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Growth Characteristics and Comparative Proteome Analysis of Adzuki Bean Leaves
at the Early Vegetative Stage under Waterlogging Stress
Hae-Ryong Jeong', Soo-Jeong Kwon', Sung-Hyun Yun', Min-Young Park', Hee-Ock Boo?, Hag-Hyun Kim®,

Moon-Soon Lee*, and Sun-Hee Woo®'

ABSTRACT Recently, the demand for the cultivation of upland soil has been increasing, and the rate of conversion of paddy soil
into upland soil is also increasing. Theincrease in uneven precipitation due to climate change has resulted in dramatic effects of
waterlogging stress on upland crops. Therefore, the present study was conducted to investigate the changes in growth characteristics
and the expression patterns of proteins at the two-leaf stage of adzuki beans. The domestic cultivar, Arari (Miryang No. 8), was used
to test waterlogging stress. At the two-leaf stage of adzuki beans, plant height slightly decreased androot fresh weight showed
significant changes after 3 days of waterlogging treatment. Chlorophyll content was also significantly different after 3 days of
waterlogging treatment compared to its content in control plants. Using two-dimensional gel electrophoresis, more than 400 protein
spots were identified. Twenty-one differentially expressed proteins from the two-leaf stage were analyzed using linear trap
quadrupole-Fourier transform—ion cyclotron resonance mass spectrometry. Of these 21 proteins, 9 were up-regulated and 12 were
down-regulated under waterlogging treatment. Protein information resource (https://pir.georgetown.edu/) categories were assigned
to all 49 proteins according to their molecular function, cellular component localization, and biological processes. Most of the
proteins were found to be involved in the biological process, carbohydrate metabolism and were localized in chloroplasts.
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Fig. 1. Changes in soil moisture content under waterlogging
stress at the two-leaf stage.
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Fig. 2. Changes in SPAD value in response to waterlogging
stress at the two-leaf stage.
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Fig. 3. Changes in adzuki bean plant height under waterlogging
stress at the two-leaf stage.
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of adzuki beans under waterlogging stress at the two-
leaf stage.
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Fig. 7. Visualization of the heatmap analysis of the identified
proteins at the two-leaf stage under waterlogging
stress.
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Table 1. List of differentially expressed proteins identified in the leaves of adzuki beans at the two-leaf stage under waterlogging

stress using L

TQ-FT-ICR MS.

SN AN Protein Description PS Exll’\f[%;?;‘tal Tl]‘j[‘\’;/t;[al PM  PC
126 GCSP1 _ARATH Glycine dehydrogenase 1 33 115/7.4 113822/6.51 6 5

142 TOC75 PEA Protein TOC75 49 100/7.3 88728/7.01 8 7.9
201 NDUV1 ARATH NADH dehydrogenase 49 78/8.2 54156/8.46 4 8

206 AKT5 ARATH  Probable potassium channel AKTS 42 78/7.8 99012/7.37 7 5.8
207 NPK1 TOBAC  Mitogen-activated protein kinase kinase kinase 17 78/7.6 76934/8.4 14 10
255 MATK _ADELA Maturase K 66 60/8.2 61376/9.04 31 11.2
314 G3PB_PEA Glyceraldehyde-3-phosphate dehydrogenase B 216 49/7.6 48580/7.57 15 22
320 RCA_VIGRR Ribulose bisphosphate carboxylase 173 46.5/7.6 48042/7.57 10 20.3
351 GLOS5_ARATH  Peroxisomal (S)-2-hydroxy-acid oxidase 126 41/8.1 40570/8.35 8 18.8
366 MDHG2 BRANA Malate dehydrogenase 2 605 39/8.1 38043/8.14 32 28.8
374 G3PC_MAGLI Glyceraldehyde-3-phosphate dehydrogenase 116 37/7.1 37130/7.1 5 6.7
415 CAHC _PEA Carbonic anhydrase 102 34/7.1 35640/7.01 6.4
419 CYF _LOTJA Apocytochrome 214 34/7.7 35443/7.64 13 22.5
425 MDHM2 ARATH Malate dehydrogenase 573 12632 37688/8.14 17 16.4
444 PIP22 ARATH  Aquaporin PIP2-2 14 30/7.7 30662/7.67 3 13.7
616 CYPX USEUD  Peptidyl-prolyl cis-trans isomerase 19 17/7.3 18320/8.44 5 20.7
629 NDK_SOLLC Nucleoside diphosphate kinase 32 15/7.0 15726/7.04 4 13.9
638 ATPE SOYBN  ATP synthase epsilon chain 2166 15/5.6 14801/5.41 183  73.9
648 ATPE ARATH  ATP synthase epsilon chain 188 15.0/5.9 14547/5.84 10 22
653 CYPH_ALLCE  Peptidyl-prolyl cis-trans isomerase 125 15/8.3 16251/8.35 7 10
712 PSAC CYCTA  Photosystem [ iron-sulfur center 79 10/7.7 9543/6.69 4 35.8

SN: spot Number, AN: accession number, PS: protein score, PM: protein matches, PC: protein cover, LTQ-FT-ICR MS: linear
trap quadrupole-Fourier transform—ion cyclotron resonance mass spectrometry.
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EFJ Qith(Hilu & Liang, 1997; Soltis & Soltis, 1998; Hilu
et al., 2003). L&} g A& oA WA ELE indels?)
Z3, =& X35 U 27| A Z=L2(Kores et al., 2000;
Kugita er al., 2003) o]&|3t §4& Ad FAA7} ol
T2} 715 P AT matK= 574 maturase
ot Al AlEY FEA AlsolA HaEE
Z}lo] ™ (Neuhaus & Link, 1987), o] matK 2] ot
I 32 A to A 2t i o Thala i oFo]

