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Glossary 
 
Reads: Nucleotide strings that are derived from sequencing of cDNA sample  libraries.  
Pair-ends: two sequencing reads that derive from both ends of the same cDNA molecule. 
Contig: a stretch of DNA sequence produced by joining a collection of overlapping 
reads. 
Scaffold: a series of ordered non-overlapping contigs that are linked by paired-end 
information. 
Genome coverage: a parameter for sequencing amount measurement, which can be 
calculated by dividing the total length of all sequenced reads by the genome size. 
Sequencing gaps: non-sequenced regions between contigs belonging to the same scaffold, 
which could be filled by walking over the corresponding contigs by tactical PCR and sequencing. 
Mapping: Aligning short reads from next generation sequencers to a reference genome. 
Assembly: Building contigs from sequence reads usually via an overlap consensus algorithm or de 
Bruijn graphs. 
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ABSTRACT: 

The stilbene biosynthetic pathway yielding products pinosylvin and pinosylvin monomethyl ether 

has been implicated in Scots pine’s (Pinus sylvestris) heartwood constitutive resistance to decay. 

This trait, which is very valuable in forest economies has been suggested to be genetically 

controlled. The molecular basis for this control is not known. Wounding by drilling in stems of 

Scots pine seedlings have been suggested to induce production of pinosylvin and pinosylvin 

monomethyl ether in xylem of these seedlings which transforms to heartwood on maturity.  The aim 

of this study was to elucidate the transcripts co-expressed with candidate genes in the stilbene 

biosynthesis pathway (Ps4CL, PsPAL, PsSTS and PsPMT) and their expression patterns, 

reconstruct a comprehensive transcriptome and decipher the difference between half sib families in 

the expression of transcripts reacting to the wounding of Scots pine seedlings using the next 

generation sequence (ABI SOLiD) profiling of RNA (RNA-Seq). Our bioinformatic pipeline 

involving de novo transcriptome assembly and scaffolding, read mapping and Digital gene 

expression (DGE) analysis were utilized to analyze this RNA-Seq data and its results were validated 

with quantitative PCR. The results show that RNA-Seq analysis generated 25,010 non redundant 

consensus sequences (representing expressed transcripts) and DGE revealed that the Scots pine 

seedling transcriptome was altered with up-regulation of 830 EST tags (genes) and down-regulation 

of 518 EST tags. PsSTS was induced in the wounding experiment while Ps4CL, PsPAL and PsPMT 

appeared to be expressed constitutively. Of the total 77,326 tags from the PGI EST list (our pseudo 

reference transcriptome), 29% (mean) of reads from eight RNA-Seq libraries were mapped to 

13,000 EST tags. QPCR results confirmed the RNA-Seq data although the latter appeared more 

sensitive. Read counts from mapped RNA-Seq could be used to distinguish differentially expressed 

genes between half sib families comprising of high and low decay resistance lines. We conclude 

that wounding Scots pine seedlings induced a large number of genes including PsSTS. With ABI 

SOLiD RNA-Seq and DGE technologies, the complex transcriptome of wounded Scots pine 

seedlings can be reconstructed, constituent expressed transcripts elucidated and half sib family lines 

with divergent decay resistant trait can be distinguished. 
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1 .  INT ROD UCTI ON 

 

S c o t s  p in e  (P in u s  sy lv e s t r i s )  p rod uc e s  in  i t s  h e ar t wo od  th e  mo s t  d u rab le  t im b er  

in  F in l an d  and  h as  an  e s ta b l i sh ed  fo r e s t  e c on o m y  in  t h e  c oun t ry.  I t  h as  b e e n  

e s t im at e d  t h a t  d u ri n g  th e  1 9 90 's  t h e  p rop o r t i on  o f  p in e  o u t  o f  th e  to t a l  

a r t i f i c i a l  re fo re s ta t i o n  a re a  in  F in l an d  w as  6 2  p e rc e n t ,  s p ru ce  2 9  p e rc e n t  and   

b i r c h  8  p e rc en t   a l th o u gh  d u rin g  t h e  p as t  f ew  ye a rs  th e  p r o p o r t io n  o f  p i n e  h as  

d ec re as ed  a n d  th a t  o f  s p ru c e  a n d  b i rc h  c o r re spo n d in g ly  in c re as e d  [1 ] .  Ab o u t  65  

p e rce n t  o f  fo re s t s  in  F in l an d  a re  p r i v a t e ly  o w n ed  h enc e  t h e re  i s  h i g h  d e m and  

fo r  h ig h  t i m b e r  q u a l i ty  an d  d e c ay  r e s i s ta n t  t re e  l i n e s .  S co ts  p in e  i s  v e ry  

po pu l ar  fo r  c o n s tru c t ion  u s e  o w in g  t o  th e  d e c ay  re s i s ta n c e  o f  i t s  h e a r tw o o d .  

He art wo od  e x t rac t ive s  o f  S co ts  p in e  a re  kn o wn  to  c on s t i tu t e  o f  a cc u mu la t e d  

ph eno l i c  co m po un ds  n am el y  re s in  ac i d s  (ab o u t  9 0  p e rce n t )   an d     ab ou t  1 0  

p e rce n t  s t i l b en es  n am e ly   p in o s ylv i n  (P S )  a n d  p i no s ylv i n  m o n o me th yl  e t h e r  

(P SM )  [2 , 3 ] .  T h e re  h as  b een  d ec a de s  o f  re s e a rc h  o n  s t i l b ene s  t o  d i ss e c t  th e i r  

ro l e s  as  c o ns t i t u t i ve  a n t i m ic ro b ia ls  r e s p on s ib l e  fo r  a n t i -d e c ay  a n d  du r ab i l i t y  

o f  ma n y  t re e  s p e c ie s  [4 ] .  S t i l b e n es  oc c u r  n at u ra l l y  in  a  n u m be r  o f  p la n ts  and  

a re  p r es e n t  in  w o od ,  b ark  a n d  l e av e s  o f  g ym n o s p erm  t re e s .  B e i n g  im p l i c a t e d  i n  

d i s co lo ra t io n  o f  wo o d  an d  in h ib i t i on  o f  d e l ign i fi c at io n  v i a  ac i d  p u l p in g  in  

wo od ,  s t i lb e ne s  a re  c o n t ro ve rs i a l  a s  in d us t r i a l  c o m poun ds  [5 ,  6 ,  7 ] .  I t  i s  

a l r e ad y  k n o w n  th a t  h e ar tw o o d  s t i lb e ne s  an d  o the r  h e ar tw o o d  s e cond ar y  

m e tab o l i te s  a re  fo rm e d  i n  s i tu  i n  d yi n g  x yl e m  p a re n c h ym a  c e l l s  a t  t h e  

h e ar two od -  s ap wo od  b oun d ary  [ 8 ] .  Ev i d enc e  su gge s t s  th a t  s t i lb e n es  a re  fo rm e d  

fro m  c arb o h yd ra te s  o r  l ip id  co mp ound s  wi th  th e  a mou n t  and  t yp e  fo rm e d  

m ain l y  d e p e nd en t  o n  th e  p la n t ' s  g e n e s  an d  t h e  ph ys io lo g i c al  c on d i t ion s  

a ff e c t in g  th e  p a r en ch y ma  c e l l s  [4 ,  8 ] .  T h e  ro l e  o f  h e a r t wo od  e x t r a c t i ve s  in  

p la n t  r e s i s t an ce  aga i n s t  fu n ga l  an d  i n se c t  a t t ac ks  i s  e v i d en t  [9 ] .  Wo o d  th a t  

c on t a in s  s t i l b ene s  s h o w  s lo w  ra t e s  o f  d e c o m po s i t io n  on  e xp os u re  to  d e c ay  

fu n g i  a n d  P SM  h a s  b e e n  s h o wn  t o  i n ac t iv a te  fu n g a l  e n z ym es  c o n t ai n in g  -S H  

gro u p s  (c e l lu las e s ,  x y l an a s e s  an d  p ec t in as e s )  [1 0 ] .  I t  h as  b e e n  re p o r te d  th a t  in  

th e  Pi n u s  genu s ,  PS  a n d  PSM a re  ve ry  v i t a l  me tab o l i t e s  t ha t  c an  k i l l  n em ato des  

[11 ] .  F u n ga l  s u s ce p t ib i l i t y  to  s t i lb e n es  d e pen d s  o n  s yn th e s i s  an d  ac t iv i t i e s  o f  
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th e i r  e x t r ac e l l u l a r  c e l l u l o l yt i c  e n z y me s  w i th  in c re a s e d  s yn t h e s i s  an d  ac t iv i t i e s  

o f  th e s e  e n z ym e s  l ea d in g  to  re d uc ed  s u sc ep t ib i l i ty  [1 2 ] .  S t i lb e n es  h ave  b ee n  

e s t ab l i sh ed  t o  b e  i n vo l ved  in  re s i s t an c e  o f  h e art wo o d  to  fu n g a l  d e c a y  a n d  t h e y  

m a y  fu n c t io n  as  ph y to a l e x i n s  w h ich  a r e  c ru c i a l  i n  p l an t  d i se a se  re s i s t an ce  [1 2 ,  

13 ] .   T h is  fac t  (c o m b i ned  w it h  th e  fac t  th a t  th e  h e ar tw o o d  e x t r ac t i ve  

c on s t i tu en ts  a re  u nde r  ge n e t ic  c on tro l  d e p end i n g  on  th e  pho t os yn t h at e s  

qu an t i t y  a va i l ab l e  t o  t h i s  re g io n )  h a ve  k e p t  the se  c o mpou n d s  o n  th e  r e s ea rc h  

sp o t l i gh t  wi th  an t i c ip a te d  a p p l ic a t ion s  in  t ree  b ree d in g .  R e la t i ve ly  h i gh  

h e r i t a b i l i t y  e s t im at e s  h ave  b e en  re p o rt e d  in  h a l f  s i b  fam i l i e s  fo r  t h e  

c onc e n tra t io n  o f  P S  an d  P S M  [ 3 ]  b u t  th i s  t ra i t  i s  s e e n  o n ly  l a t e  i n  l i fe  a t  

app ro x ima te l y  2 0  ye a r s  o f  age .    

 

1 .1  St i lbene  Sy ntha se  a nd  the  b io sy nt hes i s  o f  s t i lbenes  

P in e  s t i l b ene s  a re  ab u n d an t  i n  d e a d  t i s s ue s  o f  h e ar t wo o d  a n d  b a rk  a l t h o ugh  

th e y  h a ve  a l s o  b e e n  sh o wn  t o  be  p re se n t  i n  l e af  t i s s u e s  and  s ap woo d  i n  s mal l  

qu an t i t i e s  a s  g l yc o s id e  a n d  m e t h yl  e s t e r  c o mp le x e s .  St i l b e ne s  h a v e  b e en  kn o wn  

to  po s se s s  i nh ib i to ry  e ffe c t s  o n  p h o to s yn t h e s i s ;  h en ce  i t  b e c o mes  a p p are n t  wh y  

th e y  a re  fo u n d  i n  m in u te  q u an t i t ie s  i n  p ho t os yn th e t ic  t i s s u e s .  As  m e n t i o ne d  

ab o v e ,  t h e y  a re  fo rm e d  in  s i t u  f ro m  l ip id s  a n d  c arb oh yd ra t e s  b y  l iv i n g  

p ar en ch y ma  c e l l s  in  re s p o n se  t o  s t re s s .  T he  ge ne t ic  c on t r o l  o f  s t i l b en e  

fo rm a t i o n  a n d  t h e  v a r i o u s  fo rm s  o f  p h ys io lo g ic a l  c o nd i t io ns  in c l ud in g  s t re s s  

th a t  in d u c e  t h e m  s u gg e s t  t h a t  t h e r e  e x i s t  g e n e t i c  v ar i an ts  fo r  s t i l b e n e  

fo rm a t i o n .  T h e  p ine  p in os yl v in  (P S )  i s  t h e  p rod uc t  o f  P i n e  s t i lb e n e  s yn th as e  

(PsS TS )  en cod ed  b y  a  f ami l y  o f  ge n es  in  p ine  ( PST1  b e in g  th e  m o s t  ac t i ve  ge n e  

o f  th e  fa mi l y ) .  PsS T S  fo rm s  PS  f ro m  m al o n yl -C o A  an d  c i nn am o yl -C o A  an d  h as  

b een  i s o l a te d  and  c h ar ac t e ri z e d  de c a de s  a go  [1 4 ,  1 5 ,  1 6 ].  T he re  a re  a  n u m be r  

o f  PsS TS  v a ri an t s  i n  p i n es  wi th  s u gge s t i on s  th a t  d i ffe re n t  i so z ym es  o f  ST S  

po s se s s  d i ffe re n t  p ro d u c t  i n h ib i t ion  p ro p e rt ie s .  [1 7 ] .  S t i l b e ne  s yn th a s e  (ST S)  

an d  c h al co ne  s yn t h as e  (C H S)  a re  me mb e rs  o f  Typ e  II I  p o l yk e t i d e  s yn th as e  

(P KS )  s u p e r fa mi l y  an d  s h are  m o re  t h an  6 5  p e rce n t  an im o  a c id  ide n t i ty.  S T S  

an d  C HS  h a ve  co m mon  s ub s t ra t e s  ( m alo n yl -C o A  an d  c in n amo yl -C o A)  a nd  

h enc e  c o mpe te  aga i n s t  e a c h  o t h e r  fo r  t h e s e  p r ecu r so rs  [1 8 ,  1 9 ] .  Ps S T S s  h a ve  
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b een  c l as s i fi e d  a s  c in n am o yl -C o A  s p ec i fi c  ST S s  (E C  2 .3 .1 .1 4 6 )  [1 7 ]  an d  h ave  

b een  re po rte d  in  Pin us  sy lv es t r i s  [ 20 ]  a n d  Pin us  s t robu s  [2 1 ] .  A  re c en t l y  

i s o l a t ed  s t ru c tu ra l  va r i an t  o f  S T S  h as  b ee n  re p o rt e d  f ro m  Pi n u s  d en s i f l or a  

(PDS T S 3 )  l ac k in g  a  C - te rm in a l  e x te n s i on  o f  S T S  d u e  to  a  fr am e  s h i f t  m u t at i on  

ye t  i t  h as  s h o wn  a  v e r y  h i gh  p o t en t ia l  fo r  PS  fo rm a t io n  [1 7 ] .  I t  h as  b e e n  

e s t ab l i sh ed  t h a t  c on s e rv e d  a mi no  ac id  re s id u es  in  th e  C -te rm in us  o f  S T S  a nd  

C HS  are  e s s e n t ia l  fo r  t h e i r  c a ta l y t ic  ac t iv i t i e s  [ 2 2 ,  2 3 ,  an d  2 4 ] .  T h e re  h ave  

b een  s u gge s t ion s  [2 5 ]  t h a t  PDS T S 3  l ac k i n g  t h e  p r o duc t  i n h ib i t ion  n o rm al ly  

ob s e rved  fo r  t h e s e  en z ym e s  m a y  l e ad  to  c e l l  d e a t h  d ue  t o  a c c u m u l at i on  o f  P S ;  

th i s  t yp e  o f  s t i lb e n o id  fo rma t i o n  m ig h t  b e  ope ra t ive  in  th e  h e ar two od  [1 7] .  

An o th e r  va ri an t  PDS T S 2 ,  f a i l s  to  ac c u mu la t e  s t i lb en o ids  a t  h i gh  le ve ls  du e  to  

th e  r e ta in e d  p rodu c t  i nh ib i t i on  and  h as  b ee n  im p l i c at ed  i n  p h yto a le x in  

fo rm a ti o n  i n  re s pon s e  t o  s t re s s  [17 ] .  P ro d uc t  i nh ib i t i on  c ou ld  be  c ri t i c a l  in  

m ain t a i n in g  b a l an c e  be twe e n  C HS  an d  S T S  b io s yn the s i s  an d  C HS -c at a l yz e d  

re a c t i o n s  c an  be  r e gu l a te d  b y  PsSTS  b ios yn t h es i s  (w i th  s u g ge s t io n s  th a t  

PDS T S 3  m ay  fu n c t io n  in  d o wn -re gu la t i n g  f l a vo n o id  b io s yn th e s i s )  [1 7 ] .T h e  

p a t h way  fo r  s t i l b e ne  b i o syn t h es i s  i s  s h o wn  i n  F igu re  1 .  

 

 
F ig u r e  1 :  S t i l b en e  a n d  f l av o n o i d  b io s yn t h e t i c  p a t h w a y  [ 1 7  ( w i t h  m o d i f i c a t i o n s ) ] .  
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P in e  s t i l be ne s ,  PS  a n d  P SM  a re  c o n s t i tu t ive  in  th e  he a rt wo o d  a s  t h e se  t i s s ue s  

a re  d e a d  b u t  l iv i n g  c e l l s  o f  m an y  p l a n t  s pe c ie s  i n c lu d in g  S co t s  p ine  p ro d uc e  

th e se  c o mpo und s  i n  re s pon s e  t o  s t re s s  an d  a re  e s p ec ia l l y  i mp o rta n t  fo r  p l a n t  

re s i s t an c e  to  p a tho ge n s  [1 3 ] .  T h e se  s t re s s  c o n d i t io n s  in c lu de  wo und in g ,  

p a t ho gen s ,  e x po su re  to  u l t r av i o le t  rad i a t io n  an d  o zon e ,  d es i cc a t i o n  and  

e xpo s u re  to  e t h yl e n e ;  e x p e ri m e n ta l  b io s yn t he s i s  c a n  thu s  b e  in du ce d  us i n g  an y  

o f  th e se  ap p ro ac h e s .  Un d e rs t an d ing  th e  t ran s c r ip t o m ic  p ro fi l e  in  t h i s  

b io s yn t h e t ic  p a th wa y  u p o n  i ndu c t ion  i s  c r i t i c a l  fo r  d e ve lo p in g  D N A  m a rke r s ,  

p ro t eo m i c  as s ays  a n d  m e tab o l i c  f i n ge rp ri n t i n g  t h a t  c o u ld  b e  u t i l i z ed  fo r  

un de rs t an d in g  t h e  mo lec u lar  m e ch an is ms  u n d e r l yi n g  d e c ay  re s i s t an ce  i n  S co t s  

p in e  h e a rt wo o d  a t  an  e a r l y  s t a ge  i n  l i f e  a n d  fu r th e r  a p p lyi n g  t h i s  k n o wle d ge  in  

s to c k  s e le c t io n .   

 

1 .2  S co t s  p i ne  w o und i ng  —  i n d uc e d  re a c t io ns  a nd  a  me tho d  fo r  g e ne t ic  

se l ec t ion  o f  d urab le  Sco t s  p ine  hea r two o d  

T he  p h lo e m ,  s a p wo od  an d  c am b i u m  i n  t ru n k  o f  th e  S co ts  p in e  h a ve  p re fo rm e d  

(s t ru c t u ra l )  d e fe n se s  in c lu d in g  th e  b ark  o n  th e  o u ts id e  an d  th e  h e ar two od  

in s id e  [2 6 ] .  H o we v e r,  th e s e  p r e fo rm e d  d e fe n s es  a lo ne  c anno t  p r o vid e  fu l l  

p ro t ec t ion  aga in s t  b io l o g ic a l ,  m e c h a n ic a l  an d  o t he r  s t re s s  c o nd i t io n s  i n fl i c t e d  

on  th e  t r e e .  I t  i s  kn o w n  t h a t  p a th w a ys  fo r  s e c o n d a ry  c o m pou nd s  a re  i n du c ed  in  

re s p ons e  to  s t r e s s  c ond i t i on s  b y  p l an t s  as  a  w ay  to  s u p po r t  t h e  p re fo rm e d  

d e fe n se  s ys t e m .  M e ch a n ic a l  wo un d in g  o f  p h l oe m  [2 7 ]  an d  s ap wo od  [ 28 ]  

in d uc es  p r o duc t ion  o f  p h e n o l ic  c o mpoun d s  in c lud i n g  P S ,  P SM  an d  p in oce mbr in  

in  s o  c a l le d  d ec a y  re s is t an t  t re e s .  Ly r  [2 9 ]  r e p o r te d  th a t  a  P S  a n d  P SM -  

c on t a in in g  h e a rtwo o d  was  fo rm ed  in  th e  s ap woo d  re g io n  (a  so m ewh a t  ab n o rm al  

o ccu rre n c e )  a f te r  wo u nd in g  o f  Sc o t s  p in e  b ark  an d  c a mb iu m .   

 H ar ju  e t  a l .  [ 3 0 ]  re p o r t ed  t h a t  wo un din g  (b y  d r i l l in g)  in  th re e  y ea r  o l d  Sc o ts  

p in e  s e ed l in gs  in du ce d  a  wo u nd i n g  re ac t io n  in  th e  x y le m  (x y l e m  i s  t h e  t i s s u e  

th a t  d e v e l op s  i n to  th e  he ar two o d  o n  m a tu ri t y ) .  Ho we ve r,  a n a l ys is  o f  x yl e m  

e x t rac t s  s h o wed  n e wl y  s yn th e s iz ed  p rod u c ts  i n c lu d in g  s t i l ben e s  (P S  an d  P S M )  

an d  l i gn an s .  Se al in g  o f  th e  w o u nd s  b y  re s in  f l o w  was  o b s e rve d  a s  a  r e s u l t an t  

re a c t i o n .  We  c an  r e c al l  t h a t  t h e  S co t s  p i n e  h e ar tw o od 's  d e fe n s e  m e ch an i s m  i n  



5 

 

c on t ras t  to  t h e  in duc ed  re ac t io n  a ft e r  wo u nd in g  i s  c ons t i tu t ive  du e  to  

ac c u mu la t ion  o f  P S ,  PS M  an d  re s i n  a c id s  wh i ch  a re  k n o w n  t o  i n h ib i t  fu n g a l  

g ro wt h  im p l ic a te d  i n  de c ay  ( s h o wn  ab o ve ) .  R e l at i ve l y  h igh  h e r i t ab i l i ty  

e s t im at e s  h av e  be en  r e po r te d  [3 1 ]  fo r  S c o t s  p in e  h e art wo od  e x t ra c t i v e s  

in d i c at in g  t h a t  t h e s e  e x tr ac t iv e s  a re  i n  p a rt  g e n e t ic a l ly  c o n t ro l le d .  R e s i s ta n c e  

o f  Sc o ts  p in e  h e a rt wo o d  t o  d e cay  i s  a  t r a i t  t h a t  c an  o n ly  b e  m an i fe s te d  o n  

m atu r i t y.  B e in g  a  v e r y  d e s i ra b le  t r a i t ,  an  e a rl y  t e s t i n g  me t h od  i s  n e e d ed  fo r  

pu rp o se s  o f  b re e d in g  d u r ab l e  an d  s u pe ri o r  h e ar tw o o d  t r e e  l i n e s .  M od e ra te  to  

h ig h  o ff s p r in g -p are n t  h e ri tab i l i t y  e s t i m ate s  o f  h e a r two o d  e x t rac t ive s  fr o m  

wo und ed  S co ts  p i ne  s e ed l in gs  [3 0 ]  s u g ge s t  t h at  wo u n d in g  c a n  l e ad  to  d i sco v ery  

o f  d e c ay  re s is t an t  g eno t yp e s .  T h is  i s  b ec au se  w oun d in g  re s p on s e  app e ar  to  b e  

m o lec u lar ly  c o r re l a t e d  w i th  m a tu r e  S co t s  p i ne  h e ar tw o o d  e x t ra c t i v e s  

re s p o ns i b le  fo r  d e c ay  re s is t an ce  [ 3 0 ] .  S in c e  t h e  s t i lb e n e  p a th w ay  i s  t u rn e d  on  

(v i a  c o n t ro l  o f  t h e  Ps S T S -1 )  d u rin g  w ou n d  r e sp on se  in  S co t s  p i n e  s ee d l in gs  a t  

s am e  lo c a t i on  wh ic h  fo rm s  t h e  h e a r tw oo d  on  m atu ri t y  (x yl e m ),  i t  s u g ge s t s  t h a t  

d ec a y  re s i s t an c e  i s  a  t r a i t  wh ic h  app e a r  t o  b e  co r re l a t e d  wi t h  wo u nd in g  

re s p ons e .  Ha rj u  e t  a l .  [3 0 ]  s u g ge s t  fu r th e r  th a t  w o un d in g  S co t s  p ine  s ee d l ings  

b y  d r i l l i n g  h o le s  t h ro u gh  th e i r  s te m s  wo u ld  be  a n  e ffe c t i ve  me t h od  fo r  g e n et ic  

t e s t i n g  o f  s e ed l in g s  wh os e  he ar two od  wi l l  b e co m e  re s i s t an t  t o  d ec a y  on  

m atu r i t y.  Fo r  b re e d in g  p u rp os e s ,  an  e ar l y  t e s t i n g  me t hod  to  id en t i fy  c an d id a te  

S c o t s  p ine  s e ed l i n gs  fo r  b e t t e r  h e ar tw o o d  p r o pe r t i e s  i s  n e c es sa ry.  Wo u n d i n g  o f  

S c o t s  p ine  se e d l i n gs  i s  w e l l  s u i t ed  ( b u t  m a y  b e  d e s t r u c t ive  in  p ra c t i c e )  as  an  

e ar l y  t e s t i n g  m e t h od  [3 0 ]  as  i t  i s  a b le  to  s h o w  d i ffe re n t ia l  r e s p o n se s  b e t wee n  

in d i v id u a l s .  T h is  d i ffe re n t i al  re sp on s e  to  wo und i n g  d ue  t o  ge ne t ic  var i ab i l i ty  

o f  Sc o t s  p i n e  s ee d l i n gs  i s  h i gh ly  d e s i re d  a s  i t  wi l l  a i d  i n  e lu c id a t in g  s u p e ri o r  

ge no t yp e s  an d  c an d id a te  ge n es  i n vo lv e d .  T he s e  va ri a n ts  an d  ge n e s  w il l  fo r m  

th e  b as i s  fo r  m a r ke r  as s i s t e d  s e l ec t ion  a n d  c on ven t ion a l  b r e e d in g  i n  S co ts  

p in e .  At  s u c h ,  m e t h o ds  i n c l ud in g  t r a n s c r ip t o m ic s  w i l l  h e lp  t o  u n ra v e l  

c and id a t e  g e n es  an d  S NP s  wh i c h  wi l l  b e  u t i l i z e d  in  ge ne  te s t i n g  a n d  m a r k e r  

as s i s t e d  se l ec t ion  fo r  S c o t s  p i ne  h e ar tw o od  d e c ay  re s i s t an c e .  
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1 .3 T he P i ne G e ne I nd e x (P G I )  a nd P G I E ST res o urce 

T he  D FC I  (D an a - Fa rb e r  C an c e r  In s t i tu t e ,  Ha rv a rd  U S A)  Pi n u s  Ge ne  In d ex  

in t e gra te s  re s e arc h  d a ta  fro m  in t e rn a t i o n a l  Pin u s  E ST  s e q u en c in g  an d  ge n e  

re s e a rc h  p ro j e c t s .  T h e  u l t im at e  go a l  o f  t h e  D FC I  G en e  In d e x  p ro j e c ts ,  

in c lud i n g  P G I ,  i s  t o  r e p re s en t  a  n o n - re d un d an t  v i e w  o f  a l l  Pi n u s  g e ne s  a nd  

d a t a  o n  th e i r  e xp re s s i on  p a t t e rn s ,  c e l lu l a r  ro l e s ,  fu n c t i on s ,  an d  e vo lu t ion ary  

re l a t io n s h ip s  [6 8 ] .  T h e  P GI  E ST  re so u rc e  (P G I0 3 2 8 11 .fa )  c o n t ai n s  ab ou t  

77 ,3 26  s eq u enc e s  a lo n gs id e  a  P G I. GO.0 3 2 8 11  fi le  c o n t a in in g  GO  ( G en e  

O n to lo gy)  an n o ta t io n  c la s s  o f  s o m e  o f  t h e s e  E ST  s equ e nc e s .  T h i s  re s o u rc e ,  

a l t h ou g h  in c o mp le t e  i s  ve ry  v a lu ab le  an d  p ro v id ed  th e  p se u do  re fe re n c e  

t r an s c r ip to m e  fo r  o u r  s tu d y.  

 

1 .4  R NA -S e q  —  D e e p  S e qu e nc i ng  o f  R NA  re a d s  

Un de rs ta n d in g  t h e  c o mp le x i t y  u nde r l yi n g  th e  b io lo g ic a l  fu n c t i on s  and  

p ro c e ss e s  in  a n y  o rg an i s m  re q u i re s  a  p re c i se  m ap  o f  a l l  g e n es ,  th e i r  a l t e rn a t i ve  

i s o fo rms  an d  th e i r  e xp re ss ion  p ro fi le s  ac ro s s  d i ve rs e  c e l l  t yp e s  a n d  t i s sue s  

wi t h in  th e  o rg an i sm .  Ho we v e r,  a  c o m p re he n s ive  s tud y  o f  th e  t r an s c r i p to m e  o f  

an y  o rg an i s m  g i ve n  a  p art ic u la r  c o nd i t io n  o r  t re a tm e n t  was  r a re  u n t i l  t h e  e ra  o f  

th e  mic ro a r rays  and  n ex t  gene ra t io n  seq uenc in g  t echn ique s .  Ne x t  gen er a t i on  

s eq u en c in g  te c h no lo g i e s  h as  inde e d  re v o lu t io n a l i zed  b io lo gy  th ro u gh  th e  

p ro d uc t i on  o f  m i l l i o n s  an d  b i l l i ons  o f  r e ad s  d a ta  a t  l o w  c o s t .  T he i r  

ap p l ic a t i on s  a re  e no rm o u s ,  s p an n ing  t h ro u g h  a l l  a re a s  o f  b i o lo g y  fr o m  

t r an s c r ip to m ic s  t o  e p i ge no m ics ,  g e n om i cs ,  q u a n t i ta t iv e  ge n o mics  an d  so  m u ch  

mo re .   

 

R N A  s e q u e nc in g  (R N A-S e q )  r e fe rs  t o  t h e  e xp e ri me n ta l  p ro c ed u r e s  th a t  

ge ne ra t e  D N A  re ad s  d e r ive d  fro m  t h e  R N A  ( t ra n s c r ip t s )  o f  an  o rg an is m.  T h e  

t r an s c r ip to m e  re p re se n ts  a  c o mp reh en s ive  s e t  o f  t r an s c r ib ed  r e g i o n s  th rou gh ou t  

th e  gen o me .  R N A-S eq  h as  e me rge d  a s  a  ve r y  p o we r fu l  t o o l  fo r  s tu d y in g  

t r an s c r ip to m es  a i m in g  a t  a  fu l l  re c o n s t ru c t io n  o f  b o th  t h e  en t i re  t r an s c r ip t s  a nd  

th e i r  e x p re s s i on  le v e ls  o f  t h e  d iv e rs e  c e l l  t yp e s  an d  c o nd i t io ns  o f  a n y  

o rga n is m.  R N A -S e q  c an  b e  ve r y  e ff i c i e n t  in  bu i ld i n g  a  c o m p reh e n s iv e  m ap  o f  
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an y  o rgan is m 's  t r an s c r i p to me  ac ro s s  a l l  c e l l  t yp e s ,  p e rt u rb a t i o n  an d  s t a te s .  

R N A- Se q  a l s o  p ro v id e s  a  fa r  m o re  p re c i s e  m e as u re me n t  o f  l e ve l s  o f  t r an s c r ip t s  

an d  the i r  i s o fo rm s  t h an  o th e r  me t ho d s  a n d  c an  r e ve a l  p re c i s e ly  th e  lo c at ion  o f  

t r an s c r ip t io n  b ou nd ar ie s  to  a  s in g l e -b as e  re s o lu t io n  [3 3 ] .   R N A -S e q  m e t h od s  

h ave  s h o wn  to  b e  an  e xc e l le n t  to o l  fo r  d e te c t ion  o f  a l t e rn a t iv e  s p l i c in g ,  ge n e  

fu s io n  e ven ts  and  no ve l  c l as se s  o f  n on -c o d in g  R NAs  wh ic h  a re  g i v in g  r i s e  to  

n e w  i n s i gh t s  in  b io lo gy.  

 

R NA-S eq  i s  f re e  fro m  m a n y  l i m it a t i on s  o f  p re v i o u s  t e ch n o lo g ies  in c lud in g  

h ig h  b a c kgro un d  no is e  f ro m  m ic ro a r ra y  an d  l i mi te d  de t ec t io n  c ap ab i l i ty  fo r  a l l  

a r r a ys  in c l ud i n g  t h e  t i l in g  a r r a y.  T h e  fac t  t h a t  i t  d o e s  no t  d e p end  o n  p r i o r  

kn o w l ed ge  o f  an  o rgan i s m  as  r e q u i re d  b y  m i c ro ar r a ys  an d  P C R  o ffe rs  a  h u g e  

op po r tu n i ty  fo r  s tu d yin g  th e  l a rge  ab u nd an c e  o f  b i od i ve rs i t y  w o r ld wi d e  wh i c h  

h as  b e en  n e gl ec t ed  fo r  lo n g  as  a  r e s u l t  o f  c o n c en t ra t i o n  t o  m o d e l  o rg an i sm s  

an d  bec a u se  o f  l i m i t i n g  t e c hn o lo g i e s .  M o s t  R N A -S e q  e x pe ri m e n ts  i so la te  and  

pu ri fy  R N As  f ro m  th e i r  s am p l es ,  s h e ar  i t ,  c o n v e r t  i t  in to  c D N A  an d  s e qu enc e  i t  

on  a  h igh  th ro u ghp u t  p la t fo rm  s u ch  as  S OL i D ,  R o c h e  4 5 4 ,  I l l u min a  G A  o r  

HiS eq  [3 4 ] .  T h i s  p r o ce ss  g e ne ra te s  m i l l i o n s  to  b i l l ion s  o f  s h o r t  re a d s  ran g i n g  

fro m  2 5 -3 0 0  b as e s  t ake n  fro m  o n e  e n d  o f  th e  c D NA  f ra gm e n t  ( s i n g le  e nd  

fr ag m en t s )  o r  re ad s  f ro m  b o th  e nd s  o f  th e  c DN A  f ra g me n t  (p a i re d -e n d  re a d s) .  

S in g le  e n d  fr a gm e n t s  c an  e as i l y  s h o w  th e  c onn ec t ion  b e t we en  tw o  c o n se cu t ive  

e xon s  an d  m o r e  i n fo r m at i o n  i n c l u d in g  m u l t i p le  e xon s  c o nne c t ion s  c an  be  s ee n  

wi t h  p a i re d -e n d  r e ad  d a t a .   

 

Wi th  a l l  th e s e  a d van t age s ,  t h i s  m e th o d  d o es  n o t  c o m e  w i th ou t  c h a l l e n ge s .  

T he s e  ch a l le n ges  s ta r t  f ro m  t h e  l ib r a ry  c o n s t ru c t i on  m e tho d  e sp ec i a l ly  f o r  

l a rge  R N A  m o l ec u l es  wh i ch  n ee d  to  b e  f ra g me n t ed  in to  s ma l le r  f r agm e n ts  

ran g in g  fro m  1 5 0  –  5 00  b as e  p a i rs ,  t hu s  in t ro d u c in g  b i as  fo r  t r an s c r i p t  e n d s  

e sp e c ia l l y  fo r  3 'e nd s  o f  th e  t r an s c r i p t .  O th e r  c h a l le n g es  in c lu d e  th e  P CR  

art i f ac t s  wh i c h  cou l d  e as i ly  b e  re s o l ved  w it h  r e p l ic a te s .  Mo r e  c o mp le x  are  t h e  

b io in fo rm a t ic s  c h a l l en ge s  a r i s i n g  f ro m  t h e  ne ed  to  an a l yz e  s t o re  an d  p roce s s  

th e  hu ge  t u rn o ve r  o f  R N A-S e q  d a t a .  A  fu r t h e r  i s s u e  fo r  R N A-S e q  i s  t h e  
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s eq u en c in g  c o ve rag e ,  w h i ch  d es c r i be s  th e  t ran s c r ip t  p e rc en ta ge  in  fo cu s .  

B e t t e r  c o v e ra ge  e n ta i l s  mo r e  s e qu e nc i n g  d ep th ,  w h ic h  i s  re q u i red  to  

re c o n s t ru c t  ra re  t r an s c r i p t  va r i an t s  b u t  t h i s  i s  a t  t h e  t r ad e o ff  o f  in c re as e d  co s t .  

N aga l aks h mi  e t  a l .  [ 3 5 ]  s u gge s te d  t h a t  3 0  m il l i o n  3 5 -n uc l eo t id e  re a d s  fro m  

po l y ( A)  mR N A  l ib r a ri e s  we re  s u ff ic i e n t  to  ob s e rve  t r a n s c r ip t ion  fr o m  mo s t  

(> 9 0 % )  g e n e s  fo r  ye a s t  c e l l s  g r o wn  u n d e r  a  s i n gl e  c o nd i t ion  ( t h a t  i s ,  in  

nu t r ie n t - r i c h  m e d i u m).  Ho w eve r  t h i s  ma y  b e  t ru e  fo r  o rg an is ms  wi th  n o t  s o  

c o mp l e x  t ra n sc r ip t o m ic  p ro fi le s  l i ke  ye as t  b u t  in d ee d  m o re  w i l l  b e  re q u i re d  fo r  

c o mp l e x  t ran s c r i p to me s  e s pe c i a l l y  i n  th e  p la n t  k i n gd o m.  T h e  fac t  t h a t  t h e  

re m ai n in g  ge n e s  a re  p re s u ma b ly  e i t h e r  n o t  e xp r e ss ed  u n d e r  th e  as s a ye d  

c ond i t i on  o r  d o  no t  h a ve  p o l y(A )  ta i l s ,  s u g ge s t s  th a t  an a lyz in g  s e v e ra l  

d i ffe re n t  c on d i t io ns  an d  u s in g  a l te rn a t i ve  m e t h od s  fo r  c DN A  s yn th e s is  c an  

fu r th e r  i n c r e as e  t h e  co v e rag e .  

 

1 .5  S c o ts  p i ne  tra n sc r i p to m i c s —  D i ss e c ti ng  t he  c o ns t i t ue n t  tra ns c ri b e d  

e le me nts  u nd er ly i ng  t he  S c o ts  p i ne  h e a r tw o o d  b io lo gy  

F o r  a  r e l a t i ve l y  co mp reh e n s i ve  v ie w  o f  th e  e n t i r e  t ran s c r i p t o me  p l ayi n g  a  ro le  

in  t h e  h e ar two o d  e x t rac t ive s  b io logy  o f  th e  S co ts  p in e  f ro m  an  e a r l y  

d e ve lop m en ta l  s t age ,  t h e  R N A-S eq  a pp r o ac h  i s  du ra b le .    T h is  app r o ach  i s  

re q u i re d  to  un v e i l  t he  fu n c t io n a l  e l e men ts  i n vo l ved  i n  th e  S co t s  p in e  

h e ar tw o od  an d  fo r  in te rp re t in g  th e  p h e no typ ic  va r ia t io n  p ro d u ce d  b y  g e n e t ic  

an d  e n v i ron m e n ta l  i n te rp l ay.  P re v io u s  s tud ie s  c o n duc t ed  in  ma n y  o th e r  s p e c ie s  

h ave  s ho wn  th a t  n o t  o n l y  w i l l  th e  t r a n s c ri p to m e  be  re c o n s t ruc t ed ,  a l s o  a l l e l ic  

va r ian t s  a ffe c t in g  p he n o typ e s  o f  in t e re s t  c an  b e  u n co v e re d  e s p ec i a l l y  fo r  p la n t  

b re e d in g  app l ic a t i on s  as  i n  t h is  e xpe ri me n t  wh e re  c o n s t i t uen t s  o f  th e  S co ts  

p in e  he ar two o d  i s  und e r  g e n e t ic  c on t ro l  [3 6 ] .  Ho we ve r  fo r  n on  s equ e n ce d  

ge no m es  l ike  th e  S c o t s  p i n e  an d  w i t h ou t  a  c l o s e l y  re la te d  s e q u enc e d  g en o me ,  

ava i l a b le  E xp r e ss e d  Se que nc e  Tags  (E STs )  h ave  to  b e  u t i l i z ed  fo r  d a ta  an a l ys i s  

an d  p roc e ss in g  a l o n gs ide  de  n o vo  se qu e nc e  as se m b ly  me th od s  [3 7 ] ,  wh ic h  w i l l  

b e  d i sc u sse d  in  d e t ai l  i n  th i s  wo rk .  T h e  m ai n  fo c u s  h e re  w as  a  d e t ai l e d  

b io in fo rm a t ic s  an a l ys i s  p ip e l i ne  fo r  S co t s  p ine  R NA-S e q  d a t a  fr o m  

t r an s c r ip to m e  re c o n s t ruc t ion  ( i n vo l v in g  re a d s  m ap p i n g  t o  p in e  P GI  E STs  [3 2 ]  
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an d  d e  no vo  i s o fo rm  c o m p l i an t  a ss e m b ly  o f  re a d s )  to  an a l ys i s  o f  d i ff e re n t i a l  

ge ne  e xp re s s io n  ( DG E)  o t h e r wis e  c a l le d  t h e  d ig i ta l  ge n e  e xp re s s ion  ap p ro ac h .   

