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Abstract

BACKGROUND: Sorghum (Sorghum bicolor (L.) Moench)
ranks as the 6th most planted crop in the world behind
wheat, rice, maize, soybean, and barley. The objective of
this study was to identify biomarker among sorghum
cultivars using proteomics approach such as two-
dimensional polyacrylamide gel electrophoresis (2-DE)
coupled with mass spectrometry (MS).

METHODS AND RESULTS: Proteins were extracted
from sorghum seed, and separated by 2-DE. Total 652 spots
were detected from 4 different sorghum seed after staining
of 2-DE with colloidal Coomassie brilliant blue (CBB).
Among them, 8 spots were differentially expressed and
were identified using MALDI-TOF/TOF mass spectrometry.
They were involved in RNA metabolism (spotl, spot 4),
heat shock proteins (HSPs, spot 2), storage proteins (spot 3,
spot 5, and spot 6), and redox related proteins (spot 8). Eight
of these proteins were highly upregulated in Whinchal-
susu (WCS). The HSPs, Cupin family protein, and Globulin
were specifically accumulated in WCS. The DEAD-box
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helicase was expressed in 3 cultivars except for WCS.
Ribonuclease T2 and aldoketo reductase were only
expressed in 3 cultivars except for Daepung-susu (DPS).
CONCLUSION(S): Functions of identified proteins were
mainly involved in RNA metabolism, heat shock protein
(HSP), and redox related protein. Thus, they may provide
insight into a better understanding of the
charactreization between the cultivars of sorghum.
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T (Sorghum bicolor(L.) Moench)= $]9¢] 25& ¥
5 shEae] defielER U, ¥, S5, T 3 1Bele) 3

A 2 60 Fi AR A% /000] F, s 18
o) Al 5 Ak BN o] Pl Seltet 7

Z|AoA A7} 7Fssket (Kim et al, 2006; Cho et al,
2004; Zhao et al, 2000). obrJe}, opZe]7h 9l Fu] 2]efo]
ME FQ AR Ao 47t ApE i glor Ed £
of wel 85 (grain sorghum), &745F (455
broom-corn), & (sorgo)s o= Wilo] Auj=al gtk
(Chang and Park, 2005). s+ -Felvietells Aujs o
e S vlol e ouA] A T ostuE A AAZ R
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416% ha o1AIA APEL glom, 58] wpdiel 49, u)
oje dx AhoR Aol Hrhal BaEe] §lont (Lee
et al, 2008), FAl 594 U A58 HHoE FZ o] F
w3 glen, 1 A57F B53 AAoltt (Jogeswar ef al,
2007). FE T2 AEEC] tannins, phenolic acid,
anthocyanins, phytosterols, 83 policosanols 52

o]Fo]A] 9lal, phenolic compounds®] thi-¢] flavonoid
%, tannins<> =8k} MY A3 o 5 dAks A B

o] gl Ao RuHL (Kim ef al, 2006; Awika ef
al, 2003; Kil ef al, 2009). webA 571 A Eo 7 5
gy glow o7 £ert TS Aow AYEHE §
nlejel] S FARdelA AFAshE FoA el vlFo] E o
T Aol digk vt sk A Eery 7z <
T7t &ds] 2gEo] 55 §Fol f-83H o8 F 3l
T 7Idte] AlgEoof 3 FQ/do] QF-HL

L2 Al ol oM fHx Bl A4S o)

N

oksle], whlal whalo] thet Ju E5 9 7wk whlz o]
715 el Qo f83t 7lEolgtal & 4 Itk (Pandey
and Mann, 2000). ©|2]3t Tz QA7 HHE o3
719§ (2DE) A o® 54 2| upet tEA He s
S-S A (pD)H EAel e s § ZHke] o
AL A FA71E o831 ot MES A3kl o) vf

=
gox oL} genome databaseE bioinformatics?]

