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          To gain insights into the molecular level of adaptation, atten-
tion has turned to the investigation of adaptively relevant genes 
(candidate genes). For nonmodel organisms, access to candi-
date genes is limited and the transfer of primers, e.g., from ex-
pressed sequence tag (EST) libraries, if available, requires high 
labor costs. For instance, the resequencing of 800 genes se-
lected from more than 7000 ESTs from  Pinus taeda  L. yielded 
only 70 candidate genes for  Abies alba  Mill  . ( Mosca et al., 
2012 ). Because sequencing costs are decreasing rapidly, de 
novo sequencing in nonmodel organisms is now achievable. 
For the identifi cation of candidate genes in de novo–sequenced 
organisms, the use of differential expression profi ling (e.g., 
 Street et al., 2006   ;  Huang et al., 2012 ) can be performed, but it 
requires the sequencing of several samples. The sequencing of 
a single transcriptome, in contrast, is very cost-effective. How-
ever, the reduction of the data remains challenging. Blasting 
against available databases is the standard method, which re-
sults in outputs of large quantities and is therefore mainly used 
for annotation only (e.g.,  Parchman et al., 2010 ). Here, we pres-
ent a protocol for the effi cient reduction of transcriptomic data 
down to 283 candidate gene sequences that were used for im-
mediate primer development. The protocol is applicable for 
species that lack genomic resources. It combines a standard and 
a specifi c annotation approach and led to the resequencing of 88 
gene fragments in  A. alba . 

 METHODS AND RESULTS 

 A normalized transcriptome of a 1-yr-old  A. alba  seedling from the Black 
Forest (Forest District Calw, Germany; voucher MB-P-001007, Herbarium 
Marburgense, University of Marburg) was sequenced on a 454 GS FLX Tita-
nium platform (cDNA library preparation: Vertis Biotechnology AG, Freising, 
Germany; sequencing: Genoscreen, Lille, France). The 454 run yielded 
1 521 698 reads with an average length of 359 nucleotides (nt). Trimming and 
de novo assembly of the raw reads into contigs using Newbler software version 
2.3 (454 Life Sciences, Branford, Connecticut, USA  ) resulted in 25 149 contigs 
consisting of 381 808 complete and 619 615 partially assembled reads. The con-
tig length was between 100 nt and 2394 nt, with an average length of 498 nt. A 
total of 484 576   reads remained as singletons ( Table 1 ) . Contigs were submitted 
to the Transcriptome Shotgun Assembly database (TSA) at the National Center 
for Biotechnology Information (NCBI) (accession no.: JV134525–JV157085). 

 In the specifi c approach ( Fig. 1 ) , we tested a novel annotation protocol: Af-
ter a literature survey with key words “adaptation,” “candidates,” “drought,” 
“evolution,” “RT-PCR,” and “selection” in various combinations using the 
Web of Science database, we selected 5349 unique proteins and downloaded 
them from UniProt or NCBI (downloaded in November 2011). The proteins 
were subsequently searched against the contigs coming from the de novo tran-
scriptome sequencing that were formatted as the reference database using the 
BLAST+ 2.2.24 toolkit (tBLASTn parameters: softmasking = threshold 15 
max_target_seqs 10 000). To increase reliability of alignments and to avoid too-
short amplicons, only alignments with a length of at least 100 amino acids and 
an identity of at least 90% were considered further. From the contigs that passed 
the fi lter, 157 were selected for primer design. In the standard approach ( Fig. 1 ), 
contigs were searched against the refseq_protein database (downloaded from 
NCBI 14 June 2011) with strict BLAST-settings (BLASTx parameters: thresh-
old 999, window-size 4, gapopen 32767, gapextend 32767,  E -value   1e −20 ) 
( Altschul et al., 1990 ). Gene ontologies ( Ashburner et al., 2000 ) were assigned 
to contig-protein hits using Blast2GO 2.5.0 ( Conesa et al., 2005 ) and subse-
quently fi ltered as described above. To select for well-described proteins, con-
tig sequences were used for primer design if they could be assigned to enzyme 
IDs with the Kyoto Encyclopedia of Genes and Genomes (KEGG  ) ( Ogata et al., 
1999 ) in the fi nal annotation step. Primers were developed specifying the am-
plifi ed range according to the contig-protein alignment boundaries using de-
fault standard PCR settings of PerlPrimer   (version 1.1.12;  Marshall, 2004 ). 
Primers were tested in a 30  μ L PCR reaction with 17.28  μ L double-distilled 
water, 3  μ L 10 ×  PCR buffer with MgCl 2  (20 mM), 1.2  μ L MgCl 2  (25 mM), 
3  μ L Primermix (forward and reverse each 2  μ M), 1.44  μ L dNTPs (each 5 mM), 

  1  Manuscript received 13 April 2012; revision accepted 30 June 2012. 
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 PROTOCOL NOTE 

  ANNOTATION AND RE-SEQUENCING OF GENES FROM DE NOVO 
TRANSCRIPTOME ASSEMBLY OF    ABIES ALBA    (PINACEAE)  1  

   ANNA   M.     ROSCHANSKI     2,4   ,   BRUNO     FADY    3  ,   BIRGIT     ZIEGENHAGEN    2  ,  AND    SASCHA     LIEPELT    2   

  2 University of Marburg, Faculty of Biology, Conservation Biology, Karl-von-Frisch-Strasse 35032 Marburg, Germany; and 
 3 INRA, UR629, Ecologie des Forêts Méditerranéennes (URFM), 84914 Avignon, France 

  •  Premise of the study:  We present a protocol for the annotation of transcriptome sequence data and the identifi cation of candi-
date genes therein using the example of the nonmodel conifer  Abies alba . 

 •  Methods and Results:  A normalized cDNA library was built from an  A. alba  seedling. The sequencing on a 454 platform 
yielded more than 1.5 million reads that were de novo assembled into 25 149 contigs. Two complementary approaches were 
applied to annotate gene fragments that code for (1) well-known proteins and (2) proteins that are potentially adaptively rele-
vant. Primer development and testing yielded 88 amplicons that could successfully be resequenced from genomic DNA. 

 •  Conclusions:  The annotation workfl ow offers an effi cient way to identify potential adaptively relevant genes from the large 
quantity of transcriptome sequence data. The primer set presented should be prioritized for single-nucleotide polymorphism   
detection in adaptively relevant genes in  A. alba .  

  Key words:   Abies alba ; adaptation; annotation; candidate genes; de novo sequencing; Pinaceae. 
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0.24  μ L bovine serum albumin (BSA) (20 mg mL −1 ), 0.24  μ L Dream  Taq  poly-
merase (5 U  μ L −1 , Fermentas, St. Leon-Rot, Germany), and 3.6  μ L DNA (10 ng 
 μ L −1 ). The PCR was performed with 5 min initial denaturation at 94 ° C fol-
lowed by 35 repetitions of 45 s denaturation at 94 ° C, 45 s annealing at 52–59 ° C, 
45 s elongation at 72 ° C, and a 10 min fi nal elongation at 72 ° C. For the amplifi -
cation test, four samples were randomly chosen for each gene from a set of 80 
different silver fi r trees that were sampled in May 2011 in Mont Ventoux 
(44 ° 10 ′ 44.35 ″ N, 5 ° 14 ′ 32.29 ″ E, France  ). Amplifi cation was evaluated by elec-
trophoresis in 1% agarose gels. When amplifi cation was too weak, the volume 
of MgCl 2  was increased to 1.8  μ L. When faint ancillary bands appeared, no 
additional magnesium was added to the mastermix. If PCR products occurred 
as a single band, one sample was chosen for sequence analysis in each case to 
ensure that the region of interest was amplifi ed (LGC Genomics GmbH, Berlin, 
Germany). Gene sequences were aligned to the corresponding contigs using the 
CodonCode Aligner software (default large gap settings) to reveal the location 
of the introns. The gene sequences were searched against the nr nucleotide data-
base of NCBI (default discontiguous megaBLAST settings, web application). 

 In the specifi c approach, tBLASTn and subsequent sorting led to 321 con-
tigs. For primer development, 185 contigs were picked. In the standard ap-
proach, the initial number of contigs was decreased to one third after the 
BLASTx step. Approximately half of the hits could be further annotated with 
Gene Ontologies. After fi ltering, 126 contigs were successfully assigned to en-
zyme-IDs and used for primer design ( Fig. 1 ). In combination, 283 different 
contigs were annotated and only 28 were annotated with both approaches. 
Primer testing and sequencing resulted in 88 gene sequences ( Table 2 ) . Fifty-
seven genes were annotated using the specifi c approach, and 42 using the stan-
dard approach. Eleven were annotated by both approaches. The assembly of the 
gene sequences and the corresponding cDNA contigs revealed 43 introns in 26 
genes. The length of the gene sequences ranged from 262 to 1486 nt. All gene 
sequences aligned to sequences from the nr nucleotide database (NCBI) where 
the highest  E -value was 5.00e −32 . Twelve gene sequences hit organelle DNA 
(10 chloroplast, one mitochondrial, and one ribosomal). The remaining 76 are 
involved in the biosynthesis of different compounds (21), regulation (20), pri-
mary metabolism (14), growth (11), stress response (8), and water transport (2). 
In the biosynthesis group, enzymes from the auxin pathways, the phenylpro-
panoid pathways, and the tetrapyrrol pathways were dominant. With the excep-
tion of the primary metabolism group, all groups included candidates for the 
analysis of adaptation at gene level that had been investigated in previous stud-
ies of conifers (e.g.,  González-Martínez et al., 2006 ). 

 CONCLUSIONS 

 The two approaches of the workfl ow are complementary, 
each contributing approximately half of the annotations in the 
fi nal set of sequences. The standard approach can be run rapidly, 

but targets only well-known genes. The specifi c approach based 
on a review of the relevant literature is novel and provided a 
substantial amount of nonredundant annotations. As an advan-
tage, it can be easily adjusted and extended freely to the re-
searcher’s interest. The quality-tested primers can be used for 
assessing the degree of gene polymorphism in ecological genet-
ics studies. 
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  TABLE  1. Statistics of the 454 transcriptome sequencing run and metrics of the Newbler assembly   software  . 