 

1 .6  A na ly z i ng  R NA -S e q  da ta  —  P ro s pe c ts  a nd  c ha l le ng e s  

Id e n t i fyi n g  th e  e n t i re  t r an s c r ip t s  i n c l ud in g  n o ve l  t r an s c r ip t s ,  ge n e  fu s i on  

e ven ts ,  s ma l l  R N As  a n d  a l te rn a t i v e ly  s p l ice d  v a r i an t s  r e m ain s  t h e  k e y  g o al  o f  

t r an s c r ip to m ic s .  Ho we ve r,  re c o n s t ru c t in g  a  c o mp re h en s ive  t r an s c r ip to me  fro m  

R NA-S eq  d a ta  p o s s es  a  lo t  o f  c o m pu ta t i o n al  an d  b io in fo rm a t i c  c h a l l e n ge s .  

S eve ra l  as s e m b le rs  h ave  b e en  de ve lop e d  in c lu d in g  Ve l ve t  [3 8 ] ,  ABY SS  [3 9 ] ,  

AL L PAT H S  [4 0 ]  to  t ac k le  ge n o m i c  DN A  a s se m b l y  b u t  t h e s e  t oo l s  m a y  n o t  b e  

s u i tab le  fo r  t r an s c r i p to m e  as s e mb ly.  T h i s  i s  b e c aus e  m an y  o f  t h e se  as s e m b le r s  

re l y  o n  s e q u en c in g  d ep th  to  re s o l ve  r e p e at s  i n  a n y  ge n o me  w h e re as  i n  t h e  c as e  

o f  a  t ra n s c r ip t o m e  t h i s  d e p th  r e la t e s  to  t h e  i n c re as e d  e xp re s s i on  a n d  ab un d anc e  

o f  t ra n sc r ip t s .  T h is  abu n d an c e  i s  c r i t i c al  as  i t  i s  u t i l i z ed  in  de cod in g  g en e  

e xp re ss ion  u s in g  co un t in g  m e t ho ds ,  b u t  u s in g  gen o m e  a s s emb l e rs  fo r  

t r an s c r ip to m e  re c o n s t ru c t io n  wi l l  re s u l t  i n  m ark in g  o f  ab un d an t  t r an s c r ip t s  a s  

re p e ats .  Se c on d ly,  s t r an d  s pe c i fic  s e q u e nc i n g  o ft e n  u t i l i z ed  in  R N A-S eq ,  n e ed s  

to  b e  u se d  i n  re so l v in g  s en se  an d  an t ise n se  t r an s c ri p ts  b u t  t h is  i s  no t  o ft e n  t h e  

c as e  fo r  ge n o mic  D N A  as s e m b l y.  T h i rd l y,  t h e  c h a l len ge  o f  re s o l v in g  

a l t e rn a t i ve l y  s p l i c e d  var ian ts  r e m a in s  a  b i g  i s s u e  fo r  ge n o me  as s e mb le rs  

fu r th e r  g iv in g  e v id e n c e  th a t  t h e y  a re  n o t  we l l  s u i t e d  fo r  t r an sc r ip tom e 

as s em b ly.  

 

G e ne r al l y,  as s e m b l y  o f  t ra n s c r ip t o m e s  re q u i re s  e x ten s iv e  se q u en c in g  

e sp e c ia l l y  o f  t h e  co m p le x  t r an s c r ip to me s  o f  p lan t s  an d  an i m als ,  a nd  

s eq u en c in g  p la t fo rm s  i n c l ud in g  i l lu mi n a ,  S O Li D  a re  fr e q u e n t l y  u s ed .  T h e  454  

R oc he  p la t fo r m  o ffe rs  l o n g e r  re a d s  wi th  lo w e r  c o ve ra ge  b u t  the  u se  o f  h yb r i d  

s eq u en c in g  p l a t fo rm  in vo lv i n g  a  c o mb i n at i on  o f  i l l u m in a  o r  S OL i D  an d  454  

R oc he  p ro v id e s  a  ve r y  va lu ab le  s t ra t egy  wh ic h  g ive s  t h e  o p po rt un i ty  to  e x t e n d  

c on t igs  an d  c o ve r  g ap s  c re at e d  b y   i l lu mi n a  o r  SOL i D  re ad s  u s in g  t h e  4 54  l on g  

re a d s .  A s  m u c h  as  l o n g  re ad s  a re  va l u ab l e ,  p a i re d -e nd  s e qu en c in g  p r o toc o l  

o ffe rs  m o re  o p p o rt u n i t ies  b y  u t i l iz i n g  o ve rl ap p i n g  re ad s  t o  fo rm  lo n ge r  re a d s .   



10 

 

I t  i s  a  v e r y  go o d  p rac t i c e  to  re m o ve  a l l  a r t i f ac t s  f ro m  R N A-S e q  d a t as e t s  be fo re  

an y  fo rm  o f  an a l ys i s .  T h es e  a rt i fa c ts  in c lu de  s e qu en c in g  a d ap t o rs ,  lo w  

c o mp l e x i t y  r ead s  [4 1 ] ,  an d  P C R  d up l ic a t e s  an d  c an  l e ad  to  m i s -a s se m b l ie s .  

Usu a l ly,  q u a l i ty  sc o res  o f  t h es e  r ead s  a re  u s ed  fo r  t h e  r e mo va l  o f  a r t i fac t s  i n  a  

t r an s c r ip to m e  re c o n s t ru c t io n  a n al ys is .  

 

1 .7  Tra ns c ri p to me  R e c o ns tr uc ti o n  s tr a te g i e s  

T he  av a i l ab i l i t y  o f  a  h i gh  q u a l i t y  re fe re n ce  ge no m e  o r  a  c l o s e l y  r e la t e d  

ge no m e  u s u al l y  d e t e rm i n e s  th e  s t ra te g y  t o  b e  u sed  fo r  t r an s c r ip tom e  

re c o n s t ru c t io n .  T h e s e  s t ra te g ie s  i n c lu de :  

 

1 .7 .1  R efe re nc e -g ui d ed  s tr a te g y  

 W h e n  a  h igh  q u a l i ty  r e fe r en c e  geno m e  o r  a  c l o s e l y  re l a t e d  ge n o me  i s  

ava i l a b le ,  t h e  t r an s c r i p to me  re c o n s t ru c t io n  p ro ce ss es  c an  b e  gu ide d  b y  t h i s  

re fe re n ce .  F i r s t ,  R N A -S e q  d a tas e t  i s  m a p p ed  t o  t h e  r e fe re n c e  ge n o me  u s in g  

s p l ice -c o mp l ia n t  ma p pe rs  i n c l ud in g  Top h a t  [4 2 ] ,  M ap S p l ic e  [4 3 ] ,  G SN A P  [4 4 ]  

an d  B la t [4 5 ] .  T h e n  o ve rl app in g  re a d s  a re  c lu s t e red  i n t o  a  g rap h  re p re s en t in g  

t r an s c r ip t  i s o fo rm s  fo l lo w ed  b y  t r an sve rs i n g  t h i s  g ra p h  t o  r e s o lve  i n d i v idu a l  

t r an s c r ip t  i so fo rm s .  T he s e  s t ep s  a re  i mp le men te d  cu rre n t ly  in  Cu ff l in ks  [4 6 ]  

an d  S c ri p tu r e  [4 7 ] .  S p l ic e -c o mp l i an t  m ap p e rs  c an  b e  g ro up ed  i n to  s ee d -a nd -

e x t e nd  m ap pe rs  ( in c l u d in g  B la t ,  G S N AP )  an d  th os e  th a t  im p l e men t  t h e   

B u rro w s-W h e e le r s  Tran s fo rm  (BW T )  a lgo ri t h m  (e g .  To ph a t ) .  T h e  se e d -a nd -

e xt e nd  m ap p e rs  s t a r t  b y  f in d i n g  a  s e e d  (a  s u b s t r in g  o f  a  re a d  t h a t  e x ac t l y  

m atc h e s  the  ge no m e ) ,  th e n  e x te nd s  an d  ac c u ra te l y  r e s o l ve s  a l ign m e n t  u s in g  a  

lo c a l  a l i gn m en t  a lg o ri th m  kn o wn  as  th e  S mi th -Wat e rm an 's  a l go r i t h m .  T h es e  

m ap p e rs  a l s o  s h i ft  g ap s  in  lo c a l  a l i g n m en t  t o  m at c h  kn o w n  sp l ic e -s i t e s .  Th e  

B WT  m ap pe rs  a re  o p t im iz ed  fo r  m a p p i n g  re ad s  to  th e  re fe re n ce ,  h e nce  t h e y  a re  

fas t e r  th an  t h e  s e ed -a n d -e x te nd  m ap p e rs .  S e e d -an d -e x t e nd  ma p pe rs  c re a t e  a  

d a t ab as e  o f  a l l  p o s s ib l e  s p l ic e -s i t e  c o mb in a t io ns  p e r  lo c u s  an d  m ap  re a d s  

wh ich  f a i l e d  to  a l i gn  to  th e  r e fe r e n c e  t o  t h is  d a tab as e .  
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A fte r  a l i gn in g  r e ad s  to  th e  r e fe re n c e ,  C u ff l i n ks  c re a te s  an  o v er la p  g r a p h  fro m  

a l l  a l i gn e d  re a d s  an d  t ran s ve rs e s  t h is  g r ap h  i n to  a l t e rn a t i ve  va ri an t s  b y  f in d in g  

th e  m in i m u m  p a th s  co ve re d  b y  th i s  g r ap h ,  th a t  i s ,  r e so l ve s  th e  min im u m  s e t  o f  

t r an s c r ip t s  th a t  exp l a in  t h e  in t ro n  ju n c t i o ns  w it h in  th e se  re a d s[4 6 ] .  

B y  c o n t ras t ,  S c ri p tu re  t r i e s  t o  c o ns t ru c t  a  s p l i c e  g rap h  c o n t ai n in g  t he  b as e  o f  

th e  c h ro mo so m e  as  n o d es  an d  ad d s  ed g e s  ( co nn e c t ion s )  b e t we e n  th e  n o d e s  i f  

th e re  a re  r e ad s  th a t  c o nn ec t  t h e se  nod e s .  I t  t h e n  r e s o l ve s  th e  i s o fo r ms  b y  

f i n d in g  p a t hs  th ro u gh  th e  g rap h  wh ic h  h a ve  s t a t i s t i c a l l y  s ign i fic a n t  r e ad  

c o ve rage  [4 7 ] .  S c r ip t u re  i s  mo re  ro bu s t  th an  c u f f l in ks ,  w h ic h  t e n ds  to  b e  m o re  

s t r in ge n t .  

 

T h is  re fe r e n ce -gu i d ed  s t ra t e gy  i s  h i g h ly  s en s i t ive  and  a l lo ws  fo r  d i sc o v e ry  o f  

no ve l  t r a n s c r ip t s  a n d  re co ns t ru c t ion  o f  l o wl y  e xp r es s ed  t ra n s c r ip t s .  I t  h as  b e e n  

u se d  s u c ce s s fu l ly  o n  an i ma l  t ra n s c r ip t o m e s  bu t  i t  i s  n o t  w e l l  k n o w n  ho w  th e s e  

to o ls  (C u ff l i n ks  a n d  S cr ip t u re )  m ay  p e r fo rm  fo r  p o lyp l o i d  p la n t  

t r an s c r ip to m e s .  I t  c an  b e  u s e d  t o  r e c on s t ru c t  t r an s c r ip t o me s  fro m  re a d s  wi th  

co ve rage  a s  lo w as  1 0 X.  T h e  r e l i ab i l i t y  o f  t h i s  s t r a t e g y  o n  a  r e fe re n ce  make s  i t  

d i ff i c u l t  fo r  i t s  u s e  i n  n o n -m od e l  o rgan i s ms  w h o se  ge n o me s  h ave  n o t  b ee n  

s eq u en ce d .  Al s o  e r ro ne ou s  t ran s c r i p to me s  m a y  re s u l t  d u e  to  th e  l a rge  e r ro r s  

an d  m i s-a s s e mb l ie s  wh i ch  h a v e  be e n  i n cu r re d  o n  m an y  s e qu en ce d  geno me s .  

R e fe re n c e -gu ided  ap p r o ach e s  a re  a l s o  u n a b le  to  as s e mb le  t r an s -s p l ic ed  ge ne s  

[4 8 ] .  

 

1 .7 .2  De no vo  s tr a te g y  

T h is  ap p ro ac h  d o e s  n o t  re qu i re  a  r e fe re n c e  g e n o me  b u t  i t  t ak e s  a d van t age  o f  

o ve r lap p in g  re a d s  t o  f i n d  a  c o ns e n su s  a n d  re s o lv e  t r an s c r i p t  c o m p le x i t y.  I t  

do e s  n o t  d e p en d  on  an y  ma p p in g  s te p .  S o me  d e  n o v o  a s s e m b l y  t o o l s  h a ve  b e e n  

d e ve l ope d  inc l ud in g  T rin i ty  [4 9 ] ,  Oa s e s  [5 0 ] ,  a n d  Tran s - AByS S  [5 1 ] .  T h e y  

as s e m b le  R NA-s e q  d a t a  a  m u l t ip le  t i me s  u s in g  t h e  D e  B ru i jn  g rap h  a l go ri t h m  

[5 2 ]  to  re c o n s t ru c t  t r an s c r i p ts  an d  t h en  m erge  t h e  as s e mb le d  con t i gs  i n to  

la rge r  c on t i gs  in  a  p o s t  p roc e ss in g  s t ep .  H yb r id  re ad s  a re  a l s o  v a lu a b le  i n  th i s  

s t r a t e g y  an d  wi l l  i mp ro ve  th e  l e n gt h  a n d  q u a l i ty  o f  th e  as s e m b le d  t r an s c r i p t s .  
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F o r  n o n -m od e l  o rg an i sm s  an d  t h os e  wi th o u t  r e fe re n c e  ge no m es ,  d e  n ov o  

a s s e mb ly  a p p ro ach  p ro v i de s  a n  o ppo rtu n i t y  to  s tu d y  th e  t r an s c r i p to m es  o f  

th e se  o rga n is ms .  E v en  w h e n  a  re fe re n c e  i s  av a i lab le ,  i t  c an  b e  v a lu ab le  t o  d o  a  

d e  n ov o  a s se mb l y  as  i t  c an  r e c o n s tru c t  t r a n s -s p l i c ed  t ran s c r i p t s ,  n o v e l  

t r an s c r ip t s  n o t  fo u n d  i n  th e  g e n o m e  an d  e xo ge nou s  s e qu en c e s  i n  t h e  ge nom e  

in c lud i n g  p ara s i t i c ,  v i r a l  s e qu en c es  a nd  s o  o n .  T h e  c o n t i gs  fro m  th e  d e  n o vo  

ap p ro ach  c an  fu r th e r  b e  e x t en de d  b y  a l i gn i n g  re ad s  t o  t h e  as se mb led  c o n t igs  

an d  f in d in g  l i n k in g  re a d s  b e twe e n  c on t i gs .  De n o vo  a s s e m b l y  o f  l a rge  p la n t  

an d  an i ma l  t ra n s c r ip t o m es  a re  c o mp u ta t io n a l l y  c h al le n g in g  an d  re q u i re  a  l o t  o f  

R AM  me m o r y  an d  b i o i n fo rm a t ic s  e x p ert i s e .  I t  i s  a l s o  s u s ce p t ib le  t o  s e que nc in g  

e rro rs  a n d  c an  th e re fo re  p ro d u c e  c h ime ric  s e q ue n ce s  w h i ch  c an n o t  b e  

d i s t i n gu i sh ed  e as i l y  f ro m  t r a n s - s p l ic ed  t ran s c r i p ts .  

 

1 .7 .3  Co mb ine d  a p pro a c h  

T he  re fe re n c e -g u id e d  s t ra te g y  c a n  b e  c o mb in ed  w it h  t h e  d e  nov o  ap p ro a ch  fo r  

t r an s c r ip to m e  re c o n s t ruc t io n .  In  th i s  c o m b in a t i on ,  tw o  m e th o d s  c an  b e  u se d  as  

s ho wn  be l o w.  

 

1 .7 .3 .1  As s e m ble - th en -a l ig n  a p p ro a c h   

In  t h e  c as e s  o f  ava i l a b i l i t y  o f  a  c l o s e l y  re la te d  o r  a  lo w  q u a l i ty  re fe re n c e  

g e no m e ,  a  d e  n o v o  a s se mb l y  c an  b e  p er fo rm e d  a n d  i t s  re s u l t in g  c on t ig s  a l i gn e d  

to  th e  re fe re n c e  s o  as  to  e x te n d  and  im p ro ve  t h e  q u a l i ty  o f  t h e  r e fe re n c e .  

A fte rw ard s ,  th e  r e fe re n c e -g u ide d  app r o ac h  i s  e m p l o ye d  to  r e c on s t ru c t  t h e  

t ran sc r ip to me .  

 

1 .7 .3 .2  A l ig n - the n -a s s e m ble  a p p ro a c h  

T he  a l i gn - t h e n -as s e mb le  ap p r o ach  s ta r t s  b y  re c o n s t ruc t in g  th e  t r an s c r i p tom e  

u s in g  t h e  re fe re n c e -gu id ed  a p p ro a c h  and  th e n  ta k in g  re ad s  th a t  c o u ld  n o t  m ap  

to  th e  r e fe r e n ce  as  i n pu t  fo r  th e  d e  n ov o  a s s e mb l y  p ro c e ss .  T h i s  c an  b e  u sed  t o  

re c o ve r  a  go od  n u mb e r  o f  t r an s -s p l ic ed  t r an s c r i p t s  an d  fo re i gn  s e q u en ce s  

in c lud i n g  p a t ho gen s  f ro m  th e  t r an s c r i p to m e .  
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C are  s h ou ld  b e  tak e n  wh i le  t ryi n g  t o  c h o os e  a  s t r at e g y  fo r  RN A -S eq  d a t a  

an a l ys i s  an d  d e c i s ion s  s ho u ld  be  m ad e  c o n s id e r in g  t h e  t r an s c r i p tom e  

c o mp l e x i t y,  a va i l ab i l i t y  o f  h i gh  q u a l i t y  re fe re n c e  ge no m e ,  av a i l a b i l i t y  o f  

c o mpu t a t i o n a l  r e so u rce s  a n d  b io in fo r m at i c s  e xp e rt i s e .  
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2 .  O B J E CT IV E S  

 

T h is  wo rk  w a s  a i me d  a t  p re se n t in g  a  c o mp re hen s ive  b io in fo rm a t ic  an a l ys i s  o f  

R N A  p a i re d -e nd  s e q ue n ce  r e ad s  fro m  a  w o u n d in g  e xp e r im e n t  o f  Sc o t s  p i n e  

s ee d l in gs  ( ab o u t  5  ye ars  o ld ) .  T he  wo rk  i s  p a r t  o f  a  l a rge r  p r o je c t  wh e re  

b io s yn t h es i s  o f  e x t r ac t ive s  i s  c o m p a re d  be t we en  p in e  he a rtw o o d  d e ve lop me n t  

an d  s t re s s  i n d uc t io n .  T h e  p r i m a ry  o b j e c t ive s  w e re :  

 

(a )  To  e lu c id a te  w h at  ge n e s  i n  a dd i t i on  to  t h e  ge n e s  o f  t h e  s t i l b e n e  

b io s yn t h es i s  p a th way  a re  re a c t i n g  to  th e  w o un d in g  t r e a t m en t .  

 

(b )  To  u nc o ve r  th e  e xp re s s io n  p a t t e rn s  o f  th e s e  g e ne s  du r in g  w o un d in g .  

  

(c )  To  d i ffe re n t ia t e  b e t we en  th e  g e ne  e x p re s s io n  p a t t e rn s  o f  th e  H i gh  

h e ar tw o od  d ec ay  r e s i s ta n t  fam i l y  l in e s  a n d  L o w  r e s i s t an t  fa mi l y  l i n e s  i n  t h e  

wo und i n g  expe r ime n t s .  

 

(d )  To  re c on s t ru c t  a  c o m p re h en s i ve  t r a n sc rip to m e  f ro m  th e  s e qu e n ced  re a d s .  
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3 .  M E T H O D S  

 

3 .1  Se q ue nc i ng 

T he  s e qu e nc in g  d a ta  an a l yz e d  in  t h i s  wo rk  w as  p ro du ced  i n  th e  fo l l o win g  wa y:  

S co t s  p ine  s eed l i n gs  w e re  wo un d ed  b y  d r i l l i n g  h o le s  t h ro u gh  th e i r  s te ms .  T h en  

to t a l  R N A  was  e x t rac t ed  fro m  g ro un d  un wou n de d  and  wo un ded  deb arke d  s t em s  

(x y l e m)  o f  th e  s eed l i n gs  th re e  h ou rs ,  on e  d ay  an d  fo u r  d a ys  p o s t  woun d in g  b y  

th e  m e th o d  o f  C h an g  e t  a l .  [7 5 ] .  F o l l o win g  e x t rac t i o n ,  DN A  was  re mo ve d  b y  

d ig e s t in g  th e  s am p le  wi th  R NAs e  fre e  DNas e  an d  t h e  R N A  wa s  p u r i f ie d  u s in g  

Qiage n  R Ne a sy  p lan t  mi n i  k i t  (Q i age n in ,  F in l an d )  ac c o rd in g  to  m an u fa c tu re r ’s  

in s t ru c t io ns .  F i n a l l y,  t h e  l i b ra r ie s  w e r e  p r ep are d  u s in g  S OL i D  To t a l  R N A-S e q  

Ki t  (L i fe  Tech n o lo g ie s ,  F in la nd )  a c c o r d in g  t o  m an u fac t u re r ’s  in s t ru c t i o n s  

s ta rt in g  fro m  t h e  R i bo M in u s  t re a tm en t  a n d  t h en  se q uen c in g  do ne  us in g  the  AB I  

SOLiD p la t fo r m (S OLi D 3 ) .  

 

3 .2  M apping  SOL iD rea ds  to  the  P i ne  PGI  EST 

Pin e PG I E ST se t wa s d o wn lo ad e d f ro m t h e s i t e (http://compbio.dfci.harvard.edu/cgi-

bin/tgi/gimain.pl?gudb=pine)  c o n ta in i n g  7 7326  s equ en ce s  in  fas t a  fo rm at .  P a i re d -e nd  

s eq u en ce d  re a d s  ( fo rwa rd  re ad s  w e re  5 0b p  lo n g  an d  th e  re v e rs e  r e ad s  3 5 bp  

lo n g )  f ro m  t h e  AB I  SOL i D  we re  fi l te r e d  to  e xc lud e  lo w  q u a l i t y  re ad s  a n d  PC R  

du p l ic a te s .  Re a d s  w ere  a l ign e d  to  th e  P in e  P G I  E ST  s e t  u s in g  S HR iM P 2  [ 5 3 ]  

w h ich  i s  s p e c i fi c a l l y  e ff ic i e n t  fo r  c o l o rsp ac e  r e ad s  an d  g ap pe d  a l i gn m en t .  

Ma p p in g  w as  d o n e  w i th  p ara me te r s  ( k me r )  k  =  4 ,  m u l t i p le  s p ac e d  s ee ds  o f  

we igh t (w)  =  1 2 ,  a n d  o t h e r  re f in e d  par am e te rs  in c l ud i n g  a l lo w in g  fo r  b e t t e r  

m ic ro - i n d e l  de t ec t ion  u s in g  ( -a -1 )  th a t  d i sab led  l imi ta t io n  o f  fu l l  S m i t h -

Wa te rm a n 's  a l go r i t h m ,  e n ab l ed  g e no me   i n d e x  t r i mm i n g  ( V ) ,  p a i re d -e n d  m od e  

o f  o p po s i t e  i n  ( -p  'o p p -i n ' )  an d  a  m ap p in g  s c o re  th re sh o ld  o f  80  

p e rce n t (h =80% ) .  M ap p in g s  we re  d on e  on  p e r  l i b ra r y  b as i s .  O n l y  8  l i b ra r ie s ,  o f  

w h ich  4  be lo n ge d  to  a  h i gh  de c a y  r e s i s ta n t  fam i l y  a n d  a n o th e r  4  b e lo n g in g  to  

low re s i s t an t  f am i l y  l i ne  were  map p ed .  
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3 .3  No rm a l iza tio n  a nd  c o u n ti ng  o f  m a p pe d  re a d s  

R e ads  t h a t  m a p p ed  to  t h e  P i ne  P G I  E ST  s e t  we re  c o u n ted  u s in g  t h e  

s a m2co u n t .p l  P e r l  s c ri p t  [5 4 ]  p ro d u c in g  c o un t  d a t a  fo r  e ac h  l i b ra ry.  M e t hod s  

im p l em en te d  i n  e d ge R  [5 5 ]  t o  n o rm a l iz e  t h e  c oun t s  fo r  c o m po s i t i on a l  b i as  in  

l i b ra r ie s  an d  fo r  d i ffe re n c e s  be t we en  l i b ra r ie s  i n  s e q u e nc in g  d ep t h  w ere  u s e d  

fo r  n o rm al iz a t i o n .  T h e se  m e t hod s  ac cou n te d  fo r  u n de r-s a mp l in g  in  l o w ly  

e xp re ss ed  ge n e s  an d  o ve rs am p li n g  i n  h i gh l y  e xp re s s ed  ge ne s  b y  b u i l d in g  an  

e ff e c t ive  l ib r a ry  s i z e  u s i n g  an  o f fs e t  in  a  ge n e ra l iz e d  l in e ar  m o d el .  

N o rm al iz a t i o n  f ac t o rs  w e r e  e s t i m ate d  fo r  l i b ra r i e s  u s i n g  t h e  

c a lc No r mFa c to rs ( )  fu n c t i on  wh ich  im p l eme n ts  t h e  Tri mm e d  M e an  o f  M  va l u es  

m e tho d  ( T M M )  an d  th e  s am p l e  wh os e  t h re e -q u ar te r  p e rc e n t i l e  i s  c l o se s t  t o  t h e  

m ean  o f  th e  t h re e -q u a rte r  p e rc e n t i le s  o f  th e  re fe r e n ce .  

 

3 .4  Di f f ere ntia l  Ge ne  E xpre ss i o n  (D G E):  

T he  DGE  w as  te s te d  b y  u t i l i z in g  a  mo d e l  im p l em en te d  i n  e d geR  an d  b as ed  on  

th e  n e g at i ve  b in o m ia l  d i s t r i b u t i o n  wh ic h  e s t i ma te s  an  o ve r-d i s p e rs ion  

p aram e te r  fro m  re ad  c o u n ts .  T h i s  p a ram e t e r  i s  b e s t  s u i te d  fo r  re p re s en t in g  

b io lo g i c a l  o r  s a mp le - to - sam p l e  v a ri ab i l i t y.  D GE  w as  t e s t e d  f i r s t  b y  e s t im at i n g  

th e  t re nd ed  d i s p e rs i on  p aram e t e rs  u s i n g  th e  Co x-R e i d  p ro f i l e -ad ju s te d  

l i ke l ih ood  (C R )  m e th od  fo r  m u l t i p le  fa c to r s .  T h i s  t re nd e d  d i sp e rs ion  m e thod  

u t i l i z ed  q u an t i l e s  t o  c ap t u re  e xp r es s ion  p a t te rn s  o f  g e n es  e s p e c ia l l y  fo r  v e r y  

lo w l y  e x p re s s ed  ge ne s .  M u l t i p le  fa c to r s  a n d  c on t ras t s  we re  a c c ou n ted  fo r  b y  

f i t t in g  a  g e n e ra l i z ed  l in e ar  m o d e l  (GL M)  g ive n  a  d e s ign  m at ri x  an d  t h e  

d i ffe r e n t ia l  e xp re ss ion  te s ted  u s in g  a  GL M  l i ke l ih o o d  ra t io  t e s t  [5 5 ] .  T h e  

d es i gn  m at r i x  w h i c h  e xp l i c i t ly  r e p re s en ted  ou r  d a ta  w as  a n  ad d i t i ve  l in e ar  

m o de l  wi t h  fam il y  ( Hi gh  an d  Lo w)  a s  b l oc k in g  fac t o r  an d  s am p l e  g ro up in g  as  

c on t ro l  an d  t re a tm e n t  ( i n  th i s  c as e  R N A  e x t rac te d  in  th e  w o u n d in g  e x p e ri me n t  

a t  t h re e  h ou r,  o n e  d a y  an d  fo u r  d a ys  t ake n  a s  t r e a t m en t  a n d  un wou n de d  

sampl es  a s  con t ro l s ) .   
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3 .5  D e  no v o  I so fro m  c o m pli a nt  a s s e mb ly :  

F o r  as s e m b ly  o f  sh o rt  re a d  S OL i D  s e q u enc e s ,  Tr in i ty  R N A-S eq  as s e m b le r  [4 9 ]  

w as  u s e d  in  co n jun c t ion  w it h  t h e  AM O S  a s se m b l y  p ac kag e  [5 6 ] .  S ix te e n  r u n s  

o f  Trin i t y  we re  e xe c u te d  i n  p ara l le l  (o n e  ru n  pe r  l ib ra ry  fo r  two  lo w  d e c a y  

re s i s t an t  fam i l i e s  an d  tw o  h i gh  de ca y  r e s i s t an t  f am il ie s  w i t h  e ac h  fam i l y  

c o mp ri s i n g  o f  4  l i b ra r ie s )  w i th  k -m e r  p ara me t e r  =  2 5  fo r  i n c h wo rm.  T h e  

Mi n im o  p ip e l i ne  [5 7 ] ,  a  l i gh t  we igh t  a s se mb l e r  an d  p ar t  o f  th e  AMO S  p ac ka ge  

was  ru n  u s in g  p a ram e t e rs  M IN _ L EN =40 ,  M IN _ IDE NT =8 5  an d  98 ,  

FA S TA _ E X P =1  fo r  c o n t i g  m e rg i n g  t o  y i e l d  l oc a l  t ran s c r i p to me s .  U s i n g  p a i r e d -

e nd  jo i n in g  a n d  g ap  f i l l i n g  fro m  u n i que l y  m ap p ed  re ad s  f ro m  th e  5 4 7 1 D  l ib ra ry  

on  o n e  o f  t h e  as s e mb l ed  l o c al  t ran s c r i p to me s  (Tran s c r i p to me  1 ) ,  t h e  c o n t igs  

we re  fu r th e r  as s e mb led  i n to  2 , 1 52  s c affo l d s  u s i n g  th e  S OP RA[5 8 ]  s o ft wa re .   

 

 

3 .6  Q ua n t i ta ti v e  P CR  v a l i d a t io n  fo r  t he  e x p re s s io n  o f  s e le c te d  tr a ns c r ip t s :  

G ene s  be l on g in g  t o  t h e  s t i lb e n e  b ios y n th e s i s  p a th w ay  w ere  s e l ec t ed  fro m  t w o  

h a l f  s ib  fam i l i e s  an d  s ix te en  c DN A  l ib ra r ie s  ( fo r  th e  p u r po se  o f  va l id a t i n g  t h e  

re s u l t  o f  th e  D G E)  in c l ud in g  P in u s  sy l v e s t rs i s  4 -c ou m ara te - C o A  l iga se  ( 4 C L )  

gene  (Ps 4 C L )  p a rt ia l  c d s .  w i th  Ge n b a n k  ac c e s s ion  n u m be r  E U3 9 27 8 0   [5 9 ]  ,   

Pin u s  s y l ve s t r s i s  i s o la t e  L i l l o 22  ph e n y la la n in e  a mm on ia - ly a se  (p a l1 )  g en e ,  

par t i a l  c d s  ( Ps PA L )  wi th  Ge n B an k  ac c e s s ion  n u mb e r  AF 3 5 3 9 86 ,  OR F  f ro m  t h e  

p a t e n t  s equ en ce  Pin u s  s y l v es t r s i s  P MT  (P s PM T )w it h  G en eb an k  ac c e s s ion  

nu mbe r  AX2 1 232 2 ,  P in o s yl v in - fo rm i n g  s t i lb e n e  s yn th as e  [Pi n u s  s y l v e s t r i s ,  

s ee d l in g ,  m RN A ,  1 2 2 1  nu c le o t id e s ]  w i t h  Ge n eb an k  ac c es s io n  nu mb e r  S 5 0350  

(PsS TS ) .  P r i me rs  fo r  q u a n t i ta t ive  P C R  (QP CR )  we re  d e s i gn ed  us in g  t h e  

P ri me r3 p lu s  so f t wa re  [6 0 ] .  T he  r e fe re nc e  gen e ,  a  p a r t i a l  s e q ue n ce  f ro m  t h e  

Pic e a  a b ie s  Ub iq u i t in  l i gase  ( PaUB )  [3 2 ]  wa s  s e le c ted  fro m  th e  r e s u l t  o f  t h e  

d i ffe re n t ia l  e x p re s s i o n  an a lys is  b e i n g  th e  m o s t  s t ab l y  ex p re s s e d  ge n e  an d  w as  

u se d  to  de s ig n  fo r w a rd  a n d  re ve rs e  o l igo n u c le o t i de  p r im e rs .  F o rw ard  a nd  

rev e r se  p r imers  fo r  Pa UB ,  Ps4 C L,  Ps PA L,  PsPM T a n d  PsS TS  a re  sho wn  in  Bo x  

1 .  L igh tC yc l e r  4 8 0  S YB R  G re e n  I  M as t e r  (R o c he  Ap p l i ed  S c ie n ce )  w as  u s e d  

fo r  a l l  QP CR  e xp e r im en ts ,  fo l l o win g  t h e  m anu fac t u re r ' s  p ro t o co l .  Al l  s am p l e s  
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w e re  m e as u re d  t h re e  t i me s  fo r  t a rg e t  t r an s c ri p t  le v e l s  (Ps 4 C L,  Ps PA L ,  Ps P MT  

an d  Ps S TS )  an d  re fe re n c e  t ran sc r ip t  l e ve l s  (PaUB ) .  Al l  e x p e r im e n t s  we re  ru n  

u s in g  t h e  L igh tC yc le r  4 80  S ys te m  (R oc h e  Ap p l ied  S c ie nc e ) .  E ac h  re ac t ion  

c on s is t ed  o f  1 5  l  c on ta in i n g  5  l  o f  c DN A  a n d  1 0  p mo l  o f  e ac h  p r im er.   T h e  

c yc l in g  c o n d i t io ns  we re  1  c yc l e  o f  d e n a tu ra t io n  a t  9 5 ° C/ 10  m i n ,  fo l lo we d  b y  

45  t h re e -s e gm en t  c yc l e s  o f  am p l i f i c at io n  (95 °C /1 0  se c ,  57 °C /1 0  s ec ,  7 2 ° C /10  

s e c )  w h ere  t h e  fl u o re s cen c e  w as  au t o m at ic a l l y  m e as u re d  d u r i n g  P C R  an d  on e  

th r ee - s e gm en t  c yc le  o f  p ro d u c t  m e l t i n g  (9 5 °C /5  s e c ,  6 5 ° C /1  mi n ,  97 °C /  

c on t in u ou s )  an d  c oo le d  (4 0 °C) .  T h e  b as e l in e  ad ju s tm en t  m e th o d  o f  th e  L i g h t  

C yc l e r  s o f tw a r e  was  u s e d  t o  d e te rm in e  t h e  C t  in  e ac h  re ac t ion .  A  m e l t in g  c u r ve  

was  c o n s t ruc t ed  fo r  e a ch  p r im er  p a i r  t o  ve r i fy  th e  p re s enc e  o f  o n e  ge ne -

s pe c i f ic  p e ak  an d  t h e  a b s e n c e  o f  p r i me r  d im m e r.  A l l  s am p l e s  w e re  am p l i f i e d  in  

t r ip l i c a te s  an d  t h e  me an  wa s  u s e d  fo r  f u r t h e r  an a l ys i s .  

 
Box 1 showing Forward and Reverse primers for QPCR experiment. 

_______________________________________________________________________________ 
 
  Fo rwa rd p ri m e rs     R e v e rs e  p r im e rs  
_______________________________________________________________________________ 
 
 
PsUB   AAT C AGT GGGCC TT T GAAT G GTT CAAAGCCT GT CCAGC AT 
Ps4CL  TATTAACG ACCC GG AAT CC A AGCC ACC T GGAC AAAC AAAT 
PsPAL  AT GCT GAAGCT GCC AAAT CT CC GGGTAGTAT CTT CGGAC A 
PsPMT  G AC GC T G C C AT TAC AC T T G A  C C AG G AC T C C AT C A AC AC C T  
PsSTS  T T C G CT T C GAT C CT T G CTAT  G C AC AC AT C G GG AT T C T TC T  
_______________________________________________________________________________ 
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F igu re  2 :  An al ys i s  f lo wc h a rt  fo r  S co t s  p ine  R NA-S e q  d a ta .  
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4 .  R E SU LT S  

Ou r  an a l ys i s  p ip e l in e  i s  d e t a i l e d  in  a  f lo w  c h a rt  sh o wn  i n  F igu re  2 .  

4 .1  M a pping  rea ds  to  the  re ference  ES T l is t :  

T he  u se  o f  E S T  ab un d an ce  as  a n  i n d ic at o r  fo r  t r an s c r i p t  ab u nd an ce  i s  a  w e l l  

ac c e p te d  m e t hod  fo r  i d e n t i fi c a t io n  o f  d i ffe re n t i a l  ge n e  e x p re s s i on .  T h is  m e thod  

h as  b een  va l id a t e d  in  n u me ro us  s tud ie s  u s in g  E STs  fro m  S a n ge r  s e q u e nc in g  

[7 0 ,  7 1 ].  We  p e r fo rm e d  Sc o ts  p ine  t ran s c r i p to me  a n al ys i s  a t  a  s i n gl e -

nu c l eo t id e  re so lu t ion  u s in g  AB I- S OL i D  R N A-S e q  te c h no lo gy.  B ri e f l y,  R NA  

fro m  g ro u nd  wo und ed  ( t h re e  h o u rs ,  o ne  d a y  a n d  fo u r  d a ys  p o s t -wo und i n g)  a nd  

un wou nd e d  s te ms  o f  S co t s  p i ne  s eed l in gs  fro m  t wo  h a l f  s ib  f am il ie s  w as  

s eq u en ce d .  To  qu a n t i fy  w o un d in g  r e sp on se  and  t i s su e - s pe c i fic  t r an s c r i p t  

ab und an ce  in  o u r  S co t s  p ine  s e e d l i n gs  s h o r t - r e ad  d a t as e t ,  mi l l io n s  o f  p a i re d -

e nd  r e ad s  we re  ma p p ed  t o  t h e  P in e  E ST  l i s t  a f te r  q u a l i t y  f i l t e r i n g  u s in g  

S HR iM P 2  [5 3 ]  wi t h  a  m ap p i n g  s co re  t h re sho ld  o f  8 0 %  an d  a l lo wi n g  fo r  mic r o -

in d e l  de te c t i on .  M e an  p e r cen t age  o f  re a d s  map p ed  to  th e  P GI  ES T  l i s t  fo r  t h e  

e ig h t  l i b ra r ie s  w e re  a b ou t  2 9  pe rc en t  an d  m ap p in g  p e rce n ta ge  fo r  e ac h  l ib r a ry  

a re  s h o wn  i n  Ta b le  1 .  Ab o u t  7 0  p e rce n t  o f  th e  u n m app ed  r ead s  w e re  d u e  t o  t h e  

in c o mp le t e  r e fe re n c e ,  la c k  o f  a  s e q u en ce d  ge n o m e  a n d  t h e  n o rm al  o c c u rre nc e  

o f  n o ve l  t ra n sc r ip t s  f ro m  R N A -S eq  e xp e ri me n t s  [6 9 ] .  

 
Tab le  1 :  P e rc en t ag e  o f  m ap p ed  r e ad s  f r o m 8  seq u en c e  l i b r a r i e s  f r o m S c o t s  p ine  R N A - S eq .  
_______________________________________________________________________________ 
L ibra ry    M a pped  rea ds  (%)  

_______________________________________________________________________________ 
 

39 5C     27 .3 2  

39 53 H     26 .4 1  

39 51 D     28 .0 0  

39 54 D     31 .2 8  

41 3C     30 .8 4  

41 33 H     30 .9 1  

41 31 D     31 .7 4  

41 34 D     31 .9 7  
_______________________________________________________________________________ 
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3 9 5  a n d  4 1 3  r e p r e s e n t  t w o  h a l f  s i b  f a m i l i e s  w h e r e  t h e  m o t h e r  t r e e  w a s  c h a r a c t e r i z e d  a s  l o w  a n d  h i g h  

h e a r t w o o d  d e c a y  r e s i s t a n t  l i n e s  r e s p e c t i v e l y.  T h e  c o d e s  C ,  3 H ,  1 D ,  4 D  i n d i c a t e  s a m p l e s  f r o m  C o n t r o l  

( u n w o u n d e d  s e e d l i n g s ) ,  3  h o u r s ,  1 d a y  a n d  4 d a y s  p o s t  w o u n d i n g  r e s p e c t i v e l y.   