H
=
ro
tlo
H

Vs

ra

WL ox Iy oN (E do

rogenase 2 (MDH)= MDH gene2 7}X|&= thaldo|t),
MDH+ 5 AEg 20 thet A& B39 AR = ARE-E
o] 9tth(Daugherty & Musgrave, 1994). LA B4 G4=
LU Malate) © 2 HE| 528 A AT 2RO EA
(Oxaloacetate)Z} NADHE AA5l= Hh-2of Znjsl= a4k
O|Z} TCA 3|2 thAtA|S| Tofdt= B4R 5 A5lth Malate
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dehydrogenase+ & EZ T AbSlo] A ulx|et NADH29| &
A& &Z%tHRocha ef al., 2010). Malate dehydrogenase
2 (MDH)= tj2tEo; A2toA o wol o] &t
(Fig. 11). o]Z 22 Ho} MDHE 15 AEH Ao 0]
=9 o Ao wsE Eol7] 94l antistress 7] 5=
S g ole} Abz Tt

Spot number 374 Glyceraldehyde-3-phosphate dehydrog-
enase (GAPDH)= 2 ¢1-of4] g<lo] = ¢l+=d|, GAPDH
L og 2a) 29 3 WA B4 D-glyceraldehyde
3-phosphate £ 3-phospho-D-glyceroyl phosphate &= Z%k
A7l 8 a2 A2 W ATP ¢33 gpaka A o
Ae] 402 9ig W 4 mao|th GAPDH gt ae
tjztoll s AHetolA] W o] Frkellth(Fig. 12).
o|AL MG AEYATE A2 f BpdE thAbel] FFS
n) 2= Zolgt gelo] =itk

Spot number 415 Carbonic anhydrase (CA)= 33H4d 3
A A ZH CO2F HCO: 9| Ao iehs £3st= aa
o|th(Khalifah, 1971). CA= 33} 58 RFE £33}
of FEBAs Bl g slEuAs 1S Bt B

g

Fo| B7] wa o] FolsAY SEHOR BE}L
AZSEE WolAiths e EstchHenry, 1996).

CA &g Reuet YapoA gol wdo] 59
Lr(Fig. 12) MZ B34 39 HCOsS 21244 319
shd Ahgak, GBA WY AL A=A B@5E 5
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Fig. 11. Relative protein levels of maturase K (spot number 255) and malate dehydogenase 2 (spot number 366).
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Fig. 13. Relative mRNA levels of waterlogging-stress-responsive genes. Changes in waterlogging-stress-related proteins at the

mRNA level during waterlogging stress.

£29] CO,BTE 2 e A4L-E sl Aoz AZEY
o} whebd asAEE s et
s A2l o)A CASl o

S X2l = E A2l mRNA

GH719 BEAEY Ao uE MatK (spot number 255)
3] mRNAE dj2tEe A2 tofl A T o] S7F
slo] oAl Ak} §ARSE AFFS B ¢thFig. 13). MatK
= regulatory protein®. 2 A} 7o A RNA ZFgta Ao
o3 ZAMElE DNA £ ool & wixE gujda
AzoA Tl gye xdalin 298 Zrh

GAPB (spot number 314) -3-%12}2] mRNA 4§ oFS 3h

QI5t A3 Ty urn wlgbA el oA ool

Ao UEPthFig. 13). GAPBL: @i Hgj 3}
Aol A MA A o A D-glyceraldehyde 3-phosphate S 3-
phospho-D-glyceroyl phosphate © & AZIA|7|= FQ a4
2 AFAEYATE A2 f geshE diabel]l g3k vl
L Aoz glolo] =}

CA (spot number 415) AR} = chaldl dbg o] A <5
of oJsf Fast=t] mRNA WEE Hajto Al 7Hast
ANE RYHFig. 13). CAw e aAgiiuE 3y
76 ST ol Al FH| A5 (Rubisco) BA9] FHE
A3} Hk-S{(carboxylation)& 57kA1717] A A=A W
oA olilstEA FEE wol= Aotk webA FAdT
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?__ iz
A 518k A= ¢lth= ® 31 (Christianson et al., 2010)2} &
ARRE Avtgs & AqtolA e Haskith
a e

T FE7] 397 5 A Al Q1o e ot
spelgh 23} dhaet el pzie] Solai wE wy
o] 217 1= ¢ltt. 1 % Maturase K, Glyceraldehyde-3-
phosphate dehydrogenase THHZLS mIT AL EF AL
Aol Sl wFo|la MEAE A S oA STt
3t AS Folg 4 A}tk o]¢]of = Malate dehydrogenase
10] Z7t=]9l=d] ©] MDH= I5AEf Aof tfgh A1E87t
<9 AEE AFEEQ] gL, TCAZ =] Holdt= AAR
g AEYAE WS o AEA Al HEshr] s
antistress 7)%5-% o Ao|2} AlmE ek e Belw
carbonic anhydrase (CA)= tzo) w]sl I #2519
A dadtd Eelet CAE B Ao FreaE 2
W o L BEA0E SEsH: AEERY
2= 7e= 7ML jler CO, sv& 2 4
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