Sequence type Number % Nucleotides Average (nt)

Size (nt) in quantiles

0% 25% 50% 75% 100%

Reads trimmed 1 521 698 100 546 346 058 359.0 <21 <303 <395 <444 <1088
Reads assembled 381 808 25.1
Reads partial 619 615 40.7
Reads singleton 484 576 31.8 175 198 711 361.6 <50 <307 < 397 < 443 <876
Reads repeat 1617 0.1
Reads outlier 20 389 1.3
Reads too short 13 693 0.9
Contigs 25 149 12 511 848 498 <100 <365 <468 <601 <2394
N50 Contig a 704

 a  Half of all bases are assembled in contigs of this size or longer.
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 Fig. 1. Workfl ow of the annotation protocol. Numbers of the output after each step are given. The standard approach starts with 25 149 contigs. The 
specifi c approach uses them as the reference database for the tBLASTn step.   

Downloaded From: https://bioone.org/journals/Applications-in-Plant-Sciences on 18 Oct 2024
Terms of Use: https://bioone.org/terms-of-use



4 of 8

  Applications in Plant Sciences   2013   1 ( 1 ): 1200179   Roschanski et al.—Annotation protocol for transcriptome data 
 doi:10.3732/apps.1200179 

http://www.bioone.org/loi/apps

  T
A

B
L

E
  2

. 
Pr

im
er

s 
fo

r 
re

se
qu

en
ci

ng
 o

f 
an

no
ta

te
d 

ge
ne

 f
ra

gm
en

ts
 in

  A
bi

es
 a

lb
a .

 a   

G
en

e 
L

oc
us

 I
D

Pr
im

er
 s

eq
ue

nc
es

 (
5 ′

 –3
 ′ )

 T  a
  (

 ° C
)

N
o.

 o
f 

in
tr

on
s

In
tr

on
 

le
ng

th
 (

nt
)

To
ta

l 
le

ng
th

 (
nt

)
A

nn
ot

at
io

n 
ap

pr
oa

ch
B

L
A

ST
n 

of
 g

en
e 

se
qu

en
ce

s 
ag

ai
ns

t n
r 

nu
cl

eo
tid

e 
da

ta
ba

se
 (

 E
 -v

al
ue

)
G

O
-I

D
 b

io
lo

gi
ca

l p
ro

ce
ss

95
 F
:
 
A
C
A
G
A
A
A
C
T
A
A
A
G
C
T
A
G
T
G
T
C
G

 
57

0
—

69
6

1
 K

et
el

ee
ri

a 
da

vi
di

an
a  

ch
lo

ro
pl

as
t D

N
A

, c
om

pl
et

e 
se

qu
en

ce
 (

0)
re

du
ct

iv
e 

pe
nt

os
e-

ph
os

ph
at

e 
cy

cl
e,

 
ph

ot
or

es
pi

ra
tio

n,
 o

xi
da

tio
n 

re
du

ct
io

n
 R
:
 
C
C
T
T
A
A
T
T
T
C
A
C
C
C
G
T
C
T
C
A
G

 
21

5
 F
:
 
C
C
A
A
G
G
A
C
T
C
T
G
A
T
C
G
A
A
T
C
C

 
56

2
41

1
14

86
2

 A
bi

es
 fi 

rm
a  

cl
on

e 
1 

4-
co

um
ar

at
e:

C
oA

 li
ga

se
 

(4
C

L
) 

ge
ne

, p
ar

tia
l c

ds
 (

0)
re

sp
on

se
 to

 U
V

, r
es

po
ns

e 
to

 w
ou

nd
in

g,
 

ph
en

yl
pr

op
an

oi
d 

m
et

ab
ol

ic
 p

ro
ce

ss
, r

es
po

ns
e 

to
 f

un
gu

s
 R
:
 
G
A
A
G
C
C
A
G
C
A
T
T
C
A
A
A
G
A
C
T
C

 

24
1

 F
:
 
A
A
C
G
T
C
C
G
T
T
A
A
T
A
C
T
T
C
G
G

 
56

3
25

6
13

70
2

 A
ra

bi
do

ps
is

 th
al

ia
na

  f
ru

ct
os

e-
bi

sp
ho

sp
ha

te
 

al
do

la
se

, c
la

ss
 I

 (
FB

A
1)

 m
R

N
A

, c
om

pl
et

e 
cd

s 
(1

E
-1

25
)

gl
yc

ol
ys

is
 R
:
 
A
G
T
A
A
G
T
G
T
A
G
C
C
C
T
T
C
A
C
G

 

32
3

 F
:
 
A
A
G
C
A
A
G
C
T
T
C
T
G
A
A
A
T
T
C
C

 
53

2
27

8
80

4
1

 A
. t

ha
li

an
a  

pl
as

m
a 

m
em

br
an

e 
H

+
-A

T
Pa

se
 g

en
e,

 
co

m
pl

et
e 

cd
s 

(1
E

-9
0)

au
xi

n 
bi

os
yn

th
et

ic
 p

ro
ce

ss
, A

T
P 

bi
os

yn
th

et
ic

 
pr

oc
es

s,
 p

ro
to

n 
tr

an
sp

or
t

 R
:
 
T
G
G
T
A
G
A
G
T
C
T
A
C
C
A
A
A
T
G
A
G

 
13

62
 F
:
 
G
A
A
G
A
G
G
T
A
G
C
T
G
C
A
T
T
G
G
T

 
59

0
—

87
1

1
 R

ic
in

us
 c

om
m

un
is

  p
ro

ce
ss

in
g-

sp
lic

in
g 

fa
ct

or
, 

pu
ta

tiv
e,

 m
R

N
A

 (
0.

0)
re

sp
on

se
 to

 h
yp

ox
ia

, s
uc

ro
se

 b
io

sy
nt

he
tic

 
pr

oc
es

s,
 n

uc
le

ar
 m

R
N

A
 s

pl
ic

in
g,

 v
ia

 
sp

lic
eo

so
m

e
 R
:
 
G
G
G
C
T
T
A
T
A
C
C
G
T
A
A
A
T
A
T
A
C
C
C
A

 

17
04

 F
:
 
C
A
A
C
T
A
C
T
T
C
A
G
A
G
A
C
A
G
A
C

 
52

2
32

7
85

8
2

 P
in

us
 ta

ed
a  

m
ito

ge
n-

ac
tiv

at
ed

 p
ro

te
in

 k
in

as
e 

13
 

(M
A

PK
13

) 
m

R
N

A
, c

om
pl

et
e 

cd
s 

(2
E

-8
4)

 R
:
 
A
A
A
G
A
T
T
C
C
C
T
C
C
A
A
A
T
C
A
G

 
23

87
 F
:
 
T
A
A
A
T
G
G
C
T
C
A
A
T
T
C
C
T
C
C
T
A
C
T
G

 
61

1
12

8
62

4
1

 M
ed

ic
ag

o 
tr

un
ca

tu
la

  A
lp

ha
-1

,4
-

ga
la

ct
ur

on
os

yl
tr

an
sf

er
as

e 
(M

T
R

_7
g0

75
84

0)
 

m
R

N
A

, c
om

pl
et

e 
cd

s 
(8

E
-9

9)
 R
:
 
G
T
T
C
C
A
A
G
C
T
T
C
C
A
C
A
A
T
A
C
T
C

 

25
65

 F
:
 
G
T
G
T
C
T
G
G
A
A
G
G
G
A
A
T
A
C
A
A
G
G

 
58

0
—

43
2

1
PR

E
D

IC
T

E
D

:  V
it

is
 v

in
if

er
a  

ad
en

os
yl

ho
m

oc
ys

te
in

as
e-

lik
e,

 tr
an

sc
ri

pt
 

va
ri

an
t 1

 (
L

O
C

10
02

53
87

2)
, m

R
N

A
 (

1E
-1

09
)

em
br

yo
ni

c 
de

ve
lo

pm
en

t e
nd

in
g 

in
 s

ee
d 

do
rm

an
cy

, o
ne

-c
ar

bo
n 

m
et

ab
ol

ic
 p

ro
ce

ss
, 

po
st

tr
an

sc
ri

pt
io

na
l g

en
e 

si
le

nc
in

g,
 

m
et

hy
la

tio
n-

de
pe

nd
en

t c
hr

om
at

in
 s

ile
nc

in
g

 R
:
 
C
C
T
T
G
A
C
T
C
C
T
T
C
A
T
G
G
A
T
C
A
G

 

27
74

 F
:
 
G
T
T
A
C
A
G
G
A
A
G
C
C
T
T
T
C
T
G
G

 
55

0
—

50
2

2
 C

it
ru

s 
si

ne
ns

is
  p

ec
tin

es
te

ra
se

 m
R

N
A

, 
co

m
pl

et
e 

cd
s 

(5
E

-3
2)

ce
ll 

w
al

l m
od

ifi 
ca

tio
n

 R
:
 
G
C
G
G
G
A
T
G
A
A
T
T
A
T
C
T
T
G
T
C

 
29

37
 F
:
 
T
G
A
G
C
T
G
A
T
T
G
C
T
A
A
T
G
C
G
G

 
58

0
—

62
2

2
 So

la
nu

m
 tu

be
ro

su
m

  c
lo

ne
 1

54
D

06
 f

ru
ct

os
e-

bi
sp

ho
sp

ha
te

 a
ld

ol
as

e-
lik

e 
m

R
N

A
, 

co
m

pl
et

e 
cd

s 
(5

E
-1

20
)

gl
yc

ol
ys

is
 R
:
 
G
G
A
C
A
T
G
G
T
G
G
T
C
A
T
T
G
A
G
G

 

29
86

 F
:
 
C
T
G
T
C
T
G
T
G
A
C
G
G
A
T
C
T
A
G
C

 
57

0
—

35
5

1
 Po

pu
lu

s 
tr

ic
ho

ca
rp

a  
ar

og
en

at
e/

pr
ep

he
na

te
 

de
hy

dr
at

as
e 

(P
D

T
1)

, m
R

N
A

 (
1E

-5
2)

 L -
ph

en
yl

al
an

in
e 

bi
os

yn
th

et
ic

 p
ro

ce
ss

 R
:
 