A7 = A o] gt 24 A= vim|sh A4
o|th. 2 Kumar 5 (2011)< salt stressol] ¥-8-3= 5
wudo] thdt Ezelg 84S AT Ndimba 5
(2010)<= salinity stress 3} &%= heat shock protein
70 (HSPs70)°ll thet Z2ElE 418 a8t Hashgich

® ATE T FE0IA 5 HE I AJre Aol
FE Solor wEHE w9y
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SEACH

)

ot 12 Mo
o,
F

A
{1

SIATH (Kim et al, 2001).

chHE By

F29 o922 2DE Quant Kit (GE Healthcare,
Piscataway, NJ, USA)E AHg-3tol A& 243190tk 80%
acetone®ll I Hol gl TAS A4 REE FYsto]
acetones £H43] A|As}L, rehydration £ [7 M Urea,
2 M Thiourea, 4% (v/v) CHAPS, 2 M dithiothreitol
(DTT), 0.5% (v/v) IPG buffer pH 47 (GE Health,
Waukesha, WI, USA)]9ll &9l & 2 871 g4 B85 &
3313iek 500 pl precipitant (GE Healthcare, Piscataway,
NJ, USA)E F7Fsto] 4lo] & ¥, &l 23 & 3t wof &
% 500 ul coprecipitant (GE Healthcare, Piscataway,
NJ, USA)E FH7¥sto] 7PHAl de A]Z1 $- 10,000 rpm ©]
For 5 B3 U4 Reste] Al e8] Akl
100 ul copper &9 (GE Healthcare, Piscataway, NJ,
USA)¥} 400 ul S5 37F 5, A3zl eds] dad
w7bA] Eekekdek. 2 FEY 1 ml working color reagent
(GE Healthcare, Piscataway, NJ, USA)E 37}t SA] -
ERA Aol FovE AelM 15-20 #3F FoF £ 7,
spectrophotometer (Mecasys, Daejeon, South Korea)E
o] 8-5t%1 480 nm Il WA FLEF S

O|XIE™7|H S(2-DE)=A

2-DE 42 Kim 5 (2012)9]] 2237 Wi o2 48 3}
ek Z47be] A Alg (500 pg)t= 24 cm IPG strip (GE
Healthcare, Piscataway, NJ, USA) o]&3to] 547 #17]
95 AAIEITE Rehydration &9 6 Al7F &<t
Rehydration 7] stripe ©]&3t] A71¥9Es A
A7] 95250 V 4 A7 100 V 1 AZE 500 V1 AR
1000 V 1 AIZE 2000 V 1 AI7E 4000 V 2 A7 8000 V 5
A7, 8000 V 9 AIZL 50 V 6 Algko® ) &9l on
IPGphore II platform (GE healthcare, Waukesha, WI,
USsA)ell gl AAI=HITE 7] 4 5 strip equilibration
& [30% (v/v) glycerol, 2% (v/v) sodium dodecyl
sulfate (SDS), 50 mM Tris-HCI (pH 6.8), 100 mM DTT,
6 M Urea, 0.1 mg/ml bromphenol blue] o] equilibration
748 7% ¥ 55 mM iodoacetamide (Amresco, Solon,
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OH, USA)E #7F § HdelM 30 2 & ¢
equilibrationE F83}3{tt. Strip- 13% SDSPAGE gel
el FEoE &el F1 AVYsE T A7 E>
gel &2 W=, 500 V, 300 mA °l|A 30 #& do] = F,
gel © 16 WellA] 700 V, 300 mA = loading dye”} gel o}
# 05 cm® W4 wj7bA] Aol F3Itk Gel colloidal
Coomassie Briliant Blue (CBB) &4 €9 [34% (v/v)
methanol, 17% (w/v) ammonium sulfate, 3% (v/v)
phosphoric acid, 0.1% (w/v) CBB G-250] 0% S4a}3ict.

o[o|x| =4

2-DE gel> transmissive scanner (PowerLook 1120,
UMAX)E AH-3t] 270 §- Image Master 2D Platinum
software 6.0 (GE Healthcare, Waukesha, WI, USA)&
ol g3to] o|nAE MsIITE w4 el spot W 3}
A3k Ry SHo] EetEo] gk A WAR FFvith FH
WSS Hol= spote W 3§ 7} spot?] pixel g2
gatolth. A spotd] LHEE pvalue’t 0.05 ©]3h
spotE® A4k

