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Aim and Need for Graduate General Education Courses
— Prof. Yoshihiro Shiraiwa,

Provost, Faculty of Life and Environmental Sciences, University of Tsukuba

The aim of offering Graduate General Education courses is to enhance
the quality and develop the ability of graduates at University of Tsukuba

have academic researchers to acknowledge responsibilities and
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contribute to the society. ‘,We hope to have graduates who are aware of

the necessity of satisfying the professional and social needs.

GGEC program offers courses to prospective candidates fostering
cultural accomplishments and integrity coupled with professional skills,
leading toward well-balanced researchers. Based on the basic skills and

knowledge students have acquired during their undergraduates days,
candidates are requested to go to the next step to fulfill his/her
potential. Candidates should be flexible and sensible to respond to the
social needs and to enhance one’s career development.



RICE : GREEN GOLD...

1. Rice is Life




“Rice is not only FOOD for Billions

International Rice Genome Sequencing Project (IRGSP)
http . rppdna aflre po jp b IRGSP indes, i)

Aniviptatan Prossct Dalatiaes | “_‘ ®0ne Wholeh [Witods Gennims &rreodsisn

Beijing Genomics Institute-Rice Information System (BGI-RIS)

JRICE IS LIFE

GOHAN SAKE
| (cooked rice) (rice wine) P

Rice Genome Annotation Project
Ty e planticdogy e o
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" The great SHIMENAWA fopé

from Food Security to Bio-Fuels,
ICE is in the NEW

Oryzabase

from gene - protein - to metabolite)

RICE PLANT BIOLOGY

but also a GENOME MODEL Plant”



RADIATION : Decade of Work

1. Contaminated Soil/Gamma radiation
2. Two-week-old model system for stress




“Today, Chernobyl's soil, water, and air are
among the most highly contaminated on Earth.”

The brave grandmas of Chernobyl

After Chernobyl, they refused to leave

By Holly Morris, Special to CNN / November 8, 2013 -- Updated 0148 GMT (0948 HKT)
http://edition.cnn.com/2013/11/07/opinion/morris—ted—chernobyl/index.html?iid=article_sidebar
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Photographed: 20 DAI (days after irradiation)




Plant Material SAMPLE PREPARATION & TREATMENTS
W I".- - LEAD SHIELDING

1. BG cut-control (CC) 5.0 + 0.4 pGv/3 day
2.13 £ 1 pGy/3 day

3.25 +2 pGy/3 day
4.45 12 pGy/3 day
5. 110 + 10 pGy/3 day
6. 190 £ 10 pGy/3 day
7. 380 ¢ 20 pGy/3 day
8. BG whole-control (WP) 4.5 + 0.2 pGy/3 day

Oryza sativa L.

-

at 14-dav-old
{19 Feb, 2008, Exp 2)

mO:PRIY
O:PRS

AK060005 ® 0:PRI0c
mO:PAL2

AK099946

AK071613:

X87946

AK100267 :.

y-ray
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In the Laborat‘bry

Ulira Low-Dose Radiation: Stress Responses and lmpacts Using
Rice as o Grass Model
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Growth Retardation and Death of Rice Plants rad lated with
Carbon lon Beamz = Precaded b E-flyl'.'lns-lnd
Time-dependant Gene Expresston Changes
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To go to litate Mura is to Believe
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v Contamination level of the experiment ficld by Cs-137 (August 2012)

-

700 kBq/m”®

Tablel. Measurement of soil samples (@5 cm % 10 cm).

Capacity of the core  : @5 cm % 10 cm= 196 ey’
Ground area of the core : 19.6cm- (=0.00196m")
[kBg/m?] =([Bq/g] * [g] /0.00196m?) < 0.001
Sampling date 2012/08/16

Measurement date 2012/11/02

Measurement at KURI by Germanium

Semiconductor Detector A
<
s
lu
4 o | T =134 Cs-137 r
] (el
' [Bg'gl [Bg'gl [kBgm2] | [kBgm2] "

I-1 8.7 16 109 | 483
[-2 3.1 54 194 307
-3 3.2 5.5 234 376

-
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Health Physics:
The Radintion Safety Journal

