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_

Label-free

Gel-free

TCA/Acetone
!

Chloroform/Methanol

!
Trypsin/LysC digestion

!
LC-MS/MS analysis

l

Comparative analysis using
SIEVE software
with Mascot search engine
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FE:
Ultimate 3000 (Dionex) with
Nano HPLC C18 capillaly
column
(Nikkyo Technos)
LTQ-Orbitrap discovery
(Thermo Scientific)

®’oA:
Flow rate 200 nL/min
ACN gradient elution
10-30% for 100 min
30-50% for 10 min
80% for 10 min
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http://proteome.dc.affrc.go.jp/Soybean/

A
Home e o gl S .
What's new
Database ad . : Sakata et al. J Proteome Res. 8, 3539-3548 (2009)
Gel-Based Proteomics =7 s - e - -
el Free Proteomice ’ ) Ohyanagi et al. Front. Plant Sci. 3, 110 (2012)
Welcome to the "Soybean Proteome Database" which stores soybean protein data Komatsu et al' J Proteomics 163:52-66 (2017)
obtained from gel-based and gel-free proteomic technigues.
B Seed (ay tay " Ldwy J
7 ko |RERNRR occs | oo 0

endoplasmic reticulum
nucleus

Gel-based proteomics i ) ) _ _
2D-PAGE | Leaf Mrinchondra |2ayrol LCIHS \C08Y, 0L ENODDESMIC METCIM {2 CeY, L
image analysis
Cleveland analysis

Edman sequence

mass spectrometry
Gel-free proteomics
franscriptome
metabolome

C Search by accession(AC), description
Leaf

Cotyledon Enter search keyword:

Cotyledon
Search to: OAC soybean (e.g. Glyma20g28550) (O AC arabidopsis (e.g. AT3G22490) @ Description

Hypocotyl Hipoo el =

Root The data tables and search results are compatible with Microsoft Excel spread shest. Please download the

How to use search resuls.

8 10 12 days after sowing Download all data in spread sheet style (size:11MB).

Web presentation of SPD

After opening the SPD homepage, the left hand menu includes options for

“Gel-based Proteomics” and “Gel-free Proteomics”. In “Gel-free Proteomics”

A) images of soybean plants

B) a list of organs or organelles over a sequence of time points

C) “Enter Search keyword” box allows the user to search for protein information
“Download all data in spread sheet style” is used to download all data.

Komatsu et al. J Proteomics 163:52-66 (2017)



= http://proteome.dc.affre.gojp/Sc O ~ &

& Gel-Free

arch by accession(AC), description

Enter search keyword:

Search to: OAC soybean (e.g. Glyma20g28550)

OAC arahidopsis (e.g. AT3G22490)