_______________________________________________________________________________ 
 

 

Ma p p in g  o f  t h e  R N A-S eq  re a d s  o n  th e  P i n e  E ST  re v e ale d  ab o u t  1 3 ,0 0 0  t ags  

m ap p ed  ou t  o f  t h e  to t a l  7 7 ,3 26  ta gs  in  th e  E ST  l i s t .  

 

4 .2 Dif fe re nti a l  g e ne e xpres s io n (DG E ): 

S co t s  p ine  DGE  an a l ys i s  w as  b as e d  on  re s po ns e  t o  w o und in g  s t r e s s  b e t wee n  

un wou nd e d  and  wo u nded  t im e  s e r i e s  o f  th e  h a l f  s ib  l i b ra r ie s .  F o l l o wi n g  

m ap p in g ,  re a d s  ma p p ed  to  th e  E STs  w e re  c o u n ted  an d  n o r ma l i z e d  ( t ak in g  i n to  

ac c oun t  th e  co mp os i t io n al  b i as  in  l i b ra r ie s ) .  We  u s e d  ed g eR  [5 5 ]  to  f i t  a  mo de l  

u s in g  t h e  n e ga t ive  b i n o m ia l  d i s t r i b u t i on  fo r  e s t im at io n  o f  a  p a ram e te r  k n o wn  

as  th e  o ve r- d is p e rs io n  p a ram e t e r  (w h i c h  ac c oun t s  fo r  b e tw een  s a mp le  

va r iab i l i t y )  u s i n g  th e  Co x-Re id  (C R )  p ro f i l e  ad ju s t ed  l i ke l i h ood  m e th od  be s t  

s u i ted  fo r  m u l t ip l e  f ac t o rs .  S u b se qu en t l y,  w e  f i t  a  ge n e ra l i z ed  l in e ar  mo de l  

(G LM )  u s in g  t h e  s am p le -w is e  o v e r- d is p e rs i on  p ar am e t e r  e s t im a t e s  an d  g i ve n  a  

d es ign  m at ri x  r e p re s en t in g  a  c o n t ro l  ve rs u s  t re a tm en t  c on t ras t  w i t h  h a l f  s ib  

fam i l y  g ro u p in g  a s  a  b l o c k i n g  f ac t o r.   D GE  w as  te s te d  i n  a  GL M  l ik e l i h ood  

ra t io  t e s t  an d  m u lt ip l e  t e s t in g  was  ac c o u n te d  fo r  b y  re p o r t i n g  Fa ls e  Di sc o v ery  

R ate s  (F D R )  a t  1 % .  D ig i t a l  g e n e  e x p re ss ion  an a l ys i s  b e twe e n  t h e  l i b ra r ie s  u s ed  

ge ne ra t e d  1 ,34 8  E ST  tag s  d i ffe re n t i al l y  e xp re ss ed  a t  P < 0 .01 .  8 30  E ST  t ags  h a d  

po s i t i ve  l o g  fo ld  c h a n ge s  ( l o gF C)  a nd  5 1 8  E ST  t ags  h a d  n e g at i ve  l o gF Cs  

(p o s i t ive  lo gF C  i nd i c at in g  u p -re gu l a t i on  an d  ne ga t i ve  l o gF C  d o w n -re gu l a t ion ) .  

T he  t o p  t e n  E ST  t a gs  ( ra n ke d  a c c o rd in g  to  L o gF C )  fo r  t h e  u p -re gu la te d  a nd  

do w n -re gu l a t e d  g ro up s  a re  g i ve n  in  Tab le  2  an d  a  l i s t  o f  a l l  t h e  d i ffe re n t ia l l y  

e xp re ss ed  t ags  a re  s h o wn  in  Ap p en d ix  1 an d  2 .  A  go o d  nu m be r  o f  t r an s c r ip t s  

e nco d in g  d ih yd ro p in os lv i n  s yn th as e  ( in c lu d in g  T C 15453 8 ,  T C1 60074 ) ,  

p in o s yl v in  s yn th as e  o r  p in o s yl v in - fo rm in g  s t i l b e ne  s yn th as e  ( in c lud in g  

TC 1954 9 3 ,  TC 1568 3 9 ,  T C168 37 0 ,  DR 02 5377 ,  DR 1 677 06 )  an d  d i ffe re n t  

p a t ho gen  re l a t e d  d e fe n s e  p ro te i ns  ( i n c lu d in g  T C 1712 64 )  we re  fo u n d  a m o n g  t h e  
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up -re gu l a t e d  ge n e  l i s t  (Ap p en d ix  1 ) .  A  c o mp le x  p ro fi l e  o f  t r an s c r ip t s  

re p re se n t i n g  ge n es  in vo lved  in  d e fe n s e ,  m e t ab o l i s m,  t r an s p o rt ,  t r an s c r i p t ion  

an d  o t he r  c o mp le x  b io lo g ic a l  p roc es se s  we re  fo u n d  to  be  up - re gu la t e d .  On  t h e  

o th e r  h an d ,  a  go o d  nu mb e r  o f  t r an s c r ip t s  e n cod i n g  t h e  Pinu s  t aeda  (+ ) -  a lp h a-

p in en e  s yn th as e  ( i n c lu d in g  T C 15 5407 ,  GT 2 6 5 035 ,  F G6 1 6357 ,  T C 1 5538 4 ,  

T C 1772 3 2 ),  a  c o mp l e x  p ro f i l e  o f  t ra n sc r ip t io n a l  re g u la to r s  ( in c lu d in g  

T C 1780 4 8 ),  p o t as s iu m  c h ann e l s  (T C 185 372 ),  m e t ab o l i s m  an d  o th e r  b io l o g ic a l  

p ro c e ss es  we re  fo u nd  t o  b e  d o wn -re gu l a te d  ( Ap p en d i x  2 ).    

 
Tab le  2  s h o w in g  t o p  1 0  e a ch  o f  u p re g u l a t ed  an d  d o w n r eg u l a t ed  d i f f e r en t i a l l y  e x p r es s ed  
E S T  ta g s  f r o m  D GE  a n a l ys i s  o f  S co t s  p in e  R N A - S e q  d a t a  
_______________________________________________________________________________ 
 
   l o g C o n c  lo g F C        L R          P.Va l ue      F D R  
_______________________________________________________________________________ 
D R 0 9 6 6 3 6  - 1 2 .2 5  6 . 1 2 1 0  6 5 .2 9 0  6 . 4 6 4 e -1 6  4 .1 5 7 e -1 2  

T C 1 7 1 0 8 7  - 1 4 .0 3  6 . 3 0 2 0  6 4 .4 1 0  1 . 0 1 2 e -1 5  4 .3 3 7 e -1 2  

T C 1 7 1 0 8 9  - 1 2 .2 7  5 . 8 1 2 0  6 1 .6 0 0  4 . 2 0 6 e -1 5  1 .3 5 2 e -1 1  

T C 1 7 1 9 9 2  - 1 3 .3 2  5 . 3 1 7 0  5 8 .8 3 0  1 . 7 2 1 e -1 4  4 .4 2 8 e -1 1  

T C 1 8 1 6 5 0  - 1 3 .7 5  4 . 7 3 2 0  5 4 .3 7 0  1 . 6 5 7 e -1 3  3 .5 5 2 e -1 0  

T C 1 9 2 3 3 3  - 1 0 .5 7  0 . 7 0 9 8  5 1 .9 1 0  5 . 8 0 4 e -1 3  9 .5 0 6 e -1 0  

T C 1 8 6 8 1 7  - 1 3 .6 1  4 . 6 0 0 0  5 1 .8 8 0  5 . 9 1 3 e -1 3  9 .5 0 6 e -1 0  

T C 1 9 4 4 8 5  - 1 3 .8 7  5 . 3 0 2 0  5 0 .7 6 0  1 . 0 4 2 e -1 2  1 .4 9 0 e -0 9  

T C 1 7 5 5 7 5  - 1 3 .3 2  4 . 6 6 5 0  5 0 .1 5 0  1 . 4 2 8 e -1 2  1 .7 1 3 e -0 9  

T C 1 6 1 8 7 8  - 1 2 .7 0  4 . 6 6 0 0  4 9 .8 8 0  1 . 6 3 1 e -1 2  1 .7 4 8 e -0 9  

T C 1 9 9 2 9 0  - 1 0 .3 9 7  - 0 .6 2 1 8  7 1 .7 2 0  2 . 4 7 4 e -1 7  3 .1 8 2 e -1 3  

T C 1 7 8 0 4 8  - 1 3 .1 3 5  - 2 .9 1 6 0  5 0 .0 9 0  1 . 4 6 5 e -1 2  1 .7 1 3 e -0 9  

T C 1 9 0 8 8 3  - 1 2 .9 6 3  - 2 .9 3 3 0  4 4 .5 5 0  2 . 4 8 4 e -1 1  1 .1 0 2 e -0 8  

T C 1 9 1 8 1 0  - 1 2 .9 6 2  - 2 .7 6 8 0  4 3 .2 4 0  4 . 8 5 0 e -1 1  1 .8 3 5 e -0 8  

T C 1 7 4 4 2 2  - 1 2 .5 0 2  - 2 .9 6 0 0  4 2 .6 1 0  6 . 6 7 0 e -1 1  2 .3 8 3 e -0 8  

T C 1 6 0 0 5 3  - 1 2 .1 4 0  - 2 .9 5 2 0  3 8 .8 7 0  4 . 5 3 7 e -1 0  8 .7 0 9 e -0 8  

T C 1 5 6 2 6 9  - 1 2 .8 9 1  - 2 .8 7 8 0  3 8 .0 5 0  6 . 8 9 2 e -1 0  1 .1 6 6 e -0 7  

T C 1 9 5 5 7 6  - 1 3 .0 6 6  - 2 .6 6 8 0  3 8 .0 3 0  6 . 9 8 0 e -1 0  1 .1 6 6 e -0 7  

T C 1 9 3 1 2 4  - 1 2 .7 9 5  - 2 .7 6 8 0  3 7 .8 4 0  7 . 6 9 8 e -1 0  1 .2 5 3 e -0 7  

B Q 6 9 6 5 11  - 1 2 .5 2 3  - 2 .9 9 2 0  3 7 .5 9 0  8 . 7 1 5 e -1 0  1 .3 8 4 e -0 7  

_______________________________________________________________________________ 
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Lo g C o n c  i s  a  r eg r e s s i o n  e s t i m a t e  o f  t h e  ab u n d an ce  o f  e a c h  t r an s c r i p t  i n  t h e  s a m p l e  

( s ho w i n g  th e  b a s e  2  l o g a r i th m  r e la t i v e  q ua n t i t y  o f  e a c h  t r an s c r ip t  b e t w e e n  th e  t es t  a n d  

co n t r o l  s a m p l e s ) ,  LR  i s  th e  l ik e l i h o o d  r a t io  s t a t i s t i c ,  P. Va l u e  i s  t h e  p - v a l u e  f r o m  th e  L R  

t e s t  an d  F D R  i s  th e  m u l t ip l e  t e s t i n g  ad j u s t ed  v a lu e  fo r  f a l s e  d i s co v er y  r a t e  u s i n g  t h e  

B en j a m i n i  a n d  H o c h b e r g ' s  m e t h o d  [ 6 1 ] .  R e fe r  t o  A p p en d i c e s  1  a n d  2  f o r  an n o ta t i o n  o f  

th es e  t a r g e t  s eq u en ce s .  

_______________________________________________________________________________ 
 

 

4 .3  P i ne  Tr a ns c r ip t o m e  a s se m bly :  

In  to t a l ,  a b o u t  940  m il l i o n  p a i r e d -e nd  re a d s  o f  r aw  R N A -S e q  d a ta  re p re s e n t in g  

R N A  fro m  w o u nde d  s te m s  o f  S co t s  p in e  se ed l in gs  fro m  fo u r  h a l f  s i b  fa mi l i e s  

w ere  u s e d  fo r  a  w o u nd  re s po ns e  t ran s c ri p t o me  as s e mb l y.   T h e  d a t a  c o m p ri s ed  

o f  s ix t e e n  l i b ra r ie s  o f  u n w o un d ed  a nd  w o un de d  t im e  s e ri e s  R N A-S eq  re ad s .  

F o l l o win g  a  se q u en ce  q u a l i ty  f i l t e ri n g  p ro ce s s ,  t h e  re ad s  we re  as s e mb led  u s ing  

th e  Trin i t y  R NA- S eq  as s e mb l e r  [4 9 ]  p e r  l i b ra r y.  Tran s c r i p t o me  as se mbly  

c l i pp ed  in to  25 -m ers  re s u l t e d  i n  a  go o d  nu m be r  o f  c o n t i gs  ra n gin g  fro m  a b o u t  

60 0  to  1 5 ,000  fo r  t h e  1 6  l ib ra r i e s  (Ta ble  3 ) .  T h e se  co n t ig s  we re  fu r th e r  me rg e d  

u s in g  th e  M i n i mo  [5 7 ]  p ip e l in e  wi th  v e r y  s t r in ge n t  s e q u enc e  i de n t i ty  p a ram e t e r  

o f  9 8 %  (g i v i n g  r i s e  t o  2 5 ,01 0  c o n t i gs  in  Tran s c r i p to me  1  s h o wn  i n  Tab le  4 )  

an d  a l s o  a l lo wi n g  fo r  in c l u s io n  o f  m o re  d ive rge n t  s e que n ce s  (8 5 %  s im i la r i t y )  

in t o  l on ge r  c o n t igs  (g iv i n g  r i s e  t o  7 ,5 50  co n t i gs  i n  Tran s c r ip to m e  2  a l so  s hown  

in  Ta b le  4 )  w i t h  m ed ia n  c o ve rage  p e r  c o n t ig  r an g in g  f ro m  8 ×  t o  5 5 0×  

(c o ve ra ge  o f  m e rge d  t r a n s c r ip t s ) .  T h e  8 5 %  s e q uen ce  s i mi la r i t y  p a ram e t e r  

c o l laps e d  m o s t  o f  t h e  va ri a t i o n s  i n  t h e  s e que n ce s  in to  c on sen s u s  s equ en ce s  

w it h  r e s u l tan t  b e t t e r  s eq uen ce  l en g t h s .  S u b seq ue n t l y,  w e  re -m a p p ed  re a d s  f ro m  

th e  5471 D  l i b ra r y  o n  Tran sc r ip to m e  1  an d  m aki n g  u s e  o f  a b ou t  4 5 %  u n ique l y  

m ap p ed  p a i r e d -e n d  re a d s  t o  d ec i phe r  c o n t ig  co nn ec t io n s  and  o r ie n ta t io n ,  

fu r th e r  s c a ffo l d  t h e s e  c on t igs  in to  2 ,15 2  sup e r  c on t igs  (s c a ffo ld s )   u s in g  t h e  

SOPR A[5 8 ] s o ft wa re .  
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Tab le  3 :  N u m b er  o f  a s s e m b l ed  c o n t i g s  p e r  s e q u en ce  l i b r a r y  o f  S co ts  p i n e  R N A - S eq  d a t a .  
_______________________________________________________________________________ 
L i b r a r y  N u mb e r  o f  C o n t i g s  
_______________________________________________________________________________ 
 
3 9 5 C   1 , 0 4 2  

3 9 5 3 H  1 , 9 3 4  

3 9 5 1 D  2 , 4 4 1  

3 9 5 4 D  2 8 6 1  

4 1 3 C   3 , 4 1 7  

4 1 3 3 H  3 , 2 7 3  

4 1 3 1 D  4 , 2 0 2  

4 1 3 4 D  1 5 , 1 6 3  

4 2 6 C   7 9 9  

4 2 6 3 H  9 1 9  

4 2 6 1 D  6 9 3  

4 2 6 4 D  9 6 4  

5 4 7 C   3 , 8 0 1  

5 4 7 3 H  3 , 1 5 4  

5 4 7 1 D  3 , 2 7 0  

5 4 7 4 D  2 , 6 0 6  
_______________________________________________________________________________ 
3 9 5 , 4 1 3 ,  4 2 6  an d  5 4 7  r e p r e s e n t  f o u r  h a l f  s i b  f a m i l i e s  w i t h  3 9 5  an d  5 4 7  a s  l ow  h e a r t w o o d  d e c a y  

r e s i s t a n t  l i n e s  a n d  4 1 3  a n d  4 2 6  t h e  h i gh  h e a r t w o o d  d e c a y  r e s i s t a n t  f am i l y  l in e s .  C o d e s  in c l u d i n g  

C ,  3 H ,  1 D ,  4 D  r e p r e s e n t s  s e q u en ced  c on t r o l  s a m p l e s  ( u n w ou n de d  s e e d l in g s ) ,  3  h ou r s ,  1 d a y  a n d  

4 da ys  p o s t  w ou n d in g  s a m p l e s  r e s p ec t i v e l y.   

_______________________________________________________________________________ 
 

 
Tab le  4 :  T ran s cr ip to m e  a n d  s c a ff o l d  i n fo r ma t i o n  o f  a s s e m b l ed  S co ts  p i n e  R N A - S eq  d a ta .   
_______________________________________________________________________________ 
Tra ns r ip t o me  1 :     

To ta l  nu mbe r  o f  c o n t i gs   25 ,0 10  

N5 0       35 4 bp  

Av e ra g e  c o n t i g  s i z e    34 7 bp  

Tra ns c r i p to m e  2 :  

To ta l  nu mbe r  o f  c o n t i gs   7 ,55 0  

N5 0       50 9 bp  

Av e ra g e  c o n t i g  s i z e    49 0 bp  
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S ca f fo ld  i n fo :  

S c affo l d s      2 ,15 2  

S in g le t on s      19 ,8 25  

L arg e s t  s c a f fo l d  s i z e    17 ,8 00b p   
_______________________________________________________________________________ 
Tr a n sc r i p t o m e  1  w as  g e n e r a te d  f r o m me rg ed  co n t i g s  f ro m t h e  a s s e mb l y  w i th  s eq u en ce  
id en t i t y  o f  9 8 %  a n d  T ra n s cr ip to m e  2  w i t h  s e q u e n ce  i d en t i t y  o f  8 5 % .  
_______________________________________________________________________________ 
 
 

4 .4  Qu a nti ta t iv e  P CR  (q PCR )  v a l id a ti o n  fo r  the  e xp re s s i o n  o f  g e ne s  in  

Sti lb e ne  b io s y nthe s i s  p a t hwa y :  

Qu an t i t a t i ve  t ran s c r ip t o m e  an a lys i s  u s in g  h i gh -t h ro u ghp u t  se q ue nc in g  

p la t fo rm s  s u c h  a s  i l lu mi n a  a n d  S OL iD  h as  b e e n  s h o wn  t o  b e  a cc u ra te  a nd  

h ig h ly  c o r re l a t e d  wi th  o t h e r  q u an ti ta t i ve  me t h od s  s u ch  as  QP CR  a nd  

m ic ro ar r a y  t e c hn o lo g i e s  [7 2 ,  7 3 ] .  D u e  t o  l i mi te d  n u m be r  o f  s am p le s ,  w e  

u t i l i z ed  n o n  se q ue nc e d  h a l f  s i b  f am il y  s am p le s  c o mp ri s in g  t h e  4 34  f am il y  wi th  

lo w  h e art wo od  d e c ay  re s i s t an ce  an d  50 8  fa mi l y  w i t h  h i gh  h e a rt wo od  de c ay  

re s i s t an c e  fo r  t h e  v al id a t i o n  o f  t h e  e xp r es s io n  p a t te rn s  o f  fo u r  c an d i d a t e  ge n es  

in  th e  s t i lb en e  b i os yn t h e t ic  p a t h way  ( F ig u re  3 ,  4 ,  5 ,  6 a  an d  6 b ) .  We  o b s e rve d  

va r iab l e  e xp re s s i on  p a t t e rn s  o f  t h e  c and i d a t e  ge n es  Ps4C L,  PsPAL  an d  PsP MT 

(F igu re s  4 ,  5  an d  6  re sp ec t ive l y)  t h ro u gh  t h e  p os t -wo un d in g  t i m e  c ou r se  

e xpe r im en t  fo r  b o t h  t h e  4 3 4  and  508  fam i l ie s .  Ho we v e r,  t h e  q P CR  re s u l t s  

s upp o rt ed  t h e  d i ffe re n t ia l  e xp re s s i on  o f  t h e  Ps S TS  (F igu re  6 a  an d  6 b )  f ro m  t h e  

DGE  re su l t s  wh ic h  h ad  a  go od  n um b er  o f  d i ff e re n t  t r an s c r i p ts  e n co d in g  

s t i lb ene  s yn t h as e  b e in g  u p - re g u la t e d  (Ap p e n d ix  1 ) .   
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Figure 3: Ps4CL expression from QPCR results of two Scots pine half sib families in a post-wounding time course 

experiment. 
 

 

 

 
 
Figure 4: PsPAL expression from QPCR results of two Scots pine half sib families in a post-wounding time course 

experiment. 
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Figure 5: PsPMT expression from QPCR results of two Scots pine half sib families in a post-wounding time course 

experiment. 

 

 

 
 

       
Figures 6a and 6b: PsSTS expression from QPCR results of two Scots pine half sib families in a post-wounding time course 

experiment. (Low resistant family 434 – Red and high resistant family 508 – Blue, note the different scales.) 
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4 .5  A na ly s i s  o f  c a nd id a te  g e ne s  f ro m  the  s t i lb e ne  b io s y nthe s i s  p a t hwa y :  

F u rt h e r  an a l ys i s  w as  p e r fo rm e d  u s i n g  B L AS T N  t o  e x t r ac t  s o me  v a lu a b le  

in fo rm at io n  fo r  o u r  fo u r  s t i lb e n e  b io s yn t h es i s  p a t h way  c a n d id a te  ge n e s  

(Ps4 C L,  PsS TS ,  Ps PMT  an d  Ps PA L )  f ro m  t h e  p in e  P G I  E ST  l i s t .  Ta b le  5   s ho w  

B L AST N  h i t s  o f  Ps 4 C L  an d  Ps S TS  o n  t h e  p in e  P GI  ES T  l i s t  an d  th e i r  DGE  

va l u e s  a t  P < 0 .01  (1 %  F DR )  an d  Tab le  6  s ho w  B L AS T N  h i t s  o f  Ps PM T and  

Ps PA L  o n  th e  p in e  P G I  E S T  l i s t  a n d  the i r  DGE  va l u e s  a t  P < 0 .0 1  (1 %  F DR ).  T h e  

va l e s  re p r es e n te d  w it h  n i l  in  Tab l es  5  an d  6  s h o w  t h at  t h e  c and i d ate s  Ps 4CL,  

Ps PA L an d  Ps PMT  w ere  n o t  d i ffe re n t ia l l y  e xp re s se d  ( t h a t  i s  f l u c t u at i o ns  in  

th e i r  e xp r es s io n  p a t te rn s  w ere  no t  s i gn i fic an t  b u t  r a th e r  c ru d e l y  s t ab le )  g i v e n  

ou r  m u l t ip l e  t e s t i n g  t h re s ho l d .  T h i s  wa s  c o n fi rm ed  b y  Q PC R  r e s u l t s  (F igu re s  3 ,  

4  an d  5 ) .  On  t h e  o t h e r  h a n d  Tab le  5  s h o w  c l e ar  s i gn i fic a n t  d i ff e re n t i al  

e xp r es s ion  o f  B L AS T N  h i t s  o f  o u r  c a n d id a te  PsSTS  w h i ch  w e re  a l s o  c o n fi rm e d  

b y  o u r  q P CR  re su l t s  s h o wn  i n  F igu re s  6 a  an d  6 b .  
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Table 5: BLASTN hits of Ps4CL and PsSTS on the pine PGI EST list and their FDR expression values at P<0.01. All nil 

values means values not differentially expressed at P<0.01. 

 
_______________________________________________________________________________ 
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Table 6: Blast hits of PsPMT and PsPAL on the pine PGI EST list and their FDR expression values at P<0.01. 

 
_______________________________________________________________________________ 
 

B L AS T N  a n al ys i s  o f  t h e se  fo u r  s t i lb en e  b i os yn th es i s  p a th wa y  c an d i d ate s  

(Ps4 C L,  P sS TS ,  Ps PM T a n d  Ps PA L )  o n  ou r  l o c al  t r an s c r i p to m e  as s e mb ly  a nd  

s c a ffo ld s  w as  c o n t i nued  to  s ee  i f  th e s e  gen e s  w ere  e xp r es s ed  a l t ho u gh  the i r  

d i ffe r e n t ia l  e xp re s s ion  was  n o t  t e s t ed .  O b s e rva t io n s  fro m  Tab le  7  s h o w  t h e  

p re s enc e  o f  a l l  t h e s e  c an d id a t e  ge n e s  in  o u r  t r an s c r i p to m e  a n d  s c a ff o l d  

seq u en ce s .   
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Table 7: BLASTN hits of PsSTS, PsPAL, PsPMT, and Ps4CL on our locally assembled scaffolds and Transcriptome 2. 
_______________________________________________________________________________ 
 
Scaffolds BLASTN analysis of 4 candidate genes: 
_______________________________________________________________________________ 
    (%)Identity E value Sequence length(bp) 
Stilbene Synthase (PsSTS) query  --  1221 
Scaffold 1621   97   6e-159  931 
Scaffold 1744   93   6e-144  575 
 
PsPAL    query  --  2045 
Scaffold 406   99   0.0   2416 
Scaffold 1863   99   0.0   1626 
Scaffold 6700(singleton) 99  0.0   1011 
 
PsPMT   query  --  807 
Scaffold 430   99   0.0   838 
Scaffold 502   98   4e-139  543 
Scaffold 1257   99   2e-107  795 
 
Ps4CL    query  --  480 
Scaffold 2036   99   2e-74  2498 
Scaffold 8451(singleton) 100  6e-21  358  
_______________________________________________________________________________ 
Transcriptome 2 Blast analysis of 4 candidate genes: 
_______________________________________________________________________________ 
 
    (%)Identity  E value Sequence length(bp) 
Stilbene Synthase (PsSTS)  query  --  1221 
NODE_1532    97   0.0  795 
Contig 3150    97   3e-159  454 
 
PsPAL     query  --  2045 
NODE_1159    99   0.0  2332 
Contig 7113    99   0.0  783 
Contig 6621    99   0.0  1011 
Contig 6740    99   0.0  816 
 
PsPMT    query  --  807 
Contig 498    99   0.0  407 
Contig 5103    99   2e-139  338 
Contig 607    99   8e-108  543 
 
Ps4CL     query  --  480 
NODE_948    99   2e-46  1104 
_______________________________________________________________________________ 
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4 .6  Co mp a r i son  o f  the  QP C R res u l ts  w i th  RNA -Seq  co u nt  da ta  res u l t s :   

Al t h ou gh  th e re  w as  n o  s e q u en c ed  r e fe re n c e  ge n o me ,  R N A -S e q  re s u l ts  we re  

c o mp are d  t o  t he  QP CR  re s u l t s  u s in g  map p e d  r ead  c o u n t s  o f  t h e  t o p  BL AS T N  

h i t s  o f  th e s e  fo u r  c a n d id a te  ge n e s  Ps 4C L ,  Ps S TS ,  Ps PA L  an d  Ps PMT  o n  th e  PG I  

E ST  l i s t .  T h is  co mp ar i s o n  was  to  t e s t  wh i c h  m e th od  was  m o re  s en s i t ive  in  

s ho wi n g  th e  e xp re s s ion  p a t t e rn s  o f  t h e se  ge ne s .  F ig u re s  7 ,  8 ,  9  a n d  1 0  s ho w  

th e  e xp re ss ion  p a t t e rn s  o f  B L AS T N  t o p  h i t s  o f  Ps 4 C L ,  PsSTS ,  PsPAL  and  

PsPM T  u s in g  re a d  c ou n ts .  A  l i te ra l  v i e w  o f  t h e se  re s u l t s  s h o w  t h a t  t h e  RNA-

S eq  app ro ac h  app e ar  m o re  s e n s i t iv e  t h an  th e  q P CR  re s u l t s  (F i gu re s  3 -6 b ) .  

 
Figure 7: Expression profile of TC195290 (a top Blast hit of Ps4CL on the pine EST list) using RNA-Seq count data. 

 
Figure 8: Expression profile of TC173103 (a top Blast hit of PsSTS on the pine EST list) using RNA-Seq count data 

TC195290 (Ps4CL) 

TC173103 (PsSTS) 
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Figure 9: Expression profile of TC154526 (a top Blast hit of PsPAL on the pine EST list) using RNA-Seq count data. 

 

 

 
Figure 10: Expression profile of TC180420 (a top Blast hit of PsPMT on the pine EST list) using RNA-Seq count data. 

 

 

 

 

TC154526 (PsPAL) 

TC180420 (PsPMT) 
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4 .7  Di f fe re nti a ti ng  t he  e x pre s s io n  p a t te r ns  o f  t ra nsc r ip ts  b e twe e n  ha l f  s ib  

fam i l ie s :  

Afte r  n o rm al iz i n g  fo r  c o mp o s i t io n a l  b ias  in  l i b ra r ie s ,  m ap p ed  re a d  c oun t s  we re  

u se d  to  d i s t in gu is h  the  e xp re s s ion  o f  w o und -re s p on s e  t ran s c r ip t s  ( fo r  i n s ta n c e  

DR 09 2684  -  t h e  p i n os ylv i n  s y n th a se  s h o w n  i n  F ig u re  11 )  b e twe e n  h a l f  s ib  

fam i l y  l in e s  o f  l o w  an d  h ig h  h e a rt wo od  d e c ay  re s i s t an c e .  We  o b se rve d  fro m  

F igu re  11  th a t  fo r  an y  d e s i r e d  t ra n sc r ip t ,  we  c o u ld  d i s t in gu i sh  be twe e n  i ts  

e xp r es s ion  p a t te rn s  in  fam i l y  l i n e s  a cc u ra t e l y  u s i n g  m ap p ed  re ad  c o u n t s  (m o re  

b io lo g i c al  r e p l i c at e s  wi l l  b e  n e ed e d  fo r  th i s ) .  

 

 
F ig u r e  1 1 :  sh o w i n g  d i f fe r en t i a l  ex p r e s s i o n  o f  D R 0 9 2 6 8 4  E S T  ta g  b e tw e e n  H i g h  h e a r t w o o d  

d e c a y  r e s i s t a n t  fa m i l y  l in e  ( r e d )  an d  lo w  h e a r t w o o d  d e c a y  r e s i s t an t  f a m i l y  l i n e  ( g r e e n )  

an d  l ib ra r i e s .   
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5 .  DISC USSION :  

T he  t ran s c r ip t o m e  re p re s e n t s  a  c o m p le te  c o l l ec t io n  o f  e x p re s se d  R N As  i n  a  

c e l l  g i ve n  an y  c o nd i t i on .  C h a rac te r i z i n g  t h e  t r an s c r i p to me  i s  c r i t i c a l  in  

d i s se c t in g  t h e  fu nc t io n a l  c o mp le x i ty  o f  an y  ge n o m e  an d  unde rs t an d i n g  ce l lu la r  

ac t iv i t i e s  f ro m  d e v e lo p me n t  to  d i s e as e ,  g ro w t h  a n d  l o t s  m o re .  P re v io u s ly,  ge n e  

e xp r es s ion  a n a l ys is  h as  re l ie d  o n  a pp ro ac he s  i n c lud in g  m ic ro ar r a ys ,  t i l i n g  

a r r a ys ;  e x p re s s e d  s e qu e n c e  t ag s  (E S Ts ) ,  s e r i a l  an a l ys i s  o f  g e n e  e x p re s s io n  

(S A GE )  a n d  o th e r  t e c h n o lo g i es .  T hes e  ap p ro ac he s  h a ve  h ad  a  n u mb e r  o f  

l i mi ta t i o n s  in c l ud in g  th e  re c o g n i t ion  o f  o n l y  s p e c i f ic  s eq u en ce s  (e sp e c i a l l y  fo r  

a r r a ys ) ,  c lo n in g  b ia s  b y  th e  E STs  an d  n on  d e t ec t io n  o f  a l te rn a t i ve l y  s p l i c ed  

va r ian t s .  T ra n sc r ip t o m e  p ro fi l i n g  an d  D GE  u s in g  h i gh  t h ro u ghp u t  s equ enc in g  

(H T S )  ap p r o ac h  i s  a  p o w e r fu l  m e th o d s  fo r  d i s s e c t in g  c o mp le x  t ra n s c r ip t o me s  

e xpo s e d  t o  d e s i re d  t re a tm e n t s  an d  u nde rs ta n d in g  t h e i r  e xp r es s i on  p a t t e rn s  e v e n  

wi t h  t h e  u n ava i la b i l i t y  o f  s e q u enc e d  g e no m es .  T h i s  ap p ro ach  h as  b e e n  a p p l ie d  

wi t h  s u cc e ss  t o  m an y  s p e c i es  i n c lu d in g  h u m an ,  p lan t s ,  f i s h  in  d i ff e re n t  

c ond i t i on s  [6 2 ,  6 3 ,  6 4 ,  a n d  6 5 ] .  

 

5 .1  M apping  t he  reads :  

P erc e n t ages  o f  map p ed  re ad s  s u gg e s t  th a t  o u r  t ran s c r i p to m e  i s  b ias ed  t o  a  

l i mi te d  b io lo g i c a l  p ro c e ss ,  i n  th i s  c a se  x y le m  d e ve lo p me n t  a n d  w o und in g  

re s p o ns e s .  T h i s  i n d ic a t e s  t h a t  H T S  t ra n sc r ip t o m ic  p ro fi l in g  c a n  b e  e ffe c t ive ly  

u se d  to  t rac k  d o wn  th e  e xp re ss ion  p a t t e rn s  o f  e n t i re  t ran s c r ip t s  re a c t i n g  

s pe c i fic a l l y  to  a  g i ve n  c o nd i t i on  a n d  i s  i n  l i n e  wi th  o th e r  s t u d i e s  [6 2 ,  6 4 ] .  

Ma p p in g  pe rc en ta ge s  a l s o  re fl e c te d ,  as  e xp ec t ed ,  p a t t e rn s  o f  t r an s c r i p t  

e xp r es s ion  i n c re as e  and  t h e i r  i n c re m e n t  t re n ds  f ro m  c o n t ro l  l ib r a r i e s  t o  3  

ho u rs ,  1  a n d  4  d a ys  p o s t  wou nd in g  l ib ra r ie s .  Map p in g  o f  th e  Sc o t s  p in e  R NA-

S eq  re ad s  r e ve al e d  ab ou t  1 3 ,00 0  tag s  m ap p ed  o u t  o f  t h e  to t a l  7 7 ,3 26  t ags  in  

th e  P in e  E ST  l i s t .  T h is  fu r th e r  c o n fi rm s  t h e  e a r l i e r  s u gge s t i o n  a s  i n  o t h e r  

s tu d ie s  [6 2 ,  7 2 ]  t h a t  th e  R NA-S eq  a pp ro ac h  c an  a c cu ra te l y  d i s t in gu is h  and  

e x t rac t  o n ly  t h e  t r an s c r i p t s  e xp r es sed  i n  a n  e x p e r i m e n t  fro m  t h e  t o t a l  n u m be r  

o f  t r an s c r ip t s  ac t in g  i n  t h e  o rg a n s  o f  t h e  o rgan i sm  u n de r  s u rve y.    
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5 .2  T he  a s s e m b le d  t ra ns c r ip t o m e :  

Al t h ou gh  ou r  as s e mb l ed  t ra n s c r ip t o m es  h ave  n o t  b e en  a nn o t a te d ,  a  p re l im in ary  

an no t a t io n  (n o t  s h o wn )  s u gge s t  th a t  t ran s c ri p t s  a re  m o s t l y  re la t e d  t o  s p e c ie s  

Pin u s  t ae da ,  Pi c ea  s i t c hen s i s ,  P i c ea  g lau c a ,  Po pu l us  t r i c hoc a rpa ,  an d  o the r  

p la n t  s pec i e s  in c lu d in g  Vi t i s  v i n i f e ra ,  A rab id op s is  tha l ia na ,  Or yz a  sa t i va ,  Z e a  

may s ,  a n d  G l yc i n e  m a x .  A  go od  n u mb e r  o f  t r an s c r ip t s  f ro m  th e s e  

t r an s c r ip to m es  a re  fac t o rs  in v o lve d  in  k n o wn  s ign a l in g  p a th wa ys ,  c e l lu l ar  

g ro w t h  an d  d e ve lop me n t ,  p l an t  de fe n s e  m e ch a n is ms ,  i n n a te  i m mu n e  re s po n se  

an d  o th e r  m e t ab o l i c  p a th w a ys .  T he s e  e n r ic h ed  p a th w ays  e s p e c i a l l y  i n  p la n t  

d e fe n se  an d  in n a te  im mu n e  re s p o ns e s  a re  kn o w n  t o  b e  as s o c ia te d  w it h  S c o ts  

p in e  he ar tw o o d  d ec a y  re s is t an c e  [1 2 ,  1 3 ,  1 4 ,  1 5 ]  s u g ge s t in g  th a t  va lu ab le  

t r an s c r ip to m e s  w e re  ge n e ra te d  an d  su i t ab le  fo r  fu r th e r  s tu d i e s .  

 

5 .3  DGE a na ly s i s  -  ST S i nd uc t ion  d ur i ng  wo und ing :  

DGE  an d  fu r th e r  an a l ys i s  o f  i t s  re s u l t s  s u gge s t  th a t  PsSTS  i s  s t ro n g l y  in d u ce d  

du ri n g  t h e  wo u n d in g  e x p e ri m e n t  i n  bo th  h ig h  he a rt wo o d  d e c ay  r e s i s t an t  a nd  

lo w  re s i s t an t  fa mi l i e s .  T h i s  s t ro n g  Ps S T S  ind uc t io n  i s  co n fi rm ed  b y  th e  RN A -

S eq  c oun t  d a t a  an d  th e  QP CR  e xp res s i on  d a ta .  On  t h e  o the r  h an d ,  Ps 4 CL ,  

Ps PA L an d  PsPM T  ap p e a r  to  b e  co ns t i t u t i ve l y  e xp re s se d  as  t h e y  a re  n o t  p r e se n t  

in  th e  to p  u p - re gu la t e d  d i ffe r e n t i a l l y  e x p re s s ed  ta gs .  T he  ab o ve  s u g ge s t  th a t  

PsSTS  i s  s t ro n g l y  in d uc ed  b y  w o u n din g  b u t  Ps 4 C L ,  Ps PA L  a n d  Ps PMT  a re  

c on s t i tu t ive l y  e x p re s s ed  i n  t he  wound in g  e xp e r im en t .  T h is  i s  in  l i n e  wi th  

e x pe c te d  re s u l t s  s in c e  P s4 C L  a n d  Ps PA L  a r e  n e e d ed  fo r  x y l e m  d i ff e r e n t i a t io n  

bu t  i t  i s  u n c le a r  wh y  PsPM T  i s  c o n s t i tu t i ve l y  e xp r e s se d  a s  i t  i s  s p e c i f ic  fo r  t h e  

s t i lb ene  b io s yn th e s i s  p a t h way  [ 1 7 ] .  

 

C h al len g in g  S c o ts  p ine  s ee d l in gs  b y  wo u nd in g  re su l ted  in  la rge  a l te ra t i o n s  o f  

i t s  t ra n s c r ip t o m ic  p ro fi l e  in c l u d in g  s i gn i fi c an t  (P < 0 .01 )  u p  o r  d o w n -re gu l a t i on  

o f  1 ,3 4 8  t ran s c r i p ts .  Se ve ra l  o th e r  b io l o g ic al  p ro c e ss es  no t  l i n ked  to  de fe n se  

in c lud i n g  s o me  t r an s c r ip t s  i m p li c at ed  i n  c arb oh yd ra te  m e tab o l i c  p ro ce ss es  

(T C1 6 1 878 ) ,  r ib o s o mal  p ro t e in s ,  re gu la t o rs  o f  re p l ic a t i on ,  re s p on se  to  l i g h t  
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(T C1 8 1 650 )  w h ic h  w e re  s ig n i fic an t l y  re g u l a te d  m a y  re p re s e n t  s t r o n g  s t re s s  

re s p o ns i ve  g e ne s  and  r e f le c t  a  n u m be r  o f  w id e  b i o lo g ic a l  ac t i v i t i e s  d u r in g  

S co t s  p ine  s e ed l in gs  r e s po ns e  to  w o u n d in g .  T h e  o cc u r re n ce  o f  th e s e  

d i ffe re n t ia l l y  e xp re s se d  t r an s c r ip t s  r e p re sen t s  a  w i d e r  ran g e  o f  b i o l o g ic a l  

ac t iv i t i e s  an d  i s  i n  l i n e  wi t h  o t h er  s tu d i es  [6 2 ,  7 2 ] .  T h e se  po rt ra y  t h e  

c o mp l e xi t y  o f  th e  w o u nd e d  S co ts  p in e  t ran s c r ip to m e .   