oy
N

o J

CHHE ST

Kim 5(2004)°l4 Ei¥ uiel 3ko] 2-DE gelollA In-
gel tryptic digestions 33 ¥ MALDITOF/TOF
mass spectrometer 45 33t GelolA colloidal
CBBZ 4%l protein spots ZEhfo] 50% (v/v) ACN
o] ¥3 ¥ 0.1 M NH4HCO3°| A#3}o] SpeedVac
Concentrator (Thermoscientific, Bremen, Germany) 2
2 Az AAE 1F H gel 270 10 mM DTTO] ¥3H
0.1 M NHHCOs& Aeldt § 55T eflx 4513t &<1A171
5 A4 FEE s A8kl 55 mM iodoacetamide
o] 38 ¥ 0.1 M NHHCOs= Azjsfo] ghdelld 303t
3} vhES AR Gel 2712 50% ACN©] 33 0.1
M NHHCO; & A% 2%} 3%t 5 digesting solution
[25 mM NH4HCO3, 0.1% noctylglucoside (w/v), and
125 ng/u 1 trypsin]& AHzlsto] 37°C ©llA over night
ato] digestion AlX1 ¥ 71z AZth @ld 5743 ABI
4800 Plus TOFTOF Mass spectrometer (Applied
Biosystems, Framingham, MA, USA)E ©]&3}4 355
nmell4 200 Hz ND;YAG laserg 7FsAAtE & o]
E|:= 4700 Proteomics analyzerg 9|$t Mass Standard
Kit (Applied Biosystems, Framingham, MA, USA)E
o] g-3to] EA15I3ITE MS/MS spectrai= Database 742
database 74 %7881 MASCOT®|A] NCBI database
S R fAlsrglom A Ao theljA] experimental
peptide mass value®] thet @45 +50 ppm & skl
methionine oxidation?} carboxyamidomethylation=
variable modification % #3317 miscleavage:= 1
2 Agsto] HAsi

2=~ L FZ

TT TS
7] flate] FEXEH SRS VA AR
ek w2 4 559 7 FAETH pheonol FEHS

galo] TS FE8) (Fig 1.). F&3 @udL o
2 5]

g g0 AolE Kol diid spotse WEY
t} (Fig 2.). & 6527119] spotEo] 2 =21, o5
= weaE T AolE Rl olF oAk A
& gel& ImageMaster softwares ©]-8-3t] FFHEE 1]
g A3} 8 )9 duido] FFER U] AolE Bl
ig 3.). It SEF (WCS)ollM B s = 3] 3
om o]z W] Wyl ALl xo]E ImageMaster
software S ©]8ato] H|i gk A3}, spot 3, spot 5} spot 6
< AFFFWCS)ollH s Bl v ddels gl
BFSITE HES spot 18 AZFE (WCS)E AlLleh vmA] Al
FEolA HEE AL spot 4§} spot 82 TIEFS (DPS)E
ALJgE v Al Al FFelAnt HEES 18kt spot 2
© BT (TIS)olA FdatAl = Spot 72 B&
oM o] H= RS FRlagloy 1 F EFrT
(T1S) ¢} =2 (HGCS)olH A 2 ¥= 2e et

me ¥Q o
N oHE 3@ off 3 O T ok

2

R o2

Fig. 1. Photographs of sorghum seeds used for proteomics
analysis. DPS, Daepung-susu; WCS, Whinchal-susu; TJS,
Toiong-susu; HGCS, Hwanggeumchal-susu.
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Table 1. Proteins identified by MALDI-TOF/TOF MS.

Spot Accession Putative Function SC MR/ The highest-scoring peptides =~ MSMS
No. No. [Taxanomy] QM (%) Score - Expect pI(T) (Ions score) /PMF
. DEAD-box helicases 472/ RILASGVHVVVGTIPGR.V (39)
1 gi1242096928 1o ohumbicolor] 4268 372 460E32 55 K MFVLDEADEMISRG (33) 10/32
. alpha-crystallin-Hsps_p23- 221/ K.VQVEDGNVLAISGERK (68)
2 gi1242064894 1 - Iorghumbicolor] 19 62 338 1I0E2 “5¢'  RFPLPESADLDSIRA (68) 4/12
Cupin family protei 754/ KATEIAIVIDGSGIVQTVCPSSTNPS
3 gil242041881 [sléplrﬁ am}ylpr]o en 25 23 297 140B24 )7 GESRR (26) 5/12
rghumbicolor > RDSTILSCISCAEEMEEK.A (70)
4 gil242081561 R[lg(‘)’?g“}flll‘ianﬁcgogﬂ\]ase ) o4 79 23 360817 22.;/ RFWGHEWEK.H (34) 6/20
. Globulin-1 S allele . 698/ RDSNLEIVCFELRA (40)
5 gil2a2033447 precursor [Sorghumbicolor] 1117 157 140E-10 74 KAEEVDEVLGARR (45) 5/9
. similar to Globulin-2 51.8/
6 811242087831 L or Sorghumbicolor] 5 5 104 290B05 "0 KLLAFGADEEEVVDRYV (96) 1/4
hoothetical brotein 25 RGGDLHVEETTLPAGRR (76)
7 gil242065584 PO Clcal brote 19 32 202 460E15 <%/ K.GDGGGGAIADAVAAAADMNEG 5/13
[Sorghumbicolor] 5.6
RM (47)
. Aldo-keto reductases g 360/ RAGSDTAHSVQTAITEAGYRH (84)
8 glIlI5213  \kRe) [Avenafatual 1427247 TA0E-19 "¢ HGIHVTAYSPLGSSEKN (106) 3/9

