
CHAPTER III

METHODOLOGY

I. MATERIALS

1. Plant materials

R ice  (Oryza sativa L.) c u lt iv a r  ‘ L e u n g  P ra  T e w  1 2 3 ’ (L P T 1 2 3 ) o b t a in e d  f ro m  th e  

A g r ic u ltu r e  D e p a r tm e n t ,  M in is t ry  o f  A g r ic u ltu re  a n d  C o o p e ra t io n ,  T h a ila n d  

Arabidopsis thaliana  e c o t y p e  C o lu m b ia - 0  (C o l)

Arabidopsis thaliana  e c o t y p e  L a n d s b e rg  erecta Her)

Arabidopsis thaliana  S A L K  T -D N A  in s e r t io n  m u ta n t s  o rd e re d  f r o m  A ra b id o p s is  

B io lo g ic a l R e s o u rc e  C e n te r  (ABRC)

2. Instruments

2.1 Equipment for rice growing

G ra ss  b o t t le  5 0  m L  

G ra ss  b o t t le  100 m L  

P la s t ic  t ra y  8 x 1 2 x 4  in c h 2 

S a n d

2.2 Equipment for Arabidopsis growing

3 M ™  m ic ro p o re ™  m e d ic a l  t a p e  (3M , U SA )

D e s s ic a to r  ja r

F is h e rb ra n d ™  S q u a re  D is p o s a b le  P e tr i d is h  w ith  grid  (F is h e r  S c ie n t if ic ,  U SA ) 

M ic ro c e n t r ifu g e  t u b e  1.5 m L  

M ic ro p ip e t t e  (G ils o n , U SA )

P la s t ic  p o t  

P la s t ic  t ra y

S o il (S u n sh in e  P r o fe s s io n a l P e a t - L it e  m ix  4; S u n G ro  H o r t ic u ltu r e ,  V a n c o u v e r ,  

BC , C a n a d a )
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2 .3  Equipment for collecting plant sample

A lu m in u m  fo il

B a la n c e  (S a rto r iu s  C P 4 2 3 s ; S c ie n t if ic  P r o m o t io n  C o ., U SA )

D e e p  f re e z e r  -80°c
F o r c e p s

S c is so rs

2 .4  Equipment for proteomic analysis

D ig ita l c a m e ra

ESI io n  t ra p  M S  (H C T  u lt ra  P T M  D is c o v e ry  sy s te m ; B ru ke r, G e rm a n y )  

In c u b a to r  (G e m m y c o , U SA )

M o r ta r  a n d  p e s t le

N a n o  c o lu m n  (M o n o li t h ic  N a n o  C o lu m n  100 p m  i.d. X 5 c m )

O rb it a l  sh a k e r  (B io san , U SA )

P r e - c o lu m n  (M o n o li t h ic  T ra p  C o lu m n  2 0 0  p m  i.d. X 5 cm )

P ro te in  e le c t r o p h o r e s is  (B io -R ad , U SA )

S p a tu la

S p e c t r o p h o to m e te r  (A g ile n t  T e c h n o lo g y ,  U SA )

S u rg ic a l s c a lp e l

U lt im a te  3 0 0 0  LC  s y s te m  (D io n e x , U SA )

2 .5  Equipment for quantitative real-time polymerase chain reaction (qPCR)

C F X 9 6 ™  R e a l-T im e  PC R  D e te c t io n  S y s te m  (B io -R ad , U SA )

G e l D o c ™  2000 a n d  u v  t r a n s i l lu m in a to r  (B io -R ad , USA)

H o r iz o n ta l g e l e le c t r o p h o r e s is  (M in iR u n  G E -100 ; H a n g zh o u  BIOER 

T e c h n o lo g y  C o ., L td ., C h in a )

L o w -p ro f i le  8 - t u b e  s tr ip s  0 .2  m l (B io -R ad , U SA )

M ic ro c e n t r ifu g e  (S o rv a ll B io fu g e  P ico ;  G e rm a n y )

M ic ro c e n t r ifu g e  tu b e s  1.5 ทาL 

M ic r o p ip e t t e  (G ils o n , U SA )

M o r ta r  a n d  p e s t le

O p t ic a l  f la t  8 - c a p  s tr ip s  (B io -R ad , U SA )

P T C -1 0 0 ™  P e lt ie r  T h e rm a l C y c le r  (M J R e se a rch , U SA )

R e fr ig e ra te d  c e n t r ifu g e  (U n iv e r s a l 32R; H e t t ic h , G e rm a n y )  

S p e c t r o p h o to m e te r  (A g ile n t  T e c h n o lo g y ,  U SA )
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2.6 Equipment for chitosan-responsive gene identification in Arabidopsis

2.6.1 EMS-mutagenized seed preparation

M ic ro c e n t r ifu g e  t u b e  1.5 ทาL 

M ic r o p ip e t t e  (R a in in , U SA )

P a s te u r  p ip e t te

S c in t i l la t io n  grass v ia l  w ith  s c re w  c a p  20  m L

2.6.2 Library preparation for high-throughput sequencing

B io a n a ly z e r  (A g ile n t  T e c h n o lo g y ,  U SA )

C e n tr ifu g e  5 4 2 4 /5 4 2 4  R (E p p e n d o r f ,  U SA )

D yn aM ag ™ -2  M a g n e t  (In v itrog en , U SA )

G e n o m e  A n a ly z e r  II ( I llu m in a  Inc., U SA )

M ic r o p ip e t t e  (R a in in , U SA )

N a n o D ro p  1000  S p e c t r o p h o t o m e t e r  (T h e rm o  S c ie n t if ic ,  U SA )

PC R  m a c h in e  (T h e rm a l C y c le r ;  B io -R ad , U SA )

P e l le t  p e s t le

T h e  Q u b it®  2 .0  F lu o r o m e te r  (In v itrog en , U SA )

T h e rm o m ix e r®  R (E p p e n d o r f ,  U SA )

U V P  im ag in g  ( L a b w o rk s  s o ftw a re )

2.6.3 ABRC mutant confirmation

G e l D o c ™  2 0 0 0  a n d  u v  t r a n s i l lu m in a to r  (B io -R ad , USA) 

H o r iz o n ta l g e l e le c t r o p h o r e s is  (M in iR u n  G E -100 ; H a n g zh o u  BIOER 

T e c h n o lo g y  C o ., L td ., C h in a )

M ic ro c e n t r ifu g e  (S o rv a ll B io fu g e  P ico ; G e rm a n y )

M ic ro c e n t r ifu g e  tu b e s  1.5 m L  

M ic r o p ip e t t e  (G ils o n , U SA )

M ic ro w a v e  o v e n  

P e l le t  p e s t le

P C R  tu b e s  0 .2  m L  (A xyg en , U SA )

P T C -1 0 0 ™  P e lt ie r  T h e rm a l C y c le r  (M J R e se a rc h , U SA )

R e fr ig e ra te d  c e n t r ifu g e  (U n iv e r s a l 32R; H e t t ic h ,  G e rm a n y )  

S p e c t r o p h o to m e te r  (A g ile n t  T e c h n o lo g y ,  U SA )



3. C h e m ic a ls  a n d  re a g e n ts

3.1 Chemicals for rice growing

D is t i l le d  w a te r

M o d if ie d  W P  N o .2  n u t r ie n t  s o lu t io n  (see  in A p p e n d ix  A)

O lig o m e r ic  c h ito s a n  w ith  d e a c e th y la t io n  p e rc e n ta g e  o f  8 0  (0 8 0 )  

(Mw 20 ,000 ) p ro v id e d  b y  A s s is ta n t  P ro fe s s o r  Dr. R a th  P ic h y a n g k u ra  