 

5 .4  T he  e f fe c t  o f  R NA - S e q  a p p ro a c h  i n  e lu c id a ti ng  t he  mo l e c ul a r  

me c ha ni sm s i n Sc o ts  p i ne he a r two od de c ay res is ta nc e a nd the d i f fe re nt i a l  

g e ne  e x pre s s io n  p a tte r ns  o f  g e no ty p es :  

At  p re s e n t  t r an s c r i p to me  a n a lys i s  i n v o lv i n g  p ine  s p ec i e s  h ave  re l ie d  m ai n ly  on  

th e  E ST  a p p ro a ch  [3 2 ] .  L i mi te d  in fo r ma t i o n  fro m  p u b l ic l y  a va i lab le  s o u rce s  

s u gg e s t  th a t  ve r y  f e w  s tu d i e s  h ave  be e n  c a r r ie d  o u t  t o  d i s s ec t  t h e  g ene t ic  b as is  

o f  S c o t s  p ine  he art w o o d  dec ay  re s is t an c e ;  m o re  s o  fe we r  w ere  d i r e c t l y  

s pe c ia l iz ed  i n  e l u c i d at i n g  t he  m o le cu lar  b as i s  o f  t h i s  d e c a y  r e s i s ta n ce .  T h e  

R NA-S eq  an d  D G E  ap p ro ac h  i n  th i s  s tud y  w as  e f fe c t i ve  i n  u n ra ve l i n g  th e  S c o ts  

p in e  s e ed l in g  t r a n s c r ip t o m ic  co mp le xi t y  w h e n  w ou nde d  an d  c an  d e te c t  l a rge  

s e t s  o f  t r a n sc r ip t s  in c lu d in g  lo w  e xp re ss in g  an d  h i g h  e x p re s s in g  g e n es .   Top  4 0  

E ST  tags  o f  b o t h  t he  u p - re g u la t ed  an d  d o w n  re gu l a t e d  c la s se s  re v e a l  

t r an s c r ip t s  wh i c h  a re  s t ro n g l y  im p l ic a te d  in  s t i lb en e  b io s yn t he t ic  p a th wa y.  

T he se  t r an s c r i p ts  in c l ud in g  DR 0 9 2 684 ,  T C 1719 92 ,  T C1 8093 4  h ave  fu n c t ion s  

[3 2 ]  in c l u d in g  r e gu l a t i o n  o f  s t i lb e n e  an d  f lav o n o id  b io s yn th e t i c  p ro ce ss ,  

re s p ons e  to  u l t r av i o le t  l i gh t  B ,  re s po ns e  to  o x id a t iv e  s t re s s ,  n a r i n ge n in -

c h a l con e  s yn th ase  ac t i v i t y,  r e gu l a t i on  o f  c h a lc o ne  b io s yn t h e t ic  p r o ce s s ,  

re g u la t io n  o f  a n th o c yan i n  b ios yn t he t i c  p ro c e ss ,  re s p on s e  t o  w o und in g ,  

n e ga t iv e  r e gu l a t i o n  o f  t r an s c r ip t io n ,  t r an s c r ip t io n  f ac t o r  ac t iv i t y  a nd  

re g u la t io n  o f  l ign an  b i o s yn t he t ic  a c ti v i t y.  T h e  b io l o g ic a l  fu n c t ion s  o f  t h e  

ab o ve  t r an s c r i p ts  im p l ic a te  s t i lb e n e s  wh i c h  a re  kn o wn  [1 2 ,  1 3 ,  1 4 ]  to  p la y  

v i t a l  ro l e s  in  S co t s  p i n e  h e art wo o d  de c ay  re s is t an c e .  Ma p p e d  re a d s  n o t  o n ly  

ge ne ra t e d  r e ad  c oun t s  u t i l i z ed  fo r  D G E,  i t  a l s o  p r o vid e d  a  c le ar  b as i s  wh i ch  

c ou ld  b e  u sed  fo r  d i s t i n gu i sh i n g  b e twe en  h a l f  s ib  fa m i l i e s  w i th  re c o rd s  o f  

va r ie d  h e ar two o d  d e c ay  re s i s t an t  p a t te rn s  i f  m o re  b i o l o gic a l  re p l ic a te s  ( fam i l y  
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l i n e s )  a re  i n c l ud e d  i n  t h e  a n al ys i s .  A s  a n  e x am p l e  (F i g u re  11 ) ,  re a d  c o u n t s  g ive  

a  p i c t u re  o f  th e  d i f fe r e n t ia l  e x p re s s i on  p a t te rn  b e tw e e n  (w i th  re s p e c t  to  th i s  

t ran sc r ip t  DR 0 9 2 684 )  th e  h i g h  h e ar t w oo d  d ec ay  re s i s t an t  fa m i l y  4 1 3  an d  t h e  

lo w  fam il y  3 9 5  and  p ro v i de s  v i t a l  i n fo rm a t io n  i n  d i g i ta l  fo rm  th a t  c a n  b e  

ap p l ied  t o  b re e d in g  p ro g ram s  (g ive n  ap p r op ri a te  r e p l ic a te s ) .  P ro gre s s i ve  

e xp r es s ion  p a t te rn s  c an  be  e x t rac te d  fro m  in t e re s t in g  t r a n s c r ip t s  i n  t h i s  w ay  

(u s in g  d i ffe re n t i a l l y  e xp re s s ed  t ra n scr ip t s  a n d  co m p arin g  re a d  c ou n ts  f ro m  

d iv e rge n t  p e d ig re e s  wi th  s ou nd  re c o rd s )  an d  wi l l  p ro v id e  i n pu t  fo r  m o re  

d e t ai l ed  s tu d ie s  wh i c h  wi l l  b e  u s ed  to  ge n e ra te  b i o m ark e rs  th a t  m a y  b e  

im p l e men te d  i n  m arke r  a ss i s t e d  sc he me s  fo r  b re e d in g  su p e ri o r  Sc o t  p i n e  w i th  

d e c a y  r e s i s ta n t  h e a r t w o o d s  fro m  an  e a r ly  s t a ge  i n  l i fe .    

 

5.5 Comparing the QPCR method with RNA-Seq and DGE: 

U sin g  th e  Q PC R  ap p r o ac h ,  th e  va ri ab l e  e xp r es s io n  p a t t e rn s  o f  s t i l b en e  

b io s yn t h e t ic  p a th wa y  ge n e s  Ps4C L,  PsPAL  an d  PsPM T  f ro m  h a l f  s i b  fa mi l i e s  

43 4  an d  50 8  w ere  c o n f i rm e d  b y  DG E  r e su l t s .  D GE  a l s o  c o n fi rm e d  t h e  e x p ec te d  

in d uc t i on  o f  Ps S T S .  Q PC R  ap p r o ac h  w ere  le s s  s e n s i t i ve  a s  c o m p a re d  to  t h e  

R N A- Se q  an d  DG E  ap p ro a c h  in  r e f l e c t in g  g e ne  e xp re s s ion  p a t t e rn s  and  

d i s t i n gu i sh in g  be t we en  S co ts  p i n e  p ed ig re e  l i n es  a n a l yz e d .  T h i s  i s  i n  l i n e  wi th  

a  s tu d y  i n  r i c e  [6 9 ]  wh o s e  QP CR  re s u l t s  c o n fi rm ed  s o me  DGE  re s u l t s  b u t  was  

no t  s e n s i t iv e  e n ou gh  to  c o n fi rm  t h e  e n t i re  D G E  re su l t s  w h i ch  we re  s h o wn  to  b e  

ac c u ra t e  w h e n  fu rt h e r  a n a l ys e d .  O f  g r e at  i m p o rt an c e  to  a  b r e ed e r,  D GE  

ap p ro ach  th ro u gh  re a d  c o u n t s  t end  to  b e  ve r y  h a n d y  i n  d i s t in g u is h in g  b e t wee n  

h e ar tw o od  de c a y  r e s i s t an ce  l i n es .  T h es e  su g ge s t  th a t  t h e  R N A-S e q  c oun t  d a t a  

i s  mo re  v a lu a b le  t h an  th e  QP CR  re s u l t s  an d  c ou l d  s ho w  e ven  ve r y  s l i gh t  

ch an ges  in  an  expe rime n t .  

 

5 .6 H o w g oo d wa s t he DG E s tr a te g y? 

We  c o n fi rm ed  th e  c la i m s  m ad e  i n  fa v o r  o f  D GE  te s t i n g  m o d e l ed  b y  t h e  

n e ga t iv e  b i no m ia l  d i s t r ib u t io n  [5 5 ]  t h a t  t h e  o ve r-d i s p e rs ion  p ara m e te r  w as  

c ap a b le  o f  e x t rac t in g  s a mp l e -t o -s a mp le  va r iab i l i t y  th ro u gh  o u r  re s u l t s  w h i ch  

s ho w ed  s i gn i fi c an t  d i ff e re n t i a l l y  e x p re s sed  t r an s c r i p t s  h a v in g  fu n c t io ns  r e la t e d  
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to  kn o wn  i n fo rm a t io n  (o u r  lo c al  un pub l ish e d  kno wle d ge )  r e ga rd i n g  ou r  

wo und i n g  e x pe r im en t .  T h e  h i gh e r  n u mb e r  o f  s i gn i f ic a n t  (P <0 .0 1 )  u p -re g u la t e d  

ge ne s  (8 30 )  th a n  t h a t  o f  d o wn -re gu l a t e d  g en es  a l s o  s u g ges t ed  the  c o mp l e xi ty  

o f  wo u n d ed  S c o ts  p i ne  s ee d l in g  t r an s c r ip t o me .   

 

5 .7  Ass es s i ng  the  a s s em bly  qua l i ty :  

Ac c es s in g  t h e  q u a l i ty  o f  an  as se mb ly  i s  n o t  a l wa ys  a  t r iv i a l ;  u su a l ly  th e  N 50  

s ta t i s t i c  wh ic h  i s  a  s t a t i s t i c a l  m e a s u re  o f  a ve r ag e  l e n g t h  o f  a  s e t  o f  s e q u e n ce s  

in  a  d r a f t  as s e mb l y  i s  u s e d .  A  h i gh  va lu e  o f  t h i s  s t a t i s t i c  i s  re g a rd e d  as  an  

in c re as e  in  th e  qu a l i t y  o f  an  a s s em b l y  [6 7 ] .  F ro m  t h e  p o in t  o f  v ie w  o f  a  

b io lo g i s t ,  a n  a s se m b l y  i s  mu c h  m o re  a c cu r ate  o n l y  i f  i t  c an  re c o ve r  t h e  e n t i re  

s eq u en ce  o f  a  ge n e  o r  t r an s c r ip t  o f  i n te re s t .  Tab l e  7  s h o wed  th a t  s o me  fu l l  

l e n g th  t r an s c r ip t s  h ave  b e e n  re c o ve re d  f ro m  t h e  t ra n s c r ip t o m es  an d  s c a ffo l d s  

re c o v e red  s o me  o th e r  fu l l  l e n g th  t r an s c r ip t s  s t i l l  f ra g me n te d  i n  t h e  

t r an s c r ip to m es .  I t  c o u l d  b e  s ee n  fro m  th i s  t h a t  th e  as s e mb ly  wa s  o f  g o o d  

qu a l i t y  b e i n g  ab le  to  e x t rac t  s o me  fu l l  l en g th  t ra n sc r ip t s  a l t h o u gh  s o me  a re  

s t i l l  i n  f r agm e n ts  ( t yp ic a l  in  an y  as s e mb ly  an d  m ay  b e  du e  to  l o w  se qu enc i n g  

c o ve rage ) .  Al th ou gh  t h is  as s e mb ly  wa s  o b t a in e d  b y  o n ly  a  2 5 -m er  tu p u le  

du ri n g  th e  Tr in i ty  ru n  an d  t h e  s c affo l d  o b ta i n ed  fro m  o n l y  o n e  l i b ra r y  (5 47 1 D) ,  

i t  p ro ve d  s u c ce ss fu l  in  c a p tu rin g  t h e  t ran s c r i p ts  e x p re s s ed  d u ri n g  o u r  

wo und i n g  e xp e ri m en t .  T h i s  r e su l t  s ugge s t  th a t  i f  t h is  as s e mb ly  i s  e x te n d e d  

u s in g  a  m u l t i  k -m e r  a p p ro ac h  (s a y  1 9 ,  2 1 ,  2 7 ,  3 1  an d  4 5  - me rs )  an d  s c a ffo ld  

s eq u en t i a l l y  u s i n g  t h e  e n t i re  R NA-S e q  d a ta  l i b r a r i e s  f ro m  th i s  e x p e ri m e n t ,  i t  

m a y  b e  ve r y  p o s s ib le  t o  c ap t u re  n o t  on l y  fu l l  l e n g t h  se q ue nc e s  o f  a l l  

t r an s c r ip t s  e xp re s se d  in  th i s  w ou n d ing  e xp e r im en t  bu t  a l so  tho s e  t h a t  we re  

e x p re s s ed  a t  v e ry  l o w  l e v e l s .  

 

5 .8  RNA -S eq  c ha l le ng e s :  

Al t h ou gh  t he  R NA-S eq /DGE  a p p ro a c h  s ee ms  s o  app e a l i n g  an d  e ffe c t iv e ,  i t  

do e s  n o t  c o me  w i th ou t  a  h u g e  n u mb e r  o f  c h al le n ges ,  e s p ec ia l ly  th o se  l i n ke d  to  

c o mpu t a t i o n al  re s ou rc e s  r eq u i red  fo r  b i o in fo rm a t i c  an a l ys i s  an d  a ls o  t h e  

b io in fo rm a t ic  e x p e r t i s e  n e e d ed  fo r  s u c h  an a lys i s .  Ou r  e xp e ri e n ce  i n  th e  R N A-
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Se q  an a l ys i s  sh o wed  th a t  i t  w i l l  b e  m ore  v a l u ab l e  to  c ons ide r  t h e  u se  o f  h yb r id  

s eq u en c in g  t h at  i s  u s in g  mo re  th an  o n e  s eq u enc i n g  t e ch no lo gy  e s p ec i al ly  t h e  

45 4  R och e  wi t h  go o d  s equ en c e  l e n gth .  T h i s  w i l l  e n a b le  t h e  c lo s in g  u p  o f  g a p s  

to  e x t r ac t  fu l l  t r an s c r i p ts  du ri n g  s ca ffo ld i n g  an d  as s e mb ly  s te p s .  D u e  to  

re s t r ic t io n s  in  ou r  c o m pu t a t i on a l  re s ou r ce s ,  t h e  as s e mb l y  o f  t ra n s c r ip t o m e s  

w as  d o n e  u s in g  o n ly  a  2 5 - me r  a p p r o ach  b u t  va r io u s  s t ud i e s  [ 4 9 ,  5 1 ]  h a v e  

re c o m me nd ed  t he  u s e  o f  a  w id e  r an ge  o f  k me r  v a lu e s  fo r  as s e m b ly  b e f o re  

m erg i n g  i n  o rd e r  to  c ap t u re  ve r y  l o wly  e xp re s s ed  t r an s c r i p ts  f ro m  R N A-S e q  

re a d s .  I t  i s  a l s o  va l u ab l e  t o  pe r fo r m  s u bs e qu en t  D GE  an a l ys i s  u s in g  loc a l  

t r an s c r ip to m es  gene ra t e d  b y  d e  n o vo  as s e m b ly  s o  as  to  ge t  a  c le a r  p i c t u re  o f  

th e  d i ffe re n t ia l l y  e xp re s s e d  t r an s c r ip t s  b e lo n g in g  s p ec i fic a l l y  t o  t h e  o rga n i s m  

o r  s t r a in  u nd e r  s t u d y.  Al th o u gh  we  t r i e d  t o  r e map  o u r  5 4 71 D  l ib ra ry  to  t h e  

Tran s c r ip to m e  1  w i th  s u c ce s s  ( re s u l t in g  in  ab ou t  5 0  p e rc en t  ma p p ed  re a d s )  

du ri n g  t h e  s c a f fo ld i n g  s te p ,  s u b se qu en t  D GE  t e s t in g  was  s kip p ed  d u e  t o  t i me  

re s t r ic t io n s ,  l ac k  o f  c o m pu ta t i on a l  re s o u rce s  an d  e s pe c i a l ly  fo r  l a c k  o f  

d e t ai l ed  an no t a t ion  o f  Tra n sc r ip t o me  1  an d  2  w h ic h  a re  re q u i re d  fo r  t e s t i n g .  
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6 .  Co nc l us io n :  

T h is  s tu d y  i n v es t iga te d  t h e  t ran s c r i p t o me  p ro fi l e  o f  S co t s  p in e  s ee d l ings  

s ub j ec t ed  t o  a  wo u nd in g  e xp e r im en t  u s in g  AB I  S OL i D  R N A-S e q  an d  DGE  

te c h no lo g ie s .  T he  am p l e  am o un t  o f  t r a n s c r ip t s  ge n e ra t e d  p r o vi de s  a  g oo d  

re s o u rc e  fo r  fu tu re  ge n o m i c  r e s ea rc h  on  S c o ts  p in e  s t i l b en e  b io s yn t he s i s  and  

s t r e s s  re s p o ns e .  P r e l im in a ry  a n n o ta t i on  o f  as se mb le d  t ra n s c r ip t s  an d  s o m e  

G ene  O n to lo g y  an n o ta t ed  t r an s c r i p t s  re ve a l  t h a t  th e  s t i lb e ne  b i o s yn t he s is  

p a t h w ay  a n d  c o n t ro l  o f  d e ca y  re s is t a n c e  i n  S c o ts  p in e  s e ed l in gs  a re  c o m p le x .  

R e ad  m ap p in g s  a nd  co un t s  g en e ra te d  fro m  th e m  a l s o  s u gg e s t  th a t  t h e y  a re  

va l u ab l e  a p p ro a c he s  fo r  e as y  d i g i t a l  d i s c r im in a t i o n  b e tw ee n  S c o t s  p i ne  h a l f  s ib  

fam i l i e s .  T h is  app ro ac h  c an  b e  e mp lo ye d  i n  a  s p e c i a l i z ed  b re e d in g  p r o gra m  

d es i gn  a l o n gs ide  th e  u s e  o f  mu l t ip l e x  s equ e n c in g  ap p ro ach  fo r  e a s y  

d i s c r im in a t io n  o f  in d i v id u a l  v a r ia n ts .  E xp e r ie n ce  in  th e  a ss e mb ly  a nd  

s c a ffo ld i n g  o f  r e ad s  s u gge s ts  th a t  a  h yb ri d  s e qu e nc i n g  app ro ac h  w il l  b e  

va l u ab l e  i n  t ra n s c r ip t o m ic  p ro fi l in g  e s p ec i a l ly  fo r  o r gan i s ms  wi th ou t  

s eq u en ce d  ge no m e s .   T h e  s i gn i fi c an t  re s u l t s  o b ta i ne d  in  t h i s  an a l ys i s  a l s o  

s ho w  t h a t  o u r  b io in fo rm at ic  a n al ys i s  p i p e l in e  i s  w e l l  s u i te d  fo r  a  c o mp l e x  

t r an s c rip to m e  s u ch  a s  th e  S c o t s  p i n e .  We  c o n c lu d e  th a t  PsS TS  i s  s t ro n g l y  

in d uc ed  b y  wo u n d in g ,  b u t  Ps 4 C L ,  Ps PA L  an d  Ps PMT  t e n d  t o  be  co n s t i tu t ive ly  

e xp re ss ed  i n  th e  wo und i n g  e xp e r im e n t .  

DGE  v a l u e s  b a se d  o n  a  p s e udo - re fe re n c e  (P in e  E STs )  s h o w  t h a t  ab o u t  1 , 348  

t r an s c r ip t s  f ro m  ab o u t  13 ,00 0  te s te d  we re  d i ffe re n t i al l y  e x p re s s e d  du r in g  th i s  

e xpe r im en t  w i t h  ab ou t  8 30  t ags  u p -re gu l a te d  an d  abo u t  51 8  t ags  d o wn -

re g u la t e d  d u r i n g  th i s  wo un d in g  e xpe r i m en t .  We  we re  a l s o  ab l e  t o  r e c o n s t ru c t  a  

n e ar ly  c o m p r ehe ns i ve  lo c a l  t r an s c r i p to m e  fro m  t h e  R N A -S e q  d a tas e t  u s i n g  o u r  

b io in fo rm a t ic  p ip e l in e  a l t h ou gh  w e  s ki pp ed  c e r ta i n  an a l ys i s  l a rge l y  d ue  t o  l ac k  

o f  c o m pu ta t i on a l  re s o u rce s .  I t  i s  e v i d e n t  f ro m  o u r  r e su l t s  th a t  a  l a rge  s c a le  

t ran sc r ip to mic s  s tu d y  c an  b e  e ffe c t ive ly  c a r r ie d  o u t  u s in g  the  AB I  SO L i D 

RN A-Seq  and  DGE te chno log i es .  
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APPENDIX 1:

List of up-regulated EST tags in the Scots pine RNA-Seq wounding experiment

TAGS LR FDR ANNOTATIONS
DR096636 -12.25 6.121 65.29 6.46E-16 4.16E-12
TC171087 -14.03 6.302 64.41 1.01E-15 4.34E-12       
TC171089 -12.27 5.812 61.6 4.21E-15 1.35E-11
TC171992 -13.32 5.317 58.83 1.72E-14 4.43E-11
TC181650 -13.75 4.732 54.37 1.66E-13 3.55E-10
TC192333 -10.57 0.709 51.91 5.80E-13 9.51E-10
TC186817 -13.61 4.6 51.88 5.91E-13 9.51E-10
TC194485 -13.87 5.302 50.76 1.04E-12 1.49E-09
TC175575 -13.32 4.665 50.15 1.43E-12 1.71E-09
TC161878 -12.7 4.66 49.88 1.63E-12 1.75E-09
TC160259 -13.48 4.484 49.69 1.80E-12 1.78E-09
TC196272 -13.94 4.675 48.65 3.05E-12 2.81E-09
TC157262 -13.24 4.703 48.11 4.02E-12 3.23E-09
TC165984 -13.79 4.326 48 4.25E-12 3.23E-09
GW772272 -13.73 4.336 48 4.27E-12 3.23E-09
TC159711 -13.04 4.664 47.3 6.08E-12 4.35E-09
DR182118 -13.33 4.5 47.14 6.60E-12 4.47E-09
TC177871 -13.39 4.192 46.67 8.39E-12 5.39E-09
TC163357 -11.57 4.122 46.54 8.97E-12 5.49E-09
DR092684 -13.83 4.202 46.36 9.83E-12 5.75E-09
CV032179 -13.86 4.18 46.07 1.14E-11 6.17E-09
TC157530 -13.35 4.447 45.98 1.19E-11 6.17E-09
TC154538 -11.35 3.962 45.97 1.20E-11 6.17E-09
TC185863 -13.49 4.086 45.54 1.50E-11 7.40E-09
TC175362 -14.03 4.925 44.91 2.07E-11 9.84E-09
TC157489 -13.17 4.359 44.72 2.27E-11 1.04E-08       
TC189901 -13.6 4.085 44.4 2.68E-11 1.15E-08
TC155065 -13.29 4.262 44.15 3.05E-11 1.27E-08
TC158949 -11.51 3.962 43.91 3.44E-11 1.38E-08
TC165811 -13.26 4.13 43.81 3.61E-11 1.41E-08       
TC181059 -13.48 3.868 42.64 6.57E-11 2.38E-08       
TC162570 -13.62 3.787 42.48 7.13E-11 2.48E-08
TC163271 -13.63 3.815 42.32 7.77E-11 2.63E-08
TC170735 -11.44 3.749 42.21 8.20E-11 2.71E-08
TC182094 -13.33 3.916 42.12 8.60E-11 2.77E-08
TC166781 -13.7 3.757 41.95 9.37E-11 2.88E-08       
TC172073 -13.73 3.859 41.94 9.39E-11 2.88E-08
TC163078 -13.75 4.373 41.72 1.06E-10 3.11E-08 Cluster: Chromosome chr15 scaffold_37,  genome 
TC161997 -12.6 4.135 41.7 1.06E-10 3.11E-08
TC171916 -12.84 4.249 41.59 1.13E-10 3.22E-08
TC168965 -13.94 4.56 41.42 1.23E-10 3.44E-08
TC155135 -12.74 4.206 41.33 1.29E-10 3.52E-08
TC180455 -13.07 4.263 41.07 1.47E-10 3.93E-08       
TC155408 -13.45 3.81 40.96 1.55E-10 4.04E-08       
TC155893 -13.53 3.812 40.93 1.58E-10 4.04E-08
TC172038 -13.27 4.081 40.9 1.60E-10 4.04E-08
TC160864 -13.15 4.174 40.84 1.66E-10 4.09E-08
TC165228 -13.32 3.718 40.73 1.74E-10 4.23E-08 Cluster: Chromosome chr2 scaffold_105,  genome 
TC162898 -13.71 3.751 40.69 1.78E-10 4.25E-08
TC169372 -13.8 3.964 40.2 2.29E-10 5.27E-08
TC185897 -11.56 3.971 40.18 2.31E-10 5.27E-08
DR167706 -13.79 3.835 40.17 2.33E-10 5.27E-08
TC174646 -13.56 3.651 39.83 2.77E-10 6.06E-08
TC157323 -12.81 4.075 39.82 2.78E-10 6.06E-08
TC160843 -13.58 3.647 39.76 2.87E-10 6.16E-08
TC185164 -12.82 4.179 39.72 2.93E-10 6.17E-08
TC178842 -12.07 4.235 39.32 3.59E-10 7.46E-08       
BI416822 -13.59 3.679 39.22 3.79E-10 7.62E-08
TC159430 -13.15 4.111 39.22 3.79E-10 7.62E-08
TC166112 -12.87 3.981 38.99 4.25E-10 8.33E-08
TC171913 -13 4.099 38.98 4.28E-10 8.33E-08 Cluster: Chromosome chr9 scaffold_7,  genome 
TC173103 -13.37 3.762 38.76 4.79E-10 9.05E-08
TC156042 -13.29 4.034 38.51 5.44E-10 1.01E-07
TC196419 -11.64 3.795 38.28 6.14E-10 1.10E-07
TC194996 -12.54 3.867 38.27 6.17E-10 1.10E-07
TC177372 -14.02 4.268 38.27 6.17E-10 1.10E-07 Cluster: Chromosome chr11 scaffold_13,  genome 
TC164934 -12.75 3.938 38.17 6.47E-10 1.14E-07
TC195493 -13.32 3.764 38.09 6.75E-10 1.16E-07
GW751135 -12.97 4.013 38.09 6.76E-10 1.16E-07
GT231623 -12.52 3.932 38 7.08E-10 1.17E-07
TC175346 -13.32 3.769 37.75 8.06E-10 1.30E-07
TC182293 -12.21 4.155 37.32 1.00E-09 1.57E-07
TC174496 -13.3 3.728 37.26 1.03E-09 1.60E-07
TC163901 -14.11 4.705 36.97 1.20E-09 1.84E-07

LogConc. LogFC P.Value
Cluster: Membrane protein;  Magnetospirillum spp

Os01g0208600 protein; Oryza sativa
Dirigent protein pDIR13;  Picea engelmannii x
Expansin;  Pinus taeda|Rep: Expansin - Pinus
S-adenosylmethionine synthetase;  Vitis vinifera
Cluster: Glycine oxidase ThiO precursor;  Xanthobacter
Cluster: Pectin methylesterase 4;  Pyrus communis|Rep:
Pollen allergen CJP38;  Cryptomeria japonica|Rep: Pollen
Pollen allergen CJP38;  Cryptomeria japonica|Rep: Pollen
Cluster: Germin-like protein;  Pinus taeda
Pleiotropic drug resistance protein 8;  Arabidopsis
Predicted protein;  Physcomitrella patens subsp. 
Cluster: Integral membrane family protein-like;  Oryza
Cluster: Germin-like protein;  Pinus caribaea
Cluster: Predicted protein;  Physcomitrella patens subsp.
Cluster: Glucanase-like protein;  Thuja occidentalis
Os07g0153000 protein;  Oryza sativa
Pathogenesis-related protein PsemI;Pseudotsuga menziesii
 Pinus densiflora|Rep: Pinosylvin synthase - Pinus
Cluster: ACC oxidase;  Trifolium repens|Rep: ACC
Thaumatin-like protein;  Pinus monticola
 Pinus sylvestris|Rep: Dihydropinosylvin synthase - Pinus
Class IV chitinase Chia4-Pa2;  Picea abies|Rep:
Signal peptidase I;  Chlorobium phaeobacteroides DSM

Keratin, type I cytoskeletal 10;  Canis
Nam-like protein;  Solanum tuberosum
Dihydropinosylvin synthase;  Pinus sylvestris

Tau class glutathione S-transferase;  Pinus tabuliformis
Pinosylvin-forming stilbene synthase;  Pinus massoniana
Os02g0566800 protein;  Oryza sativa Japonica Group|Rep:
ASR protein;  Ginkgo biloba|Rep: ASR protein

Cluster: Basic endochitinase A precursor;  Secale

Thaumatin-like protein;  Cryptomeria japonica
Cluster: Oxidase-like protein;  Leishmania infantum
Class IV chitinase Ab;  Pinus monticola|Rep:
Cluster: LOB domain-containing protein 12;  Arabidopsis

Cluster: Predicted protein;  Physcomitrella patens subsp.
Pollen allergen CJP38;  Cryptomeria japonica|Rep: Pollen
Cluster: PAR-1c protein;  Nicotiana tabacum|Rep: PAR-1c

Photoassimilate-responsive   Arabidopsis
Serine carboxypeptidase-like 50 precursor;  Arabidopsis
ATAF1-like protein;  Picea mariana protein
Pinosylvin synthase;  Pinus densiflora
Cluster: Keratin 1;  Sus scrofa|Rep: Keratin
Nam-like protein 10;  Petunia x hybrida|Rep:
Tau class glutathione S-transferase;  Pinus densata|Rep:
Potassium transporter;  Physcomitrella patens subsp.

Cluster: Integral membrane family protein-like;  Oryza
Signal peptidase I;  Chlorobium phaeobacteroides DSM
Histidine amino acid transporter;  Oryza sativa|Rep:

Pinosylvin synthase;  Pinus densiflora
1-aminocyclopropane-1-carboxylic acid oxidase; 
Pinus densiflora|Rep: Pinosylvin synthase - Pinus
Aquaporin;  Ricinus communis|Rep: Aquaporin - Ricinus

Thaumatin-like protein;  Cryptomeria japonica
Pinosylvin synthase;  Pinus densiflora
Pathogenesis-related protein PsemI;Pseudotsuga menziesii
Dirigent-like protein;  Picea sitchensis
Cluster: UPF0496 protein 4;  Oryza sativa
Dirigent-like protein;  Picea sitchensis
Dirigent-like protein;  Picea sitchensis
Peroxidase;  Nicotiana tabacum
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TC185039 -13.24 3.753 36.71 1.37E-09 2.08E-07
TC156839 -12.49 3.853 36.67 1.40E-09 2.10E-07
TC156757 -13.05 3.889 36.57 1.47E-09 2.18E-07
TC158533 -13.3 3.721 36.29 1.70E-09 2.48E-07
TC191109 -13.99 3.86 36.2 1.79E-09 2.58E-07       
TC186301 -11.92 3.951 36.06 1.92E-09 2.74E-07
TC176472 -13.47 3.549 35.92 2.05E-09 2.90E-07
GT232388 -13.57 3.415 35.87 2.11E-09 2.92E-07
DR179276 -13.25 3.71 35.85 2.13E-09 2.92E-07
TC155821 -12.13 4.079 35.85 2.14E-09 2.92E-07
TC192671 -12.76 3.745 35.64 2.38E-09 3.22E-07
TC155765 -13.34 3.432 35.48 2.58E-09 3.45E-07
TC168517 -12.85 3.749 35.46 2.60E-09 3.45E-07
GW759404 -13.66 3.476 35.38 2.72E-09 3.56E-07
TC175310 -13.49 3.687 35.32 2.80E-09 3.64E-07       
TC166498 -13.72 3.378 35.28 2.86E-09 3.67E-07
TC178323 -13.26 3.765 35.26 2.88E-09 3.67E-07 Chromosome chr9 scaffold_7,  genome  
TC193559 -14.06 4.316 35.06 3.21E-09 4.00E-07
TC178656 -12.88 3.8 35.04 3.24E-09 4.00E-07 N utilization substance protein A; 
TC161719 -11.95 3.9 34.99 3.32E-09 4.06E-07
TC158614 -12.21 3.929 34.75 3.74E-09 4.50E-07
TC172002 -12.14 3.877 34.67 3.90E-09 4.65E-07       
TC183848 -12.03 3.94 34.43 4.41E-09 5.20E-07
TC172315 -12.16 3.974 34.24 4.88E-09 5.71E-07
TC157432 -14.05 4.348 33.71 6.40E-09 7.35E-07
TC172901 -13.97 3.953 33.67 6.53E-09 7.44E-07
TC163616 -12.14 3.92 33.57 6.88E-09 7.76E-07
TC171264 -13.62 3.2 33.37 7.63E-09 8.53E-07
TC156363 -13.14 3.576 32.98 9.33E-09 1.03E-06 Cluster: Chromosome undetermined scaffold_230,  genome 
TC167708 -13.59 3.317 32.97 9.38E-09 1.03E-06
TC168264 -13.5 3.247 32.86 9.89E-09 1.08E-06
TC157317 -13.5 3.199 32.84 9.99E-09 1.08E-06
TC159060 -13.82 3.288 32.8 1.02E-08 1.09E-06
TC179010 -13.64 3.347 32.75 1.05E-08 1.11E-06
CO158649 -13.59 3.215 32.67 1.09E-08 1.13E-06 Cluster: Chromosome chr10 scaffold_43,  genome 
TC184015 -13.83 3.399 32.49 1.20E-08 1.21E-06
TC159421 -12.19 3.824 32.49 1.20E-08 1.21E-06
TC182672 -12.76 3.541 32.1 1.47E-08 1.44E-06       
TC154758 -12.91 3.544 31.98 1.56E-08 1.52E-06 Cluster: Chromosome chr9 scaffold_7,  genome 
TC168370 -12.62 3.398 31.9 1.63E-08 1.57E-06
NP542958 -13.9 3.569 31.8 1.71E-08 1.64E-06
TC160061 -14.08 3.721 31.7 1.80E-08 1.71E-06       
TC154861 -13.15 3.461 31.69 1.81E-08 1.71E-06
TC198350 -13.09 3.506 31.67 1.82E-08 1.71E-06 Cluster: Chromosome chr7 scaffold_31,  genome 
TC157448 -12.15 3.679 31.36 2.14E-08 1.99E-06
TC185670 -14.01 3.728 31.35 2.15E-08 1.99E-06
TC182033 -11.96 3.575 31.22 2.30E-08 2.11E-06
TC180004 -12.62 3.528 31.18 2.35E-08 2.15E-06       
TC169448 -12.81 3.571 31.15 2.38E-08 2.16E-06 Chromosome chr7 scaffold_20,  genome  
TC157135 -13.15 3.5 31.11 2.44E-08 2.19E-06
TC158438 -13.18 3.121 31.01 2.56E-08 2.29E-06
DR025377 -13.28 3.347 30.99 2.59E-08 2.30E-06
DR097097 -13.86 3.234 30.74 2.94E-08 2.59E-06 Chromosome chr6 scaffold_28,  genome  
AI725288 -13.21 3.435 30.42 3.47E-08 3.04E-06
TC160074 -12.04 3.636 30.4 3.52E-08 3.05E-06
TC155386 -12 3.548 30.39 3.54E-08 3.05E-06 Chromosome chr7 scaffold_20,  genome  
FG616308 -13.01 3.424 30.35 3.60E-08 3.09E-06
TC159802 -12.62 3.382 30.28 3.74E-08 3.18E-06 Cluster: Chromosome chr9 scaffold_7,  genome 
TC196582 -13.61 3.152 30.26 3.77E-08 3.19E-06
NP542706 -12.41 3.348 30.19 3.91E-08 3.29E-06       
TC164481 -13.81 3.193 30.17 3.96E-08 3.29E-06
TC158852 -13.18 3.425 30.04 4.24E-08 3.49E-06
TC158385 -13.17 3.351 29.9 4.56E-08 3.72E-06 Chromosome undetermined scaffold_377,  genome  
TC188417 -12.51 3.274 29.89 4.57E-08 3.72E-06 Cluster: Chromosome undetermined scaffold_469,  genome 
TC156188 -13.06 3.391 29.63 5.23E-08 4.23E-06
TC159287 -12.13 3.535 29.61 5.28E-08 4.25E-06
TC187527 -13.91 3.598 29.53 5.51E-08 4.40E-06
TC156784 -13.84 3.072 29.49 5.63E-08 4.47E-06
DR019650 -12.19 3.51 29.37 5.98E-08 4.72E-06
TC181894 -13.7 3.116 29.32 6.15E-08 4.82E-06
TC154749 -12.32 3.54 29.13 6.78E-08 5.29E-06       
TC162364 -13.39 2.89 28.95 7.41E-08 5.74E-06 Chromosome chr2 scaffold_105,  genome  
TC163125 -11.15 3.571 28.92 7.53E-08 5.80E-06 Cluster: Chromosome chr2 scaffold_112,  genome 
AM983083 -14.16 3.642 28.91 7.58E-08 5.80E-06       
TC186750 -12.97 3.309 28.71 8.42E-08 6.32E-06 Cluster: Chromosome chr2 scaffold_105,  genome 
NP542959 -14.03 3.577 28.67 8.60E-08 6.39E-06
TC176092 -12.6 3.344 28.65 8.66E-08 6.39E-06
TC172794 -12.53 3.241 28.62 8.79E-08 6.39E-06      
NP542707 -13.22 3.177 28.62 8.79E-08 6.39E-06       
TC174699 -11.31 2.979 28.43 9.74E-08 7.04E-06 Chromosome chr6 scaffold_3,  genome  
TC159830 -13.39 3.166 28.33 1.02E-07 7.34E-06 Cluster: Chromosome chr1 scaffold_5,  genome 

Cluster: Predicted protein;  Physcomitrella patens subsp.
Pinus densiflora|Rep: Pinosylvin synthase 
Pinus massoniana: Pinosylvin-forming stilbene synthase
Tau class glutathione S-transferase;  Pinus densata|Rep:

Pathogenesis-related protein PsemI;Pseudotsuga menziesii
Late embryogenesis abundant protein;  Picea glauca|Rep:
Dirigent protein pDIR6;  Picea engelmannii x
Pinosylvin synthase;  Pinus densiflora
Dirigent-like protein;  Picea sitchensis
Cluster: Extensin;  Catharanthus roseus|Rep: Extensin -
ATAF1-like protein;  Picea mariana
E1-E2 type:Magnesium-translocating P-type ATPase;
Predicted protein;  Physcomitrella patens subsp. 

1-amino-cyclopropane-1-carboxylic acid oxidase 3:Manihot

Peroxidase precursor;  Picea abies 

Pathogenesis-related protein PsemI; Pseudotsuga menziesii
Dirigent-like protein;  Picea sitchensis

Dirigent-like protein;  Picea sitchensis
Pathogenesis-related protein PsemI; Pseudotsuga menziesii
Expansin;  Pinus taeda|Rep: Expansin - Pinus
Uncharacterized protein At3g14850.2; Arabidopsis 
Pathogenesis-related protein PsemI; Pseudotsuga menziesii
Probable WRKY transcription factor 31;  Arabidopsis

ATAF1-like protein;  Picea mariana
Transglutaminase domain protein precursor;Pyrobaculum 
Ethylene-responsive element-binding protein;Medicago spp
Cluster: Pinoresinol-lariciresinol reductase;Thuja pli.
Clt1;  Poncirus trifoliata|Rep: Clt1 - Poncirus

Defensin;  Pinus sylvestris|Rep: Defensin - Pinus
Glucose-methanol-choline oxidoreductase family protein;

Pinosylvin synthase;  Pinus densiflora  
strobus     

Cluster: Predicted protein;  Physcomitrella patens subsp.

