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The present s tudy  attempts  to  examine the radioactiv ity-modulated  change of  

global gene expression  patterns  in  the leaf  of  r ice [Oryza sativa L.;  reference monocot  
genome model (Agrawal and  Rakwal 2006)]  seedlings upon exposure to  rad ioactive 
Chernobyl so il  (CS) ,  which contains h igh levels  of  cesium-137 (1 3 7 Cs)  and  s trontium-90  
(9 0Sr) -  bo th f iss ion  products from the reactor  core.  An in  v itro  two-week-o ld  r ice 
seedling  model system was used (Agrawal et  al . 2003),  and  leaf segments from 3rd  
leaves were exposed  to  CS emitted  rad iation.  The rad ioactiv ity  in  CS is measured  to  be 
5.34 mGy/day; ca.  11-fo ld  over the (sh ielded) contro l level. Leaves were sampled  96  h  
post- irrad iation and to tal RN A was ex tracted  and  the quality checked before performing  
the  Agilen t 22K custom oligo  DNA microarray  [contain ing  ~21,500 o ligonucleo tides  
(Kikuchi et  al.  2003)] exper iment. Dye-swap or reverse labeling  with Cy3 and  Cy5 dyes 
procedure was applied  fo llowed by hybr id ization and wash  processes,  and  the  
hybr id ized microarrays were scanned using a GenePix  microarray scanner  (Molecular  
Devices ,  Sunnyvale,  CA, USA) fo llowed by  the Gene Pix  4000 analysis  application  
program for  image analysis  and  data ex traction  processes . The GeneSpr ing  Ve r.  4  
sof tware (Silicon  Genetics ,  Californ ia,  USA) was used  for  normalization ,  and  the fo ld  
changes (>2 .0-fo ld  and  <0 .5-fo ld) were calcu lated from the normalized  log  ratios .  We  
detected  rad ioactiv ity-modulated  expression of  516 genes,  among which  194  and  322 
genes were either  up-  or  down-regulated .  To  classify  the r ice genes accord ing to  their  
functional or thologous relationships, we used  the database of  eukaryotic or thologous 
groups,  which  consis ts  of  4 ,852  clusters  of  or thologous groups of  pro teins ,  including  
59,838  pro teins  f rom 7  genomes.  Rice genes were classif ied  in to  up- /down-regulated  3  
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main  functional categor ies  of  information  s torage and processing  (2%/7%), cellu lar  
processes  and  s ignaling  (15%/7%), and  metabolism (13%/19%). In teresting ly,  the f irs t  
and  last  of  these categor ies  were suppressed ,  especially  metabolism, whereas the 
cellu lar  processes  and  s ignaling  categor ies  were s ligh tly  induced . Looking  in to  these 
categor ies  fur ther,  we could  identify that the genes belonging to  defense mechanisms, 
cell  wall/membrane/envelope b iogenesis ,  posttranslational modif ication ,  pro tein  
turnover,  chaperones,  and  secondary  metabolites  b iosynthesis ,  transpor t  and  catabolism  
were up-regulated ,  whereas genes concerned  with  translation ,  r ibosomal s tructure and  
biogenesis ,  transcr ip tion ,  s ignal transduction  mechanisms, energy  production  and  
conversion , general metabolism were s trongly down-regulated  (Fig . 1) .  A representative 
l is t  of  h ighly  up-  and  down-regulated  genes is  shown in  Table 1 .    

 
Among the genes of  in terest as  defense/s tress-related ,  the PBZ1 stands out as  

being the most h ighly induced , which  is  in teresting  because PBZ1 (also  known as  
OsPR10a) is  known to  be induced  in  response to  a var iety of  s tresses ,  such  as  heavy  
metals ,  gaseous pollu tan ts  ozone and  su lfur  d ioxide,  etc.  Induction  of  ch itinase,  GST20,  
another  PBZ1 homolog , k in1 , and subtil is in  inhib itor  genes reveal the pattern  of  
s tress-related  gene modulation  by  rad iation .  On the o ther  hand, GAPDH was h ighly  
down-regulated,  along  with  POX22.3,  RuBisCO small subunit ,  and  ATPase epsilon  
chain  mRNAs, suggesting a deleter ious effect on the energy metabolism af ter rad iation  
s tress .  The genome-wide transcr ip tional prof il ing  of rad iation-response genes in  r ice  
leaves provides us with  the f irs t repor t on  how our rad ioactive environment affects a  
plan t species ,  even  when exposed  to  u ltra- low level rad iation  dose for  a shor t  
t ime-per iod . I t would  be usefu l to fur ther  examine the ef fect of  the levels  of  rad iation  
on p lan ts with  a goal to  identify  novel and  specif ic b iomarkers for  rad iation  s tress . 
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Fig .  1 
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