QM, queries matched. SC, sequence coverage.Mr/pl(T), Theoretical molecular weight/isoelectrci point. PMF, Peptide
Mass Fingerprint
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Fig. 2. 2-DE analysis of total protein extracts of seeds from 4 sorghums. DPS, Daepung-susu; WCS, Whinchal-susu; TJS,
Tojong-susu; HGCS, Hwanggeumchal-susu.
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Fig. 3. Representative protein spots in 4 Sorghums. Highly magnified views and relative spot volumes of proteins
showing significant differences are shown. DPS, Daepung-susu; WCS, Whinchal-susu; TJS, Tojong-susu; HGCS,

Hwanggeumchal-susu

yiglek E3F Anova A& Edto] EE spot HEHE
el ok Apolell Qo] FoAde] le= FRlsISith ole}
o] FFHRE SolF o Udshs A spots= gelollA
Zehflo] tryptic digestion #78& 1% MALDI TOF/TOF
MSZ 248 AAJ3lal NCBI databaseS 7|{EC 23 MASCOT
A engines o]&ato] IS FHBIGIT (Table 1). &
4 st A7}, RNA metabolism (spot 1, spot 4), HSP (spot
2), A% T4 (spot 3, spot 5, spot 6), Atal-2hel Fe o

WA (spot 8)5= & J3I3Th

or

EZYz S0|XMoz Wilchs CHEA

DEAD-box helicase (spot 1) W& (DPS)°l4 th
& Al FFel vlsl i A= 7P ok (Fig 3.). RNA
helicase= ©]% 7I9 RNAE Zo57] 913l nucleotide
triphosphate®] 7}iEa 2 g W2 oUAE AME-eh= &
29k #o] gl AR "y thildE TE gfo] RNA
Metabolismel| #&EE o] It} (de la Cruz et al, 1999,
Vashisht and Tuteja, 2006). DEAD-box RNA helicase+
RNA helicase®] 7V} & subfamilys 743t RNA
chaperone®] W% 523 F1H ot} (Tanner and
Linder, 2001; Lorsch, 2002). ©] DEADbox RNA

helicase®] 2] WolA ] 7]5-2 ob4 izl Hart 79
%tk DEADbox RNA helicase= T2 A< 52| abiotic
rEdd] ola) FrEEE 207 A YA AEAS
e pgelie] Sigel oig Jusk obd vlgsich
Alpha-crystallinHsps_p23-like protein (Spot 2)¥}
hypothetical protein (Spot 7)< =57 (TJS)elA L& 4
7 & Wo|ti(Fig. 3). Alphacrystallin-Hsps_p23-
like protein<- heat shock proteins family=A] alpha-
crystallin protein (ACD) 73 Wl Bt 7155 714
3 Qe AoE 4 9o water stressell RFdHE 212
2 B35l (Magbool et al, 2007). HSP (spot 2)+
AEYA sjollr o] MAS s Aol el
owm AES Boshs 7lso® deA Stk HSPE AE
g FoMe e AEH | dha) vkt o] dHA &
AAE Eefslo] v yadel oft o FEel =3
= o2 FEE U el 71918 sl 2 Zolh
24 (WCS)ellA] Spot 3, Spot 4, Spot 5, spot 6 L
2|3l Spot 80] T2 Al FEel Hlg] SolA o w2 W
A= Boli Sla& ¥ sI3lY (Fig. 3). Cupin family
protein (Spot 3)Z} Ribonuclease T2 (Spot 4), Globulin-
1 S allele precursor (Spot 5), Aldoketo reductases
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Spot 8)> H&AFF (WCS)olA F=2 Hol= o

go] glom AgaA 7|5 9 FApe] ol 9l 27] A5
o3} (Dunwell et al., 2001). 3+ L2715
g okl B aE T} (Breiteneder and Mills, 2005).
8244 (WCS)ollA e Sol&o® Hol: wildo|ng &
& markerZ49] 28 7L 7HiE S FO0R A}
A= 1

