P )

Roles of allantoin in plant defense responses

ZHANG Yi-Ming, CHU Zhuo-Dong, FENG Xue, SUN Yan-Xiang', GONG Yan-Hong
College of Life Sciences, Langfang Teachers University, Langfang, Hebei 065000, China

Abstract: Allantoin, involved in nitrogen storage and transport, is a metabolic intermediate of purine catabo-
lism in high plants. In addition, allantoin also plays essential roles in mediating plant responses to stresses. This
review summarizes the recent research on the metabolic pathway, stress response and signaling transduction
mechanisms of allantoin. Furthermore, the potential research direction towards allantoin in plant stress resis-
tance is also addressed.
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