___
) |
~

® Description

‘ Search ‘ ‘ Reset | v
< ‘ http://proteome.dc.affrc.go.jp/cgi-bin/Soytest/SrchProt.cgi i
e —) Result_cgi.txt
2)@ http://proteome.dc.affr... P~-c Q Gel-Free 2 Result
Edit View Favorites Tools Help
Rl Cr+T hccession (Arabidopsis) Descrip H o- : Result_cgibet - Excel PE - 8x
Duplicate tab Crl+k {01 glvceraldehyde-3-phosph HOME  INSERT  PAGELAYOUT  FORMULAS  DATA  REVIEW  VIEW  ACROBAT Sign in
New window Ctrl+N 8} glyceralgeﬂyge-g-pfgospﬂ
; . glvceraldehyde-3-phosphd | A, . f | Resui v
WEe==T 0.1 alcoho| dehvdrogenase 1 :
Open in Immersive Browser 0.1 formate dehvdrozenase A B C D E F G H J K L M N =
Open... ctdeo 0.1 Lactate/malate dehvdroed 1 [Resulr |
- . tress CCession Accession eSCrIpTIO rotein cc em core ass umber o tage rgan rganelle ap on genome
Edit 0.1 algohol dehydrogenase 1 25 A ion A ion D intio P i PAI S M. Numb S o] o] lle M.
. 8 } ﬁm' ?Ot a?' d | dfhygrﬁggnas E Glyma04g AT1G1344 glyceralde 1.1 0.79 208 36861 13 Seed Cotyledon Glyma04g36860.1
=V . actatesmalate denywldrog
4 Glyma06g AT1G1344 gl Id 1.1 0.79 246 36855 12 Seed Cotyled Glyma06g18110.1
Save as... cties |01 alcohol dehvdrogenase 1 ymathg plycerace = otyledon ymatlog
0.1 z|veeral dehvde-3-phosph 5 Glymal8g AT3G0412 glyceralde 0.86 0.62 259 37087 12 Seed Cotyledon Glymal8g01330.1
Elo=stab CrlsW 374 glveeraldehyda-3-phosph] © Glymal3g AT1G7712alcoholde  0.74 0.53 306 41925 25 Seed  Cotyledon Glyma13g09530.1
Pt 0.1 glveeraldebvde-3-phosphd 7 Glymal3g AT5G1478 formate d 0.72 0.52 267 43082 15 Seed Cotyledon Glyma13g23790.1
S — 0.1 zlvceraldehvde-3-phosphd s Glyma02g ATSG4333 Lactate/m 0.49 0.35 169 35787 5 Seed Cotyledon Glyma02g00810.1
o o 0.1 Lactate/malate dehvdrogd o Glymaldg AT1G7712 alcohol de 0.26 0.19 159 41152 6 Seed Cotyledon Glymal4g24860.1
rint preview... 8} f?”“ﬁt‘le Seﬁygrogenase e Glyma03g AT3G1229 Amino aci 0.17 0.12 24 31600 7 seed Cotyledon Glyma03g37080.4
Send » 00 glgghgl dghidpgigr:gz: il GlymaO6g AT1G5324 Lactate/rr  0.14 0.1 32 36192 3 Seed Cotyledon Glyma06g34190.1
Import and export... 0.1 "0y i do reduct ase . zirc-b 12 Glymaldg AT1G7712 alcohol de 0.13 0.09 47 41548 3 Seed Cotyledon Glymal4g27940.1
i 0.1 Lactate/malate dehvdrozd 13 GlymaOeg AT1G1344 glyceralde 0.35 1.4 805 36855 34 Seed Embryo Glyma06g18110.1
Properties 0.1 aldehvde dehvdrogzenase 114 Glyma04g AT3G0412 glyceralde 0.25 1 798 46847 32 Seed Embryo Glyma04g36870.3
Exit 0.1 E-phosphozluconate dehid 15 Glymal8g AT3G0412 glyceralde 0.24 0.97 785 37087 30 Seed Embryo Glyma18g01330.1
GTYmaTIE T rus T BT e o), | aldehwde dehvdrogenase | 16 Glymallg AT3G0412 glyceralde 0.24 0.97 744 37105 29 Seed Embryo Glyma11g37360.1
glyma} ?%lggg% H%ggg%gg} aldehyde dtlehﬁcAi[r]ogerlwa?e 17 GlymalOg ATS5G4333 Lactate/m 0.21 0.83 702 35524 16 Seed Embryo Glyma10g00920.1
vial 1g . . peroxisoma -malate
- ; A 18 Glyma19g AT5G1478 formate d 0.16 0.65 664 43118 17 Seed Embryo Glyma19g01210.1
Glyma03e32590.1 AT5GA3940. ] GroES-| ike zinc-binding 19 GIV 04gAT1(37712 Icohol d 0.13 0.54 284 41638 9 Seed E brv le 04841990 1
Glymal2g10470.1 AT3GH5410.1 2-oxoglutarate dehvdrof '° ymatsg alconol ce - - ee mbryo ymatdg -
Glymalhg01770.1 AT1G74920.1 aldehwde dehvdrogenase | 20 Glymaldg AT1G7712 alcohol de 0.1 0.41 229 41548 6 Seed Embryo Glymal4g27940.1
Glvmal8e04730.1 ATRGI7R10.1 “NADH-ub i quinone debwdrd 21 Glymal6g AT1G2374 Oxidoredu 0.09 0.36 206 34576 7 Seed Embryo Glymal6g08040.1
22 Glymal2g AT1G5324 Lactate/m 0.08 0.34 87 36347 5 Seed Embryo Glymal2g19520.1
23 Glyma08g AT3G480C aldehyde ¢ 0.07 0.28 225 58693 10 Seed Embryo Glyma08g39770.1
24 Glyma08g AT3G023¢€ 6-phosphc 0.05 0.22 320 53811 5 Seed Embryo Glyma08g28230.1

How to use search result of SPD
(1) Search data
(2) Save “Result” as a text file
(3) Open the file “Result cgi,txt” with Microsoft Excel.