Pathogenesis-related protein PsemI;  Pseudotsuga 
(Hypocretin) (Hcrt) [Contains: Orexin-A (Hypocretin- 1) 
Cluster: Histone H2B.11;  Oryza sativa|Rep: Histone

Modifier of mdg4;  Drosophila melanogaster|Rep: Modifier
Late embryogenesis abundant protein;  Picea glauca|Rep:
 Pinus densiflora|Rep: Pinosylvin synthase - Pinus

Dirigent-like protein;  Picea sitchensis
Dihydropinosylvin synthase;  Pinus sylvestris

Chitinase;  Zea diploperennis|Rep: Chitinase - Zea

PT1;  Solanum melongena|Rep: PT1 - Solanum

Glucanase-like protein;  Thuja occidentalis|Rep: 
T3H13.3 protein;  Arabidopsis |Rep: T3H13.3 protein

Phosphate transporter;  Sesbania rostrata
Dirigent-like protein;  Picea sitchensis
Expansin;  Pinus taeda|Rep: Expansin - Pinus
Clavata-like receptor;  Picea glauca
ACC oxidase;  Picea|Rep: ACC oxidase -
Isoform mod1.8 of Q86B87 ;  Drosophila

strobus]      
Pyruvate dehydrogenase complex, E2 component, 
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AA556386 -12.97 3.428 28.32 1.03E-07 7.34E-06       
NP542874 -13.86 3.304 28.27 1.05E-07 7.49E-06      
TC162129 -12.59 3.169 28.05 1.18E-07 8.31E-06 Chromosome undetermined scaffold_306,  genome  
TC194671 -12.31 3.339 28.04 1.19E-07 8.32E-06
TC158616 -11.87 3.293 27.9 1.28E-07 8.76E-06
TC174998 -12.99 3.32 27.89 1.28E-07 8.76E-06
TC164970 -12.6 3.153 27.89 1.29E-07 8.76E-06 Chromosome undetermined scaffold_306,  genome  
TC168009 -13.45 3.05 27.85 1.31E-07 8.89E-06
TC161177 -12.53 3.163 27.63 1.47E-07 9.89E-06
TC196298 -12.59 3.286 27.56 1.52E-07 1.02E-05       
TC157731 -12.08 3.426 27.51 1.56E-07 1.04E-05
TC187745 -13.94 3.118 27.47 1.60E-07 1.06E-05
TC160527 -12.99 3.341 27.46 1.61E-07 1.06E-05
FE519583 -13.18 3.279 27.4 1.66E-07 1.08E-05       
TC170862 -13.84 3.164 27.33 1.72E-07 1.11E-05
TC172356 -13.55 2.886 27.32 1.72E-07 1.11E-05 Water deficit stress inducible protein LP3-2; 
TC161416 -13.91 3.11 27.26 1.78E-07 1.13E-05 Cluster: Uncharacterized protein At3g07270.2;  
TC164429 -13.65 2.845 27.19 1.84E-07 1.16E-05 Chromosome chr5 scaffold_2,  genome  
TC179063 -13.2 2.871 27.07 1.96E-07 1.22E-05
TC169078 -12.09 3.325 26.98 2.06E-07 1.27E-05       
TC155253 -14.34 3.895 26.94 2.09E-07 1.29E-05 Cluster: Chromosome chr5 scaffold_67,  genome 
GT242011 -12.8 3.225 26.79 2.27E-07 1.39E-05
TC184166 -13.7 3.068 26.72 2.36E-07 1.44E-05 Chromosome chr11 scaffold_56,  genome  
TC188579 -14.24 3.674 26.63 2.46E-07 1.50E-05
CR394078 -13.82 2.933 26.58 2.53E-07 1.53E-05
TC190819 -14.16 3.812 26.57 2.54E-07 1.53E-05
BQ634569 -12.75 3.198 26.5 2.64E-07 1.58E-05       
TC156148 -13.23 3.053 26.36 2.83E-07 1.69E-05
TC184648 -13.75 3.042 26.26 2.98E-07 1.77E-05 Chromosome chr3 scaffold_199,  genome  
TC174383 -12 3.235 25.93 3.54E-07 2.09E-05 Cluster: Chromosome chr2 scaffold_112,  genome 
TC194898 -13.65 2.71 25.91 3.58E-07 2.11E-05       
NP542704 -13.15 2.963 25.69 4.01E-07 2.35E-05       
TC162349 -13.55 2.843 25.68 4.03E-07 2.35E-05
TC167402 -14.15 3.379 25.66 4.08E-07 2.36E-05 Cluster: Chromosome chr6 scaffold_3,  genome 
TC160803 -14.01 3.282 25.39 4.69E-07 2.70E-05       
TC168704 -13.81 2.998 25.35 4.78E-07 2.75E-05
TC174356 -12.68 3.051 25.31 4.88E-07 2.79E-05 Cluster: Chromosome chr2 scaffold_97,  genome 
TC178235 -13.19 2.964 25.24 5.07E-07 2.89E-05
TC187522 -14.31 3.743 25.13 5.36E-07 3.04E-05
TC173283 -13.89 2.92 25.04 5.62E-07 3.17E-05
TC163752 -13.89 2.922 25.02 5.66E-07 3.18E-05
TC158711 -13.03 2.981 24.86 6.17E-07 3.45E-05
TC193263 -13.22 2.738 24.41 7.77E-07 4.30E-05 Chromosome chr2 scaffold_97,  genome  
TC189279 -13.57 2.653 24.41 7.79E-07 4.30E-05
TC161130 -12.28 2.991 24.39 7.87E-07 4.33E-05
TC198866 -12.28 3.198 24.38 7.92E-07 4.34E-05       
TC172502 -13.47 2.645 24.34 8.07E-07 4.39E-05       
TC189237 -13.89 3.171 24.34 8.09E-07 4.39E-05
GW747487 -14.28 3.63 24.33 8.12E-07 4.39E-05
TC197639 -13.15 2.928 24.3 8.23E-07 4.43E-05
TC169441 -12.31 3.005 24.2 8.69E-07 4.64E-05
TC165453 -13.71 2.687 24.15 8.90E-07 4.71E-05
TC167068 -12.92 2.963 24.09 9.19E-07 4.85E-05 Chromosome chr2 scaffold_97,  genome  
TC162576 -13.26 2.764 24.08 9.24E-07 4.85E-05
TC177086 -12.93 2.921 24.05 9.38E-07 4.91E-05
TC166786 -14.17 3.533 24.03 9.47E-07 4.93E-05       
TC172481 -13.78 2.671 24.02 9.53E-07 4.94E-05 Chromosome chr3 scaffold_157,  genome  
TC165959 -13.16 2.889 23.89 1.02E-06 5.26E-05
TC169001 -13.4 2.841 23.79 1.07E-06 5.50E-05 Chromosome chr18 scaffold_1,  genome  
TC187381 -13.05 2.929 23.79 1.08E-06 5.50E-05
TC171779 -12.67 2.868 23.78 1.08E-06 5.50E-05 Cluster: Chromosome undetermined scaffold_469,  genome 
AA556511 -12.95 3.059 23.75 1.10E-06 5.57E-05       
TC162768 -12.47 2.841 23.73 1.11E-06 5.61E-05
TC183794 -13.89 3.16 23.66 1.15E-06 5.74E-05 Cluster: Chromosome chr13 scaffold_48,  genome 
TC196696 -13.61 2.602 23.66 1.15E-06 5.74E-05 Cluster: Chromosome undetermined scaffold_302,  genome 
TC162373 -12.8 2.882 23.6 1.19E-06 5.91E-05 Cluster: Uncharacterized protein At5g22140.2;  
TC171513 -13.26 2.878 23.55 1.22E-06 6.04E-05 Cluster: Chromosome undetermined scaffold_69,  genome 
TC174045 -10.98 3.586 23.54 1.22E-06 6.04E-05
TC183475 -14.41 3.816 23.47 1.27E-06 6.26E-05       
CO165586 -14.18 3.313 23.46 1.28E-06 6.27E-05
TC174926 -13.35 2.642 23.38 1.33E-06 6.50E-05
DN613379 -13.46 2.608 23.33 1.37E-06 6.63E-05
TC164522 -13.46 2.592 23.32 1.37E-06 6.63E-05
TC154691 -13.83 2.915 23.22 1.45E-06 6.94E-05
TC181103 -12.47 2.82 23.17 1.48E-06 7.05E-05
GT231151 -13.56 2.548 23.14 1.51E-06 7.15E-05 Chromosome undetermined scaffold_55,  genome  
TC191130 -12.43 3.044 23.02 1.60E-06 7.59E-05       
DR094801 -13.67 2.551 22.96 1.66E-06 7.81E-05
TC185808 -13.33 2.73 22.94 1.67E-06 7.84E-05       
TC165234 -13.91 2.755 22.87 1.73E-06 8.07E-05 Cluster: Chromosome chr17 scaffold_85,  genome 
TC194955 -14.18 3.449 22.86 1.74E-06 8.07E-05

Cluster: Isoform 2 of Q9ZQG9 ; 
Histidine amino acid transporter;  Oryza sativa|Rep:
Cluster: At1g22990/F19G10_22;  Arabidopsis

Cluster: Pinoresinol-lariciresinol reductase;  Thuja 
Pollen allergen CJP38;  Cryptomeria japonica|Rep: Pollen

Pinosylvin-forming stilbene synthase;  Pinus massoniana|
Cluster: 21 kD protein;  Pinus radiata|Rep:
T3H13.3 protein;  Arabidopsis |Rep: T3H13.3 protein

Cold acclimation protein 1;  Picea abies|Rep:

Hydrophobic protein LTI6B;  Oryza sativa|Rep: Hydrophobic

HAK5;  Solanum lycopersicum|Rep: HAK5 - Solanum

Clavata-like receptor;  Picea glauca
Cluster: Pollen allergen CJP38;  Cryptomeria japonica|
Uncharacterized protein At3g14850.2;  Arabidopsis 

Phosphate transporter;  Oryza sativa

Cluster: P-glycoprotein;  Arabidopsis |Rep:

PR10 protein;  Pinus monticola|Rep: PR10 protein

GDP-mannose 3,5-epimerase 1;  Oryza sativa|Rep: GDP-
Expansin;  Pinus taeda|Rep: Expansin - Pinus
Cluster: 21 kD protein;  Pinus radiata|Rep:
Pollen allergen CJP38;  Cryptomeria japonica|Rep: Pollen
Pinoresinol-lariciresinol reductase;  Thuja plicata

Formate dehydrogenase 2, mitochondrial precursor;  Oryza
Pleiotropic drug resistance protein TUR2;  Spirodela

Defensin;  Pinus sylvestris|Rep: Defensin - Pinus
Alpha-expansin 2;  Gossypium hirsutum
Cluster: O-methyltransferase, family 2; Dimerisation;  
Late embryogenesis abundant protein;  Picea glauca|Rep:
Cluster: Taurine catabolism dioxygenase TauD, TfdA 

Thaumatin-like protein;  Pinus taeda
Hydrophobic protein LTI6B;  Oryza sativa|Rep: Hydrophobic

Cluster: Gb|AAD32907.1;  Arabidopsis |Rep: Gb|AAD32907.1 

Pinus massoniana Pinosylvin-forming stilbene synthase

Cluster: O-methyltransferase, family 2; Dimerisation;  

ACC oxidase;  Picea|Rep: ACC oxidase -

Cluster: Flagellin-sensing 2-like protein;  Brassica 
Cluster: Thaumatin-like protein;  Pseudotsuga menziesii
WRKY6;  Nicotiana attenuata|Rep: WRKY6 - Nicotiana
Cluster: NtPRp27;  Nicotiana tabacum|Rep: NtPRp27 -
AP2 domain transcription factor-like;  Oryza sativa|Rep:
Formate dehydrogenase, mitochondrial precursor;  

Thaumatin-like protein;  Pinus monticola

Dirigent protein pDIR2;  Picea engelmannii x
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TC158770 -14.07 3.167 22.86 1.75E-06 8.07E-05       
TC162632 -12.16 2.92 22.71 1.89E-06 8.63E-05 Cluster: Chromosome chr6 scaffold_15,  genome 
TC187185 -12.7 2.874 22.61 1.98E-06 9.05E-05       
TC194956 -13.06 2.771 22.38 2.24E-06 1.01E-04
TC165436 -14.18 3.477 22.36 2.26E-06 1.02E-04
TC180313 -13.44 2.5 22.25 2.39E-06 1.07E-04
TC156614 -12.37 2.826 22.23 2.42E-06 1.08E-04 Chromosome chr14 scaffold_54,  genome  
TC166778 -12.51 2.712 22.17 2.50E-06 1.11E-04
FG615126 -13.03 2.821 22.15 2.52E-06 1.12E-04
TC161468 -13.53 2.46 21.94 2.81E-06 1.23E-04
TC167859 -13.86 2.615 21.94 2.82E-06 1.23E-04
TC161835 -12.37 2.804 21.92 2.84E-06 1.24E-04 Chromosome chr6 scaffold_3,  genome  
DR023030 -10.54 0.491 21.77 3.07E-06 1.33E-04
TC156920 -13.27 2.717 21.7 3.18E-06 1.38E-04 Chromosome chr5 scaffold_67,  genome  
TC164540 -13.94 2.816 21.65 3.27E-06 1.41E-04 Cluster: Chromosome chr1 scaffold_46,  genome 
TC168057 -13.36 2.54 21.64 3.29E-06 1.41E-04 Cluster: Chromosome undetermined scaffold_100,  genome 
AL750771 -13.9 2.799 21.42 3.68E-06 1.57E-04
TC159752 -12.38 2.714 21.41 3.71E-06 1.58E-04 Chromosome chr2 scaffold_105,  genome  
TC172415 -12.18 2.858 21.31 3.91E-06 1.65E-04 Chromosome undetermined scaffold_142,  genome  
TC155045 -14.18 3.021 21.26 4.02E-06 1.69E-04
TC155062 -13.51 2.444 21.24 4.06E-06 1.69E-04
TC183912 -14.07 3.029 21.22 4.10E-06 1.71E-04 Chromosome chr11 scaffold_13,  genome  
DR017187 -13.75 2.601 21.18 4.19E-06 1.74E-04
CX648248 -13.5 2.412 21.15 4.26E-06 1.76E-04
TC161247 -14.21 3.145 21.11 4.34E-06 1.79E-04
TC180073 -13.8 2.479 21.1 4.37E-06 1.80E-04
TC169130 -14.11 2.817 21.07 4.42E-06 1.81E-04 Chromosome chr18 scaffold_24,  genome  
TC195171 -14.07 2.852 20.93 4.77E-06 1.94E-04
TC155004 -13.63 2.404 20.86 4.93E-06 2.00E-04 Chromosome undetermined scaffold_143,  genome  
DR742536 -13.84 2.532 20.81 5.07E-06 2.05E-04 Chromosome chr6 scaffold_3,  genome  
NP542708 -13.31 2.482 20.74 5.27E-06 2.13E-04       
BI077276 -14.22 3.096 20.67 5.45E-06 2.18E-04 Chromosome chr18 scaffold_1,  genome  
TC188235 -13.76 2.446 20.65 5.52E-06 2.20E-04 Chromosome chr9 scaffold_7,  genome  
TC190137 -11.65 2.671 20.53 5.87E-06 2.32E-04
TC186863 -13.73 2.484 20.42 6.20E-06 2.45E-04
TC190823 -13.18 2.546 20.29 6.64E-06 2.59E-04
TC189462 -13.07 2.789 20.22 6.90E-06 2.68E-04       
TC187790 -13.58 2.318 20.09 7.38E-06 2.85E-04
TC155051 -14.03 2.942 20.06 7.52E-06 2.89E-04 Chromosome chr1 scaffold_166,  genome  
TC156792 -12.71 2.639 19.98 7.81E-06 3.00E-04
TC180290 -12.56 2.564 19.85 8.36E-06 3.19E-04
TC182612 -13.53 2.307 19.79 8.65E-06 3.26E-04
TC164249 -12.29 2.755 19.78 8.67E-06 3.26E-04
TC175906 -13.59 2.382 19.78 8.71E-06 3.27E-04
CO198207 -13.94 2.749 19.76 8.76E-06 3.28E-04
BQ696662 -12.56 2.563 19.74 8.86E-06 3.30E-04 Cluster: Chromosome chr9 scaffold_7,  genome 
TC191010 -13.69 2.499 19.71 9.00E-06 3.34E-04       
TC160710 -13.14 2.506 19.63 9.38E-06 3.47E-04
TC187934 -12.78 2.555 19.48 1.02E-05 3.72E-04
DR111377 -13.67 2.34 19.35 1.09E-05 3.94E-04 Chromosome chr10 scaffold_43,  genome  
TC169717 -13.59 2.371 19.34 1.10E-05 3.96E-04 Water deficit stress inducible protein LP3-2; 
TC171926 -13.22 2.414 19.28 1.13E-05 4.07E-04       
TC158960 -13.46 2.313 19.22 1.16E-05 4.17E-04
TC160994 -13.5 2.277 19.17 1.20E-05 4.27E-04
TC156019 -12.13 2.633 19.07 1.26E-05 4.48E-04
TC171034 -13.6 2.316 18.96 1.33E-05 4.70E-04
TC165723 -13.2 2.397 18.96 1.34E-05 4.70E-04
TC178104 -13.93 2.559 18.81 1.44E-05 5.03E-04
TC189655 -12.32 2.507 18.72 1.51E-05 5.23E-04
TC173120 -12.99 2.519 18.68 1.55E-05 5.33E-04
TC169394 -14.24 3.048 18.68 1.55E-05 5.33E-04
TC158642 -13.19 2.428 18.61 1.60E-05 5.49E-04
TC180374 -12.49 2.46 18.57 1.64E-05 5.59E-04
TC197095 -13.52 2.274 18.56 1.65E-05 5.60E-04 Cluster: Chromosome chr5 scaffold_67,  genome 
BG485751 -13.61 2.314 18.55 1.65E-05 5.60E-04 Chromosome undetermined scaffold_69,  genome  
TC165054 -13.99 2.585 18.54 1.66E-05 5.63E-04
TC184854 -13.44 2.324 18.52 1.68E-05 5.66E-04
TC160114 -14.17 2.924 18.52 1.68E-05 5.67E-04 Cluster: Chromosome chr1 scaffold_5,  genome 
TC185522 -13.83 2.324 18.49 1.71E-05 5.73E-04       
TC170763 -12.75 2.447 18.37 1.82E-05 6.07E-04 Chromosome chr1 scaffold_46,  genome  
TC183914 -13.62 2.234 18.37 1.82E-05 6.07E-04
TC172483 -13.51 2.272 18.35 1.84E-05 6.10E-04 Cluster: Chromosome undetermined scaffold_503,  genome 
TC189641 -14.29 3.217 18.34 1.84E-05 6.11E-04
TC188500 -13.9 2.479 18.29 1.90E-05 6.27E-04
TC197678 -12.41 2.42 18.25 1.93E-05 6.34E-04 Chromosome undetermined scaffold_69,  genome  
TC185389 -13.47 2.224 18.24 1.95E-05 6.37E-04
TC178162 -12.74 2.558 18.22 1.97E-05 6.44E-04
TC156863 -13.89 2.589 18.18 2.01E-05 6.55E-04
TC184791 -13.58 2.199 18.12 2.07E-05 6.70E-04
TC165858 -13.73 2.357 18.09 2.10E-05 6.78E-04
TC170490 -14.04 2.707 17.99 2.22E-05 7.10E-04

NBS/LRR;  Pinus taeda|Rep: NBS/LRR - Pinus
PR10 protein;  Pinus monticola|Rep: PR10 protein
Galactinol synthase;  Brassica napus|Rep: Galactinol 

Cluster: O-methyltransferase, family 2; Dimerisation;  
Formate dehydrogenase 2, mitochondrial precursor;  Oryza
Protein phosphatase 2C;  Mesembryanthemum crystallinum
Glucanase-like protein;  Thuja occidentalis|Rep

Cinnamate-4-hydroxylase;  Gossypium arboreum|Rep: 

Predicted protein;  Physcomitrella patens subsp. 

Cluster: Extensin;  Catharanthus roseus|Rep: Extensin -
Predicted protein;  Physcomitrella patens subsp. 

Pleiotropic drug resistance protein 1;  Nicotiana
Formate dehydrogenase, mitochondrial precursor;  
Cluster: Glycoside hydrolase, family 18;  Medicago
Cluster: tetra-peptide repeat homeobox-like (TPRXL)

Dirigent-like protein pDIR14;  Picea engelmannii x

Protein TAR1;  Kluyveromyces lactis|Rep: Protein TAR1
Alternative oxidase;  Nicotiana attenuata|Rep: 
Cluster: Probable mannitol dehydrogenase;  Medicago spp

Phosphoenolpyruvate carboxykinase

Predicted protein;  Physcomitrella patens subsp. 
Cluster: glycosyl hydrolase family 17 protein; 
Isoform 3 of Q8R2K1 ;  Mus
Class IV chitinase Chia4-Pa1;  Picea abies|Rep:
Galactinol synthase;  Brassica napus|Rep: 
Thaumatin-like protein;  Pseudotsuga menziesii|Rep: 

Glutathione peroxidase;  Oryza sativa Indica Group|Rep:
Pleiotropic drug resistance protein 1;  Nicotiana

Galactinol synthase;  Brassica napus|Rep: 
Cluster: Predicted protein;  Physcomitrella patens subsp.
Formate dehydrogenase, mitochondrial precursor;  
Zinc finger, RING-type;  Medicago truncatula|Rep: Zinc
Cluster: Predicted protein;  Physcomitrella patens subsp.
At3g11320;  Arabidopsis |Rep: At3g11320 - Arabidopsis
Protein TAR1;  Kluyveromyces lactis|Rep: Protein TAR1
Cluster: Os06g0554800 protein;  Oryza sativa Japonica
NADH dehydrogenase (Quinone) precursor;  Salinispora 
Galactinol synthase;  Brassica napus|Rep: Galactinol 
Pleiotropic drug resistance protein 1;  Nicotiana

Cluster: Predicted protein;  Physcomitrella patens subsp.
Acidic ribosomal protein P1a-like;  Solanum tuberosum|

Lea protein;  Pseudotsuga menziesii|Rep: Lea protein

PR10 protein;  Pinus monticola|Rep: PR10 protein
Clavata-like receptor;  Picea glauca|Rep: 

Chitinase precursor;  Oryza sativa|Rep: 
Predicted protein;  Physcomitrella patens subsp. 
PaMip-2;  Picea abies|Rep: PaMip-2 - Picea
Predicted protein;  Physcomitrella patens subsp. 
Aspartic proteinase nepenthesin II-like;  Oryza sativa
Short-chain type dehydrogenase/reductase;  Picea abies
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TC157574 -13.71 2.204 17.97 2.24E-05 7.16E-04
TC175960 -13.54 2.267 17.88 2.35E-05 7.44E-04
TC165389 -12.79 2.39 17.86 2.38E-05 7.50E-04
TC163333 -13.85 2.371 17.79 2.47E-05 7.76E-04 Chromosome chr1 scaffold_46,  genome  
TC188343 -12.72 2.505 17.77 2.49E-05 7.79E-04
TC182683 -13.69 2.158 17.76 2.51E-05 7.79E-04
TC186997 -14.28 3.094 17.71 2.57E-05 7.96E-04 Chromosome undetermined scaffold_3238,  genome  
TC169926 -13 2.435 17.67 2.62E-05 8.09E-04 Cluster: Chromosome chr4 scaffold_6,  genome 
TC177869 -12.59 2.392 17.63 2.68E-05 8.26E-04
TC171369 -13.26 2.397 17.6 2.73E-05 8.35E-04
TC167029 -13.81 2.269 17.57 2.76E-05 8.44E-04 Chromosome chr18 scaffold_1,  genome  
TC168999 -12.69 2.374 17.54 2.82E-05 8.58E-04
TC196902 -13.15 2.365 17.52 2.85E-05 8.67E-04
TC160460 -13.78 2.209 17.5 2.88E-05 8.72E-04
TC161914 -13.01 2.418 17.44 2.97E-05 8.95E-04
TC167835 -14.15 2.659 17.41 3.01E-05 9.08E-04 Chromosome undetermined scaffold_143,  genome  
TC177670 -13.71 2.23 17.4 3.03E-05 9.11E-04
TC165131 -13.6 2.136 17.3 3.20E-05 9.56E-04 Cluster: Chromosome chr6 scaffold_3,  genome 
TC192008 -14.12 2.611 17.19 3.38E-05 1.01E-03 Cluster: Chromosome chr2 scaffold_112,  genome 
TC163778 -12.01 2.473 17.17 3.42E-05 1.01E-03
TC188216 -12.3 2.474 17.16 3.43E-05 1.02E-03
TC166330 -13.4 2.288 17.05 3.64E-05 1.07E-03 Chromosome chr13 scaffold_17,  genome  
BF186114 -13.91 2.353 16.85 4.05E-05 1.18E-03
TC163454 -13.99 2.444 16.71 4.35E-05 1.26E-03 Chromosome chr10 scaffold_138,  genome  
TC168815 -13.6 2.073 16.7 4.38E-05 1.27E-03
TC168193 -13.34 2.149 16.64 4.51E-05 1.30E-03
TC169738 -13.27 2.235 16.61 4.59E-05 1.32E-03
TC166768 -13.47 2.127 16.57 4.69E-05 1.35E-03 Chromosome chr14 scaffold_9,  genome  
TC197859 -13.11 2.247 16.48 4.92E-05 1.41E-03 Chromosome undetermined scaffold_69,  genome  
TC183428 -14.16 2.491 16.46 4.97E-05 1.42E-03
TC192806 -14.03 2.382 16.43 5.06E-05 1.44E-03 Chromosome chr10 scaffold_179,  genome  
TC178402 -13.14 2.288 16.38 5.19E-05 1.47E-03
DR102084 -13.37 2.121 16.38 5.19E-05 1.47E-03
TC195112 -13.94 2.41 16.36 5.24E-05 1.48E-03       
TC182855 -13.97 2.597 16.29 5.44E-05 1.53E-03 Low temperature and salt responsive protein; 
TC190934 -12.4 2.291 16.22 5.64E-05 1.59E-03
TC168521 -13.2 2.245 16.21 5.68E-05 1.59E-03 Cluster: Chromosome chr19 scaffold_4,  genome 
EC428696 -13.9 2.322 16.18 5.77E-05 1.61E-03
TC173536 -13.27 2.145 16.18 5.77E-05 1.61E-03
TC164478 -13.94 2.37 16.06 6.14E-05 1.69E-03 Cluster: Chromosome chr9 scaffold_7,  genome 
TC160983 -13.91 2.372 16.06 6.15E-05 1.69E-03
TC154867 -13.96 2.472 16.05 6.16E-05 1.69E-03
TC183805 -13.28 2.07 16.04 6.20E-05 1.70E-03
TC169645 -13.84 2.27 15.96 6.48E-05 1.77E-03
TC159148 -13.9 2.199 15.95 6.52E-05 1.78E-03
TC176536 -14.22 2.65 15.93 6.58E-05 1.79E-03
TC162711 -13.65 2.033 15.91 6.65E-05 1.81E-03
TC167723 -12.97 2.285 15.87 6.77E-05 1.83E-03 Chromosome chr4 scaffold_6,  genome  
TC156146 -11.78 2.379 15.8 7.03E-05 1.90E-03 Chromosome undetermined scaffold_69,  genome  
TC173647 -14.19 2.674 15.78 7.13E-05 1.92E-03
TC164027 -13.79 2.229 15.76 7.17E-05 1.92E-03
TC170768 -13.91 2.291 15.76 7.18E-05 1.92E-03
TC193548 -14.31 3.012 15.76 7.18E-05 1.92E-03       
TC155146 -13.4 3.001 15.75 7.49E-05 1.99E-03
TC161396 -12.09 2.354 15.62 7.75E-05 2.05E-03 Cluster: Chromosome chr1 scaffold_5,  genome 
TC166238 -12.86 2.221 15.59 7.88E-05 2.08E-03
TC171983 -13.81 2.183 15.53 8.10E-05 2.13E-03
TC185381 -13.16 2.224 15.52 8.15E-05 2.14E-03
GW751850 -13.93 2.196 15.5 8.26E-05 2.16E-03 Cluster: Zinc finger CCHC domain-containing protein 10;
TC171549 -12.97 2.215 15.37 8.85E-05 2.30E-03
TC155389 -13.67 2.06 15.21 9.63E-05 2.48E-03 Chromosome undetermined scaffold_55,  genome  
TC169728 -13.05 2.204 15.21 9.63E-05 2.48E-03
GW755072 -13.19 2.222 15.17 9.84E-05 2.52E-03
GW755937 -13.36 2.14 15.14 9.96E-05 2.55E-03
TC157512 -13.91 2.15 15.14 1.00E-04 2.55E-03
TC170513 -13.23 2.165 15.11 1.01E-04 2.58E-03
TC182376 -13.46 2.042 15.07 1.04E-04 2.63E-03
TC183232 -13.02 2.217 15.05 1.05E-04 2.65E-03
TC167815 -12.88 2.184 15.03 1.06E-04 2.67E-03
GT257093 -13.3 2.096 15 1.08E-04 2.70E-03
TC166526 -12.7 2.182 14.94 1.11E-04 2.79E-03
TC167398 -13.32 1.995 14.86 1.16E-04 2.90E-03
TC166735 -13.88 2.154 14.85 1.16E-04 2.91E-03
TC171040 -13.75 1.971 14.85 1.17E-04 2.91E-03
TC156376 -13.22 2.141 14.81 1.19E-04 2.95E-03
TC156322 -13.73 2.086 14.77 1.21E-04 3.00E-03
TC174556 -12.69 2.131 14.69 1.27E-04 3.13E-03       
TC198869 -13.36 1.965 14.65 1.29E-04 3.17E-03 Chromosome undetermined scaffold_55,  genome  
TC170205 -13.63 1.927 14.64 1.30E-04 3.18E-03 Chromosome chr17 scaffold_16,  genome  
TC169768 -12.04 2.307 14.6 1.33E-04 3.24E-03
TC154764 -11.61 2.14 14.54 1.37E-04 3.33E-03

Nucleoside diphosphate kinase;  Pinus pinaster
Cluster: NtPRp27-like protein;  Solanum tuberosum|Rep: 
Cluster: Predicted protein;  Physcomitrella patens subsp.

Zinc finger protein YER130C;  Saccharomyces cerevisiae|
Adenosine 5' phosphosulfate reductase;  Populus tremula

Cluster: HD2 type histone deacetylase;  Physcomitrella
HD2 type histone deacetylase;  Physcomitrella patens

Lea protein;  Pseudotsuga menziesii|Rep: Lea protein
Cluster: Thaumatin-like protein;  Pseudotsuga menziesii|
At1g60730/F8A5_24;  Arabidopsis |Rep: At1g60730/F8A5_24 
At1g60730/F8A5_24;  Arabidopsis |Rep: At1g60730/F8A5_24 

Lipoxygenase;  Vitis vinifera|Rep: Lipoxygenase - Vitis

Cluster: SAMT;  Browallia americana|Rep: SAMT -
Chloroplast omega-3 fatty acid desaturase;  Olea

Cluster: Aldose 1-epimerase family protein, expressed; 

Cluster: HD2 type histone deacetylase;  Physcomitrella
Predicted protein;  Physcomitrella patens subsp. 
Cluster: Expansin-like protein;  Cunninghamia lanceolata|

Cluster: Ser/Thr protein phosphatase family protein, 

Cluster: 13-lipoxygenase;  Solanum tuberosum|Rep: 13-
Cluster: Os09g0108600 protein;  Oryza sativa Japonica

Cluster: Pleiotropic drug resistance protein 1; 

Helix-turn-helix Fis-type protein;  Nitrobacter sp. 
Basic endochitinase 1 precursor;  Oryza sativa

Carbohydrate kinase, YjeF related protein;  Burkholderia
Cluster: S-receptor kinase -like protein;  Arabidopsis
Dehydrin-like protein;  Picea abies|Rep: 
Lipoxygenase 3;  Actinidia deliciosa|Rep: Lipoxygenase 3
Cluster: Glutathione S-transferase GST 10;  Zea
Gb|AAF26953.1;  Arabidopsis |Rep: Gb|AAF26953.1 - 
NOX2;  Striga asiatica|Rep: NOX2 - Striga

Galactinol synthase;  Brassica napus|Rep: Galactinol 
Riboflavin biosynthesis protein ribBA, chloroplast 
Clavata-like receptor;  Picea glauca|Rep: Clavata-like 

Cluster: glycosyl hydrolase family 17 protein; 

LEA;  Pinus halepensis|Rep: LEA - Pinus
LP3-1;  Pinus|Rep: LP3-1 - Pinus taeda
Lea protein;  Pseudotsuga menziesii|Rep: Lea protein

30S ribosomal protein S7;  Strelitzia reginae|Rep:

Arginine decarboxylase;  Brassica juncea|Rep: Arginine 
Cluster: HD2 type histone deacetylase;  Physcomitrella
Cluster: HD2 type histone deacetylase;  Physcomitrella
Nucleoside diphosphate kinase;  Pinus pinaster|Rep: 
Cluster: Predicted protein;  Physcomitrella patens subsp.
40S ribosomal protein S15;  Picea|Rep: 40S
Dirigent-like protein pDIR14;  Picea engelmannii x
Epa5p;  Candida glabrata|Rep: Epa5p - Candida
Glycosyl hydrolases family 17 protein, expressed; 
Dehydrin 1;  Pinus pinaster|Rep: Dehydrin 1
Cluster: Thaumatin-like protein;  Pseudotsuga menziesii|
IAA-amino acid hydrolase ILR1-like 2 precursor; 
Cluster: Ribonuclease, Rne/Rng family;  Mycobacterium 
Alternative oxidase;  Nicotiana attenuata|Rep: 
Pollen allergen CJP38;  Cryptomeria japonica|Rep: Pollen

Cluster: Os04g0412300 protein;  Oryza sativa Japonica
Arginine decarboxylase;  Pinus sylvestris|Rep: Arginine 
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TC154934 -13.29 2.098 14.52 1.39E-04 3.36E-03
GO096100 -13.36 1.916 14.43 1.45E-04 3.50E-03
TC169073 -13.51 1.907 14.42 1.46E-04 3.51E-03 Chromosome chr18 scaffold_1,  genome  
TC166894 -13.93 2.106 14.35 1.52E-04 3.64E-03
TC166469 -13.85 2.005 14.25 1.60E-04 3.84E-03
TC161665 -13.71 1.909 14.16 1.68E-04 3.97E-03 Chromosome chr6 scaffold_15,  genome  
TC178312 -13.66 1.936 14.14 1.70E-04 3.99E-03 Cluster: Similarity to cell wall-plasma membrane linker
TC176682 -13.52 1.913 14.14 1.70E-04 4.00E-03 Cluster: RNA recognition motif family protein, expressed;
FE520245 -13.59 1.912 14.07 1.76E-04 4.13E-03
TC192263 -14.13 2.47 14.01 1.82E-04 4.26E-03       
TC165002 -13.32 1.933 14 1.83E-04 4.26E-03 Chromosome chr18 scaffold_1,  genome  
GT230507 -13.58 1.89 13.91 1.92E-04 4.46E-03
TC168069 -13.61 1.95 13.84 1.99E-04 4.59E-03
TC172763 -13.04 2.089 13.84 1.99E-04 4.59E-03
TC173952 -13.51 1.934 13.81 2.02E-04 4.64E-03
TC173735 -13.29 2.064 13.81 2.03E-04 4.64E-03
TC160565 -12.34 2.121 13.77 2.06E-04 4.71E-03
TC195769 -13.44 1.975 13.65 2.20E-04 4.98E-03 Cluster: Chromosome chr14 scaffold_21,  genome 
TC169669 -12.25 2.135 13.65 2.20E-04 4.98E-03 Chromosome chr4 scaffold_6,  genome  
TC167940 -13.88 2.098 13.62 2.24E-04 5.03E-03
GT236181 -13.45 1.873 13.61 2.25E-04 5.05E-03
TC175318 -13.86 2.071 13.55 2.32E-04 5.19E-03 Chromosome chr18 scaffold_1,  genome  
GW747229 -13.04 2.046 13.49 2.40E-04 5.36E-03       
TC167855 -12.98 2.054 13.43 2.48E-04 5.52E-03       
TC189094 -12.45 2.057 13.4 2.51E-04 5.58E-03 Cluster: Chromosome chr18 scaffold_122,  genome 
TC163992 -12.18 2.156 13.39 2.53E-04 5.61E-03
TC197324 -13.07 2.069 13.37 2.55E-04 5.65E-03 Chromosome chr7 scaffold_20,  genome  
TC198917 -13.25 2.006 13.36 2.57E-04 5.67E-03 Chromosome chr14 scaffold_9,  genome  
TC173946 -13.57 1.849 13.3 2.65E-04 5.84E-03 Cluster: Chromosome chr8 scaffold_29,  genome 
TC185919 -13.8 2.004 13.29 2.67E-04 5.89E-03
TC158857 -14.06 2.163 13.28 2.68E-04 5.89E-03
TC187459 -12.35 2.088 13.25 2.73E-04 5.97E-03 Cluster: Chromosome chr18 scaffold_122,  genome 
TC179960 -12.87 2.098 13.19 2.82E-04 6.15E-03 Chromosome chr18 scaffold_1,  genome  
TC173667 -13.44 1.883 13.18 2.84E-04 6.17E-03
TC187214 -12.91 2.016 13.17 2.85E-04 6.18E-03
TC157989 -13.94 2.271 13.12 2.92E-04 6.33E-03 Cluster: Chromosome undetermined scaffold_155,  genome 
TC161868 -12.63 1.976 13.11 2.94E-04 6.35E-03
TC155499 -13.74 1.894 13.1 2.95E-04 6.36E-03
TC167695 -12.78 2.114 13.08 2.98E-04 6.41E-03       
TC194580 -13.44 1.8 13.05 3.03E-04 6.49E-03
TC159559 -13.38 1.895 13.03 3.06E-04 6.54E-03 Chromosome chr17 scaffold_16,  genome  
TC179808 -13.96 2.11 13.01 3.10E-04 6.60E-03
TC156005 -13.83 2.009 13 3.12E-04 6.63E-03
TC185044 -12.72 1.961 12.98 3.14E-04 6.67E-03 Chromosome undetermined scaffold_155,  genome  
TC191731 -13.64 1.882 12.94 3.21E-04 6.77E-03
TC190411 -12.22 2.083 12.9 3.28E-04 6.90E-03
TC170786 -13.49 1.858 12.9 3.29E-04 6.91E-03 Cluster: Chromosome chr1 scaffold_75,  genome 
TC171936 -13.88 1.999 12.89 3.30E-04 6.92E-03 Chromosome chr12 scaffold_18,  genome  
TC168010 -12.36 1.967 12.88 3.32E-04 6.94E-03
TC183662 -14.03 2.301 12.82 3.43E-04 7.14E-03
TC188904 -13.58 1.798 12.81 3.45E-04 7.18E-03       
TC174588 -12.3 2.03 12.8 3.46E-04 7.19E-03 Cluster: Chromosome chr3 scaffold_8,  genome 
TC167814 -12.56 1.958 12.74 3.58E-04 7.38E-03
TC160832 -12.08 2.05 12.74 3.58E-04 7.38E-03       
TC179209 -12.77 1.969 12.74 3.59E-04 7.39E-03
TC187082 -12.39 2.003 12.7 3.66E-04 7.51E-03
TC177638 -14.01 2.177 12.69 3.67E-04 7.51E-03
TC164415 -13.63 1.804 12.69 3.68E-04 7.51E-03
TC165834 -13.04 2.081 12.62 3.82E-04 7.78E-03
TC158601 -13.14 1.991 12.55 3.95E-04 8.02E-03 Cluster: Chromosome chr7 scaffold_42,  genome 
DT627566 -13.84 1.865 12.55 3.97E-04 8.03E-03 Chromosome chr4 scaffold_6,  genome  
TC196772 -13.29 1.836 12.48 4.11E-04 8.29E-03       
TC194792 -13.41 1.778 12.48 4.12E-04 8.30E-03
TC174693 -13.47 1.824 12.46 4.16E-04 8.37E-03
TC194944 -12.6 1.911 12.41 4.26E-04 8.52E-03 Cluster: Chromosome chr7 scaffold_42,  genome 
TC158128 -13.59 1.827 12.41 4.26E-04 8.52E-03 Chromosome chr12 scaffold_36,  genome  
TC186056 -13.54 1.741 12.41 4.28E-04 8.54E-03 Cluster: Chromosome chr9 scaffold_104,  genome 
TC173179 -12.94 2.005 12.35 4.42E-04 8.78E-03 Chromosome chr18 scaffold_1,  genome  
TC157575 -13.89 1.935 12.32 4.49E-04 8.89E-03
BQ107128 -12.32 1.915 12.3 4.53E-04 8.96E-03
TC169313 -13.88 1.951 12.29 4.55E-04 8.97E-03
CT582167 -14.13 2.114 12.25 4.66E-04 9.18E-03
GW749382 -13.41 1.86 12.21 4.75E-04 9.31E-03
TC164810 -13.82 1.829 12.2 4.78E-04 9.33E-03
GW726377 -13.1 1.944 12.2 4.79E-04 9.33E-03
TC192507 -13.48 1.796 12.18 4.82E-04 9.38E-03
TC179486 -13.55 1.733 12.18 4.84E-04 9.40E-03
GT255591 -13.33 1.763 12.16 4.88E-04 9.46E-03       
TC163737 -13.28 1.876 12.16 4.88E-04 9.46E-03
TC180031 -13.37 1.821 12.06 5.14E-04 9.93E-03
TC174826 -13.29 1.874 12.03 5.23E-04 1.01E-02

Cluster: Predicted protein;  Physcomitrella patens subsp.
Dehydrin 1;  Pinus densata|Rep: Dehydrin 1

kinase;  Pinus pinaster|Rep: Nucleoside diphosphate 
tetra-peptide repeat homeobox-like (TPRXL) on chromosome3

Dehydrin 1;  Pinus pinaster|Rep: Dehydrin 1

Predicted protein;  Physcomitrella patens subsp. 
 Oryza sativa Japonica Group|Rep: Os04g0524800 protein
Acidic ribosomal protein P1a-like;  Solanum tuberosum|
Cysteine synthase;  Vitis vinifera|Rep: Cysteine synthase
Predicted protein;  Physcomitrella patens subsp. 
Endo-beta-1,4-glucanase;  Fragaria x ananassa|Rep: 

Lea protein;  Pseudotsuga menziesii|Rep: Lea protein
Cluster: Nodulin-like protein;  Arabidopsis |Rep: 

Cluster: HD2 type histone deacetylase;  Physcomitrella

LP3-1;  Pinus|Rep: LP3-1 - Pinus taeda
Properoxidase precursor;  Picea Properoxidase precursor

T3H13.3 protein;  Arabidopsis |Rep: T3H13.3 protein
60S ribosomal protein L17-2;  Arabidopsis |Rep:

Cluster: Predicted protein;  Physcomitrella patens subsp.
Cluster: PtxA protein precursor;  Pisum sativum|Rep:

UDP-glucose dehydrogenase;  Bambusa oldhamii|Rep: UDP-

Cluster: Qa-SNARE, Sso1/Syntaxin1-type, SYP12A-group;  
 Pinus sylvestris|Rep: Arginine decarboxylase - Pinus

Basic endochitinase 1 precursor;  Oryza sativa
Endo-beta-1,4-glucanase precursor;  Prunus persica|Rep: 

Dehydrin 1;  Pinus pinaster|Rep: Dehydrin 1
Class I chitinase;  Triticum aestivum|Rep: Class

Predicted protein;  Physcomitrella patens subsp. 