Yiialpaipee 103, MNegalyer O

"EARLY RADIATION SURVEY OF
HTATE VILLAGE, WHICH WAS

HEAVILY CONTAMINATED BY THE
FUKUSHIMA DAIICHI ACCIDENT,
CONDUCTED ON 28 AND 29

MARCH 2011°

Teisujl Imanaka, Satoru Endo, Masuro Suagnl, Shojl Ozme.
Kiyoshi Shizuma, and Masayvoshl Yamamolo

&) Wolters Kluwer

&
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MEGURO san



Meguro san wants to Grow Rice




PROTEOMICS Annual Reviews Issue 2014

Rice proteomics: a model system for crop improvement and food security
Sun Tae Kim', Sang Gon Kim?, Ganesh Kumar Agrawal®>4, Shoshi Kikuchi®, and Randeep Rakwal3#467
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Sy R e g - T Co o
Nihonmatsu Shirakawa -
(Fukushima) (Fukushima) o~
~
o o Copyright
: L © 2013
E WILEY-VCH
Verlag
» GmbH & Co.
KGaA,
Weinheim

- o - - J
. il i g PSRN S J' e . =4 - .

litate Mura (= village), Fukushima

07-Nov-2013 Dear Prof. Dr. Rakwal, | am pleased to inform you that your manuscript, "Rice proteomics: a m
odel system for crop improvement and food security", is now acceptable for publication in PROTEOMICS....
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®: To measur dose rate in the shielded box
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1515151519

1.6 1.6 1.5 16 1.9
1.7 1.3 L7 1.7 20

2.9. 2.9 2525 28
24 24 25 25 28
2.6 2.5 25 25 29

- DOw-Ow-0 w

42 43 4342 43
4.2 43 43 43 43

42 42 43 42 43

Low: ~ 100 uSv/3 days

~ 180 uSv/3 days

(uSV/h]

B:bottom

C:center High: ~ 280 uSv/3 days
T:top



2 Rice (Oryza sativa L. c¢v. Nipponbare) in Low-level Gamma Field

Tsukuba

»
litate Farm (ITF) _ | & |
(litate Village, 4 ‘
Fukushima) ' 5
ITF at 1000 AM (Oh, ITFcontrel) & 6,12, 24, 48, 72 h (Treatments)
i

LA L F L 4 Lk L4 L A L L % L 1 L L L L L _J1 L J --——--'1-—---'—_-—-—-'—_--"——-,
1

L]
Cut Leaf , Place in Aluminum Foll, Immediately
Freeze in Dry Ice & Store in Deep Freezer (-80°C)

- 11 seedlinegs each
(Pooled 3™ Leaves)

5:00 AM @n NIES controh

Grind Leafl Samples in Liquid
Nitrogen and Divide into
’ ( Aliquots in 2.0 mL Microtubes
vV v & Store in Deep Freezer (-80°C)

High-throughput Genomics and Proteomics Approach

CANDIDATE GENES and PROTEINS DIFFERENTIALLY EXPRESSED

upon EXPOSURE to LOW-LEVEL GAMMA (/) RADIATION



Blind Sampling







GRINDING

3.2. Preparation of Tissue Powders for Protein Extraction
1. Grind 100 mg of plant materials to a fine powder with liquid N, in a mortar and pestie. (see Note 23).

Place leaves stored in -B0"C immediatel} Take out tube from liquid nitrogen copfiner
In liguid nitrogen in the mertar and with spatula also immersed iquid
nitregen put the powder ji & tube..

Crush the leaves/tissues to smaller pieces

and grind Nicelyde fine powder
Ll -_—_._‘

<

i

aporate easily from mortar,

Note 23- Pre-chill the mortar and pestle, microfuge tubes and spatulas
for transferring the sample tissue powders in liquid nitrogen,
at least 15 min before starting the grinding of the sample tissues.
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10 yl. RNnse Free Wale
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Nanyg Dvop 20040
A260/ 280 :
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B Samples 110 16

» 1.8 Good Quality & Yield
» 1.8 Good Quality & Yield



4

Control

Treatment

4 x 44K custom oligo-
DNA microarray chip

(Catalog number G2514F: Agilent

I'echnologies, Palo Alto, CA;
GEO ID: GPL 7252)
|G3 Scanner, AGILENT |

- 10 seedlings each = Pooled 3™ Leaves

ITF - Iitate Farm, litate Village, Fukushima
NIES — National Institute for Environmental Studies

-------------------------------------------------------------------------

lllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

-0k T-6b C-h T-7Ih % Dirferentiall}r
<
ol B Expressed
= Genes - ITF
Differentially
08 h c.on CT2h E‘ I v SB D
NIFS 1Es : NIES ,f. —J\ ‘ E.\[)I‘C‘S?Ld
eotl S IS IS 2 —, /" Genes — Control

(0 h - early morning changes)
(72 h — growth effects at NIES)



CyOye labeling

Ohx72h o
(I'TF samples™)

Pt Ly + &

*sample is not contaminated

Le. external cexXposure Cplhpe P weratpty domn 12 29 g of pross

-

Protein Extraction in Lysis Buffer-TT (LB-TT)

-

Cyz. Cyd ard CyS has sarvve charge ard miss.