T r ito n  X -1 0 0  (M e rck , G e rm a n y )

3.2 Chemicals for Arobidopsis growing

D is t i l le d  w a te r

H y d ro c h lo r ic  a c id  (H C l) c o n c e n t r a t e

M u ra s h ig e  a n d  S ko o g  m e d iu m  (M S  m e d iu m ;  M P  b io m e d ic a ls ,  U SA ) 

O lig o m e r ic  c h ito s a n  w ith  d e a c e th y la t io n  p e rc e n ta g e  o f  80  (0 8 0 )  

(Mw 20 ,00 0 ) p ro v id e d  b y  A s s is ta n t  P ro fe s s o r  Dr. R a th  P ic h y a n g k u ra  

S o d iu m  h y p o c h lo r it e  (C lo rox® , U SA )

3.3 Chemicals for proteomic analysis

3.3.1 Protein extraction and precipitation

0 .1%  s o d iu m  d o d e c y l  s u lfa t e  (SDS)

0 .15%  d e o x y c h o l ic  a c id  (D O C )

72%  t r ic h lo r o a c e t ic  a c id  (TCA)

L iq u id  n itro g e n

3.3.2 Protein determination by Lowry method

0 .2%  c o p p e r  s u lfa t e  (CuSO a)

0 .4%  ta r ta r ic  a c id  (C 4H 60 6)

0.8 N s o d iu m  h y d ro x id e  (N aO H )

20%  s o d iu m  c a rb o n a te  ( N a C 0 3)

5%  s o d iu m  d o d e c y l  s u lfa t e  (SDS)

B o v in e  s e ru m  a lb u m in  (BSA) (2 p g /p L )

F o l in - C io c a lt e u  p h e n o l:  H 20  (1:5) (v/v)
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3.3.3 Sodium dodecyl sulfate polyacrylamide gel electrophoresis (รอร- 
P A G E )

3 .3 .3 .1 Separating and stacking gel preparation (se e  in  A p p e n d ix  A)

0 .5 M  T r is .H C l pH  6 .8

1.5 M  T r is .H C l pH  8.8  

10%  a m m o n iu m  p e rs u lfa te  (APS)

10%  s o d iu m  d o d e c y l  s u lfa te  (SDS)

40%  (w /v) a c r y la m id e / b is - a c r y la m id e  s o lu t io n  (29:1)

D is t i l le d  w a te r

T e t r a m e th y le th y le n e d ia m in e  (TEM ED )

3.3.3.2 Protein electrophoresis
P ro te in  L a d d e r  1 0 -25 0  kDa (N e w  E n g la n d  B io la b s , U SA ) 

P ro te in  lo a d in g  b u f fe r  (se e  in  A p p e n d ix  A)

T r is -g ly c in e  ru n n in g  b u ffe r  (s e e  in A p p e n d ix  A)

3.3.4 Coomassie staining and destaining

C o o m a s s ie  B r i l l ia n t  B lu e  R -250  

A c e t ic  a c id  

M e th a n o l 

D is t i l le d  w a te r

3.3.5 In-gel digestion for liquid chromatography-tandem mass 
spectrometry (LC-MS/MS)

0.1%  t r i f lu o r o a c e t ic  a c id  (TFA)

10 m M  a m m o n iu m  b ic a rb o n a te  

10 m M  d it h io t h r e it o l  (DTT)

10 n g /m L  t ry p s in  (P ro m e g a , USA)

100 m M  io d o a c e ta m id e  (1AM)

100%  a c e to n it r i le  (ACN )

S te r i le  m i l l i  Q  w a te r
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3.4 Chemicals for quantitative real-time polymerase chain reaction (qPCR)

3.4.1 RNA extraction and cDNA preparation

0 .5x  TBE  (se e  in A p p e n d ix  A)

3 M  s o d iu m  a c e ta te  (C H 3C O O N a )

5 M  s o d iu m  c h lo r id e  (N aC l)

A b s o lu t e  e t h a n o l (M e rc k , G e rm a n y )

A g a ro se  (R e se a rc h  O rg an ic s , U SA )

C h lo ro fo rm  (M e rc k , G e rm a n y )

C lo n e d  D N a se  I (R N a se -fre e ) (T aka ra  B io  Inc., J a p a n )

C o n c e r t™  P la n t  R N A  R e a g e n t  (In v itrog en , U SA )

D E P C - tre a te d  d is t i l le d  w a te r  

E lu t io n  b u f fe r  (Q ia g e n , G e rm a n y )

E th id iu m  b r o m id e  (P ro m e g a , U SA )

iS c r ip t™  R e v e rs e  T ra n s c r ip t io n  S u p e rm ix  (B io -R ad , U SA )

I s o p ro p a n o l (M e rc k , G e rm a n y )

L iq u id  n it ro g e n

P h e n o l: c h lo r o fo rm : is o a m y l a lc o h o l  (25:24:1) (v/v)

R N A  lo a d in g  d y e  (se e  in A p p e n d ix  A)

3.4.2 qPCR

S so F a s t™  E va G re e n ®  S u p e rm ix  (B io -R ad , U SA )

D is t i l le d  w a te r

3.5 Chemicals for chitosan-responsive gene identification in Arobidopsis

3.5.1 EMS-mutagenized seed preparation

E th y l m e th a n e s u lf o n a te  (EM S) (S ig m a -A ld r ic h , U SA )

S o d iu m  h y d ro x id e  (N aO H )

T w e e n -2 0

3.5.2 Library preparation for high-throughput sequencing

0 .5x  TB E  (se e  in A p p e n d ix  A)

100 m M  d A T P  (N e w  E n g la n d  B io la b s , U SA )

3 M  s o d iu m  a c e ta te  (C H 3C O O N a )
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5 M  s o d iu m  c h lo r id e  (N aC l)

5 x  S e c o n d  s t ra n d  s y n th e s is  b u f fe r  (s e e  in  A p p e n d ix  A) 

A b s o lu t e  e t h a n o l (M e rck , G e rm a n y )

AM Pu re®  X P  B e a d s  (B e c k m a n  C o u lt e r  Inc., U SA )

C h lo ro fo rm  (M e rck , G e rm a n y )

C o n c e r t™  P la n t  R N A  R e a g e n t  (In v itrog en , U SA )

D N A  p o ly m e r a s e  I (N e w  E n g la n d  B io la b s , U SA )

D ynabeads®  m R N A  P u r if ic a t io n  K it ( In v itrog en , U SA )

E lu t io n  b u f fe r  (Q iagen , G e rm a n y )

E nd  re p a ir  m o d u le  (N e w  E n g la n d  B io la b s , U SA )

E th id iu m  b ro m id e  (P ro m e g a , U SA )

F ra g m e n ta s e  e n z y m e  (N e w  E n g la n d  B io la b s , U SA )

G e n e R u le r™  l k b  D N A  la d d e r  p lu s  ( F e rm e n ta s , U SA )

G e n o m ic  D N A  e x t r a c t io n  b u f fe r  (s e e  in  A p p e n d ix  A)

H y p u re ™  m o le c u la r  b io lo g y  g ra d e  w a te r  (H y C lo n e , U SA ) 

I s o p ro p a n o l (M e rck , G e rm a n y )

K le n o w  f ra g m e n t  (N ew  E n g la n d  B io la b s , U SA ) 

P h e n o l: c h lo r o fo rm : is o a m y l a lc o h o l  (25:24:1) (v/v)

P h u s io n  D N A  p o ly m e ra s e  (N e w  E n g la n d  B io la b s , U SA )

Q u ic k  lig a t io n  k it (N e w  E n g la n d  B io la b s , U SA )

R N A  lo a d in g  d y e

R N a se  A  (S ig m a -A ld r ic h , U SA )