T
G
A
G
G
A
T
G
G
C
T
T
A
C
A
A
C
A
C
G

 
34

21
 F
:
 
C
T
C
A
T
C
T
C
T
G
C
C
A
G
A
A
A
G
A
C

 
55

0
—

32
4

2
 P

ic
ea

 s
it

ch
en

si
s  

is
ol

at
e 

C
R

20
1 

ph
en

yl
al

an
in

e 
am

m
on

ia
 ly

as
e-

lik
e 

pr
ot

ei
n 

m
R

N
A

, p
ar

tia
l 

cd
s 

(0
.0

)

ph
en

yl
pr

op
an

oi
d 

m
et

ab
ol

ic
 p

ro
ce

ss
, 

bi
os

yn
th

et
ic

 p
ro

ce
ss

,  L
 -p

he
ny

la
la

ni
ne

 
ca

ta
bo

lic
 p

ro
ce

ss
 R
:
 
G
T
A
G
A
G
C
T
T
C
A
T
C
T
A
C
G
A
G
G

 

35
93

 F
:
 
A
G
G
A
C
C
T
G
A
A
A
T
A
C
C
T
T
G
C
T

 
56

0
—

33
7

2
 A

bi
es

 fi 
rm

a  
ch

lo
ro

pl
as

t, 
pa

rt
ia

l g
en

om
e 

(6
E

-1
70

)
tr

an
sp

or
t, 

re
sp

ir
at

or
y 

el
ec

tr
on

 tr
an

sp
or

t c
ha

in
, 

ph
ot

os
yn

th
es

is
 R
:
 
T
C
C
G
T
G
T
T
T
A
T
C
T
C
A
C
A
G
G
T

 
36

89
 F
:
 
C
G
A
T
T
G
C
A
T
C
T
C
T
G
T
A
C
G
C
C

 
58

0
—

61
9

2
 P

se
ud

ot
su

ga
 m

en
zi

es
ii

  v
ar

.  m
en

zi
es

ii
  h

ap
lo

ty
pe

 
Pm

-T
B

E
_4

12
m

2 
th

ia
zo

le
 b

io
sy

nt
he

tic
 e

nz
ym

e 
(T

B
E

) 
ge

ne
, c

om
pl

et
e 

cd
s 

(0
.0

)

th
ia

m
in

 b
io

sy
nt

he
tic

 p
ro

ce
ss

 R
:
 
G
C
T
C
T
T
G
A
G
C
C
T
C
T
T
G
A
C
A
C

 

39
18

 F
:
 
T
T
C
C
A
A
G
G
T
C
T
T
C
T
C
A
A
G
G
T

 
55

0
—

40
0

2
 P

in
us

 ta
ed

a  
ce

llu
lo

se
 s

yn
th

as
e 

ca
ta

ly
tic

 s
ub

un
it 

(C
es

A
1)

 m
R

N
A

, c
om

pl
et

e 
cd

s 
(0

.0
)

ce
llu

lo
se

 b
io

sy
nt

he
tic

 p
ro

ce
ss

, c
el

lu
la

r 
ce

ll 
w

al
l 

or
ga

ni
za

tio
n,

 s
ec

on
da

ry
 c

el
l w

al
l b

io
ge

ne
si

s,
 

rh
am

no
ga

la
ct

ur
on

an
 I

 s
id

e 
ch

ai
n 

m
et

ab
ol

ic
 

pr
oc

es
s

 R
:
 
T
G
A
A
G
A
G
T
A
G
G
A
G
T
T
T
C
G
G
T

 

39
42

 F
:
 
G
T
A
T
G
A
T
A
C
C
G
A
T
G
T
G
A
C
G
A

 
55

0
—

27
3

2
 R

ic
in

us
 c

om
m

un
is

  p
ro

te
as

om
e 

su
bu

ni
t a

lp
ha

 ty
pe

, 
pu

ta
tiv

e,
 m

R
N

A
 (

8E
-4

8)
ub

iq
ui

tin
-d

ep
en

de
nt

 p
ro

te
in

 c
at

ab
ol

ic
 p

ro
ce

ss
 R
:
 
T
T
T
G
T
A
A
T
G
G
A
T
G
C
A
C
T
C
G
G

 
39

81
 F
:
 
G
G
A
G
A
A
G
T
C
T
A
C
A
G
T
T
C
C
A
G

 
54

0
—

91
8

1
 P

in
us

 r
ad

ia
ta

  U
D

P-
gl

uc
os

e 
de

hy
dr

og
en

as
e 

ge
ne

, 
pa

rt
ia

l s
eq

ue
nc

e 
(0

.0
)

ox
id

at
io

n 
re

du
ct

io
n

 R
:
 
A
T
A
G
T
C
C
A
G
T
G
T
C
T
T
G
A
A
C
T
C

 
41

03
 F
:
 
A
T
G
G
C
C
A
C
C
T
T
A
C
T
A
A
G
A
A
G
C

 
57

0
—

84
1

1
 P

in
us

 p
in

as
te

r  
m

R
N

A
 f

or
  S

 -a
de

no
sy

lm
et

hi
on

in
e 

sy
nt

ha
se

 1
 (

sa
m

s1
 g

en
e)

 (
0.

0)
au

xi
n 

bi
os

yn
th

et
ic

 p
ro

ce
ss

, o
ne

-c
ar

bo
n 

m
et

ab
ol

ic
 p

ro
ce

ss
 R
:
 
C
C
A
C
T
T
A
A
G
G
A
C
C
T
T
T
A
C
A
G
T
C
T
C

 
44

92
 F
:
 
T
G
G
G
T
G
C
A
A
C
T
G
A
A
G
A
T
A
G
A
G

 
57

0
—

69
8

1
 M

ed
ic

ag
o 

tr
un

ca
tu

la
  m

ag
ne

si
um

-c
he

la
ta

se
 

su
bu

ni
t c

hl
I 

(M
T

R
_2

g0
15

39
0)

 m
R

N
A

, 
co

m
pl

et
e 

cd
s 

(4
E

-1
60

)

au
xi

n 
bi

os
yn

th
et

ic
 p

ro
ce

ss
, c

hl
or

op
hy

ll 
bi

os
yn

th
et

ic
 p

ro
ce

ss
, p

ho
to

sy
nt

he
si

s
 R
:
 
T
T
T
C
T
A
C
A
A
C
T
A
G
C
A
A
G
C
C
T
G
A
G

 

Downloaded From: https://bioone.org/journals/Applications-in-Plant-Sciences on 18 Oct 2024
Terms of Use: https://bioone.org/terms-of-use



  Applications in Plant Sciences   2013   1 ( 1 ): 1200179   Roschanski et al.—Annotation protocol for transcriptome data 
 doi:10.3732/apps.1200179 

5 of 8http://www.bioone.org/loi/apps

T
A

B
L

E
 2

. 
C

on
tin

ue
d.

G
en

e 
L

oc
us

 I
D

Pr
im

er
 s

eq
ue

nc
es

 (
5 ′

 –3
 ′ )

 T  a
  (

 ° C
)

N
o.

 o
f 

in
tr

on
s

In
tr

on
 

le
ng

th
 (

nt
)

To
ta

l 
le

ng
th

 (
nt

)
A

nn
ot

at
io

n 
ap

pr
oa

ch
B

L
A

ST
n 

of
 g

en
e 

se
qu

en
ce

s 
ag

ai
ns

t n
r 

nu
cl

eo
tid

e 
da

ta
ba

se
 (

 E
 -v

al
ue

)
G

O
-I

D
 b

io
lo

gi
ca

l p
ro

ce
ss

49
21

 F
:
 
G
A
A
G
G
T
C
G
G
C
T
A
T
A
T
C
A
G
G
T

 
56

0
—

66
4

2
PR

E
D

IC
T

E
D

:  G
ly

ci
ne

 m
ax

  p
ro

te
as

om
e 

su
bu

ni
t a

lp
ha

 ty
pe

-4
-l

ik
e,

 tr
an

sc
ri

pt
 v

ar
ia

nt
 1

 
(L

O
C

10
07

86
45

7)
, m

R
N

A
 (

2E
-1

47
)

re
sp

on
se

 to
 c

ad
m

iu
m

 io
n,

 u
bi

qu
iti

n-
de

pe
nd

en
t 

pr
ot

ei
n 

ca
ta

bo
lic

 p
ro

ce
ss

 R
:
 
A
G
C
T
T
A
G
A
C
A
G
A
G
A
C
T
C
A
G
G

 

50
04

 F
:
 
C
A
G
A
T
G
T
G
A
G
C
C
A
T
T
A
C
T
T
T
G
A
C

 
57

0
—

46
1

1
 P

ic
ea

 s
it

ch
en

si
s  

is
ol

at
e 

V
D

40
1 

m
ag

ne
si

um
 

ch
el

at
as

e 
H

-l
ik

e 
pr

ot
ei

n 
m

R
N

A
, p

ar
tia

l c
ds

 (
0)

ch
lo

ro
ph

yl
l b

io
sy

nt
he

tic
 p

ro
ce

ss
 R
:
 
C
A
A
C
C
T
C
T
G
A
A
T
A
T
A
G
C
T
G
C
C
T

 
58

23
 F
:
 
T
G
C
T
T
G
A
T
A
T
A
C
G
T
C
C
T
G
G
G

 
57

0
—

29
3

2
 P

ic
ea

 s
it

ch
en

si
s  

is
ol

at
e 

V
D

40
1 

ph
yt

oc
hr

om
e 

A
-l

ik
e 

pr
ot

ei
n 

m
R

N
A

, p
ar

tia
l c

ds
 (

0)
re

gu
la

tio
n 

of
 tr

an
sc

ri
pt

io
n,

 
ph

ot
om

or
ph

og
en

es
is

, t
ry

pt
op

ha
n 

bi
os

yn
th

et
ic

 p
ro

ce
ss

 R
:
 
C
T
A
G
A
C
A
G
T
G
T
T
G
C
T
C
C
A
C
G

 

59
45

 F
:
 
C
T
G
T
C
A
C
T
C
A
G
A
T
C
T
T
C
A
G
C

 
55

0
—

33
9

2
 P.

 a
bi

es
  (

L
.)