LEA;  Pinus halepensis|Rep: LEA - Pinus
Class IV chitinase Chia4-Pa1;  Picea abies|Rep:
Cluster: T3H13.3 protein;  Arabidopsis |Rep: T3H13.3
Cluster: At5g65400;  Arabidopsis |Rep: At5g65400 -
Cluster: Chitinase A;  Cycas revoluta|Rep: Chitinase

Os03g0733800 protein;  Oryza sativa Japonica Group|Rep:
H/ACA ribonucleoprotein complex subunit 4;  Arabidopsis

Proline-rich protein;  Pinus taeda|Rep: Proline-rich 
Cluster: Chromosome segregation ATPases-like protein;  
Pectate lyase 1;  Musa acuminata|Rep: Pectate
Picea mariana|Rep: Fibrillarin - Picea mariana (Black
 Oryza sativa Japonica Group|Rep: Os04g0524800 protein
Short-chain type dehydrogenase/reductase;  Picea abies|
40S ribosomal protein S29;  Arabidopsis |Rep:
Predicted protein;  Physcomitrella patens subsp. 
Dehydrin;  Pinus sylvestris|Rep: Dehydrin - Pinus

Cluster: Predicted protein;  Physcomitrella patens subsp.
Ferritin, chloroplast;  Physcomitrella patens subsp. 
Cluster: Lipase family protein;  Methylococcus 
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TC182150 -13.51 1.72 12.01 5.31E-04 1.02E-02
TC184325 -13.48 1.743 11.98 5.38E-04 1.03E-02
TC154668 -13.44 1.765 11.96 5.44E-04 1.04E-02 Chromosome chr3 scaffold_199,  genome  
TC175882 -13.36 1.809 11.95 5.47E-04 1.04E-02
TC174061 -13.01 1.912 11.93 5.53E-04 1.05E-02 Chromosome undetermined scaffold_2463,  genome  
GT231163 -13.44 1.814 11.91 5.58E-04 1.06E-02
TC178525 -13.6 1.791 11.89 5.66E-04 1.07E-02 Chromosome chr12 scaffold_78,  genome  
TC172648 -12.77 1.925 11.86 5.73E-04 1.08E-02
TC167598 -12.69 1.896 11.84 5.78E-04 1.09E-02
TC155790 -13.57 1.718 11.8 5.92E-04 1.11E-02
TC191743 -12.48 1.851 11.8 5.93E-04 1.11E-02 Cluster: Chromosome chr7 scaffold_42,  genome 
GW753016 -13.77 1.894 11.78 5.99E-04 1.12E-02
TC197070 -13.72 1.731 11.77 6.02E-04 1.13E-02
TC184813 -12.55 1.889 11.75 6.09E-04 1.14E-02 Chromosome chr18 scaffold_1,  genome  
TC189378 -13.01 1.918 11.73 6.16E-04 1.15E-02
CN852188 -13 1.905 11.69 6.28E-04 1.16E-02
TC177726 -12.83 1.902 11.67 6.35E-04 1.17E-02 Cluster: Chromosome chr18 scaffold_1,  genome 
TC155321 -13.86 1.846 11.67 6.36E-04 1.17E-02
TC158019 -12.72 1.849 11.66 6.38E-04 1.18E-02 Chromosome chr17 scaffold_16,  genome  
TC188819 -13.15 1.884 11.66 6.40E-04 1.18E-02
TC164013 -14.36 2.397 11.61 6.57E-04 1.20E-02
TC175289 -13.98 2.086 11.6 6.60E-04 1.21E-02
TC165939 -13.31 1.847 11.59 6.63E-04 1.21E-02
TC188647 -12.81 1.843 11.58 6.66E-04 1.21E-02
TC156468 -13.89 1.912 11.58 6.68E-04 1.21E-02
TC165289 -13.69 1.673 11.55 6.77E-04 1.22E-02
TC157341 -14.19 2.188 11.54 6.79E-04 1.22E-02
AW754605 -12.81 1.916 11.51 6.91E-04 1.24E-02       
TC161861 -13.5 1.655 11.43 7.22E-04 1.29E-02 Chromosome chr5 scaffold_64,  genome  
TC157450 -12.76 1.859 11.39 7.38E-04 1.32E-02
TC187956 -12.96 1.846 11.37 7.45E-04 1.33E-02
TC197481 -12.81 1.849 11.36 7.52E-04 1.34E-02
TC159605 -13.86 1.813 11.35 7.56E-04 1.34E-02
NP542733 -12.77 1.846 11.3 7.74E-04 1.37E-02
TC164248 -13.79 1.679 11.29 7.78E-04 1.37E-02
TC166415 -12.03 1.952 11.24 8.00E-04 1.40E-02
TC166890 -13.72 1.652 11.17 8.29E-04 1.45E-02
TC194378 -13.85 1.814 11.17 8.31E-04 1.45E-02
TC194064 -13.33 1.685 11.16 8.36E-04 1.46E-02
CT578062 -13.04 1.84 11.12 8.54E-04 1.48E-02
TC179139 -13.73 1.722 11.11 8.58E-04 1.48E-02
TC169163 -13.65 1.668 11.09 8.68E-04 1.50E-02
TC168687 -14.07 2.152 11.07 8.78E-04 1.51E-02
TC175979 -13.44 1.643 11.05 8.88E-04 1.53E-02 Cluster: Chromosome chr7 scaffold_20,  genome 
GW757577 -12.46 1.795 11.03 8.96E-04 1.54E-02 Chromosome chr7 scaffold_20,  genome  
TC187313 -13.32 1.704 10.98 9.22E-04 1.57E-02 Chromosome chr1 scaffold_84,  genome  
TC171685 -12.79 1.812 10.89 9.66E-04 1.64E-02
TC195661 -13.35 1.705 10.89 9.68E-04 1.64E-02 Chromosome undetermined scaffold_252,  genome  
TC176574 -12.92 1.833 10.88 9.73E-04 1.64E-02
DR023673 -13.08 1.819 10.86 9.80E-04 1.65E-02 Cluster: Chromosome chr18 scaffold_122,  genome 
TC198079 -12.52 1.802 10.85 9.87E-04 1.65E-02 Chromosome chr8 scaffold_29,  genome  
TC194745 -13.81 1.745 10.82 1.01E-03 1.68E-02 Cluster: Similarity to cell wall-plasma membrane linker
TC172986 -13.8 1.671 10.79 1.02E-03 1.70E-02 Chromosome undetermined scaffold_324,  genome  
TC195339 -12.93 1.807 10.79 1.02E-03 1.70E-02
TC181728 -12.58 1.759 10.78 1.02E-03 1.70E-02 MYB transcription factor MYB52;  Glycine max|Rep:
TC196254 -13.93 1.86 10.71 1.07E-03 1.76E-02       
TC168885 -13.69 1.699 10.68 1.08E-03 1.78E-02 Chromosome chr13 scaffold_149,  genome  
DR746310 -13.67 1.621 10.66 1.10E-03 1.80E-02
FE523036 -13.56 1.6 10.65 1.10E-03 1.81E-02
TC170084 -12.4 1.757 10.62 1.12E-03 1.83E-02
BX682909 -13.08 1.785 10.54 1.17E-03 1.91E-02
TC162683 -12.54 1.767 10.51 1.19E-03 1.93E-02 Chromosome chr8 scaffold_29,  genome  
FE524490 -12.69 1.732 10.47 1.21E-03 1.96E-02
TC168238 -13.86 1.679 10.46 1.22E-03 1.97E-02
TC176635 -11.9 1.856 10.45 1.23E-03 1.98E-02
TC161755 -13.47 1.662 10.43 1.24E-03 2.00E-02
TC159512 -12.79 1.757 10.42 1.25E-03 2.00E-02 Chromosome chr18 scaffold_1,  genome  
TC160936 -13.31 1.736 10.42 1.25E-03 2.00E-02 Chromosome chr17 scaffold_16,  genome  
TC194347 -14.03 1.89 10.4 1.26E-03 2.02E-02
DR015600 -13.49 1.59 10.4 1.26E-03 2.02E-02 Cluster: Chromosome chr4 scaffold_333,  genome 
TC182899 -14.16 2.062 10.38 1.28E-03 2.03E-02
FG615188 -13.42 1.634 10.35 1.29E-03 2.06E-02
TC171842 -13 1.76 10.3 1.33E-03 2.10E-02
TC160866 -13.05 1.768 10.25 1.37E-03 2.16E-02 Chromosome chr17 scaffold_16,  genome  
TC179461 -12.93 1.746 10.24 1.37E-03 2.17E-02
GW754477 -12.81 1.766 10.23 1.38E-03 2.18E-02
TC156152 -14.26 2.178 10.21 1.39E-03 2.19E-02
TC161397 -13.77 1.685 10.2 1.41E-03 2.21E-02
TC157339 -12.41 1.714 10.19 1.41E-03 2.21E-02
TC154805 -14.2 2.038 10.19 1.41E-03 2.21E-02 Chromosome chr2 scaffold_11,  genome  
TC192453 -13.91 1.68 10.17 1.43E-03 2.23E-02       

MybSt1;  Solanum tuberosum|Rep: MybSt1 - Solanum
40S ribosomal protein S29;  Arabidopsis |Rep:

Alternative oxidase;  Nicotiana attenuata|Rep: 

Predicted protein;  Physcomitrella patens subsp. 

 Pinus densata|Rep: Dehydrin 1 - Pinus
Cluster: Chloroplast nucleoid DNA-binding protein-like 
Wrp15a;  Citrullus lanatus|Rep: Wrp15a - Citrullus

Cluster: Aspartyl protease-like;  Oryza sativa Japonica
Os03g0750700 protein; n=4; Oryza sativa|Rep: 

Predicted protein;  Physcomitrella patens subsp. 
Protein TAR1;  Kluyveromyces lactis|Rep: Protein TAR1

NAC family protein;  Prunus mume|Rep: NAC

Glutathione peroxidase;  Oryza sativa Indica Group|Rep:
Tau class glutathione S-transferase;  Pinus densata|Rep:
Alternative oxidase 2, mitochondrial precursor;  
Cluster: Predicted protein;  Ostreococcus lucimarinus 
40S ribosomal protein S29;  Arabidopsis |Rep:
Cysteine synthase;  Malus x domestica|Rep: Cysteine
Wrp15a;  Citrullus lanatus|Rep: Wrp15a - Citrullus
ATP sulfurylase;  Camellia sinensis|Rep: ATP sulfurylase

Predicted protein;  Physcomitrella patens subsp. 
Dehydrin 1;  Pinus pinaster|Rep: Dehydrin 1
Cluster: Predicted protein;  Physcomitrella patens subsp.
3-ketoacyl-CoA thiolase 2, peroxisomal precursor;  
pinaster]      
Wrp15a;  Citrullus lanatus|Rep: Wrp15a - Citrullus
Cluster: Os09g0108600 protein;  Oryza sativa Japonica
Cluster: Prephenate dehydratase;  Ipomoea trifida|Rep: 
 Picea mariana|Rep: Probable aquaporin - Picea
Basic endochitinase C precursor;  Secale cereale|Rep:
40S ribosomal protein S29;  Arabidopsis |Rep:
Cluster: PtxA protein precursor;  Pisum sativum|Rep:
60S ribosomal protein L6;  Vitis vinifera|Rep:
Cluster: Beta-1,3-glucanase-like protein;  Arabidopsis |

Dehydrin-like protein;  Picea abies|Rep: Dehydrin-like 

Dehydrin 1;  Pinus pinaster|Rep: Dehydrin 1

Predicted protein;  Physcomitrella patens subsp. 

Acidic thaumatin-like protein 10;  Taxus x
Uncharacterized protein At2g01250.2;  Arabidopsis |Rep: 
Dehydrin 4;  Picea abies|Rep: Dehydrin 4
60S ribosomal protein L15-2; n=7; Picea|Rep: 60S

Predicted protein;  Physcomitrella patens subsp. 
Chaperonin CPN60-1, mitochondrial precursor;  Zea mays|
Amino acid permease;  Plantago major|Rep: Amino
60S ribosomal protein L31;  Picea|Rep: 60S

Sugar transport protein 13;  Arabidopsis |Rep:

Cluster: Hexokinase 4a;  Nicotiana tabacum|Rep: 
Cluster: Beta-glucosidase;  Cicer arietinum|Rep: Beta-
Basic endochitinase 1 precursor;  Oryza sativa

Os12g0154000 protein;  Oryza sativa Japonica Group|Rep:
 Pinus|Rep: Dehydrin 1 - Pinus yunnanensis
Probable pyridoxal biosynthesis protein PDX1;  Ginkgo
Cluster: NtPRp27;  Nicotiana tabacum|Rep: NtPRp27 -
Dehydrin 1;  Pinus pinaster|Rep: Dehydrin 1
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TC196803 -13.82 1.635 10.16 1.43E-03 2.24E-02 Chromosome chr19 scaffold_4,  genome  
TC192310 -12.95 1.756 10.16 1.44E-03 2.24E-02
TC185312 -13.57 1.592 10.13 1.46E-03 2.27E-02 Chromosome chr8 scaffold_23,  genome  
TC184693 -13.27 1.688 10.13 1.46E-03 2.27E-02       
TC179939 -13.88 1.684 10.12 1.47E-03 2.28E-02
TC175745 -13.33 1.641 10.1 1.48E-03 2.29E-02
TC172853 -13.38 1.639 10.07 1.51E-03 2.32E-02
TC159968 -13.32 1.683 10.05 1.53E-03 2.34E-02
TC162177 -13.93 1.752 10.05 1.53E-03 2.34E-02
TC184194 -13.8 1.59 10.04 1.53E-03 2.34E-02 Cluster: Chromosome chr14 scaffold_211,  genome 
TC182760 -11.69 1.733 10.03 1.54E-03 2.36E-02
TC167652 -13.95 1.827 10.01 1.55E-03 2.37E-02
TC188814 -13.95 1.816 9.969 1.59E-03 2.42E-02
TC158340 -13.2 1.639 9.937 1.62E-03 2.45E-02 Chromosome chr19 scaffold_4,  genome  
TC195940 -12.21 1.777 9.882 1.67E-03 2.50E-02
TC157333 -12.68 1.692 9.854 1.69E-03 2.53E-02 Cluster: Chromosome chr14 scaffold_21,  genome 
TC156749 -13.17 1.712 9.828 1.72E-03 2.56E-02
GW740723 -13.57 1.533 9.828 1.72E-03 2.56E-02 Chromosome chr14 scaffold_21,  genome  
TC186739 -13.08 1.709 9.815 1.73E-03 2.58E-02
TC158494 -14.01 1.917 9.776 1.77E-03 2.63E-02
TC189658 -13.81 2.009 9.763 1.78E-03 2.64E-02
TC199051 -14.03 1.708 9.762 1.78E-03 2.64E-02
TC185447 -13.12 1.635 9.76 1.78E-03 2.64E-02
BI416965 -13.4 1.512 9.746 1.80E-03 2.66E-02       
BF517394 -12.44 1.666 9.73 1.81E-03 2.67E-02
TC167043 -13.56 1.619 9.72 1.82E-03 2.68E-02
TC155023 -13.22 1.707 9.718 1.83E-03 2.68E-02
TC184845 -13.47 1.531 9.714 1.83E-03 2.68E-02 Chromosome chr8 scaffold_23,  genome  
DR052751 -13.75 1.631 9.705 1.84E-03 2.69E-02
TC180233 -12.6 1.689 9.66 1.88E-03 2.75E-02
BX677751 -12.82 1.69 9.659 1.88E-03 2.75E-02
DR019633 -13.69 1.52 9.629 1.92E-03 2.79E-02
TC158442 -13.48 1.52 9.595 1.95E-03 2.83E-02 Cluster: Chromosome chr9 scaffold_104,  genome 
TC184326 -13.8 1.555 9.58 1.97E-03 2.85E-02
TC167133 -12.27 1.751 9.547 2.00E-03 2.89E-02
TC194737 -12.4 1.693 9.545 2.00E-03 2.89E-02 Chromosome chr14 scaffold_21,  genome  
TC171864 -12.75 1.655 9.52 2.03E-03 2.92E-02 Chromosome chr18 scaffold_59,  genome  
TC160622 -11.74 1.702 9.509 2.05E-03 2.93E-02
TC159200 -11.94 1.735 9.508 2.05E-03 2.93E-02
TC170395 -13.43 1.505 9.505 2.05E-03 2.93E-02
TC158652 -13.56 1.516 9.487 2.07E-03 2.96E-02
TC174512 -12.04 1.772 9.473 2.09E-03 2.97E-02
TC195503 -13.04 1.674 9.451 2.11E-03 3.00E-02
GT235772 -13.44 1.499 9.429 2.14E-03 3.03E-02
TC158858 -13.72 1.507 9.401 2.17E-03 3.07E-02 Chromosome chr13 scaffold_17,  genome  
BI416666 -12.93 1.684 9.385 2.19E-03 3.09E-02 Chromosome chr2 scaffold_112,  genome  
CT578594 -14.07 1.733 9.365 2.21E-03 3.11E-02
CV147414 -13.62 1.621 9.318 2.27E-03 3.18E-02
TC160816 -13.84 1.644 9.232 2.38E-03 3.32E-02
CO161945 -13.23 1.674 9.219 2.40E-03 3.34E-02 Cluster: Chromosome chr12 scaffold_78,  genome 
TC184174 -14.23 1.894 9.206 2.41E-03 3.35E-02
TC163014 -12.85 1.624 9.19 2.43E-03 3.38E-02
TC171200 -13.12 1.613 9.183 2.44E-03 3.39E-02 Chromosome undetermined scaffold_504,  genome  
TC177598 -13.21 1.681 9.162 2.47E-03 3.42E-02 Chromosome chr12 scaffold_78,  genome  
TC158475 -14.04 1.763 9.154 2.48E-03 3.43E-02 NAC protein 1 splice variant 2; 
TC193941 -11.56 1.518 9.064 2.61E-03 3.58E-02
TC166875 -13.94 1.632 9.05 2.63E-03 3.60E-02 Chromosome chr6 scaffold_25,  genome  
TC175107 -13.4 1.546 9.03 2.66E-03 3.64E-02
CF479107 -13.87 1.587 9.008 2.69E-03 3.68E-02 Chromosome undetermined scaffold_97,  genome  
TC155986 -11.55 1.526 9.002 2.70E-03 3.69E-02
TC170737 -12.42 1.626 9.001 2.70E-03 3.69E-02 Dof13;  Glycine max|Rep: Dof13 - Glycine
GW726055 -12.71 1.601 8.998 2.70E-03 3.69E-02
TC165863 -13.53 1.613 8.983 2.73E-03 3.71E-02 Cluster: Chromosome chr18 scaffold_1,  genome 
CF395134 -13.87 1.682 8.97 2.74E-03 3.73E-02       
TC176110 -12.48 1.617 8.956 2.77E-03 3.75E-02
TC177278 -12.22 1.688 8.922 2.82E-03 3.81E-02
TC172034 -12.66 1.617 8.894 2.86E-03 3.85E-02
TC176879 -13.84 1.508 8.887 2.87E-03 3.86E-02 Chromosome chr13 scaffold_181,  genome  
GT239748 -13.55 1.445 8.886 2.87E-03 3.86E-02       
TC174107 -13.05 1.637 8.871 2.90E-03 3.88E-02 Chromosome chr19 scaffold_4,  genome  
TC158217 -13.06 1.62 8.859 2.92E-03 3.90E-02 Chromosome chr17 scaffold_16,  genome  
TC163042 -13.5 1.524 8.853 2.93E-03 3.90E-02
TC196284 -12.29 1.652 8.852 2.93E-03 3.90E-02
TC190872 -12.52 1.598 8.849 2.93E-03 3.90E-02
TC159050 -13.51 1.556 8.82 2.98E-03 3.95E-02
CR393088 -13.26 1.573 8.797 3.02E-03 4.00E-02
CO166566 -13.68 1.438 8.743 3.11E-03 4.10E-02 Chromosome chr6 scaffold_3,  genome  
TC182229 -13.82 1.562 8.718 3.15E-03 4.15E-02
TC156742 -13.62 1.569 8.717 3.15E-03 4.15E-02 Chromosome chr6 scaffold_25,  genome  
TC174552 -12.88 1.582 8.713 3.16E-03 4.16E-02
TC189178 -13.26 1.544 8.705 3.17E-03 4.17E-02 Chromosome chr1 scaffold_22,  genome  

Protein TAR1;  Kluyveromyces lactis|Rep: Protein TAR1

T6D22.12;  Arabidopsis |Rep: T6D22.12 - Arabidopsis
Cluster: Os12g0637800 protein;  Oryza sativa Japonica
40S ribosomal protein S16-1;  Arabidopsis |Rep:
Peptidyl-prolyl cis-trans isomerase;  Helianthus annuus|
Cluster: nodulin MtN3 family protein;  Arabidopsis

Monosaccharide transporter 4;  Oryza sativa Japonica
Alternative oxidase;  Nicotiana attenuata|Rep: 
Predicted protein;  Physcomitrella patens subsp. 

Glutathione peroxidase;  Oryza sativa Indica Group|Rep:

Ribitol dehydrogenase isolog;  Arabidopsis |Rep: Ribitol

Glutathione peroxidase;  Oryza sativa Indica Group|Rep:
Basic endochitinase C precursor;  Secale cereale|Rep:
Protein TAR1;  Saccharomyces cerevisiae|Rep: Protein TAR1
Type IIB calcium ATPase;  Medicago truncatula|Rep:
EDS1;  Nicotiana tabacum|Rep: EDS1 - Nicotiana

Dehydrin 4;  Picea abies|Rep: Dehydrin 4
Os06g0136300 protein;  Oryza sativa|Rep: Os06g0136300 
Predicted protein;  Physcomitrella patens subsp. 

Homeobox protein SIX5 (DM locus-associated homeodomain 
Cluster: Furcatin hydrolase;  Viburnum furcatum|Rep: 
Dehydrin-like protein;  Picea abies|Rep: Dehydrin-like 
40S ribosomal protein S16-1;  Arabidopsis |Rep:

Chaperonin CPN60-2, mitochondrial precursor;  Cucurbita 
Predicted protein;  Physcomitrella patens subsp. 

Hexose transporter;  Solanum lycopersicum|Rep: Hexose 
Glutathione peroxidase;  Oryza sativa Indica Group|Rep:
UDP-glucose dehydrogenase;  Cinnamomum osmophloeum|Rep: 
Chaperonin CPN60-1, mitochondrial precursor;  Zea mays|
Cluster: Similarity to RNA-binding protein;  Arabidopsis
Cluster: Thaumatin-like protein;  Pseudotsuga menziesii|
Cluster: Chloroplast nucleoid DNA-binding protein-like 

chain dehydrogenase/reductase family protein;  
LP3-1;  Pinus|Rep: LP3-1 - Pinus taeda
Flavanone 3-hydroxylase;  Ginkgo biloba|Rep: 

Sporulation domain protein;  Polynucleobacter sp. QLW-
Predicted protein;  Physcomitrella patens subsp. 

Low molecular weight heat-shock protein;  Pseudotsuga

Thylakoid lumenal 17.9 kDa protein, chloroplast 

Predicted protein;  Physcomitrella patens subsp. 

LEA;  Pinus halepensis|Rep: LEA - Pinus

Galactinol synthase;  Brassica napus|Rep: Galactinol 
Uncharacterized protein At1g72370.2;  Arabidopsis |Rep: 
Whitefly-induced gp91-phox;  Solanum lycopersicum|Rep: 

60S ribosomal protein L6;  Vitis vinifera|Rep:
Predicted protein;  Physcomitrella patens subsp. 
3-hydroxy-3-methylglutaryl-CoA-synthase
Tau class glutathione S-transferase;  Pinus tabuliformis|
40S ribosomal protein S4;  Prunus armeniaca|Rep:

Spermidine synthase 2;  Pisum sativum|Rep: Spermidine

Predicted protein;  Physcomitrella patens subsp. 
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FG614382 -13.94 1.553 8.679 3.22E-03 4.22E-02
TC182510 -14.04 1.632 8.677 3.22E-03 4.23E-02       
TC164047 -13.01 1.626 8.669 3.24E-03 4.24E-02
TC165966 -13.12 1.602 8.661 3.25E-03 4.25E-02
TC162217 -13.58 1.422 8.653 3.27E-03 4.25E-02 Chromosome chr7 scaffold_20,  genome  
TC160260 -13.86 1.579 8.652 3.27E-03 4.25E-02 Chromosome chr5 scaffold_2,  genome  
TC155371 -13.96 1.593 8.652 3.27E-03 4.25E-02
TC187518 -13.12 1.574 8.65 3.27E-03 4.25E-02
TC193911 -12.35 1.622 8.602 3.36E-03 4.33E-02
TC187917 -14.17 1.935 8.571 3.42E-03 4.39E-02 Chromosome undetermined scaffold_431,  genome  
TC190115 -13.58 1.416 8.568 3.42E-03 4.39E-02       
TC184679 -12.93 1.595 8.542 3.47E-03 4.44E-02
TC169265 -13.13 1.519 8.534 3.49E-03 4.45E-02
TC165523 -12.93 1.608 8.53 3.49E-03 4.46E-02 Chromosome chr4 scaffold_32,  genome  
TC182676 -13.01 1.582 8.52 3.51E-03 4.48E-02 Cluster: Chromosome chr2 scaffold_112,  genome 
TC187329 -13.42 1.467 8.485 3.58E-03 4.54E-02
TC189340 -12.9 1.575 8.482 3.59E-03 4.55E-02
TC169171 -11.89 1.663 8.464 3.62E-03 4.59E-02 Cluster: Chromosome chr11 scaffold_14,  genome 
TC159167 -13.43 1.484 8.456 3.64E-03 4.59E-02
TC192076 -13.39 1.493 8.454 3.64E-03 4.59E-02       
TC155537 -12.16 1.64 8.408 3.74E-03 4.70E-02 40S ribosomal protein SA;  Glycine max|Rep:
TC192306 -13.61 1.402 8.399 3.75E-03 4.72E-02
GO479184 -13.41 1.68 8.378 3.80E-03 4.76E-02       
TC157487 -12.11 1.635 8.373 3.81E-03 4.77E-02 Chromosome chr14 scaffold_21,  genome  
TC162989 -12.86 1.551 8.37 3.81E-03 4.77E-02
TC190021 -13.64 1.395 8.363 3.83E-03 4.79E-02
BF777477 -13.96 1.583 8.353 3.85E-03 4.80E-02 Cluster: Chromosome chr8 scaffold_34,  genome 
TC180968 -12.1 1.635 8.35 3.86E-03 4.81E-02 40S ribosomal protein SA;  Glycine max|Rep:
TC180841 -12.92 1.551 8.309 3.95E-03 4.91E-02
TC183916 -13.89 1.517 8.297 3.97E-03 4.93E-02
AW290717 -13.15 1.525 8.289 3.99E-03 4.95E-02
TC194101 -13.53 1.42 8.279 4.01E-03 4.97E-02 Chromosome chr13 scaffold_181,  genome  
CR393686 -13.17 1.55 8.274 4.02E-03 4.97E-02
TC159230 -12.1 1.622 8.258 4.06E-03 5.01E-02 Chromosome chr14 scaffold_21,  genome  
TC199231 -13.48 1.427 8.244 4.09E-03 5.03E-02
TC191151 -14.06 1.6 8.244 4.09E-03 5.03E-02 Chromosome chr13 scaffold_181,  genome  
TC161802 -12.46 1.549 8.184 4.23E-03 5.18E-02 Chromosome chr5 scaffold_2,  genome  
TC186432 -13.3 1.509 8.172 4.26E-03 5.21E-02
TC172335 -13.84 1.451 8.167 4.27E-03 5.21E-02 Cluster: Chromosome chr13 scaffold_17,  genome 
TC164709 -13.47 1.405 8.165 4.27E-03 5.21E-02
TC161865 -12.72 1.525 8.165 4.27E-03 5.21E-02
GT257842 -13.58 1.469 8.147 4.31E-03 5.24E-02 Chromosome chr12 scaffold_78,  genome  
TC180838 -13.19 1.564 8.144 4.32E-03 5.24E-02
TC163037 -13.87 1.605 8.144 4.32E-03 5.24E-02       
CF388187 -13.82 1.572 8.141 4.33E-03 5.24E-02 Chromosome chr12 scaffold_78,  genome  
CD027377 -13.15 1.51 8.136 4.34E-03 5.25E-02
TC173838 -11.99 1.61 8.127 4.36E-03 5.27E-02
TC191269 -14.02 1.769 8.125 4.37E-03 5.27E-02
TC176041 -13.09 1.534 8.114 4.39E-03 5.30E-02 Chromosome undetermined scaffold_252,  genome  
TC188335 -12.22 1.582 8.084 4.47E-03 5.37E-02 Chromosome chr11 scaffold_14,  genome  
TC194216 -12.18 1.567 8.066 4.51E-03 5.42E-02
TC160127 -13.14 1.496 8.062 4.52E-03 5.42E-02 Chromosome chr6 scaffold_3,  genome  
TC195335 -13.28 1.495 8.06 4.53E-03 5.43E-02 60S acidic ribosomal protein P1-alpha 3; 
BX682581 -13.19 1.49 8.049 4.55E-03 5.45E-02
TC186724 -10.57 0.635 8.04 4.58E-03 5.48E-02
TC178006 -13.97 1.679 8.029 4.60E-03 5.50E-02
BG832530 -13.88 1.613 8.021 4.62E-03 5.52E-02 Chromosome chr14 scaffold_27,  genome  
TC180577 -13.03 1.535 8.016 4.64E-03 5.53E-02
TC166524 -12.64 1.489 7.938 4.84E-03 5.75E-02
TC189785 -12.26 1.564 7.935 4.85E-03 5.75E-02
TC191236 -13.57 1.372 7.931 4.86E-03 5.76E-02 Chromosome chr2 scaffold_112,  genome  
TC190616 -13.58 1.373 7.927 4.87E-03 5.76E-02
TC186035 -13.53 1.369 7.914 4.91E-03 5.79E-02
TC158704 -12.68 1.478 7.884 4.99E-03 5.87E-02
CX646983 -13.73 1.368 7.88 5.00E-03 5.88E-02 Chromosome chr11 scaffold_118,  genome  
TC180742 -13.68 1.373 7.869 5.03E-03 5.90E-02
TC177508 -13.41 1.416 7.864 5.04E-03 5.91E-02
TC179102 -14.06 1.552 7.854 5.07E-03 5.93E-02 Chromosome chr13 scaffold_181,  genome  
TC154942 -12.66 1.474 7.854 5.07E-03 5.93E-02
BE582385 -13.99 1.539 7.853 5.07E-03 5.93E-02
TC179863 -13.29 1.441 7.846 5.09E-03 5.95E-02
TC164434 -13.53 1.355 7.822 5.16E-03 6.02E-02
GW726071 -13.75 1.362 7.815 5.18E-03 6.03E-02
TC186475 -13.06 1.509 7.79 5.25E-03 6.08E-02
TC155601 -12.65 1.463 7.757 5.35E-03 6.18E-02
TC195787 -13.6 1.343 7.753 5.36E-03 6.19E-02 Chromosome chr11 scaffold_13,  genome  
TC173382 -13.37 1.427 7.74 5.40E-03 6.21E-02 Chromosome chr13 scaffold_48,  genome  
TC175523 -13.79 1.372 7.731 5.43E-03 6.23E-02
TC196113 -12.33 1.502 7.714 5.48E-03 6.27E-02
TC164466 -14.06 1.554 7.71 5.49E-03 6.28E-02 Cluster: Chromosome chr9 scaffold_33,  genome 
TC186095 -12.8 1.47 7.69 5.55E-03 6.33E-02 Chromosome chr14 scaffold_21,  genome  

scaffold_86,  genome    Vitis

GroEL-like chaperone, ATPase;  Medicago truncatula|Rep: 
2-nitropropane dioxygenase-like protein;  Arabidopsis |

Chaperonin CPN60-2, mitochondrial precursor;  Cucurbita 
Whitefly-induced gp91-phox;  Solanum lycopersicum|Rep: 
Glutathione peroxidase;  Oryza sativa Indica Group|Rep:

Cluster: NuM1 protein;  Medicago sativa|Rep: NuM1
Glutamyl-tRNA reductase;  Taxodium distichum var. 

Predicted protein;  Physcomitrella patens subsp. 
Predicted protein;  Physcomitrella patens subsp. 

Cluster: RNA helicase;  Chlamydomonas reinhardtii|Rep: 

Ubiquitin fusion protein;  core eudicotyledons|Rep: 

 60S ribosomal protein L7;  Solanum
Ribosomal L1 domain containing 1;  Bos

Cytochrome c;  Fritillaria agrestis|Rep: Cytochrome c
Dehydrin-like protein;  Picea abies|Rep: Dehydrin-like 
Polyubiquitin;  Euphorbia characias|Rep: Polyubiquitin - 

40S ribosomal protein S3a-1;  Arabidopsis |Rep:

Leucoanthocyanidin dioxygenase;  Arabidopsis |Rep: 

60S ribosomal protein L35;  Euphorbia esula|Rep:

Predicted protein;  Physcomitrella patens subsp. 
Cluster: T30E16.31;  Arabidopsis |Rep: T30E16.31 -

Uncharacterized protein At3g17860.2;  Arabidopsis |Rep: 

Polyubiquitin;  Euphorbia characias|Rep: Polyubiquitin
Dehydrin 1;  Pinus pinaster|Rep: Dehydrin 1
Pentatricopeptide(PPR)repeat protein-like;  Oryza

Dehydrin 4;  Picea abies|Rep: Dehydrin 4

Thioredoxin H-type;  Picea mariana
Predicted protein;  Physcomitrella patens subsp. 
Mevalonate kinase;  Borrelia burgdorferi

Glutathione peroxidase;  Oryza sativa Indica Group|Rep:
Dehydrin 1;  Pinus pinaster|Rep: Dehydrin 1
Predicted protein;  Physcomitrella patens subsp. 