S u p e r s c r ip t™  III F irs t-S ta n d  S y n th e s is  S y s te m  (In v itrog en , U SA ) 

T U R B O ™  D N a se  (A m b io n , U SA )

3.5.3 ABRC mutant confirmation

0 .5x  T B E  (s e e  in  A p p e n d ix  A)

3 M  s o d iu m  a c e ta te  (C H 3C O O N a )

5 M  s o d iu m  c h lo r id e  (N aC l)

A b s o lu t e  e t h a n o l (M e rck , G e rm a n y )

A g a ro se  (R e se a rch  O rgan ic s , U SA )

C h lo ro fo rm  (M e rck , G e rm a n y )

C lo n e d  D N a se  I (R N ase -fre e ) (T aka ra  B io  Inc., J a p a n )

C o n c e r t™  P la n t  R N A  R e a g e n t  (In v itrog en , U SA )

S te r i le  d is t i l le d  w a te r  

d N T P  (R o ch e , S w it z e r la n d )



E lu t io n  b u ffe r  (Q iagen , G e rm a n y )

E th id iu m  b ro m id e  (P ro m e g a , U SA )

G e n e - s p e c if ic  p r im e rs  (s e e  in  A p p e n d ix  D)

G e n e R u le r™  l k b  D N A  la d d e r  p lu s  ( F e rm e n ta s , U SA ) 

G e n o m ic  D N A  e x t r a c t io n  b u f fe r  (se e  in A p p e n d ix  A ) 

iS c r ip t™  R e ve rse  T ra n s c r ip t io n  S u p e rm ix  (B io -R ad , U SA ) 

I s o p ro p a n o l (M e rck , G e rm a n y )

L iq u id  n it ro g e n

P h e n o l: c h lo r o fo rm : is o a m y l a lc o h o l  (25:24:1) (v/v)

R N A  lo a d in g  d y e  (se e  in A p p e n d ix  A)

T a q  D N A  p o ly m e r a s e  (RBC B io s c ie n c e , T a iw a n )
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II. METHODS

1. Determination of chitosan effects on protein profiles of rice seedlings after 
chitosan application

1.1 Plant growth condition

R ice  s e e d s  w e re  s o a k e d  w ith  o lig o m e r ic  c h ito s a n  w ith  d e a c e t y la t io n  

p e rc e n ta g e  o f  8 0  (0 8 0 )  a t c o n c e n t r a t io n  o f  4 0  m g /L  fo r  2 4  h o u rs . S e e d s  w e re  

g e rm in a te d  o n  s te r ile  sa n d  fo r  2  w e e k s ;  o n e -w e e k - o ld  s e e d l in g s  w e re  irr ig a te d  o n c e  

w ith  m o d if ie d  W P  N o .2  n u t r ie n t  s o lu t io n  (V a jra b h a y a  a n d  V a jra b h a y a , 1991). A f te r  

th a t , s e e d l in g s  w e r e  t ra n s fe r re d  t o  g rass b o t t le  f i l le d  w ith  m o d if ie d  W P  N o .2  n u t r ie n t  

s o lu t io n .  R ice  s e e d lin g s  w e re  s p ra y e d  w ith  40  m g /L  0 8 0  c h ito s a n  s u p p le m e n t e d  

w ith  0 .01%  T r ito n  X -1 0 0  w h e n  t h e y  w e re  2 -w e e k -o ld  a n d  4 -w e e k -o ld .  T h e  c o n t r o l  

t r e a tm e n t  w a s  s p ra y e d  w ith  d is t i l le d  w a te r  c o n ta in in g  0 .01%  T r ito n  X -1 0 0  a t  t h e  

s a m e  t im e  p e r io d . P la n ts  w e re  g ro w n  in  a g re e n  h o u s e  u n d e r  n a tu ra l l ig h t a n d  t h e  

t e m p e ra tu r e  w a s  3 2 °c  d u r in g  th e  d a y  a n d  29 °c  d u r in g  t h e  n igh t. T h e  n u t r ie n t  

s o lu t io n  w a s  re f re s h e d  e v e ry  7 d a y s  fo r  t h e  w h o le  e x p e r im e n t .  T h e  le v e l  o f  s o lu t io n  

w a s  m a in ta in e d  e v e ry  d a y  b y  a d d it io n  o f  w a te r  t o  t h e  s a m e  in it ia l s o lu t io n  le v e l.  

T h re e  b io lo g ic a l r e p l ic a te s  w e re  u s e d  fo r  p r o te o m ic  a n a ly s is . E a ch  b io lo g ic a l 

r e p l ic a t e  c o n s is t e d  o f  th re e  in d iv id u a l s e e d lin g s .

1.2 Plant tissues collection

L e a f  t is s u e s  w e re  s e p a ra te ly  c o l le c t e d  f ro m  4 -w e e k -o ld  p la n t s  a t  0  a n d  24  

h o u rs  a f te r  t h e  la s t  c h ito s a n  t r e a tm e n t  a n d - th e n  t ra n s fe r  t o  n e w  f r e s h ly  p re p a re d  

n u t r ie n t  s o lu t io n .  P la n t  s a m p le s  w e re  im m e d ia t e ly  f r o z e n  in l iq u id  n it ro g e n  a n d  

s to re d  a t -8 0 °c  p r io r  to  p ro te in  e x t ra c t io n .

1.3 Protein extraction and separation by one-dimensional SDS-PAGE

F o r p ro te in  e x t ra c t io n , le a f  t is s u e s  (300  m g) w e re  g ro u n d  in  l iq u id  n it ro g e n  

w ith  m o r ta r  a n d  p e s t le  to  a f in e  p o w d e r .  T h e  p o w d e r  w e re  h o m o g e n iz e d  w ith  0 .1%  

SD S  a n d  in c u b a te d  a t 3 7 ° c  fo r  3 h o u rs  f o l lo w e d  b y  c e n t r ifu g a t io n  a t 13 ,000  rp m  fo r  

15 m in . T h e  s u p e rn a ta n t  w a s  c o l le c t e d  a n d  u s e d  as t h e  t o t a l  p ro te in  e x tra c t . T h e  

p ro te in  c o n te n t s  w e re  d e te rm in e d  a c c o rd in g  t o  P e te r s o n  (1 982  us ing  B SA  as a 

s ta n d a rd  p ro te in .
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T h e  e x t r a c te d  p ro te in s  w e r e  f r a c t io n a te d  o n  12 .5%  p o ly a c r y la m id e  g e ls  o n e 

d im e n s io n a l  SD S -PA G E  (L a e m m li,  1970) a n d  v is u a l iz e d  b y  C o o m a s s ie  b r i l l ia n t  b lu e  

s ta in in g  (M e y e r  a n d  L a m b e r ts ,  1965; s e e  in  A p p e n d ix  B). T h e  s ta in e d  g e ls  w e re  

e x c is e d  a c c o rd in g  t o  m o le c u la r  w e ig h t  ra n g e  o f  p r o te in  la d d e r  (s e e  in A p p e n d ix  B).

1.4 In-gel digestion

T h e  g e l f ra g m e n ts  in e a c h  m a rk e r  (m a rk e r  A  t o  m a rk e r  F) w e re  s u b je c t e d  to  

in -g e l d ig e s t io n  u s ing  an  in -h o u s e  m e th o d  d e v e lo p e d  b y  J a re s it th ik u n c h a i et ai. 