@® Clean Up (ProteoExtract Protein Precipitation Kit)
@® Re-solubilization (in 100 uL LB-TT)
@ Determination of Protein Quantity (Bradford-BSA & NanoDrop 2000)

Lyophilized powder (after clean-up sample)

Two-Dimensional Difference Gel Electrophoresis (2ZD-DIGE)

& Mass Spectrometric Identification of Differentially

Lxpressed Proteins

PROTEIN
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Recording the Growth of Rice seedlings 13 days after
bringing back to Tokyo/Tsukuba from litate Farm/litate Mura




Realative abundance of mRNA

RESULTS - 2
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=0h : litate Farm (ITF)
=6h : Low (L), Middle (M), High (H) dose

|
1E -0 p 1 |
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e “l || l e I II 810 =24 h : L, M, H dose
wem 1} stm I] § i}l 13  =48h: L M, Hdose

R LE e W
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Proliferating Cell Nuclear Antigen is a key
factor in DNA replication

Damaged DMA Daso




Phenylalanine Pathogenesis-Related

Ammonia-Lyase 10a (PBZ1)
(Phenyl propanoid pathway , (Probenazole-InducedProteinl)
of Plants ) Plant DEFENSE/STRESS
Contribute to all I response related
aspects of plant y (RNAse activity)
response to STRESS | (Involved in Cell Death)
OsPAL2 30 cyc e OsPR10a (PBZ1) 27 cyc

""0h 6h 12h 2ah 48h 72h  Oh 6h 12h 24h 48h 72h



RESULTS -3

251784510080_1_1 251784510080_1_2 251784510080_1_3 251784510080_1.4
TWED bhxTZh H

] VYT v s < | [+ 7] P'“‘“E’P“"E F“‘E“F’“‘E’““’E g

R3_cl1_0 LOC_Cs( TBC dom: RabGAP/ AK242338 GGTAATI 2192 1.1 1701 0.87

P"’“*E’P“"E F“‘B‘-‘P’“‘E’P“"E i |

1.13

R5_cl1_0 LOC_Osl] expressed Conserve AKIS9E3 GTTACG, 13 63 478 Kt} I5 045 IE 33 2.4? Id Id 1.03
R5_c01_0 LOC_Oel] monocopp Similar o AK101455 CAACTT/ 02 4 187 M7 22 0.50 188 318 169 292 160 055
R3_cl1_0 LOC_Osl] expressed Similar o AKDGT31E GTTGGTC 9185 oddo 070 o788 7982 1.3 5858 4335 02 3820 5030 128
R5_cl1_0LOC_Oel R3H domy Single-sirs AKI12130 TGTGTAC 1423 9756 0% 0B 472 112 o521 62% 091 o489 o527 1.23
R5_cl1_0 LOC_Osl] 408 rbosc Simiar o« AK121523 CCCAAT Me7 B2 TeS 15 4510 0.14 257 1319 463 1253 2822 0.23
R5_c01_0 LOC_Os( expressed Protem of | AKT22012 AGTTTGT 07 Pk 0.80 2848 097 0.9 2195 1619 074 199 2265 1.15
R5_cl1_0 LOC_Osl] sphingosin Pyndoocah AK2AI57] GTTGTAC 13463 13500 100 1248 12365 1.03 &9 7515 0.85 o432 7939 1.23
R5_cl1_0 LOC_Osl] E-1 enzyn 2, 3-diketo- AKIDGTEEE TTCCATC 2407 608 0.25 er2 2186 15 1834 9598 210 913 1w 019
RY gt DLOC Ol pewnne- Corenwe LOC_Oul TTOTOITS m F. H % n -] 10 8  an
RSl DLDC Ol bypabane NONE  LOC_ Onl TAGTTOS i Q .18 1 u iy L 1
RS e D LOC Onl wacies o Fhk-tedl ARTEERES CTHTIRG s 5] e "Ms S @ m &n
RS o 0 LOC_Cul chapeoes Hemabee LOC Oul TGCOTT 5N b5 0 By s 9 W F
RS == 0 LOC Ol eagesmant Comanres AOVINS TTOOAD wn F.e | 2 - e