Cluster: Co-chaperone-curved DNA binding protein A; 
Aldehyde dehydrogenase;  Oryza sativa
Heat shock protein 70A;  Chlamydomonas reinhardtii|Rep:

60S ribosomal protein L35a-3;  Arabidopsis |Rep:
40S ribosomal protein S19-1;  Arabidopsis |Rep:

LEA;  Pinus halepensis|Rep: LEA - Pinus
Malate dehydrogenase;  Vitis vinifera
Cluster: At5g04080;  Arabidopsis |Rep: At5g04080 -
Ribosomal L1 domain containing 1;  Bos
Predicted protein;  Physcomitrella patens subsp. 
Acidic ribosomal protein;  Triticum aestivum|Rep: Acidic
LEA;  Pinus halepensis|Rep: LEA - Pinus

scaffold_2,  genome    Vitis
Phaseolin G-box binding protein PG1;  Phaseolus
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TC177615 -13.11 1.494 7.686 5.57E-03 6.34E-02
DR070405 -12.04 1.554 7.652 5.67E-03 6.45E-02
TC187138 -13.47 1.362 7.626 5.75E-03 6.52E-02
TC176383 -13.34 1.439 7.623 5.76E-03 6.53E-02
TC197802 -13.68 1.327 7.618 5.78E-03 6.54E-02
TC190945 -12.1 1.538 7.618 5.78E-03 6.54E-02
TC187846 -12.71 1.45 7.594 5.86E-03 6.61E-02
TC191086 -13.53 1.346 7.582 5.89E-03 6.65E-02
TC156149 -13.18 1.456 7.58 5.90E-03 6.65E-02 Chromosome chr11 scaffold_118,  genome  
TC154938 -13.17 1.459 7.572 5.93E-03 6.66E-02 Chromosome undetermined scaffold_79,  genome  
TC172781 -12.8 1.463 7.571 5.93E-03 6.66E-02
TC158058 -13.95 1.54 7.568 5.94E-03 6.66E-02 Chromosome chr5 scaffold_2,  genome  
TC196347 -12.99 1.484 7.566 5.95E-03 6.66E-02
TC195319 -13.43 1.366 7.566 5.95E-03 6.66E-02 Chromosome chr14 scaffold_21,  genome  
TC175506 -12.43 1.482 7.565 5.95E-03 6.66E-02 Cluster: 60S acidic ribosomal protein P2-4; 
TC168424 -13.21 1.454 7.56 5.97E-03 6.67E-02 RNA recognition motif family protein, expressed; 
TC197786 -13.7 1.319 7.531 6.06E-03 6.75E-02
TC165644 -13.22 1.436 7.519 6.10E-03 6.78E-02 Cluster: Chromosome chr13 scaffold_17,  genome 
TC171789 -12.54 1.448 7.512 6.13E-03 6.79E-02
TC161116 -13.18 1.538 7.508 6.14E-03 6.80E-02
TC175818 -13.76 1.423 7.499 6.17E-03 6.82E-02       
TC171914 -12.47 1.467 7.49 6.20E-03 6.84E-02
DR160811 -14.13 1.631 7.485 6.22E-03 6.85E-02 Chromosome chr6 scaffold_25,  genome  
TC156554 -13.98 1.477 7.48 6.24E-03 6.86E-02
TC198415 -12.97 1.461 7.457 6.32E-03 6.94E-02
BX250897 -12.67 1.433 7.451 6.34E-03 6.95E-02
TC188172 -11.93 1.523 7.442 6.37E-03 6.98E-02
TC154592 -12.97 1.463 7.416 6.46E-03 7.05E-02 Chromosome chr1 scaffold_22,  genome  
DR069716 -13.81 1.398 7.416 6.46E-03 7.05E-02 Chromosome chr18 scaffold_1,  genome  
TC155183 -13.91 1.558 7.407 6.50E-03 7.07E-02
TC183427 -13.78 1.412 7.402 6.52E-03 7.08E-02
TC155595 -12.94 1.461 7.39 6.56E-03 7.11E-02
AW985297 -13.73 1.312 7.367 6.64E-03 7.20E-02
TC155435 -11.85 1.473 7.355 6.69E-03 7.23E-02
CT580291 -12.62 1.537 7.344 6.73E-03 7.26E-02
TC171827 -12.07 1.506 7.329 6.79E-03 7.29E-02 Chromosome chr12 scaffold_47,  genome  
TC173372 -13.04 1.451 7.3 6.90E-03 7.39E-02
TC194171 -13.15 1.445 7.297 6.91E-03 7.39E-02
TC161764 -13.33 1.338 7.29 6.93E-03 7.41E-02
TC170670 -12.65 1.411 7.272 7.00E-03 7.46E-02 Chromosome chr14 scaffold_26,  genome  
GW763011 -13.43 1.355 7.261 7.05E-03 7.49E-02 Chromosome chr6 scaffold_3,  genome  
TC172965 -13.66 1.334 7.247 7.10E-03 7.54E-02 Chromosome chr5 scaffold_2,  genome  
TC184186 -13.78 1.369 7.241 7.13E-03 7.56E-02
TC172950 -13.61 1.287 7.229 7.18E-03 7.59E-02
TC175323 -12.89 1.434 7.226 7.18E-03 7.59E-02
CO366299 -13.89 1.412 7.22 7.21E-03 7.61E-02 Chromosome undetermined scaffold_55,  genome  
TC197002 -12.83 1.476 7.199 7.29E-03 7.68E-02 Chromosome chr8 scaffold_34,  genome  
AW043333 -13.51 1.294 7.195 7.31E-03 7.68E-02
TC157405 -13.12 1.404 7.194 7.31E-03 7.68E-02
TC180218 -13.25 1.418 7.191 7.33E-03 7.68E-02
CF393854 -13.89 1.433 7.185 7.35E-03 7.70E-02 Chromosome chr5 scaffold_124,  genome  
TC194993 -13.59 1.277 7.172 7.40E-03 7.74E-02 Cluster: Chromosome chr9 scaffold_104,  genome 
TC188664 -13.15 1.438 7.165 7.43E-03 7.77E-02
TC173534 -13.12 1.413 7.164 7.44E-03 7.77E-02
BI398028 -13.78 1.313 7.157 7.47E-03 7.77E-02
AW043385 -13.58 1.297 7.156 7.47E-03 7.77E-02
TC191675 -13.77 1.295 7.152 7.49E-03 7.79E-02
TC197022 -13.67 1.28 7.132 7.57E-03 7.86E-02
TC179978 -12.64 1.451 7.115 7.65E-03 7.91E-02 Chromosome chr6 scaffold_3,  genome  
TC173803 -13.06 1.429 7.106 7.69E-03 7.95E-02
TC157972 -14.06 1.723 7.091 7.75E-03 8.00E-02
TC166159 -13.3 1.392 7.085 7.77E-03 8.01E-02 Chromosome chr6 scaffold_3,  genome  
TC181102 -12.72 1.392 7.069 7.84E-03 8.06E-02
TC184494 -12.68 1.39 7.064 7.86E-03 8.07E-02
TC193212 -13.06 1.42 7.053 7.91E-03 8.12E-02
TC155875 -12.29 1.468 7.035 7.99E-03 8.17E-02 Chromosome chr5 scaffold_2,  genome  
TC156777 -12.97 1.42 7.033 8.00E-03 8.17E-02
FE519797 -11.71 1.451 7.032 8.01E-03 8.17E-02
TC166201 -13.75 1.296 7.029 8.02E-03 8.17E-02
TC159840 -12.94 1.437 7.018 8.07E-03 8.20E-02
TC171765 -11.72 1.413 7.01 8.11E-03 8.22E-02 Chromosome chr17 scaffold_16,  genome  
BE662571 -13.75 1.294 7.006 8.12E-03 8.23E-02
BE643805 -12.61 1.384 7.004 8.13E-03 8.24E-02
BG318155 -13.16 1.361 6.997 8.16E-03 8.25E-02
TC191799 -9.5 1.096 6.982 8.24E-03 8.30E-02
GT267726 -13.6 1.261 6.961 8.33E-03 8.37E-02
CR392230 -13.27 1.381 6.96 8.34E-03 8.37E-02 Chromosome chr14 scaffold_27,  genome  
CX649468 -11.18 1.469 6.952 8.37E-03 8.40E-02       
CX645420 -13.97 1.403 6.94 8.43E-03 8.45E-02 Chromosome undetermined scaffold_259,  genome 
TC156857 -13.7 1.383 6.933 8.46E-03 8.46E-02
TC176631 -13.16 1.413 6.933 8.46E-03 8.46E-02

Predicted protein;  Physcomitrella patens subsp. 
Thioredoxin H-type;  Picea mariana
60S ribosomal protein L30;  Lupinus luteus|Rep:
Predicted protein;  Physcomitrella patens subsp. 
Ribosomal protein L30e;  Pisum sativum|Rep: Ribosomal
Dehydrin 1;  Pinus pinaster|Rep: Dehydrin 1
LEA;  Pinus halepensis|Rep: LEA - Pinus
40S ribosomal protein S19-1;  Arabidopsis |Rep:

Ubiquitin extension protein;  core eudicotyledons 

F26F24.20;  Arabidopsis |Rep: F26F24.20 - Arabidopsis

40S ribosomal protein S17;  Solanum lycopersicum|Rep:

60S ribosomal protein L15-2; n=7; Picea|Rep: 60S
LP3-1;  Pinus|Rep: LP3-1 - Pinus taeda

40S ribosomal protein SA;  Daucus carota|Rep:

Similarity to RNA-binding protein;  Arabidopsis |Rep:
Ribosomal protein S27;  Vitis vinifera|Rep: Ribosomal
Dehydrin-like protein;  Picea abies Dehydrin-like protein
Thioredoxin H-type;  Picea mariana

NADH-ubiquinone oxidoreductase chain 2;Lucasium damaeum
Cluster: At5g04080;  Arabidopsis |Rep: At5g04080 -
Chaperonin CPN60, mitochondrial precursor;  Brassicaceae
60S ribosomal protein L15-2; n=7; Picea|Rep: 60S
3-hydroxy-3-methylglutaryl-CoA-synthase
LP3-1;  Pinus|Rep: LP3-1 - Pinus taeda

Predicted protein;  Physcomitrella patens subsp. 
Predicted protein;  Physcomitrella patens subsp. 
Cell-wall invertase;  Coffea canephora

Similarity to protein-tyrosine phosphatase;Arabidopsis 
LP3-1;  Pinus|Rep: LP3-1 - Pinus taeda
60S acidic ribosomal protein;  Hyacinthus orientalis|Rep:

Respiratory burst oxidase 2;  Medicago truncatula|Rep:
Elicitor-responsive protein 3;  Oryza sativa
RNA helicase;  Vigna radiata var. radiata|Rep:

60S ribosomal protein L27a-3;  Arabidopsis |Rep:
Hypoxia-responsive family protein;  Citrus sinensis
60S acidic ribosomal protein;  Hyacinthus orientalis|Rep:
scaffold_86,  genome    Vitis
Predicted protein;  Physcomitrella patens subsp. 
Predicted protein;  Physcomitrella patens subsp. 

Predicted protein;  Physcomitrella patens subsp. 
Pinus banksiana|Rep: Alcohol dehydrogenase - Pinus

RPS3;  Cymbidium hybrid cultivar|Rep: RPS3 -
LEA;  Pinus halepensis|Rep: LEA - Pinus
Thioredoxin H-type;  Picea mariana

Dehydrin 4;  Picea abies|Rep: Dehydrin 4
S-adenosyl methionine synthetase 2;  Pinus taeda|Rep:
Predicted protein;  Physcomitrella patens subsp.
Spermidine synthase;  Ammopiptanthus mongolicus

Ribosomal protein L19;  Hyacinthus orientalis
Thioredoxin H-type;  Picea mariana
ARF/SAR superfamily protein;Dictyostelium discoideum
Adenosylhomocysteinase; Nicotiana sylvestris
Predicted protein;  Physcomitrella patens subsp.

SJCHGC01974 protein;  Schistosoma japonicum
Ubiquitin extension protein;  core eudicotyledons
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BF609150 -13.33 1.361 6.923 8.51E-03 8.48E-02
TC162465 -13.87 1.331 6.921 8.52E-03 8.48E-02
TC197586 -14.33 1.815 6.907 8.59E-03 8.53E-02
TC186941 -13.23 1.388 6.887 8.68E-03 8.62E-02
AW754647 -12.73 1.43 6.877 8.73E-03 8.66E-02       
TC167738 -13.6 1.256 6.87 8.77E-03 8.68E-02 Chromosome chr13 scaffold_48,  genome  
TC168602 -13.49 1.304 6.869 8.77E-03 8.68E-02 Small molecular heat shock protein 10; 
TC158198 -12.63 1.37 6.847 8.88E-03 8.77E-02
TC185508 -13.88 1.375 6.844 8.89E-03 8.78E-02 Chromosome chr7 scaffold_20,  genome 
CF473121 -14.15 1.507 6.82 9.02E-03 8.87E-02
TC196994 -13.07 1.407 6.817 9.03E-03 8.87E-02 Chromosome chr5 scaffold_2,  genome 
DR091272 -13.75 1.368 6.808 9.07E-03 8.89E-02
TC168605 -13.09 1.398 6.796 9.14E-03 8.93E-02
TC190157 -12.39 1.404 6.795 9.14E-03 8.93E-02
TC190131 -11.71 1.384 6.786 9.19E-03 8.95E-02
TC168560 -12.34 1.415 6.783 9.20E-03 8.96E-02
GW726206 -13.05 1.391 6.774 9.25E-03 8.99E-02
TC180723 -13.07 1.489 6.747 9.39E-03 9.09E-02
CX714488 -13.22 1.391 6.694 9.67E-03 9.33E-02
TC196904 -12.92 1.385 6.663 9.84E-03 9.46E-02
BI416775 -12.74 1.373 6.657 9.88E-03 9.48E-02
TC188383 -13.38 1.276 6.653 9.90E-03 9.49E-02
TC176684 -12.95 1.42 6.651 9.91E-03 9.49E-02 Chromosome chr5 scaffold_124,  genome 
TC180407 -13.83 1.308 6.649 9.92E-03 9.49E-02 Chromosome chr6 scaffold_3,  genome sequence
TC183197 -13.31 1.273 6.648 9.93E-03 9.49E-02
TC192542 -13.03 1.36 6.646 9.94E-03 9.49E-02
TC158161 -13.02 1.378 6.645 9.94E-03 9.49E-02

6-phosphogluconate dehydrogenase,decarboxylating;Vitis 
Nucleosome assembly protein family; Physcomitrella patens
Cysteine synthase;  Malus x domestica|Rep: Cysteine
Predicted protein;  Physcomitrella patens subsp. 

Predicted protein;  Physcomitrella patens subsp.

At5g04080;  Arabidopsis 

Subtilisin-like protein;  Picea abies
60S ribosomal protein L15-2; n=7; Picea|Rep: 60S
60S ribosomal protein L15-2; n=7; Picea|Rep: 60S
Type IIIa membrane protein cp-wap13;  Vigna
60S ribosomal protein L15-2; n=7; Picea|Rep: 60S
LEA;  Pinus halepensis|Rep: LEA - Pinus
LP3-1;  Pinus|Rep: LP3-1 - Pinus taeda
GroEL-like chaperone, ATPase;  Medicago truncatula
BiP-isoform D;  Glycine max|Rep: BiP-isoform D
Hydroxyproline-rich glycoprotein precursor;  Volvox
Pollen allergen CJP38;  Cryptomeria japonica|Rep: Pollen

Trehalose-6-phosphate synthase;  Ginkgo biloba
GDA2 protein;  Pisum sativum|Rep: GDA2 protein
Predicted protein;  Physcomitrella patens subsp.
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APPENDIX 2:

List of down-regulated EST tags in Scots pine RNA-Seq wounding experiment:

TAGS LR FDR ANNOTATIONS
TC199290 -10.397 -0.621 71.72 2.47E-17 3.18E-13
TC178048 -13.135 -2.916 50.09 1.47E-12 1.71E-09
TC190883 -12.963 -2.933 44.55 2.48E-11 1.10E-08
TC191810 -12.962 -2.768 43.24 4.85E-11 1.84E-08 Low molecular weight heat-shock protein; 
TC174422 -12.502 -2.96 42.61 6.67E-11 2.38E-08        
TC160053 -12.14 -2.952 38.87 4.54E-10 8.71E-08
TC156269 -12.891 -2.878 38.05 6.89E-10 1.17E-07 Cluster: Chromosome chr1 scaffold_5, whole Chromosome 
TC195576 -13.066 -2.668 38.03 6.98E-10 1.17E-07
TC193124 -12.795 -2.768 37.84 7.70E-10 1.25E-07        
BQ696511 -12.523 -2.992 37.59 8.72E-10 1.38E-07
TC185698 -13.527 -2.595 35.22 2.94E-09 3.71E-07
TC195238 -12.179 -2.607 34.85 3.56E-09 4.32E-07
TC166978 -12.11 -2.607 33.95 5.67E-09 6.57E-07 Cluster: Uncharacterized protein 
TC167447 -11.289 -2.512 32.76 1.04E-08 1.11E-06 Cluster: Uncharacterized protein 
DR089624 -12.06 -2.565 32.7 1.07E-08 1.12E-06 Cluster: Uncharacterized protein 
TC187546 -11.491 -2.717 32.54 1.17E-08 1.20E-06
TC172136 -11.769 -2.821 32.51 1.19E-08 1.21E-06
FG615045 -12.053 -2.547 32.4 1.25E-08 1.25E-06
DR746324 -12.21 -2.498 32.29 1.33E-08 1.32E-06
DR078367 -13.072 -2.298 30.18 3.94E-08 3.29E-06
TC172311 -9.156 -1.891 28.77 8.13E-08 6.16E-06 during drought stress, clone Pp.ap18 drought  
DR057561 -10.291 -1.892 28.77 8.14E-08 6.16E-06
CV032775 -9.656 -1.889 28.7 8.45E-08 6.32E-06        
TC156705 -13.757 -2.873 28.62 8.79E-08 6.39E-06
TC159763 -9.282 -1.874 28.23 1.08E-07 7.60E-06
TC195725 -13.488 -2.246 27.96 1.24E-07 8.58E-06
TC165847 -13.733 -2.825 27.96 1.24E-07 8.58E-06        
TC177293 -13.745 -2.602 27.42 1.64E-07 1.08E-05
TC182917 -12.511 -2.352 27.32 1.73E-07 1.11E-05 Low molecular weight heat-shock protein; 
TC180248 -10.123 -1.844 27.29 1.75E-07 1.12E-05
TC197374 -9.801 -1.842 27.22 1.82E-07 1.15E-05
TC176999 -12.701 -2.34 27.19 1.85E-07 1.16E-05
DR078762 -10.001 -1.841 27.16 1.88E-07 1.17E-05
TC186072 -13.142 -2.04 24.42 7.73E-07 4.30E-05 Chromosome chr9 scaffold_7, whole genome chr9  sequence;
BX784377 -11.423 -2.507 24.29 8.29E-07 4.44E-05
TC168951 -13.504 -2.037 24.18 8.76E-07 4.66E-05        
TC158215 -13.527 -1.984 23.73 1.11E-06 5.61E-05
TC156038 -13.023 -2.149 23.35 1.35E-06 6.57E-05
TC185372 -13.738 -2.221 23.28 1.40E-06 6.75E-05
CK909821 -12.425 -2.186 23.2 1.46E-06 6.98E-05        
TC157709 -13.17 -2.009 22.88 1.72E-06 8.05E-05
CO165393 -13.266 -1.961 22.83 1.77E-06 8.17E-05 Cluster: Plasma membrane associated protein-like; 
TC162294 -13.914 -2.32 22.8 1.80E-06 8.26E-05 Cluster: Chromosome chr6 scaffold_25, whole Chromosome 
TC172461 -13.589 -2.023 22.49 2.11E-06 9.58E-05 Chromosome chr9 scaffold_7, whole genome chr9  sequence;
TC173020 -12.61 -2.234 22.36 2.26E-06 1.02E-04
TC179274 -12.528 -2.118 22.17 2.49E-06 1.11E-04
TC157156 -12.272 -2.109 21.97 2.78E-06 1.22E-04
TC196878 -13.241 -1.926 21.66 3.26E-06 1.41E-04 Cluster: Plasma membrane associated protein-like; 
TC158923 -13.198 -1.944 21.55 3.44E-06 1.47E-04 Cluster: Plasma membrane associated protein-like; 
TC182239 -13.443 -1.976 21.32 3.88E-06 1.64E-04
TC187998 -13.117 -1.968 21.25 4.04E-06 1.69E-04
TC181016 -13.858 -2.121 21.06 4.45E-06 1.82E-04
TC154733 -13.117 -2.149 20.72 5.31E-06 2.13E-04
TC187638 -12.567 -2.064 20.67 5.45E-06 2.18E-04 Low molecular weight heat-shock protein; 
TC176417 -13.136 -1.954 20.64 5.55E-06 2.20E-04 Chlorophyll a/b-binding protein precursor;a/b-binding 
TC175441 -13.22 -2.036 20.41 6.25E-06 2.46E-04
TC170301 -12.961 -1.999 20.36 6.43E-06 2.52E-04
TC190346 -12.664 -2.049 20.31 6.59E-06 2.58E-04 Low molecular weight heat-shock protein; 
TC184935 -13.072 -2.008 20.16 7.13E-06 2.76E-04
TC185310 -12.902 -2.037 19.94 7.98E-06 3.06E-04 Chromosome chr19 scaffold_4, whole genome chr19  
TC154831 -13.412 -1.857 19.82 8.53E-06 3.24E-04
TC164987 -13.875 -2.203 19.81 8.54E-06 3.24E-04
TC162804 -13.624 -1.968 19.8 8.58E-06 3.25E-04
TC179722 -13.495 -1.898 19.75 8.81E-06 3.28E-04
GW771587 -13.908 -2.206 19.56 9.75E-06 3.59E-04 Cluster: Inward potassium channel alpha Inward subunit; 
CO200270 -13.401 -1.841 19.49 1.01E-05 3.71E-04
TC194759 -11.563 -2.064 19.38 1.07E-05 3.92E-04 Chromosome chr5 scaffold_67, whole genome chr5  sequence;
TC199135 -13.547 -1.858 19.37 1.08E-05 3.92E-04        
TC158360 -12.959 -1.961 19.36 1.08E-05 3.93E-04
DR078366 -13.723 -1.938 19.22 1.16E-05 4.17E-04 Chromosome chr18 scaffold_61, whole genome chr18  
TC181911 -13.618 -1.925 19.21 1.17E-05 4.19E-04
TC191505 -12.851 -1.956 19 1.31E-05 4.63E-04 Cluster: Plasma membrane associated protein-like; 
TC191475 -13.589 -1.933 18.97 1.33E-05 4.69E-04 Chromosome undetermined scaffold_174, whole genome 
TC196964 -13.338 -1.767 18.91 1.37E-05 4.80E-04        
TC193042 -13.668 -2.008 18.85 1.42E-05 4.95E-04
TC169331 -13.902 -2.209 18.77 1.48E-05 5.14E-04
TC155419 -12.77 -2.055 18.74 1.50E-05 5.20E-04
TC180353 -13.368 -1.852 18.61 1.61E-05 5.49E-04
TC180716 -11.453 -2.051 18.42 1.78E-05 5.95E-04 Heat shock protein HSP101;shock Zea mays;
TC196477 -13.576 -1.901 18.33 1.86E-05 6.13E-04
TC155029 -12.751 -1.922 18.27 1.92E-05 6.32E-04
DR093944 -13.205 -1.99 18.17 2.02E-05 6.56E-04 Chromosome chr4 scaffold_32, whole genome chr4  sequence;
TC199342 -13.324 -1.762 18.14 2.05E-05 6.65E-04
TC161088 -12.546 -1.908 18.08 2.12E-05 6.82E-04 Cluster: Chromosome undetermined scaffold_186, whole 
TC155407 -11.424 -2.173 18.03 2.18E-05 6.98E-04
TC156438 -12.918 -1.906 17.96 2.26E-05 7.19E-04

LogConc. LogFC P.Value
NAD(P)H dehydrogenase;Ralstonia pickettii dehydrogenase; 
Transcriptional regulator;Stigmatella aurantiaca 
Cluster: Metallothionein-like protein;Arabidopsis 

CYPA;Pinus taeda; CytochromeP450 CYPA

Cytochrome P450 CYPA;Pinus P450 taeda; Cytochrome

Cytochrome P450 CYPA;Pinus P450 taeda; Cytochrome
Cluster: Metallothionein-like protein;Arabidopsis 
Uncharacterized protein At5g19140.2;Arabidopsis protein 

Cluster: Integrase;uncultured bacterium; Integrase; 
Cytochrome P450 CYPA;Pinus P450 taeda; Cytochrome
Dormancy-associated protein;Codonopsis lanceolata; 
Cluster: Genomic DNA, chromosome 3, Genomic P1 clone:
Uncharacterized protein At5g19140.2;Arabidopsis protein 

Probable multidrug resistance transmembrane protein; 

Cytochrome c oxidase subunit I; cMoneilema
Isoform 3 of Q8R2K1 ; 3Mus
70 kDa heat shock protein; kDaArabidopsis

Cluster: Metallothionein-like protein;Arabidopsis 

Cluster: Ribosomal protein L35;Ribosomal Hydra vulgaris;
3-isopropylmalate dehydratase small subunit;dehydratase 
Dormancy-associated protein;Codonopsis lanceolata; 
Glutathione synthase;Sodalis glossinidius synthase; str. 

Villin 2;Nicotiana tabacum; 2; Villin 2

GDA2 protein;Pisum sativum; protein; GDA2 protein
Glucose-1-phosphate adenylyltransferase;Citrullus 
Cluster: Potassium channel KAT1;Potassium Arabidopsis 

GDA2 protein;Pisum sativum; protein; GDA2 protein

Laccase;Pinus taeda; Laccase- Pinus
Cluster: Os02g0211200 protein;Oryza Os02g0211200 sativa 
HSP70;Triticum aestivum; HSP70- Triticum

Late embryogenesis abundant protein;embryogenesis Picea; 
Trehalose-6-phosphate synthase;Ginkgo biloba; synthase; 
Nodulin 21;Glycine max; 21; Nodulin 21
Type 2 1-hydroxy-2-methyl-2-(E)-butenyl-4-phosphate 

Geranyl diphosphate synthase;Abies diphosphate grandis; 
GDA2 protein;Pisum sativum; protein; GDA2 protein

101 kDa heat shock protein; kDaNicotiana

Gb|AAF02142.1;Arabidopsis thaliana; Gb|AAF02142.1- 
Dormancy-associated protein;Arabidopsis thaliana; 
Cluster: Receptor protein kinase-like protein; 
Late embryogenesis abundant protein;embryogenesis Picea; 

Late embryogenesis abundant protein;embryogenesis Picea; 

Snakin-like cysteine rich protein;cysteine Phaseolus 

70 kDa heat shock cognate kDa protein 3;

HSP70;Triticum aestivum; HSP70- Triticum
Heat shock 70 kDa protein; shockGlycine
101 kDa heat shock protein; kDaNicotiana
Thiazole biosynthetic enzyme;Pseudotsuga biosynthetic 

Chloroplast glyceraldehyde-3-phosphate dehydrogenase
Phenylpropenal double-bond reductase;Pinus double-bond 

Cluster: Protein kinase-like protein;Protein Arabidopsis 

 Pinus taeda; (+)-alpha-pinene synthase Pinus - Pinus
Phenylpropenal double-bond reductase;Pinus double-bond 
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TC197407 -12.737 -2.381 17.92 2.31E-05 7.33E-04
TC156489 -11.187 -1.945 17.88 2.35E-05 7.44E-04
TC175164 -13.463 -1.731 17.78 2.48E-05 7.79E-04
TC156698 -12.294 -1.954 17.77 2.49E-05 7.79E-04 Heat shock protein;Glycine shock max; Heat
TC163792 -13.963 -2.121 17.76 2.50E-05 7.79E-04
GW725865 -13.975 -2.298 17.72 2.57E-05 7.95E-04
GT265035 -12.543 -2.11 17.6 2.72E-05 8.35E-04
TC172390 -13.48 -1.927 17.5 2.87E-05 8.69E-04
TC194293 -13.529 -1.716 17.37 3.08E-05 9.22E-04
FR730409 -12.299 -1.839 17.18 3.40E-05 1.01E-03
TC170338 -12.45 -2.043 17.15 3.45E-05 1.02E-03
TC174423 -13.344 -1.707 17.12 3.52E-05 1.04E-03 Cluster: Chromosome chr11 scaffold_56, whole Chromosome 
AI725242 -13.3 -1.736 17.11 3.53E-05 1.04E-03
FG616357 -13.17 -2.342 17.1 3.54E-05 1.04E-03
TC163983 -13.328 -1.706 16.95 3.83E-05 1.12E-03
TC195386 -13.383 -1.7 16.94 3.85E-05 1.12E-03 Chromosome undetermined scaffold_91, whole genome 
TC166245 -12.623 -2.027 16.77 4.23E-05 1.23E-03
DR018625 -12.866 -2.01 16.52 4.81E-05 1.38E-03
TC157654 -12.41 -1.985 16.21 5.66E-05 1.59E-03
TC171021 -13.038 -1.774 16.15 5.85E-05 1.63E-03
TC159454 -13.045 -1.894 16.13 5.92E-05 1.64E-03 Cluster: Inward-rectifying K+ channel;Inward-rectifying 
TC171759 -12.03 -1.851 16.13 5.93E-05 1.64E-03
GT245002 -13.781 -1.832 16.08 6.08E-05 1.68E-03 Cluster: Chromosome chr11 scaffold_56, whole Chromosome 
TC169724 -13.577 -1.907 15.96 6.46E-05 1.77E-03
TC168739 -11.646 -2.109 15.79 7.09E-05 1.91E-03
TC166290 -13.865 -1.877 15.77 7.15E-05 1.92E-03 Chromosome chr7 scaffold_20, whole genome chr7  sequence;
TC176960 -13.625 -1.724 15.73 7.32E-05 1.95E-03
TC172451 -12.947 -1.856 15.62 7.74E-05 2.05E-03
TC155384 -12.263 -2.296 15.61 7.77E-05 2.05E-03
TC178580 -13.654 -1.769 15.52 8.18E-05 2.14E-03
TC181231 -13.32 -1.626 15.45 8.46E-05 2.21E-03
TC162341 -13.554 -1.604 15.37 8.82E-05 2.30E-03 Cluster: GABA-A epsilon subunit splice GABA-A variant; 
TC180513 -13.292 -1.623 15.34 8.99E-05 2.33E-03 Nuclear transcription factor Y subunit transcription 
TC165456 -14.11 -2.263 15.28 9.28E-05 2.40E-03
DR182086 -11.487 -1.756 15.26 9.39E-05 2.43E-03        
TC155699 -13.922 -1.951 15.17 9.81E-05 2.52E-03        
TC157755 -13.053 -1.861 15.14 9.97E-05 2.55E-03
TC177970 -13.964 -1.913 15.07 1.04E-04 2.63E-03
TC162493 -13.17 -1.781 15.03 1.06E-04 2.67E-03 Chromosome undetermined scaffold_52, whole genome 
TC190178 -13.061 -1.68 14.81 1.19E-04 2.95E-03
TC194727 -12.792 -1.755 14.73 1.24E-04 3.07E-03 Chromosome undetermined scaffold_30, whole genome 
TC193991 -12.706 -1.842 14.72 1.25E-04 3.08E-03 Heat shock protein;Glycine shock max; Heat
TC196327 -13.578 -1.574 14.67 1.28E-04 3.14E-03
TC155115 -13.228 -1.64 14.67 1.28E-04 3.14E-03
BM492497 -12.866 -1.761 14.65 1.30E-04 3.17E-03        
TC185003 -13.284 -1.611 14.63 1.31E-04 3.19E-03
GW772842 -13.5 -1.552 14.5 1.40E-04 3.39E-03 Chromosome chr1 scaffold_5, whole genome chr1  sequence;
TC182802 -13.257 -1.603 14.45 1.44E-04 3.48E-03
TC163025 -12.387 -1.76 14.41 1.47E-04 3.53E-03 Chromosome chr1 scaffold_5, whole genome chr1  sequence;
TC159501 -13.484 -1.746 14.23 1.62E-04 3.87E-03
TC158390 -13.122 -1.652 14.22 1.63E-04 3.88E-03 Chromosome chr13 scaffold_286, whole genome chr13  
TC187205 -13.456 -1.548 14.21 1.64E-04 3.89E-03 Cluster: Chromosome undetermined scaffold_52, whole  
TC177232 -12.518 -1.81 14.16 1.68E-04 3.97E-03
TC187060 -13.168 -1.602 14.16 1.68E-04 3.97E-03
TC184239 -13.717 -1.69 14.15 1.69E-04 3.99E-03
TC165388 -13.398 -1.556 14.11 1.72E-04 4.05E-03 Cluster: Chromosome undetermined scaffold_52, whole 
TC161272 -13.616 -1.611 13.99 1.84E-04 4.29E-03
TC161612 -13.422 -1.531 13.9 1.93E-04 4.48E-03 MYB transcription factor MYB51;transcription Glycine max;
TC187415 -13.168 -1.835 13.86 1.97E-04 4.57E-03 Non-specific lipid-transfer protein;
TC162237 -12.238 -1.674 13.85 1.98E-04 4.59E-03
CT583541 -13.656 -1.679 13.81 2.03E-04 4.64E-03 Chromosome 5 SCAF15026, whole genome 5  sequence;
TC187268 -11.712 -1.737 13.8 2.03E-04 4.64E-03 Lysine exporter protein (LYSE/YGGA) Lysine precursor
TC173437 -12.542 -1.651 13.71 2.13E-04 4.86E-03
TC154541 -9.857 -1.404 13.7 2.14E-04 4.88E-03
TC170082 -13.25 -1.538 13.7 2.15E-04 4.88E-03
TC185393 -13.575 -1.607 13.65 2.20E-04 4.98E-03
TC162922 -13.289 -1.656 13.65 2.21E-04 4.98E-03
TC160219 -12.402 -1.897 13.64 2.21E-04 4.98E-03 Chromosome chr4 scaffold_32, whole genome chr4  sequence;
TC172319 -13.538 -1.552 13.63 2.23E-04 5.02E-03
BF609124 -13.044 -1.625 13.51 2.37E-04 5.29E-03
TC180504 -14.05 -2.081 13.28 2.69E-04 5.89E-03
CX649641 -13.568 -1.612 13.24 2.75E-04 6.01E-03 Chromosome chr14 scaffold_21, whole genome chr14  
TC178296 -12.5 -1.634 13.18 2.82E-04 6.15E-03
TC164593 -13.415 -1.594 13.13 2.90E-04 6.29E-03 Cluster: Chromosome chr18 scaffold_1, whole Chromosome 
TC167660 -12.416 -1.617 13.1 2.95E-04 6.36E-03
TC174017 -13.08 -1.571 13.07 3.00E-04 6.44E-03
TC176589 -12.675 -1.619 13.03 3.06E-04 6.54E-03
TC183582 -13.181 -1.543 13.02 3.08E-04 6.56E-03
TC189789 -10.728 -1.877 12.98 3.15E-04 6.67E-03
TC170679 -13.659 -1.717 12.95 3.19E-04 6.75E-03
TC163557 -12.441 -1.602 12.95 3.20E-04 6.76E-03        
TC174637 -12.952 -1.62 12.89 3.31E-04 6.93E-03        
GT244470 -13.207 -1.543 12.82 3.42E-04 7.14E-03 Chromosome chr1 scaffold_135, whole genome chr1  
TC178301 -13.231 -1.502 12.8 3.47E-04 7.21E-03
TC158569 -13.647 -1.602 12.76 3.54E-04 7.34E-03
CD021029 -13.799 -1.615 12.7 3.65E-04 7.51E-03        
TC184902 -13.851 -1.648 12.69 3.67E-04 7.51E-03 Chromosome chr5 scaffold_2, whole genome chr5  sequence;
TC163206 -12.905 -1.615 12.68 3.70E-04 7.55E-03 Chromosome chr18 scaffold_24, whole genome chr18  
TC177567 -13.327 -1.458 12.57 3.92E-04 7.98E-03 Cluster: Uncharacterized protein 
CF667185 -13.336 -1.496 12.55 3.95E-04 8.02E-03
TC196543 -13.745 -1.8 12.55 3.96E-04 8.03E-03
TC187271 -12.793 -1.631 12.45 4.17E-04 8.38E-03

(-)-alpha-pinene synthase;Pinus taeda; synthase; (-)-
Pinus sylvestris; L-asparaginase - Pinus sylvestris; 
 Pinus banksiana; Alcohol dehydrogenase Pinus - Pinus

COG0845: Membrane-fusion protein;Yersinia Membrane-fusion
Late embryogenesis abundant protein;embryogenesis Picea; 
(+)-alpha-pinene synthase;Pinus taeda; synthase; (+)
Os10g0459400 protein;Oryza sativa protein; Japonica 
Probable histone H2A.2;Oryza histone sativa; Probable
Short-chain dehydrogenase/reductase SDR precursor;
Geranyl diphosphate synthase;Abies diphosphate grandis; 

Late embryogenesis abundant protein;embryogenesis Picea; 
(-)-alpha-pinene synthase;Pinus taeda; synthase;
Heat shock protein 81-1;shock Arabidopsis thaliana;

1-deoxy-D-xylulose 5-phosphate synthase type II; 5-ph
1-deoxy-D-xylulose 5-phosphate synthase type II; 5-ph
1-deoxy-D-xylulose 5-phosphate synthase type II; 5-ph
Heat shock protein;Hevea shock brasiliensis; Heat

Small heat-shock protein;Pseudotsuga heat-shock 

Os10g0459400 protein;Oryza sativa protein; Japonica 
1-hydroxy-2-methyl-2-(E)-butenyl-4-phosphate reductase;

Octicosapeptide/Phox/Bem1p;Medicago truncatula; 
Thiazole biosynthetic enzyme;Pseudotsuga biosynthetic 
 Pinus taeda; (-)-alpha-pinene synthase Pinus - Pinus
At2g47485;Arabidopsis thaliana; At2g47485- Arabidopsis
Zeta-carotene desaturase,chloroplast/chromoplast precurso

Predicted protein;Physcomitrella patens protein; subsp. 

CYPB;Pinus taeda; CytochromeP450 CYPB
COG0845: Membrane-fusion protein;Yersinia Membrane-fusion

T6J4.14 protein;Arabidopsis thaliana; protein; T6J4.14 

Major ampullate spidroin 2-2;ampullate Kukulcania 
Pinus radiata; Endo-beta-1,4-glucanase - Pinus radiata; 

F28K19.24;Arabidopsis thaliana; F28K19.24- Arabidopsis

Late embryogenesis abundant protein;embryogenesis Picea; 

Predicted protein;Physcomitrella patens protein; subsp. 

 Pinus taeda; (+)-alpha-pinene synthase Pinus - Pinus
Uncharacterized protein At1g56220.2;Arabidopsis protein 
9 protein homolog;Mus protein musculus; Retinitis

Early-responsive to dehydration stress protein; toPicea

Isoform 3 of Q8R2K1 ; 3Mus

TrPRP2;Trifolium repens; TrPRP2- Trifolium
44 kDa reaction center protein; kDaPinus
Uncharacterized protein At1g56220.2;Arabidopsis protein 
Beta-galactosidase;Raphanus sativus; Beta-galactosidase- 
Alginate biosynthesis protein Alg8;biosynthesis 

Probable WRKY transcription factor 21; WRKYArabidopsis
AT3g01590/F4P13_13;Arabidopsis thaliana; AT3g01590/
70 kDa heat shock cognate kDa protein 3;

Predicted protein;Physcomitrella patens protein; subsp. 

S-adenosylmethionine synthetase;Dendrobium cv. 
Uncharacterized protein At1g56220.2;Arabidopsis protein 
Expressed protein;Arabidopsis thaliana; protein; 
Late embryogenesis abundant protein;embryogenesis Picea; 
Cluster: Secreted protein;Saccharophagus Secreted 
Snakin-like cysteine rich protein;cysteine Phaseolus 

Cluster: Subtilisin-like proteinase-like;Oryza 
Probable aquaporin;Picea mariana; aquaporin; Probable 

Pinus sylvestris; Polyubiquitin 
Os10g0459400 protein;Oryza sativa protein; Japonica 
Lodderomyces elongisporus protein; NRRL YB-4239;
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TC163354 -12.601 -1.617 12.43 4.23E-04 8.49E-03
TC166571 -13.511 -1.49 12.4 4.30E-04 8.57E-03 Chromosome chr2 scaffold_196, whole genome chr2  
TC156472 -12.185 -1.614 12.39 4.32E-04 8.60E-03
TC164396 -11.63 -1.68 12.36 4.39E-04 8.73E-03
TC178924 -11.649 -1.681 12.33 4.47E-04 8.85E-03
TC184267 -12.796 -1.61 12.24 4.69E-04 9.22E-03
TC161893 -12.43 -1.561 12.22 4.72E-04 9.27E-03        
TC178067 -13.765 -1.753 12.2 4.78E-04 9.33E-03 Chromosome undetermined scaffold_52, whole genome 
FE524387 -13.017 -1.554 12.2 4.78E-04 9.33E-03 Chromosome chr1 scaffold_5, whole genome chr1  sequence;
TC156867 -13.732 -1.509 12.09 5.08E-04 9.82E-03
TC171025 -13.683 -1.558 12.05 5.18E-04 9.98E-03        
TC171642 -13.597 -1.505 12.04 5.21E-04 1.00E-02 Cluster: Structural protein-like protein;Structural 
TC184093 -12.893 -1.609 12.01 5.31E-04 1.02E-02        
TC179762 -12.188 -1.569 12 5.31E-04 1.02E-02
TC194936 -12.649 -1.559 11.9 5.61E-04 1.06E-02
TC178647 -14.218 -1.895 11.89 5.66E-04 1.07E-02        
TC185302 -13.813 -1.592 11.86 5.75E-04 1.08E-02 Cluster: Chromosome chr4 scaffold_6, whole Chromosome 
TC154533 -9.285 -1.268 11.81 5.89E-04 1.11E-02
TC184132 -11.426 -1.622 11.74 6.13E-04 1.14E-02
TC160446 -13.196 -1.483 11.73 6.16E-04 1.15E-02
DR055494 -11.838 -1.658 11.71 6.20E-04 1.15E-02
TC161179 -13.416 -1.431 11.64 6.46E-04 1.19E-02
TC180204 -11.327 -1.489 11.64 6.47E-04 1.19E-02
TC197777 -12.781 -1.544 11.63 6.50E-04 1.19E-02
TC188369 -13.571 -1.455 11.6 6.59E-04 1.21E-02
TC157648 -13.259 -1.449 11.59 6.61E-04 1.21E-02
TC175089 -11.666 -1.647 11.59 6.65E-04 1.21E-02
DR118781 -12.693 -1.578 11.57 6.70E-04 1.21E-02 Chromosome chr14 scaffold_21, whole genome chr14  
TC165129 -13.919 -1.807 11.55 6.76E-04 1.22E-02
TC163669 -13.655 -1.623 11.55 6.76E-04 1.22E-02
TC177895 -11.747 -1.59 11.53 6.85E-04 1.23E-02
TC187780 -10.711 -1.801 11.44 7.18E-04 1.29E-02
TC161801 -12.751 -1.54 11.39 7.37E-04 1.32E-02
TC176757 -13.243 -1.435 11.35 7.53E-04 1.34E-02 Chromosome chr6 scaffold_3, whole genome chr6  sequence;
TC181690 -12.383 -1.532 11.34 7.60E-04 1.35E-02 Cluster: Chromosome undetermined scaffold_349, whole 
TC188391 -12.996 -1.625 11.33 7.63E-04 1.35E-02
TC157560 -12.908 -1.558 11.31 7.71E-04 1.36E-02        
TC192183 -13.378 -1.459 11.26 7.94E-04 1.40E-02
TC193097 -13.554 -1.541 11.25 7.97E-04 1.40E-02
TC178562 -13.008 -1.508 11.25 7.98E-04 1.40E-02
TC155628 -13.052 -1.506 11.18 8.26E-04 1.45E-02 Chromosome chr1 scaffold_135, whole genome chr1  
DR071651 -13.032 -1.541 11.18 8.28E-04 1.45E-02
TC157507 -12.289 -1.693 11.17 8.32E-04 1.45E-02
TC174932 -13.66 -1.414 11.15 8.40E-04 1.46E-02
AM983212 -13.247 -1.394 11.14 8.45E-04 1.47E-02 Chromosome chr2 scaffold_196, whole genome chr2  
TC170112 -12.245 -1.703 11.11 8.58E-04 1.48E-02
TC189520 -13.319 -1.566 11.09 8.68E-04 1.50E-02
TC171454 -13.641 -1.442 11.06 8.81E-04 1.52E-02
TC168182 -13.402 -1.411 11.02 9.03E-04 1.55E-02        
TC155346 -12.61 -1.539 11 9.12E-04 1.56E-02
TC169058 -12.59 -1.48 10.99 9.14E-04 1.56E-02 Chromosome chr5 scaffold_2, whole genome chr5  sequence;
TC191922 -13.658 -1.484 10.98 9.20E-04 1.57E-02
TC177757 -11.649 -1.588 10.96 9.31E-04 1.58E-02 Chromosome chr14 scaffold_21, whole genome chr14  
TC156550 -13.736 -1.401 10.96 9.33E-04 1.59E-02 Chromosome chr10 scaffold_282, whole genome chr10  
TC193427 -14.106 -1.839 10.94 9.41E-04 1.60E-02
TC178400 -7.041 -0.3785 10.88 9.74E-04 1.64E-02 Chromosome chr18 scaffold_1, whole genome chr18  
GW761469 -12.837 -1.528 10.88 9.75E-04 1.64E-02
TC165364 -12.819 -1.522 10.87 9.80E-04 1.65E-02
TC198262 -12.74 -1.512 10.86 9.83E-04 1.65E-02        
DR388555 -13.488 -1.4 10.85 9.87E-04 1.65E-02 Cluster: Acid phosphatase type 5 Acid precursor; 
TC182400 -13.473 -1.361 10.85 9.91E-04 1.66E-02
TC165664 -12.118 -1.511 10.82 1.00E-03 1.68E-02
CF471271 -13.241 -1.392 10.8 1.02E-03 1.69E-02
AI920180 -13.404 -1.348 10.77 1.03E-03 1.71E-02
DR744760 -13.471 -1.382 10.77 1.03E-03 1.71E-02
TC198060 -13.519 -1.36 10.76 1.04E-03 1.71E-02        
TC165083 -13.874 -1.541 10.75 1.04E-03 1.72E-02 Chromosome chr16 scaffold_10, whole genome chr16  
CF670789 -13.34 -1.497 10.72 1.06E-03 1.75E-02
TC191832 -11.425 -1.548 10.69 1.08E-03 1.77E-02
TC157678 -13.433 -1.465 10.64 1.11E-03 1.81E-02
TC191477 -13.471 -1.346 10.62 1.12E-03 1.83E-02
CK909868 -13.412 -1.536 10.51 1.19E-03 1.93E-02
TC175122 -12.475 -1.446 10.49 1.20E-03 1.95E-02
TC165161 -13.747 -1.452 10.49 1.20E-03 1.95E-02
TC162251 -13.777 -1.488 10.48 1.21E-03 1.96E-02 Chromosome undetermined scaffold_550, whole genome 
TC176608 -12.915 -1.478 10.45 1.23E-03 1.98E-02
TC155445 -12.405 -1.652 10.45 1.23E-03 1.98E-02
TC163303 -13.976 -1.645 10.42 1.25E-03 2.00E-02
TC158216 -13.719 -1.442 10.37 1.28E-03 2.04E-02 Chromosome chr12 scaffold_18, whole genome chr12  
TC181175 -9.869 -1.253 10.35 1.29E-03 2.06E-02
TC164548 -13.05 -1.413 10.32 1.32E-03 2.10E-02
TC158705 -13.957 -1.647 10.31 1.33E-03 2.10E-02 Cluster: Chromosome chr11 scaffold_14, whole Chromosome 
TC179786 -13.856 -1.643 10.27 1.35E-03 2.14E-02
TC189585 -13.388 -1.74 10.22 1.39E-03 2.19E-02 Cluster: Chromosome chr8 scaffold_23, whole Chromosome 
TC171694 -13.33 -1.339 10.21 1.40E-03 2.19E-02 Chromosome chr18 scaffold_1, whole genome chr18  
TC185086 -13.414 -1.328 10.18 1.42E-03 2.21E-02 Cluster: Chromosome chr8 scaffold_88, whole Chromosome 
TC195849 -13.192 -1.4 10.12 1.47E-03 2.28E-02 Chromosome chr6 scaffold_3, whole genome chr6  sequence;
TC195583 -12.063 -1.488 10.11 1.48E-03 2.28E-02
TC158746 -13.449 -1.547 10.11 1.48E-03 2.28E-02 Chromosome chr2 scaffold_187, whole genome chr2  
TC164435 -12.947 -1.439 10.1 1.48E-03 2.29E-02
TC173448 -12.802 -1.491 10.08 1.50E-03 2.30E-02 Cluster: Chromosome chr6 scaffold_3, whole Chromosome 
CO167776 -12.709 -1.443 10.08 1.50E-03 2.30E-02        