(2 009 . B r ie f ly , t h e  g e l p lu g s  w e re  w a s h e d  tw ic e  w ith  s te r i le  m i l l i  Q  w a te r , 

d e h y d r a te d  w ith  100%  A C N  a n d  d r ie d  a t r o o m  te m p e ra tu r e .  T h e n , d r ie d  g e l p lu g s  

w e r e  r e d u c e d  w ith  10 m M  D T T /1 0  m M  a m m o n iu m  b ic a rb o n a te  a t ro o m  

te m p e ra t u r e  fo r  an  h o u r  a n d  a lk y la t e d  w ith  100  m M  io d o a c e ta m id e  (IA M )/10 m M  

a m m o n iu m  b ic a rb o n a te  a t r o o m  te m p e ra tu r e  fo r  a n  h o u r  in  a d a rk  c o n ta in e r .  A f te r  

th a t , t h e  g e l p lu g s  w e re  d e h y d r a te d  fo r  t h r e e  t im e s  w ith  100%  A C N  fo r  5 m in , th e n  

40  p L  o f  t ry p s in  s o lu t io n  (10  n g /p L  t ry p s in  in  50%  A C N /1 0  m M  a m m o n iu m  

b ic a rb o n a te )  w a s  a d d e d  t o  t h e  g e l p lu g s  a n d  in c u b a te d  a t r o o m  t e m p e ra tu r e  fo r  2 0  

m in , t h e n  30%  A C N  w a s  a d d e d  a n d  f o l lo w e d  b y  in c u b a t io n  o v e rn ig h t  a t  ro o m  

t e m p e ra tu r e .  A f te r  d ig e s t io n , t h e  d ig e s te d  p e p t id e s  w e re  e x t r a c te d  f r o m  ge l p lu g s  

w ith  3 0  p L  o f  50%  A C N /0 .1 %  T F A  a t r o o m  te m p e ra t u r e  fo r  10 m in  in  a n  o r b ita l 

sh a ke r. T h e  e x t r a c te d  p e p t id e s  w e re  c o l le c t e d ,  p o o le d  a n d  o v e rn ig h t  d r ie d  b y  h o t  

a ir o v e n  a t 40°c . T h e  d r ie d  p e p t id e s  w e re  k e p t  a t  -8 0 ° c  fo r  fu r th e r  m a ss  

s p e c t r o m e t r ic  a n a ly s is .

1.5 Liquid chromatography-electrospray ionization tandem mass 
spectrometry (LC-ESI MS/MS)

T h e  d ig e s te d  p e p t id e s  w e re  a n a ly z e d  b y  U lt im a te  3 0 0 0  LC  s y s te m  (D io n e x ) 

c o u p le d  w ith  ES I-lon  T ra p  M S  (H C T  u lt r a  P T M  D is c o v e ry  S y s te m ; B ru ke r) w ith  

e le c t r o s p r a y  a t a f lo w  ra te  o f  20  p L /m in  t o  p - p r e c o lu m n  ( M o n o li t h ic  T ra p  C o lu m n ,  

2 0 0  p m  i.d . x  5 cm ). T h e  p e p t id e s  w e re  s e p a ra te d  o n  a n a n o  c o lu m n  ( M o n o li t h ic  

C o lu m n ,  100  p m  i.d. X 5 c m )  a t a f lo w  ra te  o f  1.0 p lV m in .  A  s o lv e n t  g ra d ie n t  ( S o lv e n t  

A: H 20 ,  0 .1%  FA; s o lv e n t  B: 20%  H 20 ,  80%  A C N , 0 .1%  FA) w a s  s ta r te d  a s  b e in g  10%  

- 70% , s o lv e n t  B a t  0 -1 3  m in , 90%  s o lv e n t  B a t 13 -15  m in  a n d  10%  s o lv e n t  B a t 15- 

2 0  m in .
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1.6 Protein quantitation and identification

T h e  a c q u ire d  L C -M S /M S  d a ta  f ro m  t h e  d if f e r e n t  s a m p le s  w e r e  d is p la y e d  

u s in g  D e C y d e rM S  D if fe re n t ia l A n a la y s is  s o f tw a re  (D e C y d e rM S , G E  H e a lth c a re ;  

J o h a n s s o n  et at., 2006 ; T h o r s e l l  et at., 2007). T o  a c h ie v e  p e p t id e  d e te c t io n ,  

a c q u ir e d  L C -M S /M S  raw  d a ta  w e re  c o n v e r t e d  a n d  t h e  P e p D e te c t  m o d u le  w a s  u s e d  

fo r  a u t o m a te d  p e p t id e  d e te c t io n ,  c h a rg e  s ta te  a s s ig n m e n t, a n d  q u a n t it a t io n  b a s e d  

o n  t h e  p e p t id e  io n s  s ig n a l in te n s it ie s . M S /M S  d a ta  c o r r e s p o n d in g  t o  t h e  d e te c t e d  

p e p t id e s  w a s  e x p o r t e d  a n d  s e a rc h e d  in  t h e  N a t io n a l C e n te r  fo r  B io te c h n o lo g y  

In fo rm a t io n  (NCBI) n o n  r e d u n d a n t  d a ta b a s e  w ith  M a s c o t  s o f tw a re  (M a tr ix  S c ie n c e , 

L o n d o n ,  UK; P e rk in s  et at., 1999). S e a rc h  p a ra m e te r s  w e r e  s e t  as fo l lo w s :  p e p t id e  

t o le r a n c e  (±1.2 Da), N CB In r d a ta b a s e , Oryza sativa L. ( ta x o n o m y ) , 

c a r b a m id o m e th y la t io n  o f  c y s te in e  (f ix e d  m o d if ic a t io n ) ,  a n d  m e th io n in e  o x id a t io n  

(v a r ia b le  m o d if ic a t io n ) .  P ro te in  s c o re s  w e re  d e r iv e d  f r o m  io n  s c o re s  as a n o n -  

p r o b a b il is t ic  ba s is  fo r  rank ing  p ro te in  h its , a n d  d e r iv e d  as t h e  s u m  o f  a s e r ie s  o f  

p e p t id e  s co re s . T o  a c h ie v e  p < 0 .05 , t h e  s c o re  t h r e s h o ld  w a s  s e t  b y  M a s c o t  a lg o r ith m  

b a s e d  o n  th e  s iz e  o f  t h e  d a ta b a s e  u s e d  in  t h e  s e a rc h . T h e  id e n t if ie d  p ro te in  d a ta  

w e r e  im p o r te d  b a c k  in to  D e C y d e r  M S .

1.7 Gene ontology and expression clustering

T h e  id e n t if ie d  p r o te in s  w e re  u s e d  fo r  g e n e  o n t o lo g y  (G O ) u s in g  r ic e  g e n o m e  

a n n o t a t io n  p ro je c t  (h t tp : / / r ic e .p la n tb io lo g y .m s u .e d u ). T h e  s ig n if ic a n t ly  e x p re s s e d  

p ro te in  in  th e  h ie ra rc h ic a l c lu s te r in g  w a s  g e n e ra te d  b y  M u lt i  E x p e r im e n t  V ie w e r  

(M EV ) s o f tw a re  (S a e e d  et at., 2 0 03 ) u s ing  t - te s t  p  v a lu e  < 0 .05  a n d  P e a rso n  

c o r r e la t io n .