 K
ar

st
. L

hc
b1

*2
-2

 m
R

N
A

 f
or

 li
gh

t-
ha

rv
es

tin
g 

ch
lo

ro
ph

yl
l a

/b
-b

in
di

ng
 p

ro
te

in
 (

0.
0)

ph
ot

os
yn

th
es

is
, l

ig
ht

 h
ar

ve
st

in
g,

 p
ro

te
in

-
ch

ro
m

op
ho

re
 li

nk
ag

e
 R
:
 
A
G
A
T
G
A
T
C
A
G
C
G
A
G
A
T
T
C
T
C

 
61

19
 F
:
 
A
G
A
G
G
A
T
G
T
T
G
G
G
C
A
T
T
A
T
G
G

 
57

0
—

56
7

1
 P

ic
ea

 m
ar

ia
na

  p
yr

uv
at

e 
de

hy
dr

og
en

as
e 

E
1 

be
ta

 
su

bu
ni

t (
Sb

68
) 

m
R

N
A

, p
ar

tia
l c

ds
 (

0.
0)

po
lle

n 
tu

be
 d

ev
el

op
m

en
t, 

ox
id

at
io

n 
re

du
ct

io
n

 R
:
 
C
A
T
C
A
C
A
T
G
G
T
A
T
C
T
C
A
T
C
C
G
A

 
65

94
 F
:
 
T
G
G
C
T
T
T
A
T
C
T
T
G
G
A
G
A
C
T
T
C
A
C

 
58

1
34

8
71

2
1

 R
ic

in
us

 c
om

m
un

is
  p

ho
sp

ha
tid

yl
in

os
ito

l 4
-k

in
as

e,
 

pu
ta

tiv
e,

 m
R

N
A

 (
5E

-5
1)

ph
os

ph
oi

no
si

tid
e 

bi
os

yn
th

et
ic

 p
ro

ce
ss

, 
ph

os
ph

oi
no

si
tid

e 
ph

os
ph

or
yl

at
io

n,
 s

ig
na

l 
tr

an
sd

uc
tio

n,
 p

ho
sp

ho
in

os
iti

de
-m

ed
ia

te
d 

si
gn

al
in

g

 R
:
 
G
A
A
T
A
A
G
G
T
C
A
T
A
G
C
C
T
G
C
C
G

 

67
57

 F
:
 
T
A
T
C
A
T
G
C
C
C
T
G
A
A
A
G
C
G
T
C

 
58

5
17

7
93

9
1

 A
ra

bi
do

ps
is

 th
al

ia
na

  r
ib

on
uc

le
os

id
e-

di
ph

os
ph

at
e 

re
du

ct
as

e 
su

bu
ni

t M
1 

(R
N

R
1)

 m
R

N
A

, 
co

m
pl

et
e 

cd
s 

(1
E

-3
9)

 R
:
 
A
C
T
T
C
C
A
C
A
A
G
C
A
A
G
A
C
A
C
T
C

 

70
98

 F
:
 
C
T
T
T
A
C
T
G
T
T
G
G
A
G
G
T
A
G
A
T
C
A
G

 
55

0
—

78
2

1
 A

ra
bi

do
ps

is
 th

al
ia

na
  U

D
P-

gl
uc

ur
on

ic
 a

ci
d 

de
ca

rb
ox

yl
as

e 
(A

U
D

1)
 m

R
N

A
, c

om
pl

et
e 

cd
s 

(1
E

-1
53

)

dT
D

P-
rh

am
no

se
 b

io
sy

nt
he

tic
 p

ro
ce

ss
,  D

 -x
yl

os
e 

m
et

ab
ol

ic
 p

ro
ce

ss
 R
:
 
G
T
T
T
G
T
T
T
G
T
C
T
T
T
G
T
A
C
T
C
C
C

 

72
08

 F
:
 
G
T
T
A
C
A
T
T
C
G
T
A
A
G
T
A
G
C
T
T
G
G

 
54

0
—

32
6

1
 P

in
us

 th
un

be
rg

ii
  N

A
D

H
 d

eh
yd

ro
ge

na
se

 s
ub

un
it 

5 
(n

ad
5)

 g
en

e,
 p

ar
tia

l c
ds

; m
ito

ch
on

dr
ia

l (
0)

tr
an

sp
or

t, 
A

T
P 

sy
nt

he
si

s 
co

up
le

d 
el

ec
tr

on
 

tr
an

sp
or

t
 R
:
 
A
A
A
T
G
G
T
C
G
A
G
A
A
G
T
C
T
A
C
T
G

 
73

24
 F
:
 
A
T
T
G
G
A
G
A
T
G
G
A
G
C
C
A
T
G
A
C

 
57

0
—

47
1

1
 P

ic
ea

 a
bi

es
  1

-d
eo

xy
- D

 -x
yl

ul
os

e 
5-

ph
os

ph
at

e 
sy

nt
ha

se
 ty

pe
 I

 (
D

X
S1

) 
m

R
N

A
, c

om
pl

et
e 

cd
s 

(0
)

te
rp

en
oi

d 
bi

os
yn

th
et

ic
 p

ro
ce

ss
, t

hi
am

in
 

bi
os

yn
th

et
ic

 p
ro

ce
ss

 R
:
 
T
C
T
C
T
G
C
A
T
A
T
G
G
G
T
A
A
C
C
C

 

82
48

 F
:
 
C
A
A
G
T
A
T
T
C
C
G
A
A
A
G
G
C
A
G
C

 
57

1
60

1
11

28
2

 P.
 a

bi
es

  m
R

N
A

 f
or

 p
or

in
 M

ip
1 

(3
E

-1
54

)
re

sp
on

se
 to

 w
at

er
 d

ep
ri

va
tio

n,
 w

at
er

 tr
an

sp
or

t, 
tr

an
sm

em
br

an
e 

tr
an

sp
or

t, 
re

sp
on

se
 to

 s
al

t 
st

re
ss

 R
:
 
A
C
A
A
A
G
G
T
G
C
C
C
A
C
A
A
T
C
T
C

 

85
83

 F
:
 
T
C
T
C
C
T
A
C
A
T
T
G
A
C
G
A
T
C
C
C

 
56

0
—

39
3

2
 P

ic
ea

 s
it

ch
en

si
s  

is
ol

at
e 

V
A

30
1 

ph
en

yl
al

an
in

e 
am

m
on

ia
 ly

as
e-

lik
e 

pr
ot

ei
n 

m
R

N
A

, p
ar

tia
l c

ds
 

(5
E

-1
62

)

ph
en

yl
pr

op
an

oi
d 

m
et

ab
ol

ic
 p

ro
ce

ss
, 

bi
os

yn
th

et
ic

 p
ro

ce
ss

,  L
 -p

he
ny

la
la

ni
ne

 
ca

ta
bo

lic
 p

ro
ce

ss
 R
:
 
C
C
A
T
C
C
A
A
G
C
A
C
T
T
G
A
A
G
A
G

 

88
55

 F
:
 
T
A
T
T
T
G
C
T
G
G
T
C
G
G
G
A
T
T
C
G

 
58

2
27

5
92

6
2

 P.
 s

yl
ve

st
ri

s  
L

hc
a4

*1
-2

 m
R

N
A

 e
nc

od
in

g 
L

hc
a4

 
pr

ot
ei

n 
(t

yp
e 

4 
pr

ot
ei

n 
of

 li
gh

t-
ha

rv
es

tin
g 

co
m

pl
ex

 o
f 

ph
ot

os
ys

te
m

 I
) 

(p
ar

tia
l)

 (
7E

-1
79

)

ph
ot

os
yn

th
es

is
, l

ig
ht

 h
ar

ve
st

in
g

 R
:
 
C
T
G
C
A
C
T
A
G
G
T
T
C
T
C
G
A
A
C
G

 

93
66

 F
:
 
A
G
T
G
A
A
A
G
C
A
A
C
A
A
C
T
T
A
G
G

 
53

0
—

59
8

1
 Ta

m
ar

ix
 h

is
pi

da
  p

er
ox

ir
ed

ox
in

 2
 (

Pr
x2

) 
m

R
N

A
, 

co
m

pl
et

e 
cd

s 
(5

E
-1

39
)

ce
ll 

re
do

x 
ho

m
eo

st
as

is
, o

xi
da

tio
n 

re
du

ct
io

n
 R
:
 
T
C
T
G
G
C
T
T
C
A
T
T
G
A
T
T
T
G
T
C

 
95

12
 F
:
 
G
T
A
C
T
G
G
A
G
T
A
G
C
T
G
C
A
C
G
A

 
59

1
99

41
5

2
 C

yc
as

 r
ev

ol
ut

a  
cl

as
s 

II
I 

H
D

-Z
ip

 p
ro

te
in

 H
D

Z
32

 
ge

ne
, p

ar
tia

l c
ds

 (
4E

-5
2)

re
gu

la
tio

n 
of

 tr
an

sc
ri

pt
io

n,
 D

N
A

-d
ep

en
de

nt
 R
:
 
T
A
C
A
A
A
G
T
G
C
T
G
C
A
C
A
G
C
A
G

 
96

52
 F
:
 
T
G
C
A
A
A
G
A
A
A
G
T
C
A
A
G
G
C
G
A

 
58

2
41

8
91

3
2

 P
in

us
 p

in
as

te
r  

C
O

B
R

A
-l

ik
e 

pr
ot

ei
n 

ge
ne

, 
pa

rt
ia

l c
ds

 (
0)

 R
:
 
C
C
C
A
T
A
C
G
G
T
G
T
T
A
A
T
G
G
C
T

 
11

30
1

 F
:
 
G
A
T
G
T
T
G
T
T
C
G
T
G
C
A
A
A
G
A
C

 
54

0
—

49
0

2
 P

in
us

 p
in

as
te

r  
m

R
N

A
 f

or
 m

al
at

e 
de

hy
dr

og
en

as
e 

(M
D

H
 g

en
e)

 (
0.