Ribonuclease T2 (Spot 4)+= Qlito] 234 wf o] {2}
7} #&sh7] whtell nutritional stress 271 ol &S -5}
7] 913l phosphate scavenging system RNAE #3fiA <1
e Faehs AAL g R Aolgtal F5¥H (Taylor
et al, 1993). Aldoketo reductases (Spot 8) A el
2873 aldehyde 5= A3} phospolipidE Al71sto] Al
o] S AAsk=dl Holsitt (Spite et al, 2007). Aldo-
keto reductases (Spot 8)°] F-&t 2Er4 (WCS)+= g+
¥ =4o] Wol 919 7ls& F o MHFAA F= 220l
WS 7102 oidE) wEbA Aldoketo reductases’| 2%
T (WCS)ell Bk 212 32355 (WCS) 5l digt 7]
A Sl 2 g7t Y& Aow AbsHrh

woh 2 i m

o

s GEstuA TR A TS

HE Gds FE590nh FEe s o) v
%, colloidal CBB 945 &dll w5 E& W] Alo]& &
ol WA S FASIGITE F 652 719 spots Fell 871¢]
A spotEe] HE HEel RHigkE Helom, ol dud
< MALDI-TOF/TOF MS¢ MASCOT database® 53]
5% 23, RNA metabolism (spot 1, spot 4) HSP
(spot 2), A7 @A (spot 3, spot 5, spot 6), AFs-3Hd
(spot 8) ¥l Wilx Fo] Ity 53] FHE @
& TE AZFF (WCS)olA B J5rt A voe A
S H3loH, J254 (WCS)olA FdstAl e & ok
A®E Cupin family protein, Gloubulin 5°] &3 %Itk
DEAD-box helicaset= 3255 (WCS)E A3t L]
Al EFFA FHAESEE Ribonuclease T2%+ Aldo-Keto
reductasei= HFFF (DPS)E AL st LA Al F5olA
BT HSPs= =55 (TIS)olMRt 2 He 2
gRlIsIGith olF sE dHEE T ERs

olgfsl=tl To% GME AT AoR 5H:

>
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5
ofX
ox,

A 2

This work was supported by two year program of
Pusan National University.

s

Awika, .M., Rooney, LW., Wu, X., Prior, RL., Cisneros-
Zevallos, L., 2003. Screening methods to measure
antioxidant activity of sorghum (Sorghum bicolor)
and sorghum products, /. Agric. Food Chem. 51, 6657
-6662.

Breiteneder, H., Mills, EN., 2005. Plant food allergens—
structural and functional aspects of allergenicity,
Biotechnol. Adv. 23, 395-399.

Chang, HG., Park, YS., 2005. Effects of waxy and
normal sorghum flours on sponge cake properties,
Food Engine. Prog. 9, 199-207.

Cho, NK, Kang, YK, Song, CK, Jeun, Y.C, Oh, ]S,
Cho, Y, SJ., Park, 2004. Effects of planting density
on growth, forage yield and chemical composition of
Jeju native Sorghum (Sorghum bicolor L.), J. Korean
Grassl. Sci. 24, 225-230.

De la Cruz, J.,, Kressler, D., Linder, P., 1999. Unwinding
RNA in Saccharomyces cerevisiac. DEADbox
proteins and related families, Trends Biochem. Sci.
24, 192-198.

Dunwell, JM., Culham, A., Carter, CE., Sosa-Aguirre,
C.R,, Goodenough, P.W., 2001. Evolution of functional
diversity in the cupin superfamily, Trends Biochem.
Sci. 26, 740-746.