1.8 Gene co-expression network construction

T h e  lo c u s  n u m b e r s  o f  s ig n if ic a n t ly  e x p re s s e d  p ro te in s  w e r e  s u b je c t e d  to  

c o n s t r u c t  th e  g e n e  c o -e x p re s s io n  n e tw o rk  in R ice  O l ig o n u c le o t id e  A r ra y  D a ta b a s e  

(h t tp : / /w w w .r ic e a r r a y .o rg / c o e x p re s s io n /n e tw o rk .s h tm l; C a o  et at., 2012). T h e  

p r e d ic t e d  lo c a l iz a t io n  o f  t h e  g e n e  c o - e x p re s s io n  n e tw o rk  a n d  G O  w e re  re tr ie v e d  

f r o m  R ic e  G e n o m e  A n n o t a t io n  P ro je c t  (h t tp : / / r ic e .p la n tb io lo g y .m s u .e d u ; O u y a n g  et 
at., 2007).

http://rice.plantbiology.msu.edu
http://www.ricearray.org/coexpression/network.shtml
http://rice.plantbiology.msu.edu
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.9 Determination of proteomic-based chitosan-responsive gene expression 
by quantitative real-time polymerase chain reaction (qPCR)

1.9.1 Total RNA extraction and cDNA preparation

F ro z e n  t is s u e  w a s  g ro u n d  in  l iq u id  n it ro g e n  w ith  p e l le t  p e s t le  in a 

m ic ro c e n t r ifu g e  t u b e  t o  a f in e  p o w d e r .  T o t a l  R N A  w a s  is o la t e d  u s ing  C o n c e r t™  

P la n t  R N A  re a g e n t  (In v itrog en ) a c c o rd in g  t o  m a n u fa c tu r e r ’ s p r o to c o l.  

C o n ta m in a te d  D N A  w a s  e l im in a t e d  b y  D N A se  I d ig e s t io n  a t 3 7 °c  fo r  a n  h o u r  

a c c o rd in g  t o  m a n u fa c tu r e r ’ s p r o to c o l.  T r e a te d  R N A  w a s  e lu t e d  in  2 0  p L  e lu t io n  

b u ffe r  a n d  th e  c o n c e n t r a t io n  w a s  d e te r m in e d  b y  s p e c t r o p h o to m e t r y .

O n e  m ic ro g ra m  o f  th e  D N a s e - t re a te d  R N A  w a s  a d d e d  t o  t h e  iS c r ip t™  

R e ve rse  T ra n s c r ip t io n  S u p e rm ix  a c c o rd in g  t o  m a n u fa c tu r e r ’ s in s t ru c t io n  (B io - 

Rad , USA). T h e  r e a c t io n  w a s  in c u b a te d  in  P C R  m a c h in e  a t  2 5 ° c  fo r  5 m in , 42 °c  

fo r  30  m in , a n d  8 5 °c  fo r  5 m in .

1.9.2 qPCR amplification

T h e  q P C R  a m p li f ic a t io n  b y  S s o F a s t™  E va G re e n ®  S u p e rm ix  a c c o rd in g  to  

m a n u fa c tu r e r ’ s in s t ru c t io n  (B io -R ad , U SA ) w a s  p e r fo rm e d  o n  a C F X 9 6  R e a l-T im e  

PC R  D e te c t io n  S y s te m  (B io -R ad , U SA ) in  a f in a l v o lu m e  o f  2 0  p i  u s in g  1 p i  o f  

cD N A , 10 p i  o f  2x  S so F a s t™  E va G re e n ®  S u p e rm ix , 2 5 0  n M  g e n e - s p e c if ic  p r im e rs  

a n d  7 p i  s te r i le  w a te r . T h e  a m p li f ic a t io n  c y c l in g  c o n d it io n  w e re  as fo llo w s :  

e n z y m e  a c t iv a t io n  a t 9 5 °c  fo r  30  s e c o n d ,  f o l lo w e d  b y  4 0  c y c le s  o f  d é n a tu ra t io n  

a t 95 °c  fo r  5 s e c o n d , a n n e a lin g  a n d  e x te n s io n  a t 5 5 ° c  (fo r OsBRLl a n d  OsPSKR) 

o r  5 8 °c  (fo r OsEFlOi) ° c  fo r  5 m in .

T h e  s p e c if ic  p r im e rs  fo r  q P C R  a m p li f ic a t io n  w e re  d e s ig n e d  m a n u a l ly  a n d  

c o n f irm e d  w ith  t h e  O lig o A n a ly z e r  3.1 s o f tw a re  (w w w . id td n a .c o m ) a n d  NCBI 

P r im e r -B L A S T  to o l.  T h e  OsEFlCX, t h e  h o u s e k e e p in g  g e n e , w e re  u s e d  as an  

e n d o g e n o u s  r e fe re n c e  gene .

http://www.idtdna.com
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2. Identification and characterization of some chitosan-responsive genes in 
Arabidopsis

2.1 Determination of chitosan concentration for chitosan insensitive 
screening

T o  f in d  t h e  a p p ro p r ia te  c h ito s a n  c o n c e n t r a t io n  fo r  m u ta n t  s c re e n in g , w ild -  

t y p e  Arabidopsis (C o l)  w e re  t e s t e d  o n  vs> M S  m e d iu m  (pH  5 .8) w ith  c h ito s a n  0 8 0  a t 

c o n c e n t r a t io n  o f  0, 20 , 40 , 60  a n d  80  m g /L . P h e n o ty p e s  o f  Arabidopsis r e s p o n d in g  

to  c h ito s a n  a p p lic a t io n  w e re  o b s e r v e d  t o  s e le c t  th e  e a s ie s t  v is u a l m e th o d  th e  

e v a lu a t io n  fo r  m u ta n t  p h e n o ty p e .

2.2 Transcriptomic analysis of chitosan-responsive genes in Arabidopsis

2.2.1 Plant materials

W ild - t y p e  C o l  s e e d s  w e re  s t e r i l iz e d  a n d  g ro w n  o n  V2 M S  m e d iu m  (pH  

5.8) w ith  o r  w it h o u t  80  m g /L  0 8 0  c h ito s a n  fo r  10 d a y s  in  a c o n t r o l le d  g ro w th  

r o o m  a t 2 2  ° c  ± 2  °c. W h o le  p la n t  t is s u e s  w e re  c o l le c t e d ,  th e n  im m e d ia t e ly  

f ro z e n  in l iq u id  n it ro g e n  a n d  s to re d  a t -8 0 °c  p r io r  t o  R N A  e x t ra c t io n . T h e  

e x p e r im e n t  w a s  p e r fo rm e d  w ith  c o m p le t e ly  r a n d o m iz e d  d e s ig n  (CRD) w ith  tw o  

in d e p e n d e n t  b io lo g ic a l re p lic a te s .  E a ch  r e p l ic a te  c o n s is t e d  o f  a p o o l  o f  10 

p la n ts .

2.2.2 Total RNA extraction

F ro z e n  t is s u e  w a s  g ro u n d  in l iq u id  n it ro g e n  w ith  p e l le t  p e s t le  in  a 

m ic ro c e n t r ifu g e  t u b e  t o  f in e  p o w d e r .  T o t a l  R N A  w a s  is o la t e d  u s ing  C o n c e r t™  

P la n t  R N A  re a g e n t  (In v itrog en ) a c c o rd in g  t o  m a n u fa c tu r e r ’ s p r o to c o l.  