0)
m

al
at

e 
m

et
ab

ol
ic

 p
ro

ce
ss

, o
xi

da
tio

n 
re

du
ct

io
n,

 
tr

ic
ar

bo
xy

lic
 a

ci
d 

cy
cl

e,
 g

ly
co

ly
si

s
 R
:
 
G
C
G
A
A
C
T
T
A
A
T
T
C
C
C
T
T
C
T
C

 
13

32
9

 F
:
 
G
A
T
A
T
G
T
G
C
C
C
A
A
G
A
A
C
A
T
T
C
T
G

 
57

0
—

35
0

1
PR

E
D

IC
T

E
D

:  G
ly

ci
ne

 m
ax

  p
ro

ba
bl

e 
rh

am
no

se
 

bi
os

yn
th

et
ic

 e
nz

ym
e 

1-
lik

e 
(L

O
C

10
07

89
90

9)
, 

m
R

N
A

 (
7E

-8
7)

 R
:
 
C
C
T
T
G
C
A
T
G
C
T
T
C
A
A
G
A
A
G
G

 

13
53

6
 F
:
 
C
T
G
C
T
G
A
T
T
C
T
G
A
T
C
A
G
T
C
C

 
56

0
—

36
8

2
 P

in
us

 th
un

be
rg

ii
  P

tA
N

T
L

1 
m

R
N

A
 f

or
 

A
IN

T
E

G
U

M
E

N
TA

-l
ik

e 
pr

ot
ei

n,
 c

om
pl

et
e 

cd
s 

(0
.0

)

re
gu

la
tio

n 
of

 tr
an

sc
ri

pt
io

n,
 D

N
A

-d
ep

en
de

nt
 R
:
 
T
C
C
A
C
A
A
T
G
C
A
A
A
C
A
T
A
G
G
C

 

Downloaded From: https://bioone.org/journals/Applications-in-Plant-Sciences on 18 Oct 2024
Terms of Use: https://bioone.org/terms-of-use



6 of 8

  Applications in Plant Sciences   2013   1 ( 1 ): 1200179   Roschanski et al.—Annotation protocol for transcriptome data 
 doi:10.3732/apps.1200179 

http://www.bioone.org/loi/apps

T
A

B
L

E
 2

. 
C

on
tin

ue
d.

G
en

e 
L

oc
us

 I
D

Pr
im

er
 s

eq
ue

nc
es

 (
5 ′

 –3
 ′ )

 T  a
  (

 ° C
)

N
o.

 o
f 

in
tr

on
s

In
tr

on
 

le
ng

th
 (

nt
)

To
ta

l 
le

ng
th

 (
nt

)
A

nn
ot

at
io

n 
ap

pr
oa

ch
B

L
A

ST
n 

of
 g

en
e 

se
qu

en
ce

s 
ag

ai
ns

t n
r 

nu
cl

eo
tid

e 
da

ta
ba

se
 (

 E
 -v

al
ue

)
G

O
-I

D
 b

io
lo

gi
ca

l p
ro

ce
ss

14
45

5
 F
:
 
G
A
A
C
A
A
G
A
T
C
G
A
C
T
A
C
T
G
C
C

 
56

0
—

83
4

2
 P

in
us

 ta
ed

a  
m

R
N

A
 f

or
 a

lp
ha

-1
,

6-
xy

lo
sy

ltr
an

sf
er

as
e 

(x
34

.1
 g

en
e)

 (
0.

0)
ro

ot
 h

ai
r 

el
on

ga
tio

n,
 x

yl
og

lu
ca

n 
bi

os
yn

th
et

ic
 

pr
oc

es
s

 R
:
 
T
T
T
G
A
T
G
G
C
C
T
T
G
A
A
A
G
C
A
G

 
14

47
9

 F
:
 
C
C
A
C
T
C
C
C
A
A
G
T
A
C
T
C
A
A
A
G
G

 
57

0
—

58
8

1
 P

ic
ea

 a
bi

es
  m

R
N

A
 f

or
 tr

an
sl

at
io

n 
el

on
ga

tio
n 

fa
ct

or
-1

 a
lp

ha
, p

ar
tia

l (
0.

0)
tr

an
sl

at
io

na
l e

lo
ng

at
io

n
 R
:
 
C
A
A
G
T
G
T
G
G
C
A
A
T
C
C
A
A
C
A
C

 

14
51

4
 F
:
 
G
G
G
T
T
C
T
G
A
T
T
C
T
C
C
A
A
A
G
G

 
56

0
—

32
2

2
 M

et
as

eq
uo

ia
 g

ly
pt

os
tr

ob
oi

de
s  

fr
uc

to
se

-1
,6

-
di

ph
os

ph
at

e 
al

do
la

se
 m

R
N

A
, c

om
pl

et
e 

cd
s 

(2
E

-7
4)

pe
nt

os
e-

ph
os

ph
at

e 
sh

un
t, 

re
sp

on
se

 to
 s

al
t s

tr
es

s,
 

gl
yc

ol
ys

is
, r

es
po

ns
e 

to
 c

ad
m

iu
m

 io
n

 R
:
 
C
T
G
C
A
T
A
C
T
T
G
G
C
C
A
A
A
G
T
G

 

14
58

5
 F
:
 
T
C
T
T
G
A
A
T
T
C
T
T
C
C
T
A
T
G
T
C
C
C
A
G

 
57

1
19

3
91

5
1

PR
E

D
IC

T
E

D
:  V

it
is

 v
in

if
er

a  
ga

la
ct

ur
on

os
yl

tr
an

sf
er

as
e 

8-
lik

e 
(L

O
C

10
02

58
81

8)
, m

R
N

A
 (

6E
-1

19
)

ho
m

og
al

ac
tu

ro
na

n 
bi

os
yn

th
et

ic
 p

ro
ce

ss
 R
:
 
A
A
T
T
G
C
A
C
A
T
C
T
G
C
A
C
A
A
A
C
T
C

 

14
88

7
 F
:
 
G
G
T
T
A
G
A
C
C
A
G
T
T
C
A
T
A
A
C
C

 
53

0
—

11
56

2
PR

E
D

IC
T

E
D

:  G
ly

ci
ne

 m
ax

  e
lo

ng
at

io
n 

fa
ct

or
 2

-l
ik

e 
(L

O
C

10
07

88
35

7)
, m

R
N

A
 (

0.
0)

 R
:
 
G
T
C
T
T
C
A
A
A
C
T
C
T
G
A
C
A
A
G
G

 
15

13
5

 F
:
 
T
T
G
C
A
G
G
A
C
T
T
C
T
T
T
A
A
T
G
G

 
53

0
—

65
7

2
 R

ic
in

us
 c

om
m

un
is

  h
ea

t s
ho

ck
 p

ro
te

in
, p

ut
at

iv
e,

 
m

R
N

A
 (

0.
0)

ox
id

at
io

n 
re

du
ct

io
n,

 r
es

po
ns

e 
to

 s
tr

es
s,

 a
ux

in
 

bi
os

yn
th

et
ic

 p
ro

ce
ss

 R
:
 
T
C
T
T
C
T
T
G
T
C
A
G
A
T
G
G
A
T
C
C

 
15

33
7

 F
:
 
T
T
T
A
T
T
G
T
A
T
T
C
C
T
C
C
T
A
G
G
C
C
A
G

 
57

1
23

2
10

86
1

 P
ic

ea
 g

la
uc

a  
is

ol
at

e 
D

84
11

04
9-

16
2 

ce
llu

lo
se

 
sy

nt
ha

se
 f

am
ily

 p
ro

te
in

 g
en

e,
 p

ar
tia

l s
eq

ue
nc

e 
(0

.0
)

ce
llu

lo
se

 b
io

sy
nt

he
tic

 p
ro

ce
ss

, c
el

lu
la

r 
ce

ll 
w

al
l 

or
ga

ni
za

tio
n

 R
:
 
C
A
C
A
A
T
C
T
A
A
G
C
C
A
C
A
T
T
C
T
T
C
C

 

15
48

4
 F
:
 
T
T
C
G
A
C
G
C
C
A
A
C
G
T
T
A
T
C
T
G

 
58

0
—

66
3

2
 P

in
us

 p
in

as
te

r  
ph

en
yl

al
an

in
e 

am
m

on
ia

-l
ya

se
 

(p
al

2)
 m

R
N

A
, c

om
pl

et
e 

cd
s 

(0
.0

)
ph

en
yl

pr
op

an
oi

d 
m

et
ab

ol
ic

 p
ro

ce
ss

, 
bi

os
yn

th
et

ic
 p

ro
ce

ss
,  L

 -p
he

ny
la

la
ni

ne
 

ca
ta

bo
lic

 p
ro

ce
ss

 R
:
 
G
G
C
C
C
A
G
A
G
A
A
T
T
G
A
C
A
T
C
C

 

15
72

7
 F
:
 
C
A
C
T
G
A
A
G
G
T
T
G
T
G
G
A
C
G
A
G

 
58

0
—

32
5

2
 P

in
us

 p
in

as
te

r  
m

R
N

A
 f

or
 c

yt
os

ol
ic

 s
er

in
e 

hy
dr

ox
ym

et
hy

ltr
an

sf
er

as
e 

(c
sh

m
t g

en
e)

 
(2

E
-1

38
)

 L -
se

ri
ne

 m
et

ab
ol

ic
 p

ro
ce

ss
, o

ne
-c

ar
bo

n 
m

et
ab

ol
ic

 p
ro

ce
ss

, g
ly

ci
ne

 m
et

ab
ol

ic
 p

ro
ce

ss
 R
:
 
G
T
T
C
A
G
A
A
G
G
G
C
T
G
T
G
T
A
G
G

 

15
81

1
 F
:
 
T
T
C
G
A
G
A
T
C
A
T
C
T
G
G
A
C
T
G
C

 
57

0
—

43
8

2
 A

bi
es

 a
lb

a  
ge

no
ty

pe
 L

am
ac

ce
 1

 c
ha

lc
on

e 
sy

nt
ha

se
 (

C
H

S)
 g

en
e,

 C
H

S-
A

8 
al

le
le

, 
co

m
pl

et
e 

cd
s 

(0
)

bi
os

yn
th

et
ic

 p
ro

ce
ss

 R
:
 
C
G
A
C
T
G
T
T
T
C
G
A
C
A
G
T
G
A
G
G

 

15
96

9
 F
:
 
G
G
A
A
A
C
C
T
T
C
T
T
G
T
T
C
A
C
A
T
C
T
G

 
57

0
—

99
0

1
 P

in
us

 c
on

to
rt

a 
S -

ad
en

os
yl

m
et

hi
on

in
e 

sy
nt

he
ta

se
 

(s
am

s2
) 

m
R

N
A

, c
om

pl
et

e 
cd

s 
(0

.0
)

au
xi

n 
bi

os
yn

th
et

ic
 p

ro
ce

ss
, o

ne
-c

ar
bo

n 
m

et
ab

ol
ic

 p
ro

ce
ss

 R
:
 
C
T
T
G
T
C
T
G
G
A
A
T
C
C
T
C
C
C
T
G

 
16

72
7

 F
:
 
G
G
T
G
A
C
T
G
T
G
A
A
G
G
C
A
A
T
G
G

 
58

0
—

33
1

2
 Po

pu
lu

s  
E

ST
 f

ro
m

 s
ev

er
e 

dr
ou

gh
t-

st
re

ss
ed

 
op

po
si

te
 w

oo
d 

(0
.0

00
00

00
03

)
lip

id
 tr

an
sp

or
t

 R
:
 