= Moo ucn—-.-u:l-: LOC: Dl SE0GET 1y )

R LOC_Onl ¥ &

- X ..'JI.'. ':: a3

LR biis | i
T —- ¥ % 1y
H&_ﬂ'._hl‘.l:_:-.-- ‘Ehlu-.- ll':.b i un 0% F i Y
-1 e o Cnm-mw-l-'&l:m £ B 3 1485
RS g DL0C Ol reewess DEADIDE ARDRMS ACAAL B W W 16
RE_cd1_3 LOC. ol mrcrws LOC _Oul GATATTC n u T
RS e D LOC Onl mwoweess LOC Ol TCARCD 1L o v ¥
R4 ol OO0 Oul bptevien Lipd mad AEBIRIT GACOTY s A o un
R5_c01_0 RIM-TIGR Non-proiei AKDEE123 TAACCA 32 il i} 047
R5_c06_2 LOC_Osll proten LE! Latz embr AKDBIT2E TAATCAC 17 2620 15 1.03
R5_c01_00 LOC_Osll pepads ra TGF-beta | AKDBETZI CACCAC 124 309 82 2%
R5_c01_0 RIM-TIGR Non-proiei AK1081% GTTAACT 7115 6952 h332 145
R5_c01_00 LOC_Osll Hets-hyd Emopamd AKDG3848 TATCATT 3562 42 1912 130
R5_c01_00 LOC_Osll expressed Conserve AKDTIS25 GCCTTAI 510 a05 258 065
R5_c01_0LOC_Osll expressed Conserve AKI0ZTE] AAGTGC 9162 8565 6545 165
R5_c01_00 LOC_Osll expressed Polynucle AKDEYSTS CTACAG 65 il 19 14
R5_c01_00 LOC_Osll lzucine-nd! C-type lec AKDT08T GGCCTC 623 4598 A005 160
R5_c01_00 LOC_Osll expressed Finc fnger AKDTZTST ACTATCE  5M7T1 45585 21785 087
R5_c01_00LOC_Osll NAC dom No apical LOC_Osl TGTACTC i} M 50 EAK]
R5_c01_00LOC_Osll hypothesc NONE  LOC_Os TITCTCC 17 % 0 283
R5_c01_00 LOC_Osl] stress res; Ricn B-rel AKDAD132 GCGGAC 873 1M 6357 054
R5_c01_0LOC_Osl NAC dom No apical AK242268 TATATGT 162 106 180 147
R5_c01_00 LOC_Osl] hght-mediz Similar o | AK10061] GGATGT 9763 10359 h267 0490

R5_cl1_0 LOC_O=l ARRT prot Similar to ' LOC_O=l TCTTGCH L 235 W% ) L . 14 1M



6h T7ih ITF |

7000
wo (B
3000
w00 I
CHIP1 '[ ) The
-1000 - . .
Gamma Radiation
ol | Responsive GENES
5000 e
J00 | Criteria 1: Removing gens expression changes for time-dependent (others) factors
’ tll ITF O b sampling (NTES 0% * ITF 0 h)
. Criteria 2: Removing the gene expression changes for the growth-dependent factors
f o till 72 b sampling (NTES 0k x NIES 72h)
&
* 184 + 4297 = 4481 Up-regulated
225+ 3515 = 3740 Down-regulated
- 6 h (Early-response)
CHIP2 __ .’.FI 72 h (Late- _

235+ 2056 = 2291 Up-regulated
203 + 1271 = 1474 Down-regulated




MapMan is a user-driven tool that displays large
datasets (e.g. gene expression data from
Arabidopsis Affymetrix arrays) onto diagrams

of metabolic pathways or other processes.