C o n ta m in a te d  D N A  w a s  e l im in a t e d  b y  D N A se  I d ig e s t io n  a t 3 7 °c  fo r  an  h o u r  

a c c o rd in g  t o  m a n u fa c tu r e r ’ s p r o to c o l.  T r e a te d  RN A  w a s  e lu t e d  in  2 0  p L  e lu t io n  

b u ffe r  a n d  t h e  c o n c e n t r a t io n  w a s  d e te rm in e d  b y  N a n o D ro p  1000  

S p e c t r o p h o to m e te r .
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2.2.3 Library preparation and Illumina sequencing

A l l  l ib ra r ie s  w e re  p re p a re d  a c c o rd in g  to  B u rk a r t-W a c o  et a t  (2013). เ ท  

sh o rt , 10 pg o f  t o t a l  R N A  w a s  s u b je c te d  to  p u r ify  m R N A  u s ing  D y n a b e a d s  

(Inv itrogen ). F ir s t -s t ra n d  c D N A  w a s  s y n th e s iz e d  w ith  r a n d o m  p r im e r  u s ing  

S u p e rsc r ip t®  III R e v e rse  T ra n s c r ip ta s e  (In v itrog en ) f o l lo w e d  b y  s e c o n d - s t r a n d  

c D N A  sy n th e s is . T h e  c D N A  w a s  c le a n e d  u s in g  A M P u re  X P  (B e c k m a n  C o u lt e r  

G e n o m ic s )  w ith  a 1.8:1 ra t io  (A M P u re :s a m p le  re a c t io n )  (v/v). T h e n , e a c h  l ib ra ry  

w a s  f r a g m e n te d  b y  d s D N A  f ra g m e n ta s e  (N e w  E n g la n d  B io la b s ;  NEB) a n d  c le a n e d  

w ith  A M P u re . T h e  f r a g m e n t  w a s  t ra n s fo rm e d  in to  b lu n t  e n d  b y  E n d  R e p a ir  

M o d u le  E n z y m e  M ix  (NEB) a n d  a d d e d  ‘ A ’ b a s e  t o  3 ’ - e n d  b y  K le n o w  f ra g m e n t  

(NEB). E a ch  s te p  w a s  f o l lo w e d  b y  A M P u re  c le a n u p .  B io o  S c ie n t i f ic ’ s N E X T f le x ™  

D N A  b a r c o d e  a d a p te rs  w e re  l ig a te d  to  t h e  e n d  o f  D N A  fra g m e n ts  b y  Q u ic k  lig a se  

(NEB). T h e  f in a l p r o d u c t  w a s  p u r if ie d  u s ing  A M P u re  w ith  ra t io  0.7:1 (v/v), th e n

0.8:1 (v/v) t o  ge t t h e  f r a g m e n ts  b e tw e e n  3 0 0 -3 5 0  b p  a n d  e lu t e d  in 2 0  p L  e lu t io n  

b u f fe r  (Q iagen).

F o r  e n r ic h m e n t  o f  e a c h  lib ra ry , 10 p L  w a s  a m p li f ie d  w ith  t h e  fo l lo w in g  

re a c t io n :  15 p L  P h u s io n  2 x  FHF m a s te r  m ix  (NEB), 3 p L  w a te r , a n d  2 p L  5 p M  

p re m ix e d  PE p r im e rs . T h e  r e a c t io n  c o n d it io n  w a s  9 8 °c  fo r  30  ร; 14 c y c le s  o f  

9 8 °c  fo r  10 ร, 6 5 °c  fo r  3 0  ร, a n d  72 °c  fo r  3 0  ร; f in a l e x t e n s io n  a t  7 2 °c  fo r  5 m in . 

T h e  a m p l ic o n  w a s  c le a n e d  w ith  A M P u re  w ith  0.8:1 ra t io  (v /v ) a n d  q u a l i f ie d  a n d  

q u a n t if ie d  u s ing  th e  A g i le n t  B io A n a ly z e r .  A l l  l ib ra r ie s  w e re  s e q u e n c e d  b y  

l lu m in a ’ s G e n o m e  A n a ly z e r  II (บ c  D av is  G e n o m e  C e n te r  D N A  T e c h n o lo g ie s  C o re  

F a c ility )  (5 0 -b p  s in g le -e n d  re a d s )  a c c o rd in g  t o  m a n u fa c tu r e r ’ s in s t ru c t io n s .
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2 .2 .4  C o m p u t a t io n a l  a n a ly s is ,  s e q u e n c e  p r o c e s s in g  a n d  e x p r e s s io n  

a n a ly s is

A l l  s e q u e n c e s  w e re  p r o c e s s e d  a c c o rd in g  t o  B u rk a r t -W a c o  et a i  (2013). 

E a ch  l ib ra ry  w a s  a lig n e d  t o  TA IR 10  c D N A  d a ta b a s e . G e n e  e x p re s s io n  w a s  

e v a lu a te d  b y  u s ing  th e  R p a c k a g e  D E S e q  (v e rs io n  1.6.1; 

h t tp : / / b io c o n d u c to r .o r g / p a c k a g e s / r e le a s e / b io c / h tm l/ D E S e q .h tm l) (A n d e rs  a n d  

H u b e r , 2010). A l l  re a d  c o u n t s  w e re  a c c o u n te d  t o  e a c h  l ib ra ry  a n d  n o rm a l iz e d  

b e tw e e n  a l l  l ib ra r ie s  b y  s c a le d  re a d  c o u n t s  u p  o r  d o w n . T o  re tr ie v e  

d if f e r e n t ia l ly  e x p re s s e d  g e n e s , t h e  t h r e s h o ld  w a s  s e t  a t  a d ju s te d  p < 0 .05  

(B e n ja m in i a n d  Y e k u t ie li ,  2005). G e n e  d e s c r ip t io n s  a n d  G O  w e re  re tr ie v e d  fro m  

T h e  A ra b id o p s is  In fo rm a t io n  R e s o u rc e  (TAIR) a n d  M a p C a p e  (T h im m  et a i,  2004).

2 .2 .5  G e n e  c o - e x p r e s s io n  n e t w o r k  c o n s t r u c t io n

T h e  lo c u s  n u m b e r  o f  s ig n if ic a n t ly  d if f e r e n t ia l ly  e x p re s s e d  g e n e s  w e re  

s u b je c te d  to  c o n s t r u c t  t h e  g e n e  c o -e x p re s s io n  n e tw o rk  in  A ra b id o p s is  

In te ra c t io n s  V ie w e r  in B io -A n a ly t ic  R e s o u rc e  d a ta b a s e  ( th e  BAR; v e r s io n  13-06; 

T o u f ig h i et a i,  2 0 05 ) a n d  v is u a l iz e d  b y  C y to s c a p e  3 .0 .2  (S a ito  et at., 2012). 

G e n e  g ro u p  a n a ly s is  w a s  e x p lo r e d  b y  re tr ie v in g  g e n e  l is t  f r o m  C o e x S e a rc h  a n d  

g e n e  o n t o lo g y  in  ATTED-II (v e rs io n  7.1; O b a y a s h i et at., 2 011 )

2 .3  E M S - m u ta g e n e s is  Arabidopsis s e e d  p r e p a r a t io n

Arabidopsis thatiana e c o t y p e  C o lu m b ia - 0  (C o l)  s e e d s  w e re  m u ta g e n iz e d  b y  

t r e a te d  w ith  e t h y l  m e th a n e s u lf o n a te  (EM S) a c c o rd in g  t o  C o rn a i la b o r a t o r y ’ s 

p r o to c o l.  เท sh o rt , s e e d s  w e re  w a s h e d  w ith  4 m L  d is t i l le d  w a te r  w ith  0 .1%  T w e e n  

2 0  in  s c in t i l la t io n  v ia l. T h e  v ia l w a s  a g ita te d  a t 180 rp m  fo r  15 m in , t h e n  w a te r  w a s  

d is c a rd e d . S e e d s  w e re  w a s h e d  fo u r  t im e s  w ith  4 m L  d is t i l le d  w a te r  a n d  a g ita te d  a t 

180 rp m  fo r  5 m in . A f te r  w a sh in g , s e e d s  w e re  t r e a te d  w ith  2 5  m M  E M S  a n d  a g ita te d  

a t 180  rp m  fo r  17 h. T re a te d  s e e d s  w e r e  w a s h e d  f iv e  t im e s  w ith  4 m L  d is t i l le d  

w a te r  a t  180  rp m  fo r  5 m in  a n d  s to re d  a t  4°c fo r  2 -3  d a y s  b e fo re  so w in g . A l l  s o lu t io n  

a n d  d is p o s a b le  e q u ip m e n t  c o n ta m in a te d  w ith  E M S  w e re  d is p o s e d  in to  1 M  N aO H . 