T
C
C
C
A
C
A
T
T
T
C
T
T
T
C
C
A
G
C
T

 
16

81
6

 F
:
 
C
A
T
C
T
T
G
G
C
T
T
C
G
T
G
A
T
T
G
T
C

 
57

3
13

2
56

2
2

 P
se

ud
ot

su
ga

 m
en

zi
es

ii
  c

la
ss

 I
II

 h
om

eo
do

m
ai

n-
le

uc
in

e 
zi

pp
er

 (
C

3H
D

Z
1)

 g
en

e,
 

co
m

pl
et

e 
cd

s 
(0

)
 R
:
 
T
G
C
A
A
T
T
T
G
G
C
G
T
A
A
T
C
G
A
C

 

16
88

3
 F
:
 
C
T
C
A
C
A
G
A
G
G
T
C
A
G
A
A
A
G
A
A
T
G
G

 
58

0
—

71
0

1
 P

in
us

 c
on

to
rt

a 
S -

ad
en

os
yl

m
et

hi
on

in
e 

sy
nt

he
ta

se
 

(s
am

s2
) 

m
R

N
A

, c
om

pl
et

e 
cd

s 
(0

.0
)

au
xi

n 
bi

os
yn

th
et

ic
 p

ro
ce

ss
, o

ne
-c

ar
bo

n 
m

et
ab

ol
ic

 p
ro

ce
ss

 R
:
 
C
T
G
C
T
T
C
A
A
A
G
G
T
T
T
G
A
C
A
A
T
C
T
C

 
16

97
9

 F
:
 
C
C
T
G
G
A
T
A
G
T
G
A
A
A
T
T
G
G
A
G
G

 
55

0
—

53
5

1
 K

et
el

ee
ri

a 
da

vi
di

an
a  

ch
lo

ro
pl

as
t D

N
A

, c
om

pl
et

e 
se

qu
en

ce
 (

0)
au

xi
n 

bi
os

yn
th

et
ic

 p
ro

ce
ss

 R
:
 
A
T
C
C
T
T
C
T
C
T
G
A
A
T
G
A
G
T
T
T
C
G

 
17

34
0

 F
:
 
C
T
T
G
G
T
T
A
A
T
T
T
C
C
G
T
C
C
T
G

 
54

0
—

28
1

2
 A

bi
es

 fi 
rm

a  
ch

lo
ro

pl
as

t, 
pa

rt
ia

l g
en

om
e 

(0
)

tr
an

sp
or

t, 
ph

ot
os

yn
th

es
is

, e
le

ct
ro

n 
tr

an
sp

or
t 

ch
ai

n
 R
:
 
C
A
G
C
T
C
C
T
A
C
A
T
T
T
A
A
A
C
C
C

 
17

63
7

 F
:
 
T
G
C
T
G
A
G
A
A
A
G
T
T
G
A
T
T
C
T
T
C
C

 
56

0
—

42
4

1
 R

ic
in

us
 c

om
m

un
is

  tr
an

sf
er

as
e,

 tr
an

sf
er

ri
ng

 
gl

yc
os

yl
 g

ro
up

s,
 p

ut
at

iv
e,

 m
R

N
A

 (
2E

-6
9)

 R
:
 
G
T
A
T
T
C
G
A
G
G
T
G
T
A
G
A
T
T
G
C
T
G

 
17

97
5

 F
:
 
C
A
A
A
C
A
T
T
G
C
T
G
C
A
A
A
G
C
T
C

 
56

2
94

54
7

1
 R

ic
in

us
 c

om
m

un
is

  c
ys

te
in

e 
sy

nt
ha

se
, p

ut
at

iv
e,

 
m

R
N

A
 (

1E
-6

5)
cy

st
ei

ne
 b

io
sy

nt
he

tic
 p

ro
ce

ss
 f

ro
m

 s
er

in
e

 R
:
 
C
C
T
A
T
T
C
C
A
G
C
A
A
C
C
A
A
T
A
T
G
T
C

 
18

13
5

 F
:
 
G
A
G
A
C
T
T
T
G
G
A
T
T
C
G
A
T
C
C
C

 
55

1
13

2
68

3
2

 P
ic

ea
 a

bi
es

  m
R

N
A

 f
or

 p
ut

at
iv

e 
ch

lo
ro

ph
yl

l A
-B

 
bi

nd
in

g 
pr

ot
ei

n,
 (

pP
A

00
01

 g
en

e)
 (

0)
ph

ot
os

yn
th

es
is

, l
ig

ht
 h

ar
ve

st
in

g 
in

 p
ho

to
sy

st
em

 
I

 R
:
 
A
G
A
A
G
G
C
C
G
C
A
A
A
T
A
T
A
G
T
G

 
18

44
4

 F
:
 
A
T
T
A
A
T
C
T
T
T
G
C
A
G
G
G
A
A
G
C

 
54

0
—

31
3

2
 P.

 s
yl

ve
st

ri
s  

m
R

N
A

 f
or

 p
ol

yu
bi

qu
iti

n 
(3

E
-1

16
)

 R
:
 
A
G
A
C
G
A
G
A
T
G
A
A
G
T
G
T
A
G
A
C

 
18

59
9

 F
:
 
G
G
A
A
T
G
C
A
T
G
A
T
C
C
A
T
T
T
C
T
G

 
55

0
—

67
8

1
 S.

 tu
be

ro
su

m
  m

R
N

A
 f

or
 N

A
D

H
 d

eh
yd

ro
ge

na
se

, 
N

A
D

H
-b

in
di

ng
 s

ub
un

it 
(c

om
pl

ex
 I

) 
(0

.0
)

ox
id

at
io

n 
re

du
ct

io
n

 R
:
 
T
A
C
C
T
G
A
A
T
T
G
T
T
C
T
T
G
C
G
A

 
18

68
0

 F
:
 
C
T
G
C
G
A
T
G
G
A
T
A
A
A
C
T
A
C
C
T

 
55

1
21

4
46

5
2

 P
ic

ea
 g

la
uc

a  
is

ol
at

e 
D

76
10

09
-2

8 
m

yb
 f

am
ily

 
pr

ot
ei

n 
ge

ne
, p

ar
tia

l s
eq

ue
nc

e 
(1

E
-1

40
)

re
gu

la
tio

n 
of

 tr
an

sc
ri

pt
io

n
 R
:
 
G
C
T
A
G
T
G
T
T
G
C
T
A
T
T
G
T
G
G
G

 

Downloaded From: https://bioone.org/journals/Applications-in-Plant-Sciences on 18 Oct 2024
Terms of Use: https://bioone.org/terms-of-use



  Applications in Plant Sciences   2013   1 ( 1 ): 1200179   Roschanski et al.—Annotation protocol for transcriptome data 
 doi:10.3732/apps.1200179 

7 of 8http://www.bioone.org/loi/apps

T
A

B
L

E
 2

. 
C

on
tin

ue
d.

G
en

e 
L

oc
us

 I
D

Pr
im

er
 s

eq
ue

nc
es

 (
5 ′

 –3
 ′ )

 T  a
  (

 ° C
)

N
o.

 o
f 

in
tr

on
s

In
tr

on
 

le
ng

th
 (

nt
)

To
ta

l 
le

ng
th

 (
nt

)
A

nn
ot

at
io

n 
ap

pr
oa

ch
B

L
A

ST
n 

of
 g

en
e 

se
qu

en
ce

s 
ag

ai
ns

t n
r 

nu
cl

eo
tid

e 
da

ta
ba

se
 (

 E
 -v

al
ue

)
G

O
-I

D
 b

io
lo

gi
ca

l p
ro

ce
ss

19
00

5
 F
:
 
G
G
A
G
A
T
T
G
A
G
C
A
A
C
G
A
A
G
A
G

 
56

0
—

36
8

1
 A

bi
es

 fi 
rm

a  
ch

lo
ro

pl
as

t, 
pa

rt
ia

l g
en

om
e 

(0
)

au
xi

n 
bi

os
yn

th
et

ic
 p

ro
ce

ss
 R
:
 
T
T
T
G
A
A
T
C
C
C
T
G
A
A
A
T
C
C
T
G
G

 
19

17
3

 F
:
 
A
G
A
A
C
C
A
A
T
C
C
C
T
G
T
T
A
C
A
C

 
55

0
—

34
3

2
 R

ic
in

us
 c

om
m

un
is

  p
ro

te
as

om
e 

su
bu

ni
t a

lp
ha

 ty
pe

, 
pu

ta
tiv

e,
 m

R
N

A
 (

2E
-8

4)
de

fe
ns

e 
re

sp
on

se
 to

 b
ac

te
ri

um
, u

bi
qu

iti
n-

de
pe

nd
en

t p
ro

te
in

 c
at

ab
ol

ic
 p

ro
ce

ss
, 

re
sp

on
se

 to
 z

in
c 

io
n

 R
:
 
G
A
T
C
A
G
T
T
C
C
A
A
T
C
A
C
A
C
C
T

 

19
54

0
 F
:
 
A
C
C
A
A
T
T
C
T
C
T
T
G
T
T
C
T
C
G
G

 
55

0
—

63
4

1
 C

ed
ru

s 
de

od
ar

a  
ch

lo
ro

pl
as

t D
N

A
, c

om
pl

et
e 

se
qu

en
ce

 (
0)

pl
as

m
a 

m
em

br
an

e 
A

T
P 

sy
nt

he
si

s 
co

up
le

d 
pr

ot
on

 tr
an

sp
or

t, 
au

xi
n 

bi
os

yn
th

et
ic

 p
ro

ce
ss

 R
:
 
C
G
A
A
C
C
A
T
G
T
A
A
A
G
A
T
C
A
T
T
C
C

 
20

15
6

 F
:
 
A
T
G
G
A
T
C
C
C
T
G
G
A
A
T
T
T
A
T
G
C

 
55

0
—

38
6

1
 P

ic
ea

 s
it

ch
en

si
s  

is
ol

at
e 

V
D

40
1 

m
ag

ne
si

um
 

ch
el

at
as

e 
H

-l
ik

e 
pr

ot
ei

n 
m

R
N

A
, 

pa
rt

ia
l c

ds
 (

3E
-1

10
)