Jogeswar, G., Ranadheer, D., Anjaiah, V., Kishor, P.BK,
2007. High frequency somatic embryogenesis and
regeneration in different genotypes of Sorghum
bicolor (L) Moench from immature inflorescence
explants, In Vitro Cell Dev. Biol Plant 43, 159-166.

Kil, HY., Seong, E.S., Ghimire, BK., Chung, LM., Kwon,
S.S., Goh, EJ., Heo, K., Kim, MJ.,, Lim, ].D., Lee, D,
Yu, C.Y., 2009. Antioxidant and antimicrobial activities
of crude sorghum extract, Food Chem. 115, 1234-1239.

Kim, KO, Kim, HS., Ryu, HS., 2006. Effect of Sorghum
bicolor L. Moench (sorghum, su-su) water extracts on
mouse immune cell activation, /. Korean Diet Assoc.
12, 82-88.

Kim, ST., Cho, KS,, Jang, Y.S, Kang, K., 2001. Two-
dimensional electrophoresis analysis of rice proteins
by polyethylene glycol fractionation for protein arrays,
Electrophoresis 22, 2103-2109.

Kim, S.T., Kim, S.G., Hwang, D.H., Kang, S.Y., Kim, H]J.,
Lee, BH., Lee, JJ, Kang, KY. 2004. Proteomic
analysis of pathogenresponsive proteins from rice
leaves induced by rice blast fungus, Magnaporthe
grisea, Proteomics 4, 3569-3578.

Kim, UG, Jung, HJ., Lee, SJ., Kim, S.T., 2012. Crop




54

KIM et al.

proteomics: Practical method for high resolution of
two-dimensional electrophoresis, /. Plant Biotechnol.
39, 81-92.

Kumar, S.A., Alam, SI., Sengupta, N., Sarin, R., 2011. Di
fferential proteomic analysis of salt stress response in
Sorghum bicolor leaves. Environ. Exp. Bot. 71, 321~
328.

Lee, KE., Lee, J.Y.,, Kim, K., 2008. Effect of content of
crop component on the bioethanol production, Korean
J. Crop Sci. 53, 339-346.

Lorsch, J.R,, 2002. RNA chaperones exist and DEAD box
proteins get a life, Cell 109, 797-800.

Magbool, A., Zahur, M., Irfan, M., Qaiser, U., Rashid, B.,
Husnain, T., Riazuddin, S., 2007. Identification,
characterization and expression of drought related
alpha-crystalline heat shock protein gene (GHSP) from
desi cotton (Gossypium arboreum L.), Crop Sci. 47,
2437-2444.

Ndimba, B.K,, Thomas, L.A., Ngara, R., 2010. Sorghum 2-
dimensional proteome profiles and analysis of Hsp70
expression under salinity stress. Kasetsart J. (Nat Sci)
44: 768-775.

Pandey, A., Mann, M., 2000. Proteomics to study genes
and genomes. Nafure 405, 837-846.

Rabilloud, T., 2002. Two-dimensional gel electrophoresis
on proteomics: Old, old fashioned, but it still climbs
up the mountain, Profeomics 2, 3-10.

Spite, M., Baba, S.P., Ahmed, Y., Barski, O.A., Nijhawan,
K., Petrash, ] M., Bhatnagar, A., Srivastava, S., 2007.
Substrate specificity and catalytic efficiency of aldo-
keto reductases with phospholipid aldehydes, Biochem.
J. 405, 95-105.

Tanner, N.K,, Linder, P.,, 2001. DExD/H box RNA
helicases: Fromgeneric motors to specific dissociation
functions, Mol. Cell 8, 251-262.

Taylor, C.B., Bariola, P.A., Delcardayre, S.B., Raines, RT.,
Green, PJ., 1993. RNS2: a senescence-associated RNAse
of Arabidopsis that diverged from the sRNNAses before
speciation. Proc. Natl. Acad. Sci. USA90, 51185122.

Vashisht, A.A., Tuteja, N., 2006. Stress responsive DEAD-
box helicases: a new pathway to engineer plant stress
tolerance, /. Photochem. Photobiol. B 84,150-160.

Zhao, Z., Tishu, C,, Laura, T., Mike, M,, Ning, W., Hong,
P., Marjorie, R, Sheryl, S, Dave, H, Jon, S., Dortie, P.,
2000. Agrobacteriunrmediated sorghum transformation,
Plant Mol. Biol. 44, 789-798.