M u ta g e n iz e d  s e e d s  ( M l )  w e re  p la n t e d  o n  s o i l  in  a c o n t r o l le d  g ro w th  r o o m  a t 2 2  °c 
± 2 °c  fo r  2  m o n th s  t o  o b ta in  M 2 s e e d s . A f te r  th a t, M 2 s e e d s  o f  5 -1 0  M ! p la n t s  p e r  

p o o l  w e re  c o l le c t e d  a n d  u s e d  as a p o p u la t io n  fo r  c h ito s a n  in s e n s it iv e  p h e n o ty p e  

sc re e n in g .

http://bioconductor.org/packages/release/bioc/html/DESeq.html
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2.4 Screening of ทานtagenized Arabidopsis with chitosan-insensitive 
phenotype

T h e  p o o ls  o f  M 2 s e e d  w e re  s c r e e n e d  o n  80  m g /L  0 8 0  c h ito s a n  

s u p p le m e n t e d  m e d iu m  w ith  t h e  s a m e  g ro w th  c o n d it io n  as d e s c r ib e d  in  s te p  2 .1 . 

T h e  s e le c t e d  p la n t s  w e re  t ra n s fe r re d  a n d  g ro w n  in d iv id u a l ly  o n  s o i l  fo r  2  m o n th s , 

t h e n  t h e  M 3 s e e d s  f ro m  in d iv id u a l m u ta n t  w e re  s e p a ra te ly  c o l le c t e d  fo r  t h e  s e c o n d  

ro u n d  o f  s c re e n in g .

T o  s e le c t  c h ito s a n - in s e n s it iv e  m u ta n t  p la n ts ,  t h e  M 3 s e e d s  w e re  s u r fa c e -  

s t e r i l iz e d  a n d  g ro w n  o n  V2 M S  m e d iu m  w ith  o r  w it h o u t  c h ito s a n  fo r  10 d a y s . T o  

c o n f irm  th e  e x is t e n c e  o f  t h e  in s e n s it iv e  p h e n o ty p e s ,  t h e  th ird  a n d  fo u r th  s c re e n in g  

w ith  t h e  sa m e  c o n d it io n  w e re  p e r fo rm e d . T h e  p o s it iv e  c a n d id a te  M 3 p la n t s  w e re  

c ro s s e d  t o  c o m m o n ly  u s e d  b a c k g ro u n d  l in e , L a n d s b e rg  erecta (Ler) a n d  C o l  to  

c h e c k  th e ir  g e n e t ic  c h a ra c te r is t ic s  i.e. p h e n o ty p e s  a n d  m o d e  o f  in h e r ita n c e . T h e  

c ro s s  s e e d s  (F j) w e re  p la n t e d  o n  s o i l  t o  g e n e ra te  F 2 p ro g e n y . T h e  p o o ls  o f  F 2 

p ro g e n y  o f  e a c h  c a n d id a t e  m u ta n t  w e r e  s e le c t e d  o n  t h e  s e le c t iv e  m e d iu m  as t h e  

s a m e  g ro w th  c o n d it io n  as d e s c r ib e d  a b o v e .  R e c e s s iv e  p o o l  o f  F 2 p ro g e n y  w a s  

s e q u e n c e d  in  t h e  fo l lo w in g  s te p s .

2.5 Genomic DNA extraction

G e n o m ic  D N A  o f  r e c e s s iv e  p o o l  o f  F 2 p ro g e n y  w a s  is o la t e d  u s in g  p la n t  D N A  

e x t r a c t io n  b u f fe r  (s e e  in  A p p e n d ix  A ) a c c o rd in g  t o  la b o r a to r y ’ s p r o to c o l.  เท sh o rt , 

5 0  m g o f  p la n t  t is s u e s  w a s  g ro u n d  in  l iq u id  n it ro g e n  t o  a f in e  p o w d e r  w ith  p e l le t  

p e s t le  in m ic ro c e n t r ifu g e  tu b e .  T h e  5 0 0  p L  D N A  e x t r a c t io n  b u f fe r  w a s  a d d e d  a n d  

t h o ro u g h ly  m ix e d . T h e  m ix tu re  w a s  s e p a ra te d  b y  c e n t r ifu g a t io n  a t  13 ,000  rp m  fo r  

10 m in . S u p e rn a ta n t  w a s  t ra n s fe r re d  t o  a n e w  m ic ro c e n t r ifu g e  tu b e ,  a d d e d  0 .7  m L  

is o p r o p a n o l a n d  m ix e d  b y  in v e rt in g  f o l lo w e d  b y  c e n t r ifu g a t io n  a t 1 3 ,000  rp m  fo r  5 

m in . P e l le t  w a s  r e s u s p e n d e d  in  100 p L  TE . T o  r e m o v e  c o n ta m in a te d  RNA, t h e  

r e a c t io n  w a s  in c u b a te d  w ith  25  pg R N a se  A  a t 37  ° c  fo r  an  h o u r  f o l lo w e d  b y  p h e n o l 

e x t r a c t io n  a n d  e t h a n o l p re c ip ita t io n .  T h e  D N A  w a s  r e s u s p e n d e d  in  50  p L  TE . D N A  

q u a n t it y  a n d  q u a l i t y  w e re  d e te r m in e d  u s in g  s p e c t r o p h o to m e t r y  a n d  th e  

v is u a liz a t io n  o n  t h e  1% a g a ro se  in  0 .5 x  T B E , r e s p e c t iv e ly .
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2.6 Library preparation and genome sequencing of mutants

5 0 0  ng o f  g e n o m ic  D N A  w a s  f r a g m e n te d  b y  d sD N A  fra g m e n ta s e . T h e  

r e a c t io n  w a s  in c u b a te d  a t 37  ° c  fo r  45  m in  a n d  s t o p p e d  b y  a d d in g  5 p L  o f  0 .5 M  

E D T A  t o  t o t a l  re a c t io n . T h e  fra g m e n t  w a s  p u r if ie d  u s ing  A m p u re  a c c o rd in g  to  

la b o r a t o r y ’ s p r o to c o l.  T h e  f ra g m e n t  w a s  t ra n s fo rm e d  in to  b lu n t  e n d  a n d  a d d e d  

‘A ’ b a s e  t o  3 ’ -e n d  b y  p o ly m e r a s e  e n z y m e  m ix  a n d  K le n o w  fra g m e n t, r e s p e c t iv e ly .  

B io o ’ s a d a p te rs  w e re  l ig a te d  t o  t h e  e n d  o f  D N A  fra g m e n ts . T h e  p r o d u c t  w a s  p u r if ie d  

u s ing  A m p u r e  b y  3 0 0  to  3 5 0  b p  s iz e - s e le c t io n .

T o  a m p li f y  t h e  a m o u n t  o f  D N A  in  t h e  lib ra ry , t h e  PC R  w a s  p e r fo rm e d  w ith  

B io o ’ s p r im e r . T h e  p r o t o c o l  w a s  98  °c  fo r  30  se c , 14 c y c le s  o f  98  °c  fo r  10 se c , 65 

°c fo r  30  se c , a n d  72  ° c  fo r  30  s e c  f o l lo w e d  b y  72  °c  fo r  5 m in , a n d  h o ld  a t 10 °c. 