Komatsu et al. J Proteomics 163:52-66 (2017)




A B c D E F G H I ] K L M LlSt Of prote'ns
Acosssion Accession - Protein Mumber of
. ) Description content  emPAl Scoore Mass matched Stage Organ Orzanelle Map on Genome

[Sovhean) [Arabidopsis) .
1 {rmal %) peptides
2 Glymal4g368001 AT2G364601 Aldolase superfamily protein 063 434 1747 33558 43 6 day Root Glymal 453685001
2 Glyma08g247201 ATIGTO8901 MLF-ike protein 43 08 384 334 17723 25 6 day Root Glyma08g247201
4 Glymal2g07780.3 AT1GOT8901 ascorbate peroxidase 1 059 38 1035 27166 256 day Root. Glyma12g0776803
5 Glymal5g042901 AT3GE54401 trosephosphate isomerase 049 316 943 27409 35 6 davy Root Glymalbg04290 1
6 |Glymal2g387301 AT2G354601 Aldolase superfamily protein 043 304 1728 38469 36 6 day Root , Glyrma02g387301

7 |Glyma20g384401 AT1GT52701 dehvdroascorbate reducta:
8 Glymal8g490701 AT3G012801 wvoltage dependent anion d
9 |GlymaD92375701 AT3CGD12801 voltags dependert anion o r ) "\ ' r l_) u A9C
10 Glyma03g28850.1 AT3G572701 keta—1,5—glucanass 1 - - -
11 |Glymal32419601 AT3GE94801 pfbike carbolydrate kil HOME GBrowse UnifiedMap  BLAST
12 GlymalBg315201  AT1G708901 MLP-like protein 43

13 |Glyma06214330.1 AT1G331401 Ribosomal protein LE famil
14 |Glyma0de368601 AT1G134401  glyeeraldehyde—3—phosph Scaffold >> 0K
15 Glymal92045301
16 Glymal8g01330.1 AT3G041201 glveersldehyde—3—phosphd Please be advised that the full-length sequeng
7 |Glyma1 92908101 ATAG018501 S—aderosylmethionine syr| deduced from the genomic sequence (Gly
18 Glymal2230800.3 AT3G44590.1 605 acidic nbosomal prote]
19 |Glymallgl21702 AT1G178201 hesic transcrption factor
20 Glymal1bg301101 AT1G708901 MLP-like protein 43 =
21 Glymal8g1 76001 AT1GTIEE01  phosphoglveerate kinase daizu: 3.035 kbp from Gm14:46,137,577..46,140,611

22 |Glyma082247601 ATIGIOB901 MLP—fike orotein 43 [Browser|
53 Glyma202328501 ATIGBE2401 homolog of antimoxichnt 1 | | O Weer | Select Tracks Sna

Chromosome >>1[2[3|4|5|6(7[8]9[10]11]12[13 |14 15| 16407181920

each feature was
scaffold sequence).

-

File Help

hots Custom Tracks Preferences

24 Glymal5g21890.1 AT3GI7390.1 S-adencsyimethionine sy If_:::;c:m — 7
25 Glymal0g348580.2 AT1GB62401 homolog of anti—oxidant 1 ‘Gm14'45 137 577 4612061 Search Annotate Restriction Sites ﬂ Configure.. Go

26 Glymaldgd1 2701 AT2G215801 Ribosomal protein 525 fa - Save Snapshot ‘ Load Snapshot |

27 Glyms06g01310.1  ATAG392001 Ribesormal protsin 525 fanf [Exaores om0 00000 120,000, GMIEND0025820

28 Glyma04g571201 AT2G181101 Translation elongation fad lm ScrolliZoom: & € Show 3.035 kbp| ] 2 22 Or
29 Glyma01203650.1 ATBG14670.1 ADP-rikbosylation factor A

B Overview
Gn1d
| ; t |
oM 10m 20M 30M 401
Region |
46137k 5138 16
Details [ oo
Gn14: 3,835 kbp 1kbp i
46138k 46139k 46140k
*EEEHD Glyma1 annotation B
Glymaldg36850.1
*EEAHD Glyma1 TE annotaiton H
*BEEHE Willams82_BACH
H BACend B

GMJENLOO11G04

*HEAHE FLcDNA B L]

Example of a search for soybean protein information in SPD
The result file can be downloaded onto a personal computer, and dragged/dropped
the file into a spreadsheet. When one of the proteins is selected, information on its

chromosomal position from DAIZUbase (http://daizu.dna.affrc.go.jp/) is shown.
Komatsu et al. J Proteomics 163:52-66 (2017)




/

/
Seed 1 day 2 day 3 day 4 day 5 day 6 day
Cotyledon Cotyledon Cotyledon Cotyledon Cotyledon
Embryo Hypocotyl Hypocotyl Cotyledon Cotyledon
Hypocotyl Hypocotyl