R
N

A
 p

ro
ce

ss
in

g,
 c

hl
or

op
hy

ll 
bi

os
yn

th
et

ic
 

pr
oc

es
s

 R
:
 
A
T
A
C
T
C
T
A
C
C
T
A
C
T
A
C
A
G
A
A
T
C
C
C

 

20
31

8
 F
:
 
A
C
A
G
C
T
C
C
C
A
T
T
A
A
T
C
T
G
A
C

 
55

0
—

35
6

1
PR

E
D

IC
T

E
D

:  G
ly

ci
ne

 m
ax

  c
el

lu
lo

se
 

sy
nt

ha
se

-l
ik

e 
pr

ot
ei

n 
D

3-
lik

e 
(L

O
C

10
07

85
98

5)
, m

R
N

A
 (

6E
-6

9)

ro
ot

 h
ai

r 
el

on
ga

tio
n,

 c
el

lu
lo

se
 b

io
sy

nt
he

tic
 

pr
oc

es
s,

 r
es

po
ns

e 
to

 c
ol

d,
 c

el
lu

la
r 

ce
ll 

w
al

l 
or

ga
ni

za
tio

n,
 p

la
nt

-t
yp

e 
ce

ll 
w

al
l b

io
ge

ne
si

s
 R
:
 
C
C
A
G
A
A
T
T
G
T
T
C
A
T
T
T
C
T
C
C
A
C

 

20
69

4
 F
:
 
G
T
C
G
A
A
C
A
A
T
G
A
A
G
A
C
G
A
G
G

 
56

0
—

34
6

1
PR

E
D

IC
T

E
D

:  V
it

is
 v

in
if

er
a  

zi
nc

 fi 
ng

er
 

C
C

C
H

 d
om

ai
n-

co
nt

ai
ni

ng
 p

ro
te

in
 4

9-
lik

e 
(L

O
C

10
02

59
32

3)
, m

R
N

A
 (

6E
-4

3)

ce
ll 

w
al

l m
od

ifi 
ca

tio
n,

 r
eg

ul
at

io
n 

of
 

tr
an

sc
ri

pt
io

n
 R
:
 
T
G
T
G
A
G
C
G
A
A
G
A
A
A
C
A
A
A
C
C

 

21
13

6
 F
:
 
A
G
A
C
T
G
G
T
G
T
T
A
C
A
T
T
T
G
C
G
T

 
57

1
22

9
53

5
1

 P.
 ta

ed
a  

ge
ne

 f
or

 p
ro

to
ch

lo
ro

ph
yl

lid
e 

re
du

ct
as

e 
(3

E
-1

68
)

ox
id

at
io

n 
re

du
ct

io
n,

 c
hl

or
op

hy
ll 

bi
os

yn
th

et
ic

 
pr

oc
es

s,
 p

ho
to

sy
nt

he
si

s
 R
:
 
C
C
A
A
C
A
A
G
C
T
T
C
T
C
A
C
T
A
A
T
T
T
C
C

 
21

16
5

 F
:
 
A
T
G
C
A
C
G
A
T
G
T
T
C
T
T
G
A
T
G
C

 
57

2
20

4
64

4
1

PR
E

D
IC

T
E

D
:  G

ly
ci

ne
 m

ax
  

pr
em

R
N

A
-p

ro
ce

ss
in

g-
sp

lic
in

g 
fa

ct
or

 8
-l

ik
e 

(L
O

C
10

08
04

02
6)

, m
R

N
A

 (
4E

-4
6)

re
sp

on
se

 to
 h

yp
ox

ia
, s

uc
ro

se
 b

io
sy

nt
he

tic
 

pr
oc

es
s

 R
:
 
G
G
T
G
T
C
A
T
G
T
T
T
A
T
A
T
G
A
C
A
G
T
G
G

 

21
17

3
 F
:
 
A
C
A
T
T
G
T
T
G
C
T
A
A
C
G
A
T
C
C
G

 
56

0
—

33
3

2
 P

ic
ea

 s
it

ch
en

si
s  

is
ol

at
e 

V
A

10
0 

ba
si

c 
en

do
ch

iti
na

se
-l

ik
e 

pr
ot

ei
n 

m
R

N
A

, p
ar

tia
l c

ds
 

(1
E

-1
38

)

ce
ll 

w
al

l m
ac

ro
m

ol
ec

ul
e 

ca
ta

bo
lic

 p
ro

ce
ss

, 
ch

iti
n 

ca
ta

bo
lic

 p
ro

ce
ss

 R
:
 
A
G
A
C
G
A
G
G
T
A
G
A
G
A
T
T
G
A
G
C

 

21
89

0
 F
:
 
G
A
A
A
G
C
T
T
A
C
A
G
G
G
A
A
G
C
A
G

 
55

1
35

8
60

7
2

 P
ic

ea
 s

it
ch

en
si

s  
is

ol
at

e 
V

D
40

1 
SW

A
P 

do
m

ai
n-

co
nt

ai
ni

ng
 p

ro
te

in
-l

ik
e 

pr
ot

ei
n 

m
R

N
A

, 
pa

rt
ia

l c
ds

 (
2E

-1
16

)

R
N

A
 p

ro
ce

ss
in

g
 R
:
 
A
C
G
A
T
A
T
C
C
A
A
G
C
A
T
C
A
T
C
C

 

21
95

7
 F
:
 
A
A
C
A
A
C
T
T
C
A
C
A
G
T
T
T
C
T
C
C

 
54

0
—

29
2

2
 A

bi
es

 fi 
rm

a  
ch

lo
ro

pl
as

t, 
pa

rt
ia

l g
en

om
e 

(2
E

-1
57

)
au

xi
n 

bi
os

yn
th

et
ic

 p
ro

ce
ss

, c
hl

or
op

hy
ll 

bi
os

yn
th

et
ic

 p
ro

ce
ss

, o
xi

da
tio

n 
re

du
ct

io
n,

 
ph

ot
os

yn
th

es
is

, d
ar

k 
re

ac
tio

n
 R
:
 
G
G
A
A
T
C
G
G
T
A
A
A
T
C
A
A
C
G
A
C

 

22
17

4
 F
:
 
G
A
T
G
A
T
C
C
G
G
T
T
C
G
A
A
T
A
C
C

 
55

0
—

33
4

1
 A

bi
es

 fi 
rm

a  
ch

lo
ro

pl
as

t, 
pa

rt
ia

l g
en

om
e 

(6
E

-1
57

)
re

gu
la

tio
n 

of
 a

po
pt

os
is

, t
ra

ns
cr

ip
tio

n,
 D

N
A

-
de

pe
nd

en
t

 R
:
 
A
A
A
C
G
T
A
A
G
A
T
A
C
A
A
G
T
G
G
G
T
G

 
23

66
0

 F
:
 
A
G
G
A
A
G
A
T
G
T
T
A
G
G
C
T
C
G
G
G

 
58

1
78

1
12

32
2

 P.
 a

bi
es

  m
R

N
A

 f
or

 p
or

in
 M

ip
1 

(6
E

-1
57

)
re

sp
on

se
 to

 w
at

er
 d

ep
ri

va
tio

n,
 w

at
er

 tr
an

sp
or

t, 
tr

an
sm

em
br

an
e 

tr
an

sp
or

t
 R
:
 
G
A
A
G
C
C
C
T
T
C
A
C
A
A
C
T
C
C
A
G

 
23

80
9

 F
:
 
A
T
G
C
G
C
T
C
T
A
T
G
T
T
A
G
A
A
C
G

 
55

0
—

10
58

2
 A

bi
es

 fi 
rm

a  
ch

lo
ro

pl
as

t, 
pa

rt
ia

l g
en

om
e 

(9
E

-1
68

)
ox

id
at

io
n 

re
du

ct
io

n,
 c

hl
or

op
hy

ll 
bi

os
yn

th
et

ic
 

pr
oc

es
s,

 p
ho

to
sy

nt
he

si
s,

 d
ar

k 
re

ac
tio

n
 R
:
 
A
A
T
C
T
C
A
A
G
A
C
G
T
T
T
A
C
C
G
A

 
23

85
0

 F
:
 
G
A
A
G
A
T
T
T
A
T
T
C
G
G
C
A
A
C
T
G

 
52

1
44

9
69

5
2

 P
in

us
 ta

ed
a  

m
ito

ge
n-

ac
tiv

at
ed

 p
ro

te
in

 k
in

as
e 

6 
(M

A
PK

6)
 m

R
N

A
, c

om
pl

et
e 

cd
s 

(4
E

-6
5)

au
xi

n 
bi

os
yn

th
et

ic
 p

ro
ce

ss
, p

ro
te

in
 a

m
in

o 
ac

id
 

ph
os

ph
or

yl
at

io
n,

 c
on

ju
ga

tio
n,

 m
ito

si
s,

 c
el

l 
di

vi
si

on
 R
:
 
A
T
C
T
G
A
T
C
C
T
C
T
G
T
T
A
A
G
G
T

 

23
98

2
 F
:
 
T
G
A
G
A
C
T
T
G
C
T
T
G
G
G
A
A
G
A
G

 
57

2
58

6
92

1
1

 P
is

um
 s

at
iv

um
  n

on
ph

os
ph

or
yl

at
in

g 
gl

yc
er

al
de

hy
de

-3
-p

ho
sp

ha
te

 d
eh

yd
ro

ge
na

se
 

(g
ap

N
) 

ge
ne

, c
om

pl
et

e 
cd

s 
(4

E
-3

3)

m
et

ab
ol

ic
 p

ro
ce

ss
 R
:
 
A
G
C
C
C
A
T
T
G
T
A
A
A
C
G
A
A
G
G
A

 

24
52

3
 F
:
 
T
T
C
A
G
A
C
T
C
G
A
A
C
G
T
T
T
G
C
A

 
58

0
—

44
9

2
 G

in
kg

o 
bi

lo
ba

  c
at

al
as

e 
m

R
N

A
, 

co
m

pl
et

e 
cd

s 
(3

E
-9

8)
hy

dr
og

en
 p

er
ox

id
e 

ca
ta

bo
lic

 p
ro

ce
ss

, o
xi

da
tio

n 
re

du
ct

io
n

 R
:
 
A
A
G
C
T
T
T
C
A
T
T
C
C
C
A
G
A
C
G
G

 
24

69
9

 F
:
 