T h e  a m p l ic o n  w a s  q u a n t if ie d  SYB R  G re e n  I b y  ru n n in g  o n  1.5%  a g a ro se  g e l w ith  lo w  

m a s s  la d d e r .  E n r ic h m e n t  r e a c t io n  w e re  p u r if ie d  w ith  A M P u re  (0.8:1) a n d  q u a n t if ie d  

w ith  T h e  Q u b it®  2 .0  F lu o r o m e te r .  T h e  l ib ra r ie s  w e re  s e q u e n c e d  o n  o n e  la n e  u s ing  

l l lu m in a ’ s G e n o m e  A n a ly z e r  II ( 5 0 -b p  s in g le - e n d  re ad s ) a c c o rd in g  t o  m a n u fa c tu r e r ’ s 

in s t ru c t io n s .

2.7 Data processing and gene mutation prediction

R e a d s  f r o m  I llu m in a  s e q u e n c in g  w e re  p ro c e s s e d  in  a b io in fo rm a t ic  p ip e l in e  

fo r  s e q u e n c e  a l ig n m e n t  w ith  B W A  (v e rs io n  0 .7 .3a) a n d  S A M to o ls  (v e rs io n  g ith u b -  

1.18). T h e  s e q u e n c e s  w e re  m a p p e d  to  Arabidopsis r e fe r e n c e  g e n o m e  TA IR 10 . A f te r  

a n a ly s is , t h e  lis t  o f  c a n d id a te  g e n o m e  p o s it io n s  w ith  a s s o c ia te d  m u ta t io n a l e f fe c t s  

w a s  o b ta in e d .  T h e  r e s u lt  w a s  a n a ly z e d  b y  S n p E f f  p ro g ra m  (C in g o la n i et a i,  2012 ) 

to  p r e d ic t  t h e  e f fe c t s  o f  v a r ia n ts  o n  g e n e s  s u c h  as s in g le - n u c le o t id e  p o ly m o rp h is m s  

(SNPs), m u lt ip le - n u c le o t id e  p o ly m o rp h is m s  (M N P s) a n d  in s e r t io n - d e le t io n  (In -de l) in 

t h e  w h o le  g e n o m e  s e q u e n c e s .  A n n o t a te d  g e n e s  c a n  b e  c la s s if ie d  in to  s y n o n y m o u s  

o r n o n - s y n o n y m o u s  SN Ps , s t o p  c o d o n  ga in s o r  lo s s e s .

T o  d e te rm in e  w h ic h  m u ta t io n  a c t u a l ly  c a u s e d  th e  d a m a g e , t h e  p r o b a b il i t y  

o f  a n  a m in o  a c id  s u b s t itu t io n  t h a t  a f fe c ts  p ro te in  fu n c t io n  w a s  e v a lu a te d  u s ing  SIFT 

(K u m a r  et a i,  2009). T h e  p r e d ic t io n  b a s e d  o n  th e  d e g re e  o f  a m in o  a c id  re s id u e s  

c o n s e r v a t io n  in  s e q u e n c e  a l ig n m e n ts  f r o m  c lo s e ly  r e la t e d  s e q u e n c e s  th ro u g h  PSI- 

B L A S T  in  NCBI.
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.8 Mutant ordering and confirmation

2.8.1 Mutant ordering from ABRC

T h e  p r e d ic t e d  m u ta t io n  f r o m  s te p  2 .7 w a s  s e a rc h e d  fo r  T -D N A  in s e r t io n  

m u ta n t  f r o m  A ra b id o p s is  B io lo g ic a l R e s o u rc e  C e n te r  (ABR C) s e e d  s to c k .

2.8.2 Mutant confirmation

G e n o m ic  D N A  w a s  e x t r a c te d  f r o m  A B R C  m u ta n t s  as p r e v io u s ly  d e s c r ib e d  

in  s t e p  2 .5 . 100  ng o f  g e n o m ic  D N A  w a s  u s e d  as t e m p la t e  fo r  PC R  a m p li f ic a t io n  

w ith  s p e c if ic  p r im e rs  (s e e  in  A p p e n d ix  D) d e s ig n e d  b y  se a rc h in g  S A L K  T -D N A  

l in e s  in  S A L K  T -D N A  v e r if ic a t io n  p r im e r  d e s ig n . T h e  p r o t o c o l  w a s  94  °c  fo r  5 

m in , 30  c y c le s  o f  9 4  °c  fo r  30  se c , 5 4  °c  fo r  30  se c , a n d  72  °c  fo r  1 m in  f o l lo w e d  

b y  7 2  °c  fo r  7 m in , a n d  h o ld  a t 10 °c. T h e  a m p lic o n  w a s  q u a lif ie d  b y  ru n n in g  

o n  1% a g a ro se  g e l w ith  G e n e R u le r™  l k b  D N A  la d d e r  p lu s .

T o  d e te c t  t h e  le v e l  o f  R N A  in  A B R C  m u ta n ts ,  t o t a l  R N A  w a s  e x t r a c te d  

as p r e v io u s ly  d e s c r ib e d  in  s t e p  2 .2 .2 . D N a s e - t re a te d  R N A  w a s  e lu t e d  in  20  p L  

e lu t io n  b u f fe r  a n d  th e  c o n c e n t r a t io n  w a s  d e te rm in e d  b y  s p e c t r o p h o to m e te r .  

O n e  m ic ro g ra m  o f  t h e  D N a s e - t re a te d  R N A  w a s  a d d e d  t o  t h e  iS c r ip t™  R e v e rs e  

T r a n s c r ip t io n  S u p e rm ix  a c c o rd in g  t o  m a n u fa c tu r e r 's  in s t ru c t io n .

F ir s t - s t ra n d  c D N A  w a s  s u b je c t e d  t o  re v e rs e  t ra n s c r ip t io n  P C R  (R T -PCR ) 

r e a c t io n  w ith  g e n e -s p e c if ic  p r im e rs  ( s e e  in A p p e n d ix  D). T h e  s p e c if ic  p r im e r  

p a irs  fo r  a m p li f ic a t io n  w e re  d e s ig n e d  m a n u a lly  a n d  c o n f irm e d  w ith  t h e  

O l ig o A n a ly z e r  3.1 s o f tw a re  (w w w . id td n a .c o m ) a n d  NCBI P r im e r -B L A S T  t o o l  

(h t tp : / / w w w .n c b i.n lm .n ih .g o v / to o ls / p r im e r -b la s t / ). AtEFl cc, a h o u s e k e e p in g  

g ene , w e r e  u s e d  as a n  e n d o g e n o u s  r e fe re n c e  g e n e . T h e  p r o t o c o l  w a s  94  °c 

fo r  5 m in , 28  o r  32  (fo r l in e  1 a n d  8 ) c y c le s  o f  9 4  ° c  fo r  3 0  se c , 5 3  °c  fo r  3 0  se c , 

a n d  72  °c  fo r  3 0  s e c  f o l lo w e d  b y  72  °c  fo r  7 m in , a n d  h o ld  a t 10 °c. T h e  

a m p l ic o n  w a s  q u a lif ie d  b y  ru n n in g  o n  1.5%  a g a ro se  g e l w ith  G e n e R u le r™  l k b  

D N A  la d d e r  p lu s .

http://www.idtdna.com
http://www.ncbi.nlm.nih.gov/tools/primer-blast/
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3. Identification of ortholog gene(s) involving in chitosan responses in rice

L o c u s  n u m b e r  (TAIR AGIs) o f  R N A -s e q  d a ta  a n d  p r e d ic t e d  m u ta t e d  g e n e s  w e re  

s u b je c t e d  t o  RICE DB 0 .6  (N arsa i et a t,  2 0 13 ) to  id e n t ify  o r th o lo g  g e n e s  in  r ice . T h e  

r e s u lt s  w e re  c o m p a re d  w ith  lo c u s  n u m b e r  o f  s ig n if ic a n t ly  e x p re s s e d  p ro te in s  f ro m  

p r o te o m ic  a n a ly s is .
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