Mitochondra (Pdav root Mucleus (2dav root) Endoplasmic Reticulum (2dav.root)

T T

2 day 3 day 4 da
0 day flood | 1 day flood | 2 day fl
Cotyledon | Cotyledon | Cotylec d evelopment
~
N .
minor CHO
metabolism > 26.75%

lipid metabolism—= protein

secondary
metabolism

major™.
me\abohsm

Application of SPD for functional categorization
of proteins in the soybean root identified in a time-depende
Using these data, a set of 228 proteins significantly changed in abundance in the
root under flooding stress, compared with those of non-treated soybean, were

detected and analyzed using MapMan bin codes. Komatsu et al. J Proteomics 163:52-66 (2017)



C2 C3 CA4C5C6 F2F3 F4FS F6

Ratio

0.1 10

Application of SPD for cluster analysis
of significantly changed proteins in
soybean during exposure to flooding

| Control _

Flooding

Application of SPD for in silico protein-

prnfaln intaractinn analvcic nf nrr\foln

<
ITT TTITTOT WAV LTUTT MIIMI]\JI\J A\ AT Bl K

with significant changes in abundance
Komatsu et al. J Proteomics 163:52-66 (2017)
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NETOHE

3(1) 42) 5(3)(‘ 6(4)?

Days after planting (ﬂoodmg)

Length of hypocotyl (mm)

VAN

g 5 0.93
Days after planting g 3 0.89

=

=] ° T

£ = 0.85

= 2

E £ 081 -

) B

8 2 0.77 -

— LL

073

_ 25 _
z 600 =~
2 %0 500 3 =
o g e @) 2
P, St S
£z 400 5 =
2 ° 2
g0 5 S 15-
[T =
7 5100 Z§ 14
= 0 = |D 1

2 34 5 6

Days after planting Days after planting

ATP content
o F
ol

48 51 54 60 72
(0) (3) (6) (12) (24)
h after sowing (h after floodin

HEFF A XNIZENT EBFDHOEETLERBICEAL TIXBEREINT-,
LA, BEERDEFLEEBICEALTIIREFALGENZL,

J Proteome Res, 2009, 8:4766-4778
J Proteomics, 2014, 106:1-16
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Flooding (days) 7-day-flooding

wild type gamma-ray irradiated

120 mutant
100 S
= 80 =
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5 o0 S 40
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40 2
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5° 3 o =

0 0 7 days after flooding cont flood 10 50 uM
Wild type  MutantA GA ABA
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J Proteome Res, 2013, 12: 4769-4784
J Proteomics, 2013, 79: 231-250
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Proteomics

899

Mutant line/Wild type  ABA treated soybean/Wild type

I N protein I
| I RNA I
I signaling i |
. peroxidases ]
[l mitochondrial ET ]
O stress n
0 DNA ]
I development I
I redox I
| hormone metabolism i
Ol others ]
. ] not assigned i .
80 60 20 0 0 20 60 80
Percentage of changed proteins Percentage of changed proteins
Mutant line (common: 146 proteins) ABA treated soybean (common: 146 proteins)

Functional distribution of proteins identified in mutant line and
ABA-treated soybean at initial flooding stress.

The significantly changed flooding tolerance-related proteins were
mainly involved in protein synthesis and RNA regulation.

J Proteome Res, 2016, 15:2008-2025



protein synthesis

Nascent polypeptide associated
complex (x10%)

ninie

Chaperonin 20

N

0
o &
&
SRS &
& & L & $
ES $$ & 8 = @
> S x

A N

~

Sl
wein abundance ratio

L)
RNA ef(‘pressiow

RNA regulation

ﬁycine rich RNA binding proteinx

* (x10°%)
3 257
*

Al 20|
|_‘ 15|

10}

Eukaryotic aspartyl protease
(x10°%)

35
28! & I_I
21|_I

Q

Q
I
@n abundance ratio RNA expression Ievel/

Nascent polypeptide
associated complex
protects newly synthesized
proteins

Chaperone
functions in the correct
refolding of proteins.

Glycine-rich RNA-binding
protein

affects catalase/peroxidase
activities under abiotic
stresses.

Aspartyl protease
improves abiotic tolerance
by increasing activity of
antioxidases

MRNA expression of genes related to protein synthesis and RNA regulation
at initial flooding stress.

The mRNA expression level of genes related to refolding, assembly of newly synthesized
proteins, and activity of antioxidases was up-regulated in mutant and ABA treated soybean.