A
A
G
A
T
A
A
G
C
A
G
T
T
T
G
C
T
G
C
A

 
56

0
—

26
2

2
 A

ge
ra

ti
na

 a
de

no
ph

or
a  

he
at

 s
ho

ck
 p

ro
te

in
 7

0.
58

 
m

R
N

A
, c

om
pl

et
e 

cd
s 

(2
E

-8
1)

au
xi

n 
bi

os
yn

th
et

ic
 p

ro
ce

ss
, r

es
po

ns
e 

to
 s

tr
es

s
 R
:
 
A
A
C
A
T
T
C
T
T
C
T
C
G
C
C
A
A
C
A
G

 
24

90
2

 F
:
 
C
C
C
T
C
T
C
A
A
T
C
T
T
G
A
G
G
A
T
G
C

 
58

1
24

0
66

2
1

 A
ra

bi
do

ps
is

 th
al

ia
na

  fe
rr

ed
ox

in
–N

A
D

P+
 re

du
ct

as
e 

(R
FN

R
2)

 m
R

N
A

, c
om

pl
et

e 
cd

s 
(3

E
-5

4)
el

ec
tr

on
 tr

an
sp

or
t c

ha
in

 R
:
 
C
A
G
A
T
G
G
A
C
C
T
G
T
A
A
T
T
T
G
A
A
C
C
T

 
25

06
0

 F
:
 
C
T
G
C
A
A
G
A
T
A
C
T
T
C
A
A
A
G
A
T
G
C
A
C

 
58

2
16

3
62

4
1

PR
E

D
IC

T
E

D
:  G

ly
ci

ne
 m

ax
  A

T
P-

ci
tr

at
e 

sy
nt

ha
se

 
be

ta
 c

ha
in

 p
ro

te
in

 1
-l

ik
e 

(L
O

C
10

08
00

90
4)

, 
m

R
N

A
 (

2E
-7

4)

ac
et

yl
-C

oA
 b

io
sy

nt
he

tic
 p

ro
ce

ss
, c

el
lu

la
r 

ca
rb

oh
yd

ra
te

 m
et

ab
ol

ic
 p

ro
ce

ss
 R
:
 
A
T
T
T
G
G
T
G
T
A
G
A
G
A
A
C
A
T
C
T
T
C
C
C

 

26
08

9
 F
:
 
G
A
T
T
A
T
T
G
A
T
T
C
T
A
C
C
A
C
C
G
G
A

 
55

1
28

1
12

33
1

 R
os

a 
m

ul
ti

fl o
ra

  e
lo

ng
at

io
n 

fa
ct

or
 1

-a
lp

ha
 m

R
N

A
, 

co
m

pl
et

e 
cd

s 
(0

.0
)

tr
an

sl
at

io
na

l e
lo

ng
at

io
n

 R
:
 
T
T
T
C
T
C
A
A
C
A
G
C
C
T
T
G
A
T
G
A
C

 

Downloaded From: https://bioone.org/journals/Applications-in-Plant-Sciences on 18 Oct 2024
Terms of Use: https://bioone.org/terms-of-use



8 of 8

  Applications in Plant Sciences   2013   1 ( 1 ): 1200179   Roschanski et al.—Annotation protocol for transcriptome data 
 doi:10.3732/apps.1200179 

http://www.bioone.org/loi/apps

G
en

e 
L

oc
us

 I
D

Pr
im

er
 s

eq
ue

nc
es

 (
5 ′

 –3
 ′ )

 T  a
  (

 ° C
)

N
o.

 o
f 

in
tr

on
s

In
tr

on
 

le
ng

th
 (

nt
)

To
ta

l 
le

ng
th

 (
nt

)
A

nn
ot

at
io

n 
ap

pr
oa

ch
B

L
A

ST
n 

of
 g

en
e 

se
qu

en
ce

s 
ag

ai
ns

t n
r 

nu
cl

eo
tid

e 
da

ta
ba

se
 (

 E
 -v

al
ue

)
G

O
-I

D
 b

io
lo

gi
ca

l p
ro

ce
ss

26
76

4
 F
:
 
G
G
G
A
A
T
T
G
G
C
T
C
G
T
A
T
C
T
G
G

 
58

0
—

35
9

1
 C

uc
um

is
 s

at
iv

us
  6

-p
ho

sp
ho

gl
uc

on
at

e 
de

hy
dr

og
en

as
e 

(6
PG

D
H

) 
m

R
N

A
, c

om
pl

et
e 

cd
s 

(7
E

-5
5)

re
sp

on
se

 to
 g

lu
co

se
 s

tim
ul

us
, r

es
po

ns
e 

to
 

su
cr

os
e 

st
im

ul
us

, r
es

po
ns

e 
to

 f
ru

ct
os

e 
st

im
ul

us
, r

es
po

ns
e 

to
 s

al
t s

tr
es

s,
 p

en
to

se
-

ph
os

ph
at

e 
sh

un
t, 

ox
id

at
io

n 
re

du
ct

io
n,

 
re

sp
on

se
 to

 c
ad

m
iu

m
 io

n

 R
:
 
G
T
T
C
T
G
C
T
T
A
G
C
A
A
T
C
T
T
T
G
T
C
C

 

27
03

3
 F
:
 
T
T
T
A
C
T
C
C
A
C
C
A
T
T
A
C
G
A
G
G

 
55

0
—

94
8

2
 M

ed
ic

ag
o 

tr
un

ca
tu

la
  h

ea
t s

ho
ck

 p
ro

te
in

 
(M

T
R

_7
g0

24
39

0)
 m

R
N

A
, c

om
pl

et
e 

cd
s 

(0
)

re
sp

on
se

 to
 v

ir
us

, a
ux

in
 b

io
sy

nt
he

tic
 p

ro
ce

ss
, 

pr
ot

ei
n 

fo
ld

in
g,

 r
es

po
ns

e 
to

 h
ea

t, 
re

sp
on

se
 

to
 b

ac
te

ri
um

, r
es

po
ns

e 
to

 c
ad

m
iu

m
 io

n,
 

re
sp

on
se

 to
 h

ig
h 

lig
ht

 in
te

ns
ity

, r
es

po
ns

e 
to

 h
yd

ro
ge

n 
pe

ro
xi

de
, p

ro
te

in
 a

m
in

o 
ac

id
 

ph
os

ph
or

yl
at

io
n

 R
:
 
T
T
C
G
C
A
A
T
G
A
T
A
G
G
A
T
T
G
C
A

 

27
96

3
 F
:
 
T
A
G
G
C
C
C
A
T
A
G
C
T
A
A
C
A
A
A
C
C

 
57

0
—

31
8

1
 K

et
el

ee
ri

a 
da

vi
di

an
a  

ch
lo

ro
pl

as
t D

N
A

, c
om

pl
et

e 
se

qu
en

ce
 (

0)
tr

an
sc

ri
pt

io
n,

 D
N

A
-d

ep
en

de
nt

 R
:
 
T
C
G
A
A
T
T
G
T
T
T
C
A
T
C
C
T
C
C
C
A

 
28

20
3

 F
:
 
T
G
T
G
G
A
C
G
A
G
G
A
G
A
T
A
T
T
C
G

 
56

0
—

31
5

2
 P

in
us

 p
in

as
te

r  
m

R
N

A
 f

or
 c

yt
os

ol
ic

 s
er

in
e 

hy
dr

ox
ym

et
hy

ltr
an

sf
er

as
e 

(c
sh

m
t g

en
e)

 
(1

E
-1

28
)

 L -
se

ri
ne

 m
et

ab
ol

ic
 p

ro
ce

ss
, o

ne
-c

ar
bo

n 
m

et
ab

ol
ic

 p
ro

ce
ss

, g
ly

ci
ne

 m
et

ab
ol

ic
 p

ro
ce

ss
 R
:
 
T
T
C
A
G
A
A
A
G
G
G
C
T
G
T
G
T
A
G
G

 

28
45

6
 F
:
 
G
A
T
T
T
C
G
A
G
A
G
C
T
G
G
T
A
T
C
C
C

 
58

0
—

85
3

1
 R

ic
in

us
 c

om
m

un
is

  o
lig

os
ac

ch
ar

yl
 tr

an
sf

er
as

e,
 

pu
ta

tiv
e,

 m
R

N
A

 (
7E

-1
69

)
pr

ot
ei

n 
am

in
o 

ac
id

 g
ly

co
sy

la
tio

n
 R
:
 
A
G
C
T
G
T
C
G
G
T
T
G
A
T
G
T
T
C
T
G

 
28

63
9

 F
:
 
G
T
A
G
A
A
T
A
A
G
T
G
G
G
A
G
C
C
G
T

 
57

0
—

43
8

2
 A

bi
es

 fa
br

i  2
6S

 r
ib

os
om

al
 R

N
A

 g
en

e,
 p

ar
tia

l 
se

qu
en

ce
 (

0)
 R
:
 
A
T
A
G
G
A
A
G
A
G
C
C
G
A
C
A
T
C
G
A

 
29

43
7

 F
:
 
C
T
T
C
A
G
G
T
G
C
T
C
G
A
T
A
T
C
G
T

 
56

0
—

40
3

2
 Po

pu
lu

s 
tr

ic
ho

ca
rp

a  
ar

go
na

ut
e 

pr
ot

ei
n 

gr
ou

p 
(A

G
O

91
1)

, m
R

N
A

 (
2E

-9
9)

 R
:
 
T
C
A
A
C
T
G
G
A
A
A
C
G
T
T
A
G
C
T
C

 

 N
ot

e :
 —

 =
 n

ot
 a

va
ila

bl
e;

  T
  a    =

 a
nn

ea
lin

g 
te

m
pe

ra
tu

re
.

 a   V
al

ue
s 

ar
e 

ba
se

d 
on

 th
e 

se
qu

en
ce

 o
f 

on
e 

sa
m

pl
e 

ra
nd

om
ly

 c
ho

se
n 

fr
om

 a
 s

am
pl

e 
se

t o
f 

80
 tr

ee
s 

fr
om

 a
 p

op
ul

at
io

n 
at

 M
on

t V
en

to
ux

 (
Fr

an
ce

).

T
A

B
L

E
 2

. 
C

on
tin

ue
d.

Downloaded From: https://bioone.org/journals/Applications-in-Plant-Sciences on 18 Oct 2024
Terms of Use: https://bioone.org/terms-of-use