MapMan http://mapman.gabipd.org/web/guest/mapman

6h UP 6 h DOWN 12 h UP 12 h DOWN
Bl Functions! Category Count= % =| Counmt= % v| Count~ % <] Count= % =

1 Ps 2 11 1 04 1 04 0 0o
2 mager CHO metaboksm 0 00 3 13 1 13 ¢ 00
3 minge CHO metabohsm 1 08 g 22 1 04 1 05
% ghycolysis 1 0s i 0.0 1 04 0 00
s termentatian 1 (R 0 00 0 oo 1 0%
% OFF (1} 00 1 0.4 0 00 o0 0o
% TCA / org transformation 1 05 1 04 ¢ 00 S I+
10 coll wall 1 05 g 22 [ 26 1 05
11 hiped metaboksm 2 11 5 22 6 26 1 05
"2 M-metabohsm 1 0s 0 0o 0 00 0 oo
fa amino acid metabolism 1 0ns P 09 4 17 0 0.0
15 matal handling 0 00 1 04 1 04 2 10
:IE secondary metabolism 2 1 3 13 1M 47 & 20
17 hormane metaboism 4 22 2 09 W 43 12 59
"8 Co-tactor and vtamne metaboksm 0 0.0 1 04 1 0.4 t 05
19 tetrapyriole syrthes:s 0 00 i 00 2 09 0 00
20 slress 7 1B 1 49 g 21 6 79
21 redox regulation 2 1 0 o0 1 13 1 05
2 potyarne metabohsm ! 0s o 00 ¢ oo 0 00
b nucleotide metaboksm 0 0o g 0o 2 09 1 0%
2% misg 11 60 7| 52 23 98 2 1w
27 RNA 7 82 16 71 15 64 20 49
o DMA 3 16 2 09 2 08 o 00
2 protein 45 M5 19 B4 2% 106 1M &4
0 signalling I 16 2 98 1% 64 1w 94
b | cell 1 0s [3 27 5 21 2 10
n development 3 16 2 09 i 04 4 20
u transport 5 33 7 a1 L] is 8 10
e not a3sgned 69 7.5 101 249 B9 179 9 39
The number of non.redundant gene 184 100] 225 100 235 100 203 100
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Molecular Analyses — PROTEOMICS

Preparation of LB-TT

i A 4 g CHAPS o0 @ W00 (o W060) el ey clean S lwile Ghavy lesberr |calibrated i pouisles)

2 Dwticaled i Sl vl ) sl g LinowePy ahubbireg wting vt mavemest of hetter und 4 derre b5 min Bl 10 oircnghy
| dryg of Livea st mpaiured 0o soded im parts. and moed by EEntly Tudning The Dealer

' i puiianglly dip thy beaher end i § S0-50°C woatey Bt Ao 1% e oF 60, Bt 800 long M2 O tiese

! & 153 g Theuursa a2 mis perthy again e

[ It B ety mentare psluton add LBl ol | 8 Trin- 0 and i ethirmes

! A 1% gl Trisma hanw e nd frus mcekywio e

] Tak# I Lblets ol FDOTA-Irée pratemils iAhibRos §m0 SIhE | Ped 12 Ui I00ee Toe 10 i or 28 )

¥ Totha meviute sdd shrwiy 0.7 md of Tritnn X100 snd moe ssoding s Subbie

10 Tothe slmmoot completely daacheed buffer solution sdd I71.% mg of OTT snd mie)ine

11 Feadly sdd 1 il ol Asphobite 452 mo op 19 100 5l with WO evales (B careful 1o i vy owderi (m The beadar walbi By W0)

LY Wncuwrm ke the palutisn weth o 0.40% o0 011 mbtron Merilup fer unit o ffinge fifer unit
13 Senee 1 eod filteewd LB-TT i Epoendort tubes ot -80°T

L4 Thew @ rocew lesnperstors (A7) bebory uis

AR TT m g il | Pl LTSN wlha S g o geeaily Srorseged iy (71 gl = WX oyl F (8" L J Al

I. C-0h = RF1 x 2 tubes (lyophilized)
2. T-72h = RF3 x 2 tubes (lyophilized)

Naote - If each wbe contents are solubilized mn 100 pl. LB-TT
we get a yield of 2.16 microgram per microliter protein.