At5g14500;Arabidopsis thaliana; At5g14500- Arabidopsis

Isoform 3 of Q8R2K1 ; 3Mus
Cluster: Predicted protein;Physcomitrella Predicted 
Cluster: Predicted protein;Physcomitrella Predicted 
Cluster: Peroxidase 10 precursor;Peroxidase Arabidopsis 

Cluster: Os05g0226800 protein;Oryza Os05g0226800 sativa 

Uncharacterized protein At1g56220.2;Arabidopsis protein 
Auxin influx transport protein;influx Casuarina glauca;

carboxylase large chain precursor;large Pinus; Ribulose
Pinus thunbergii; ORF77 - Pinus thunbergii; thunbergii 
Receptor-like kinase;Marchantia polymorpha; kinase; 
T6J4.14 protein;Arabidopsis thaliana; protein; T6J4.14 
Predicted protein;Physcomitrella patens protein; subsp. 
Catalase;Brassica napus; Catalase- Brassica
Lysine exporter protein;Chloroflexus exporter aurantiacus
 Pinus banksiana; Alcohol dehydrogenase Pinus - Pinus
Predicted protein;Physcomitrella patens protein; subsp. 
Cluster: Predicted protein;Physcomitrella Predicted 

Snakin-like cysteine rich protein;cysteine Phaseolus 
Unknow protein;Oryza sativa protein; Japonica Group;
Predicted protein;Physcomitrella patens protein; subsp. 
Cluster: Secreted protein;Saccharophagus Secreted 
 Pinus banksiana; Alcohol dehydrogenase Pinus - Pinus

 Alteromonadales bacterium TW-7; Glutathione 

 Alteromonadales bacterium TW-7; Glutathione 
Receptor-like protein kinase 1;protein Glycine max;
Quinonprotein;Sorangium cellulosum 'Soce 56';

Late embryogenesis abundant protein;embryogenesis Picea 
(E)-4-hydroxy-3-methyl-but-2-enyl diphosphate synthase
Cluster: Predicted protein;Physcomitrella Predicted 

(E)-4-hydroxy-3-methyl-but-2-enyl diphosphate synthase
 Pinus taeda; Diterpene synthase Pinus - Pinus
SRR383;Striga asiatica; SRR383- Striga

Hyothetical protein;Toxoplasma Hyothetical gondii RH;

Alcohol dehydrogenase;Pinus banksiana; dehydrogenase; 

Thiazole biosynthetic enzyme;Pseudotsuga biosynthetic 

Cluster: Predicted protein;Physcomitrella Predicted 
Cluster: ERD4 protein;Brassica ERD4 juncea; ERD4

Cluster: Peroxidase;Oryza sativa; Peroxidase; Peroxidase 
Uncharacterized protein At1g56220.2;Arabidopsis protein 
Cluster: Predicted protein;Physcomitrella Predicted 
Odorant receptor;Danio rerio; receptor; Odorant receptor
Uncharacterized protein At2g01890.2;Arabidopsis protein 

(E)-4-hydroxy-3-methyl-but-2-enyl diphosphate synthase;
ORF77;Pinus thunbergii; ORF77- Pinus
Caffeic acid O-methyltransferase;Pinus acid pinaster; 
Predicted protein;Physcomitrella patens protein; subsp. 
Diterpene synthase;Pinus taeda; synthase; Diterpene 
Cluster: Subtilisin-like proteinase-like;Oryza 
52O08_7;Brassica rapa subsp.pekinensis; 52O08_7

Exocellular acid invertase 1;acid Beta vulgaris;
 Pinus taeda; Diterpene synthase Pinus - Pinus
Cluster: Os06g0131500 protein;Oryza Os06g0131500 sativa 

 Pinus koraiensis; Cytochrome b6 Pinus - Pinus
Predicted protein;Physcomitrella patens protein; subsp. 

Snakin-like cysteine rich protein;cysteine Phaseolus 

Catalase;Oryza sativa; Catalase- Oryza

Beta-galactosidase;Vitis vinifera; Beta-galactosidase- 
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CV146979 -13.475 -1.336 10.05 1.52E-03 2.34E-02
GW766216 -13.231 -1.427 10.02 1.55E-03 2.37E-02
TC171846 -12.99 -1.41 9.966 1.60E-03 2.42E-02
TC162136 -14.096 -1.731 9.966 1.60E-03 2.42E-02
TC168643 -13.328 -1.326 9.956 1.60E-03 2.43E-02 Cluster: Chromosome chr8 scaffold_23, whole Chromosome 
TC194930 -11.303 -1.368 9.941 1.62E-03 2.45E-02
AA739630 -11.256 -1.377 9.936 1.62E-03 2.45E-02
TC170208 -13.077 -1.379 9.932 1.62E-03 2.45E-02
TC163907 -11.345 -1.379 9.923 1.63E-03 2.46E-02
TC197400 -13.341 -1.321 9.92 1.64E-03 2.46E-02
TC174429 -12.961 -1.429 9.909 1.64E-03 2.47E-02
TC159902 -12.65 -1.543 9.888 1.66E-03 2.50E-02
TC156603 -11.742 -1.587 9.882 1.67E-03 2.50E-02
DR746251 -13.422 -1.294 9.862 1.69E-03 2.53E-02
TC193702 -11.144 -1.306 9.83 1.72E-03 2.56E-02
TC157659 -11.293 -1.344 9.749 1.79E-03 2.66E-02
TC157252 -13.329 -1.293 9.741 1.80E-03 2.66E-02
TC154564 -13.566 -1.302 9.73 1.81E-03 2.67E-02
TC176304 -13.382 -1.316 9.723 1.82E-03 2.68E-02 Cluster: Chromosome chr8 scaffold_23, whole Chromosome 
TC183681 -14.009 -1.554 9.7 1.84E-03 2.70E-02
TC174709 -13.376 -1.411 9.647 1.90E-03 2.77E-02
TC187417 -13.699 -1.345 9.638 1.91E-03 2.78E-02
TC154593 -12.421 -1.438 9.618 1.93E-03 2.80E-02 Zinc finger A20 and AN1 finger domain-containing stress-
TC174654 -13.043 -1.392 9.604 1.94E-03 2.82E-02
TC196667 -12.233 -1.579 9.569 1.98E-03 2.86E-02
TC168339 -13.616 -1.312 9.541 2.01E-03 2.90E-02
TC183245 -13.355 -1.336 9.53 2.02E-03 2.91E-02 Chromosome chr2 scaffold_113, whole genome chr2  
TC158325 -12.221 -1.497 9.522 2.03E-03 2.92E-02 Cluster: Chromosome chr8 scaffold_29, whole Chromosome 
TC186757 -12.398 -1.387 9.513 2.04E-03 2.93E-02
TC190102 -11.019 -1.323 9.506 2.05E-03 2.93E-02        
TC190720 -8.472 -0.124 9.453 2.11E-03 3.00E-02
TC195178 -13.635 -1.394 9.451 2.11E-03 3.00E-02
TC154873 -12.772 -1.435 9.426 2.14E-03 3.03E-02 Chromosome chr1 scaffold_135, whole genome chr1  
CR392867 -14.055 -1.564 9.406 2.16E-03 3.06E-02        
TC184490 -13.522 -1.337 9.394 2.18E-03 3.08E-02
TC158139 -12.204 -1.581 9.37 2.21E-03 3.11E-02
TC166991 -13.83 -1.444 9.366 2.21E-03 3.11E-02
TC169966 -11.657 -1.472 9.345 2.24E-03 3.14E-02 Chromosome chr11 scaffold_13, whole genome chr11  
TC164700 -13.498 -1.276 9.335 2.25E-03 3.16E-02 Cluster: Uncharacterized protein At4g32270.2
TC155302 -12.254 -1.393 9.331 2.25E-03 3.16E-02 Chromosome undetermined scaffold_113, whole genome 
TC155600 -12.725 -1.432 9.293 2.30E-03 3.22E-02 Chromosome chr1 scaffold_135, whole genome chr1  
TC162039 -11.511 -1.494 9.276 2.32E-03 3.25E-02
TC159668 -13.892 -1.506 9.234 2.38E-03 3.32E-02
TC170506 -13.602 -1.334 9.215 2.40E-03 3.34E-02        
TC170159 -13.283 -1.305 9.213 2.40E-03 3.34E-02
TC155520 -12.291 -1.372 9.147 2.49E-03 3.44E-02 Chromosome undetermined scaffold_113, whole genome 
TC154832 -11.898 -1.479 9.136 2.51E-03 3.46E-02
TC160455 -11.988 -1.459 9.124 2.52E-03 3.48E-02
TC175140 -13.842 -1.479 9.084 2.58E-03 3.55E-02
TC160016 -11.391 -1.407 9.065 2.61E-03 3.58E-02
AM983425 -13.421 -1.271 9.052 2.62E-03 3.60E-02
FE522852 -13.557 -1.255 8.995 2.71E-03 3.69E-02        
TC173716 -13.676 -1.331 8.968 2.75E-03 3.73E-02
TC158666 -12.979 -1.367 8.93 2.81E-03 3.80E-02
TC183116 -12.412 -1.373 8.92 2.82E-03 3.81E-02
TC164060 -13.62 -1.575 8.906 2.84E-03 3.84E-02 Chromosome chr2 scaffold_187, whole genome chr2  
TC165044 -13.305 -1.355 8.903 2.85E-03 3.84E-02 Cluster: Chromosome chr4 scaffold_6, whole Chromosome 
TC175271 -13.594 -1.261 8.903 2.85E-03 3.84E-02
TC177291 -13.325 -1.267 8.893 2.86E-03 3.85E-02 Chromosome chr8 scaffold_29, whole genome chr8  sequence;
CV035531 -13.806 -1.344 8.886 2.87E-03 3.86E-02 Cluster: Chromosome chr8 scaffold_23, whole Chromosome 
CV138312 -13.155 -1.308 8.871 2.90E-03 3.88E-02
TC177657 -13.55 -1.286 8.864 2.91E-03 3.89E-02
TC155189 -13.752 -1.321 8.848 2.93E-03 3.90E-02 Cluster: Chromosome chr13 scaffold_48, whole Chromosome 
TC156222 -13.817 -1.341 8.848 2.93E-03 3.90E-02 Cluster: Disease resistance associated protein; 
TC188430 -12.729 -1.353 8.773 3.06E-03 4.05E-02
TC162032 -13.257 -1.254 8.76 3.08E-03 4.07E-02        
TC185915 -13.662 -1.3 8.752 3.09E-03 4.09E-02
GW725610 -13.351 -1.27 8.743 3.11E-03 4.10E-02
TC174322 -13.739 -1.461 8.668 3.24E-03 4.24E-02
TC182421 -12.055 -1.451 8.657 3.26E-03 4.25E-02
GT270115 -13.246 -1.232 8.655 3.26E-03 4.25E-02
GW773648 -13.271 -1.264 8.649 3.27E-03 4.25E-02
TC157914 -13.426 -1.222 8.645 3.28E-03 4.25E-02
TC193006 -12.605 -1.407 8.64 3.29E-03 4.26E-02
TC164498 -13.21 -1.293 8.621 3.32E-03 4.30E-02        
TC175560 -13.716 -1.32 8.613 3.34E-03 4.31E-02 Chromosome undetermined scaffold_465, whole genome
TC189736 -12.733 -1.398 8.607 3.35E-03 4.32E-02
TC183596 -13.246 -1.253 8.602 3.36E-03 4.33E-02
TC166191 -11.71 -1.365 8.599 3.36E-03 4.33E-02 Chromosome chr7 scaffold_20, whole genome chr7  sequence;
TC170915 -13.721 -1.324 8.594 3.37E-03 4.34E-02
TC196149 -7.091 -0.484 8.544 3.47E-03 4.44E-02 Chromosome chr10 scaffold_76, whole genome chr10  
CO200583 -13.361 -1.255 8.542 3.47E-03 4.44E-02
TC170295 -11.977 -1.436 8.538 3.48E-03 4.45E-02
TC168167 -12.945 -1.349 8.507 3.54E-03 4.51E-02 Cluster: Chromosome chr6 scaffold_3, whole Chromosome 
TC171002 -13.432 -1.221 8.503 3.55E-03 4.51E-02
TC193472 -13.613 -1.238 8.5 3.55E-03 4.51E-02        
TC186900 -13.753 -1.45 8.485 3.58E-03 4.54E-02 Cluster: Chromosome chr13 scaffold_17, whole Chromosome 
TC199351 -13.441 -1.217 8.459 3.63E-03 4.59E-02
TC171149 -13.585 -1.263 8.459 3.63E-03 4.59E-02 Cluster: Chromosome chr9 scaffold_7, whole Chromosome 
TC180308 -13.732 -1.336 8.413 3.73E-03 4.69E-02
TC181556 -12.19 -1.328 8.401 3.75E-03 4.72E-02
TC186136 -12.33 -1.313 8.391 3.77E-03 4.73E-02 Chromosome chr8 scaffold_88, whole genome chr8  sequence;

Predicted protein;Physcomitrella patens protein; subsp. 
Os05g0409500 protein;Oryza sativa protein; Japonica 
Subtilisin-like protease;Arabidopsis Subtilisin-like 
Thiazole biosynthetic enzyme;Pseudotsuga biosynthetic 

Catalase;Nicotiana glutinosa; Catalase- Nicotiana
Ubiquitin extension protein;core extension 
Ser/Thr protein phosphatase family protein, protein 
Predicted protein;Physcomitrella patens protein; subsp. 
Retinoblastoma protein;Nicotiana benthamiana; protein; 
Beta-galactosidase;Vitis vinifera; Beta-galactosidase- 
Gb|AAD25141.1;Arabidopsis thaliana; Gb|AAD25141.1- 
Cluster: Pectinesterase precursor;Ficus Pectinesterase 
Retinoblastoma-like protein;Cocos nucifera; protein; 
Predicted protein;Physcomitrella patens protein; subsp. 
Predicted protein;Physcomitrella patens protein; subsp. 
Beta-galactosidase;Fragaria x Beta-galactosidase; 
Cluster: Histone H1 WH1B.1;Histone Triticum aestivum;

Probable histone H2A.2;Oryza histone sativa; Probable
2-C-methyl-D-erythritol 2,4-cyclodiphosphate 
Cluster: Histone H1;Triticum Histone aestivum; Histone

Predicted protein;Physcomitrella patens protein; subsp. 
Diterpene synthase;Pinus taeda; synthase; 
Cryptochrome 1;Orobanche minor; 1; Cryptochrome 1

18.2 kDa class I heat kDa shock protein;

Protein TAR1;Kluyveromyces lactis; TAR1; Protein TAR1
Chloroplast 30S ribosomal protein S15; 30S n=5; Strobus;

Cluster: Sperm protamine-P1;Mus Sperm musculus; Sperm
 Pinus taeda; Diterpene synthase Pinus - Pinus
Glutamate decarboxylase;Pinus pinaster; decarboxylase; 

Inositol-3-phosphate synthase;Sesamum indicum; synthase; 
Endo-beta-1,4-glucanase;Pinus radiata; 

Predicted protein;Chlamydomonas reinhardtii; protein; 

Predicted protein;Physcomitrella patens protein; subsp. 
Predicted protein;Physcomitrella patens protein; subsp. 
Cluster: Predicted protein;Physcomitrella Predicted 
ORF83a;Pinus koraiensis; ORF83a- Pinus
 Monosiga brevicollis MX1; Predicted Monosiga protein -

Abscisic acid-induced protein-like;Oryza acid-induced 
Os04g0591100 protein;Oryza sativa protein; Japonica 
CC-NBS-LRR resistance-like protein;CC-NBS-LRR Pinus 

Cryptochrome 1a;Triticum aestivum; 1a; Cryptochrome 1a

Zinc finger an1-like family protein; fingerBrassica
Expressed protein;Oryza sativa; protein; Expressed 

Predicted protein;Physcomitrella patens protein; subsp. 

Structural protein-like protein;Structural Arabidopsis 
Cluster: Predicted protein;Nematostella Predicted 
2-C-methyl-D-erythritol 2,4-cyclodiphosphate synthase;
Interleukin-10 receptor 2;Gallus receptor gallus; 
Ser/Thr protein phosphatase family protein, protein 
Secretogranin-2 precursor (Secretogranin II) (SgII) 
Cluster: Predicted protein;Physcomitrella Predicted 
Metallothionein-like protein;Arabidopsis Metallothionein-

Cluster: Predicted protein;Physcomitrella Predicted 
Predicted protein;Physcomitrella patens protein; subsp. 

Sucrose-phosphate synthase isoform B;synthase Nicotiana 

Cluster: Predicted protein;Monosiga Predicted 
Cluster: Pectinesterase precursor;Ficus Pectinesterase 

Clavata-like receptor;Picea glauca; receptor; 

Predicted protein;Physcomitrella patens protein; subsp. 

D7-related protein;Culicoides sonorensis; protein;
Cluster: Catalase;Capsicum annuum; Catalase; Catalase -
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GO096284 -13.294 -1.251 8.36 3.84E-03 4.79E-02
TC178325 -12.576 -1.358 8.324 3.91E-03 4.87E-02
TC166564 -12.159 -1.427 8.302 3.96E-03 4.92E-02 Cluster: Chromosome chr12 scaffold_18, whole Chromosome 
TC189761 -11.501 -1.335 8.279 4.01E-03 4.97E-02
TC187616 -11.305 -1.285 8.266 4.04E-03 4.99E-02
TC155598 -13.743 -1.325 8.258 4.06E-03 5.01E-02 Cluster: Chromosome chr3 scaffold_8, whole Chromosome 
TC186972 -13.181 -1.25 8.245 4.09E-03 5.03E-02 Cluster: Gag;Zea mays; Gag; Gag -
TC191015 -12.725 -1.318 8.223 4.14E-03 5.08E-02
BX250219 -13.684 -1.374 8.213 4.16E-03 5.11E-02
DR111093 -13.656 -1.251 8.189 4.21E-03 5.17E-02        
TC158669 -13.244 -1.221 8.163 4.28E-03 5.21E-02
TC182106 -11.74 -1.426 8.154 4.30E-03 5.23E-02
BQ697477 -13.629 -1.215 8.148 4.31E-03 5.24E-02 Cluster: Chromosome chr13 scaffold_17, whole Chromosome 
TC164455 -12.269 -1.297 8.143 4.32E-03 5.24E-02
TC186618 -10.997 -1.287 8.137 4.34E-03 5.25E-02
TC180849 -12.504 -1.313 8.105 4.42E-03 5.32E-02
FE523044 -13.523 -1.199 8.074 4.49E-03 5.40E-02
TC178841 -10.742 -1.485 8.024 4.62E-03 5.51E-02
TC185766 -14.032 -1.489 8.009 4.66E-03 5.54E-02
TC156251 -12.992 -1.301 8.008 4.66E-03 5.54E-02 Cluster: Chromosome chr8 scaffold_23, whole Chromosome 
TC191487 -13.623 -1.194 7.979 4.73E-03 5.63E-02 Chromosome chr6 scaffold_3, whole genome chr6  sequence;
TC173335 -13.438 -1.175 7.928 4.87E-03 5.76E-02 Chromosome chr5 scaffold_2, whole genome chr5  sequence;
TC168158 -13.306 -1.199 7.917 4.90E-03 5.79E-02
GW726284 -13.432 -1.209 7.914 4.91E-03 5.79E-02        
TC170750 -12.867 -1.303 7.912 4.91E-03 5.79E-02
CO165540 -13.18 -1.219 7.871 5.02E-03 5.90E-02
FG618203 -13.288 -1.205 7.871 5.02E-03 5.90E-02        
TC162932 -13.392 -1.169 7.84 5.11E-03 5.96E-02 Chromosome chr18 scaffold_1, whole genome chr18  
TC163811 -12.471 -1.259 7.82 5.17E-03 6.02E-02 Chromosome chr10 scaffold_138, whole genome chr10  
TC189850 -12.344 -1.369 7.813 5.19E-03 6.03E-02
TC183560 -13.369 -1.213 7.798 5.23E-03 6.08E-02        
NP1369776 -12.847 -1.319 7.795 5.24E-03 6.08E-02  
TC184285 -13.065 -1.398 7.794 5.24E-03 6.08E-02
TC183987 -13.398 -1.171 7.79 5.25E-03 6.08E-02        
TC173978 -13.49 -1.162 7.788 5.26E-03 6.08E-02
TC165977 -13.519 -1.161 7.766 5.32E-03 6.15E-02
TC194337 -13.573 -1.19 7.746 5.38E-03 6.21E-02 Chromosome chr1 scaffold_84, whole genome chr1  sequence;
TC164132 -13.977 -1.477 7.742 5.40E-03 6.21E-02
TC170388 -12.13 -1.311 7.734 5.42E-03 6.23E-02 Chromosome chr7 scaffold_20, whole genome chr7  sequence;
TC172437 -13.641 -1.231 7.72 5.46E-03 6.27E-02
BQ698297 -13.169 -1.375 7.718 5.47E-03 6.27E-02
TC157495 -13.377 -1.175 7.715 5.48E-03 6.27E-02 Chromosome chr1 scaffold_84, whole genome chr1  sequence;
TC156511 -13.715 -1.332 7.705 5.51E-03 6.29E-02
TC197467 -13.625 -1.206 7.704 5.51E-03 6.29E-02
TC154971 -12.766 -1.301 7.663 5.64E-03 6.41E-02 Chromosome chr1 scaffold_135, whole genome chr1  
TC170711 -13.05 -1.25 7.647 5.69E-03 6.46E-02
TC183424 -13.663 -1.204 7.634 5.73E-03 6.50E-02 Cluster: Chromosome chr13 scaffold_17, whole Chromosome 
TC191431 -12.291 -1.248 7.601 5.83E-03 6.59E-02
TC174690 -13.589 -1.234 7.577 5.91E-03 6.66E-02 Chromosome chr8 scaffold_23, whole genome chr8  sequence;
TC196273 -13.552 -1.149 7.569 5.94E-03 6.66E-02        
TC174802 -13.558 -1.208 7.568 5.94E-03 6.66E-02        
TC183105 -11.902 -1.301 7.558 5.97E-03 6.67E-02
TC160766 -12.554 -1.238 7.542 6.03E-03 6.72E-02
GO096289 -13.158 -1.26 7.536 6.05E-03 6.74E-02
GW750811 -13.331 -1.161 7.535 6.05E-03 6.74E-02
TC160267 -13.431 -1.156 7.527 6.08E-03 6.76E-02 Chromosome chr5 scaffold_2, whole genome chr5  sequence;
AI725133 -12.323 -1.238 7.517 6.11E-03 6.78E-02
TC170220 -12.295 -1.244 7.512 6.13E-03 6.79E-02
TC164307 -12.849 -1.305 7.503 6.16E-03 6.81E-02
TC183023 -13.9 -1.27 7.494 6.19E-03 6.83E-02
TC176501 -13.706 -1.204 7.493 6.19E-03 6.83E-02 Cluster: Chromosome chr13 scaffold_48, whole Chromosome 
TC189345 -13.922 -1.318 7.459 6.31E-03 6.94E-02 Cluster: Chromosome chr13 scaffold_17, whole Chromosome 
TC194333 -13.091 -1.238 7.451 6.34E-03 6.95E-02 Chromosome undetermined scaffold_38, whole genome 
TC155963 -13.424 -1.131 7.432 6.41E-03 7.01E-02
TC178002 -11.199 -1.188 7.423 6.44E-03 7.04E-02        
TC194228 -13.414 -1.131 7.418 6.46E-03 7.05E-02
TC191500 -12.587 -1.281 7.409 6.49E-03 7.07E-02
GW740250 -13.541 -1.194 7.402 6.52E-03 7.08E-02
TC168690 -13.815 -1.267 7.394 6.54E-03 7.11E-02 Chromosome chr9 scaffold_90, whole genome chr9  sequence;
TC164688 -13.338 -1.153 7.392 6.55E-03 7.11E-02
BX681215 -10.357 -0.306 7.357 6.68E-03 7.23E-02        
TC170228 -13.58 -1.149 7.356 6.68E-03 7.23E-02 Chromosome chr1 scaffold_46, whole genome chr1  sequence;
TC192709 -12.224 -1.25 7.351 6.70E-03 7.24E-02
CO364594 -13.301 -1.177 7.348 6.72E-03 7.25E-02 Cluster: Chromosome chr14 scaffold_54, whole Chromosome 
TC181337 -13.721 -1.199 7.341 6.74E-03 7.26E-02 Chromosome chr1 scaffold_46, whole genome chr1  
TC164736 -12.644 -1.232 7.332 6.77E-03 7.29E-02 Chromosome chr4 scaffold_6, whole genome chr4  
GO096290 -13.739 -1.245 7.329 6.78E-03 7.29E-02
TC166361 -13.815 -1.261 7.322 6.81E-03 7.31E-02
TC196692 -13.378 -1.161 7.301 6.89E-03 7.39E-02
TC184917 -13.345 -1.156 7.296 6.91E-03 7.39E-02
TC165532 -13.436 -1.17 7.295 6.92E-03 7.39E-02 Chromosome chr12 scaffold_93, whole genome chr12  
TC175169 -13.286 -1.168 7.285 6.95E-03 7.42E-02 Chromosome chr1 scaffold_84, whole genome chr1  
TC179104 -12.817 -1.24 7.282 6.97E-03 7.43E-02
TC179329 -13.596 -1.143 7.281 6.97E-03 7.43E-02
TC156059 -13.703 -1.157 7.269 7.02E-03 7.47E-02 Cluster: Chromosome chr12 scaffold_36, whole Chromosome 
TC172004 -12.9 -1.255 7.257 7.06E-03 7.50E-02
TC193433 -12.564 -1.261 7.235 7.15E-03 7.57E-02
TC170726 -13.467 -1.115 7.229 7.17E-03 7.59E-02 Cluster: Chromosome chr19 scaffold_4, whole Chromosome 
TC157493 -13.472 -1.115 7.225 7.19E-03 7.59E-02 Cluster: Chromosome chr19 scaffold_4, whole Chromosome 
TC174890 -12.869 -1.346 7.21 7.25E-03 7.64E-02
TC176847 -14.087 -1.423 7.21 7.25E-03 7.64E-02
TC158547 -13.496 -1.138 7.197 7.30E-03 7.68E-02 Chromosome chr1 scaffold_84, whole genome chr1  sequence;

Photosystem II D2 protein;II Liliales; Photosystem
Predicted protein;Physcomitrella patens protein; subsp. 

60S ribosomal protein L34;ribosomal Nicotiana tabacum;
D2 protein (Photosystem Q(A) protein); proteinMarchantia

Glyceraldehyde-3-phosphate dehydrogenase, cytosolic;
Outer membrane lipoprotein Slp;membrane Geobacter 

Heat shock 70 kDa protein; shockGlycine
Pinus thunbergii; ORF77 - Pinus thunbergii; thunbergii 

Ser/Thr protein phosphatase family protein, protein 
P700 chlorophyll a apoprotein A1; chlorophyllPinus
core eudicotyledons; AT4g05320/C17L7_240 - Arabidopsis 
LIM domain protein WLIM-1;domain Helianthus annuus;
Catalase-1/2;Glycine max; Catalase-1/2- Glycine
Thiazole biosynthetic enzyme;Pseudotsuga biosynthetic

Retinoblastoma-like protein;Cocos nucifera; protein; 

Selenocysteine methyltransferase;Brassica oleracea 
Cluster: Polysaccharide biosynthesis related protein; 

Cluster: Aspartic proteinase nepenthesin-1 precursor; 

 Pinus taeda; Diterpene synthase Pinus - Pinus

Cluster: Retinoblastoma-related protein 1;Retinoblastoma-
At1g04920/F13M7_7;Arabidopsis thaliana; At1g04920/

Predicted protein;Physcomitrella patens protein; subsp. 

Uncharacterized protein At3g27210;Arabidopsis protein 
Diterpene synthase;Pinus taeda; synthase; Diterpene 

Predicted protein;Chlamydomonas reinhardtii; protein; 
ribosomal protein S18;Pinus protein koraiensis; 

Ascorbate peroxidase;Pinaceae; Ascorbate peroxidase; 

Catalase isozyme 3;Cucurbita isozyme pepo; Catalase

Predicted protein;Monosiga brevicollis protein; MX1; 
Cluster: Catalase isozyme 2;Catalase Cucurbita pepo;
Photosystem II CP43 protein;II Cedrus deodara;
scaffold_17 whole  sequence; wholeParamecium,

Predicted protein;Physcomitrella patens protein; subsp. 
Ser/Thr protein phosphatase family protein, protein 
Gb|AAC63835.1;Arabidopsis thaliana; Gb|AAC63835.1- 
Predicted protein;Physcomitrella patens protein; subsp. 

Predicted protein;Physcomitrella patens protein; subsp. 

Histone H2A;Hyacinthus orientalis; H2A; Histone H2A
Ferredoxin-like protein;Mariprofundus ferrooxydans 
scaffold_35 whole  sequence; wholeParamecium,

Abscisic acid-induced protein-like;Oryza acid-induced 

Aspartic proteinase;Theobroma cacao; proteinase;

Photosystem II protein D2;II Ipomoea purpurea;
Cluster: RL11;Human herpesvirus RL11; 5; RL11
Cluster: Ribokinase;Haemophilus influenzae Ribokinase; 
DNA mismatch repair protein MutS; mismatchMicroscilla

Cell wall protein;Saccharomyces wall cerevisiae YJM789;
Histone H2A;Hyacinthus orientalis; H2A; Histone H2A

Predicted protein;Physcomitrella patens protein; subsp. 
Photosystem II protein D2;II Ipomoea purpurea;

1-deoxy-D-xylulose-5-phosphate reductoisomerase;
Cytochrome P450 CYPB;Pinus P450 taeda; Cytochrome
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TC191284 -13.422 -1.118 7.191 7.33E-03 7.68E-02        
TC156654 -13.607 -1.125 7.176 7.39E-03 7.73E-02
TC187811 -13.497 -1.116 7.161 7.45E-03 7.77E-02
TC175588 -13.208 -1.176 7.157 7.47E-03 7.77E-02        
GO096291 -11.96 -1.344 7.135 7.56E-03 7.85E-02
TC177931 -11.534 -1.244 7.12 7.62E-03 7.90E-02
TC182783 -12.867 -1.273 7.119 7.63E-03 7.90E-02
TC165693 -13.195 -1.171 7.117 7.64E-03 7.91E-02
TC173857 -13.099 -1.199 7.098 7.72E-03 7.97E-02
TC180154 -13.698 -1.189 7.089 7.76E-03 8.00E-02
FG617140 -13.766 -1.221 7.078 7.81E-03 8.04E-02 Chromosome chr9 scaffold_90, whole genome  sequence;
TC196223 -9.665 -1.024 7.074 7.82E-03 8.05E-02        
TC182930 -12.517 -1.252 7.064 7.86E-03 8.07E-02
TC176896 -13.628 -1.124 7.047 7.94E-03 8.14E-02
NP543241 -12.881 -1.28 7.044 7.95E-03 8.15E-02        
FN693640 -12.967 -1.255 7.039 7.98E-03 8.16E-02
TC171074 -13.189 -1.18 7.032 8.01E-03 8.17E-02        
TC180668 -10.42 -0.771 7.031 8.01E-03 8.17E-02
TC164128 -13.442 -1.133 7.023 8.05E-03 8.19E-02        
BF609787 -13.382 -1.104 7.019 8.07E-03 8.20E-02
CF474284 -13.546 -1.174 7.017 8.07E-03 8.20E-02
TC197169 -13.948 -1.359 7.001 8.15E-03 8.24E-02        
TC158530 -12.101 -1.262 6.999 8.15E-03 8.25E-02
TC161674 -13.827 -1.232 6.997 8.17E-03 8.25E-02
CF666457 -12.598 -1.261 6.989 8.20E-03 8.28E-02
TC170022 -13.516 -1.122 6.977 8.26E-03 8.32E-02 Chromosome chr1 scaffold_84, whole genome  sequence;
TC192853 -13.208 -1.122 6.975 8.26E-03 8.32E-02 Cluster: Chromosome chr18 scaffold_1, whole Chromosome 
TC165978 -12.927 -1.222 6.97 8.29E-03 8.33E-02
TC157248 -13.458 -1.106 6.949 8.39E-03 8.41E-02 Cluster: Chromosome chr6 scaffold_3, whole Chromosome 
TC189730 -13.51 -1.115 6.932 8.47E-03 8.46E-02
FG616103 -13.235 -1.17 6.931 8.47E-03 8.46E-02        
TC154996 -13.576 -1.124 6.93 8.48E-03 8.46E-02 Cluster: Chromosome chr17 scaffold_12, whole Chromosome 
FG615694 -12.105 -1.248 6.927 8.49E-03 8.46E-02        
TC154639 -13.31 -1.149 6.907 8.59E-03 8.53E-02
TC173492 -12.778 -1.218 6.87 8.76E-03 8.68E-02 Chromosome chr8 scaffold_23, whole genome  sequence;
TC157737 -12.227 -1.224 6.87 8.77E-03 8.68E-02 Chromosome chr7 scaffold_31, whole genome  sequence;
TC167803 -13.728 -1.12 6.863 8.80E-03 8.70E-02 Chromosome chr14 scaffold_164, whole genome chr14 
TC183801 -13.365 -1.109 6.837 8.93E-03 8.80E-02
EL342390 -12.768 -1.208 6.837 8.93E-03 8.80E-02
TC159233 -13.467 -1.089 6.831 8.96E-03 8.82E-02 Chromosome chr18 scaffold_137, whole genome chr18 
TC189513 -13.471 -1.121 6.816 9.03E-03 8.87E-02        
TC175664 -13.373 -1.109 6.816 9.04E-03 8.87E-02
TC196265 -12.765 -1.219 6.812 9.05E-03 8.88E-02
TC169649 -12.909 -1.215 6.81 9.07E-03 8.89E-02 Chromosome chr15 scaffold_19 whole genome sequence;
TC182193 -12.869 -1.213 6.801 9.11E-03 8.92E-02
TC193802 -13.259 -1.131 6.795 9.14E-03 8.93E-02 Chromosome chr12 scaffold_47, whole genome chr12  
TC158207 -11.558 -1.199 6.789 9.17E-03 8.95E-02
TC194497 -13.564 -1.098 6.787 9.18E-03 8.95E-02
TC189298 -11.145 -1.184 6.782 9.21E-03 8.96E-02
TC157452 -13.165 -1.138 6.768 9.28E-03 9.01E-02
TC159037 -13.696 -1.149 6.758 9.33E-03 9.06E-02
TC166741 -13.424 -1.088 6.753 9.36E-03 9.08E-02
TC162429 -11.855 -1.345 6.751 9.37E-03 9.08E-02
TC172072 -13.639 -1.123 6.746 9.39E-03 9.09E-02
TC184833 -13.474 -1.116 6.736 9.45E-03 9.14E-02 Chromosome undetermined scaffold_139, whole 
TC165813 -13.433 -1.081 6.72 9.53E-03 9.21E-02
TC184955 -13.885 -1.289 6.719 9.54E-03 9.21E-02
TC161302 -11.34 -1.108 6.696 9.66E-03 9.32E-02        
TC179673 -13.807 -1.204 6.691 9.69E-03 9.33E-02
TC199268 -12.407 -1.194 6.687 9.71E-03 9.35E-02
CO166849 -13.258 -1.116 6.665 9.83E-03 9.45E-02
TC187404 -13.275 -1.117 6.665 9.83E-03 9.45E-02        
AI919903 -12.75 -1.195 6.654 9.89E-03 9.49E-02        
TC184452 -13.475 -1.076 6.645 9.94E-03 9.49E-02 Cluster: Chromosome chr8 scaffold_23, whole Chromosome 

Peptide transporter-like;Oryza sativa transporter-like; 
Predicted protein;Physcomitrella patens protein; subsp. 

CP43 chlorophyll apoprotein of photosystem chlorophyll 2
Granule-bound starch synthase 1, 
Cluster: Gag-pol polyprotein;Glycine Gag-pol max; Gag-pol
Maltose ABC transporter, permease protein; ABCVibrio
Heat shock protein DnaJ;shock Medicago truncatula;
Clavata-like receptor;Picea glauca; receptor;

polymerase subunit alpha;Pinus subunit thunbergii;
Predicted protein;Physcomitrella patens protein; subsp. 

Os05g0374700 protein;Oryza Os05g0374700 sativa Japonica

C chain;Pinus; ATP chain; synthase C

BH04450;Bartonella henselae; UPF0301protein BH04450
At3g56260;Arabidopsis thaliana; At3g56260- Arabidopsis

At1g11080;Arabidopsis thaliana; At1g11080- Arabidopsis
Ribosomal protein L7/L12;Stenotrophomonas protein 
Os06g0536800 protein;Oryza Os06g0536800 sativa Japonica

Probable serine/threonine-specific protein kinase; 

Clavata-like receptor;Picea glauca; receptor; 

Signal transduction histidine kinase regulating citrate/

Pb-fam-2 protein;Plasmodium berghei; protein;
Cluster: Osr40g3 protein;Oryza Osr40g3 sativa; Osr40g3

Predicted protein;Monosiga Predicted brevicollis MX1;
reaction center subunit IX;center Pinus thunbergii;

Auxin-regulated protein;Zinnia elegans; protein; 

Aspartic proteinase;Theobroma cacao; proteinase; 
Histone H2A;Hyacinthus orientalis; H2A; Histone H2A
Cytochrome b6-f complex subunit 4; b6-fPinus
Expressed protein;Oryza sativa; protein
Predicted protein;Physcomitrella patens protein; subsp. 
Ser/Thr protein phosphatase family protein, protein 
Cytochrome b6-f complex subunit 4; b6-fPicea
meprin and TRAF homology domain-containing and protein /

Formamidase-like protein;Arabidopsis thaliana; protein
Auxin response factor 23;response Oryza sativa

Clavata-like receptor;Picea glauca; receptor; 
CROC-1-like protein;Picea mariana; protein; CROC-1-like 
Cytosolic ascorbate peroxidase;Vitis ascorbate vinifera; 