J Proteome Res, 2016, 15:2008-2025



Transcriptomics

698 (

Mutant / wild type (729 genes) ABA treated / wild type (255 genes)

RNA .
Protein metabolismj [ 1l
Signaling -
DNA
Cell
Stress
Transport
Hormone metabolism
Amino acid metabolism

Miscellaneous
Not assigned
10 5 0 0 10

5
Number of genes Number of genes
Mutant / wild type (common: 31 genes)  ABA treated / wild type (common: 31 genes)

1"

Functional categorization of differentially expressed genes
in mutant line and ABA-treated soybean.

The significantly changed flooding tolerance-related genes were mainly involved
in protein synthesis and RNA regulation.

Plant Mol Biol, 2017, 93: 479-496
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CYP77A7 (At3g10560)

1000| CYP77ASP (At5g04660)

CYP77A9 (At5904630)

©
@©
1S

CYP77A6 (At3g10570)

CYP77A4 (At5g04660)

CYP 77A1 (Glymal7g01870)

1000
— 01
5 cytochrome P450 77A1-like 4r a
K7 4 r a T
7]
o == 3 r
s
< 2 r b
z b b b b b T
E 4L 7 T 1 HF l
"'5 1
il . } .
E 0 = 1 . 1 = 1 b| 0 o\ > é\' >
@ f§ & § o s §& 9 9
S & fF 5 s & & O
@) § S £ \O Q\o Q @
Ny NI NIRCOR
NN
3.7 © N ©
(o)
Flooding

75.9%
CYP77B1 (Atlg116Q)
r a a
5 t
- | T
i 3+ b
L 5 |
- b b 1,2 2 a
: SN
~N N\ . N . RN
SLLEF TS S5
o S o
v o A LS L& S
, L a8 &
Flooding S S o &
& 5
QS QX
N N
© ©
Control Flooding

Stress, temporal, and organ specific mMRNA expression level of cytochrome P450 77A1

Cytochrome P45077A1 exhibited high correlation with flooding tolerance
in root tip of soybean at initial stage.

Plant Mol Biol, 2017, 93: 479-496



Metabolomics

Mutant / wild type (223 metabolites) ABA treated / wild type (213 metabolites)

_: Carbohydrates
-: Organic acids
- Peptides
-: Lipids
-: Phytochemical compounds
.: Nucleic acids
.: Others
|: Not assign
60 40 20 O 40 60
Number of metabolites Number of metabolites
Mutant / wild type (common: 207 metabolites) ABA treated / wild type (common: 207 metabolites)

Functional categorization of metabolites in flooding-tolerant mutant and ABA-treated
soybeans at initial flooding stress

Significantly changed metabolites were carbohydrates, organic acids, and peptides
between flooding-tolerant mutant and ABA-treated soybeans.

Plant Mol Biol, 2017, 94: 669-685



D-Fructose-6P

Sucrose Sucrose-6P
(extracellular)  Sucrose-6P D-Fructose Sucrose
® < {INV] ) UDP-
b glucose
D-Glucose-6P
D-Fructose
I |UGP£|
Cellobiose
(extracellular) Cellobiose-6P
.~ A\ . ¥ D-Glucose
VT
4&
a-D-
Cellulose Glucose-1P
————— O+—-——----9
Cellobiose 4
@ Increase
@ Decrease PGM
Inverted
v — :
O« |GPI } >( )< {HK] O
D-Fructose-6P D-Glucose-6P D-Glucose

Sugar-metabolism pathway in flooding-tolerant mutant and ABA-treated soybeans
at initial flooding stress.

Sucrose, glucose-6-phosphate, glucose, and fructose-6-phosphate were decreased,
while fructose and glucose-1-phosphate were increased in both flooding-tolerant materials
compared to flooded soybeans. Plant Mol Biol, 2017, 94: 669-685



FLH 2
A2ORAT—EDHE (—EB)

©® Sucrose
ASucrose synthase

O UDP-glucose

@®D-Glucose-1P = a
S £
A I Phosphoglucomutase = Q b
Hexokinase 1 B i T =
©D-Glucose » O D-Glucose-6P = 081 ¢
_ AGlucose-6-phosphate isomerase 1 '%
@0 Metabolites . = 0.7
@B Proteins D-Fructose-6P AHexokinasel g\ ioce 3 0.17
-Fructose-6P < - .
A A A Transcripts ¢ AFructokinase 4 &a ©
@B A |ncrease 8 Phosphofructokinase (Glymal7g01361.1) 0 < S
@B A Decrease Phosphofructokinase (Glyma04g09180.1) @Q (0\@\ é QQ\
N
A Inverted O D-Fructose-1,6P, “ '\\‘b\
o)
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