Protemn Extraction PROTOCOL

See also - Agrawal GK, Jwa NS, Jung YH, Kim ST, Kim DW
Cho K. Shibato J and Rakwal R: Rice proteomics: sample
preparation to profein identification. In: Methods in Molecular
Biology: Rice Protocols (Editor, Y. Yang), The Humana Press,
New Jersey, USA, 956: 151-184. doi: 10.1007/978-1-62703
194-3 12. 2013

ProteoExtract Protein Precipitation Kit Protocol (lllustrated )

Prepare Precipvtation & gent (Kt components

Te one bottle of Precipitand 1 (20mL) add 1.7 mL of Precipitant 2. 3 snd 4

WM WELL and label PRECIPITATION AGENT-PA (34 1 mL sciution, sore ot - 20°C)
Prepare Wash Solubon

Add 150 mi efhancl 10 The prosded YWash sokution (K component |

Min mned recomattuted WASH SOLUTION an be siored b | year o - 2°C

PROCEED FOR PRECIPTA TIONCLE 4 NUP
Tanw sgual amounts (6 cloes 33 poRaibia] of eacn proten im 200 UL Woiume

¥ .;?I"-.
P

[}
\.T Ace 800 pl coid PA (Precptaton Agemi)

l worten briely | 10 se2)
mlmarur-:":f.!:rucmm ORbrafmnat- 45C
Costrifuge a8 15000 ms for 10 mun ot 4'C
|

| Aspirate the pailet
' Fimt decard sCulan. [Fheh S0 down B remow emaneg $oion with pgeiie

3\\-’7:*‘ Decant
‘ ‘§ som comn

Remove with tip completely

w

500 ul cold Wash Solution

Wash the PELLET by tapping and sight wiesng. = Repeat1time

"*«" Contriuge = 15 000 pm tor 2 min ol 4°C

First decant then spin dosn and memowe with tip -

4

Complilaly sspirate The pelst and & dry the peiet Io¢ 5 min [ 1-DOE] o 1 h 2-DGE|

Dippoiwe tne PELLET i bufer of chowce (or LB-TT)



Gel-1
RF1/RF3
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11 | D11 | |DEAD-box ATP-dependent RNA helicase 3, chloroplastic 05=0n{RH3_ORYSJ |

DEAD-box helicases. A diverse family of
proteins involved in ATP-dependent RNA
unwinding, needed in a variety of cellular
processes including splicing, ribosome
biogenesis and RNA degradation

Superfamily Il DNA and RNA helicases [DNA replication,
recombination, and repair / Transcription / Translation,

ribosomal structure and biogenesis]

Molecular cloning and characterization of a salinity stress-induced gene encoding DEAD-boxheli
case from the halophyte Apocynum venetum.
Liu HH, Liu J, Fan SL, Song MZ, Han XL, Liu F, Shen FF.
J Exp Bot. 2008;59(3):633-44. doi: 10.1093/jxb/erm355. Epub 2008 Feb 13.




yl | D21 | putative thiamin biosynthesis protein [Oryza sativa Japonica Grol gi13435255

Recent reports suggest that
vitamin B1 (thiamine) participates in the
processes underlying plant adaptations

to certain types of abiotic and biotic stress,

mainly oxidative stress.

The upreqgulation of thiamine (vitamin B1) biosynthesis in Arabidopsis thaliana seedlings under salt and
osmotic stress conditions is mediated by abscisic acid at the early stages of this stress response.
Rapala-Kozik M, Wolak N, Kujda M, Banas AK.

BMC Plant Biol. 2012 Jan 3;12:2. doi: 10.1186/1471-2229-12-2.




41 | E17 | |Chalcone synthase 1 05=0ryza sativa subsp. Japonica GN=CH{CHS1_ORYS)

The primary product of this enzyme is
4,2'. 4’ 6'-tetrahydroxychalcone
(also termed naringenin-chalcone or
chalcone), which can under specific
conditions spontaneously isomerize into
naringenin.

Secondary metabolite biosynthesis;
flavonoid biosynthesis.

Gene expression profiles deciphering rice phenotypic variation between Nipponbare (Japonica) and 93-1

1 (Indica) during oxidative stress.
Liu F, Xu W, Wei Q, Zhang Z, Xing Z, Tan L, Di C, Yao D, Wang C, Tan Y, Yan H, Ling Y, Sun C, Xue Y, Su Z.
PLoS One. 2010 Jan 8;5(1):e8632. doi: 10.1371/journal.pone.0008632.




Conclusion 1:

1. Gamma radiation effects rice plant growth under low-dose

2. Three days exposure to rice plant produces —

v' Damage to leaf tips

v' Change in expression of
DNA damage/repair genes
Defense/stress-related genes
Large number of genes genome-wide

v Change in protein abundance proteome-wide
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