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ABSTRACT Camelina sativa L., known as popular names
“gold-of-pleasure” or “false flax” is an alternative oilseed
crop that can be grown under different climatic and soil
conditions. Up to date, however, the genomic information
of Camelina has not been studied in detail. Therefore, a
cDNA library was constructed and characterized from
young leaves. The constructed cDNA library incorporated
of 1334 cDNA clones and the size of the insertion fragments
average was 736 base pair. We generated a total of 1269
high-quality expressed sequence tags (ESTs) sequences. The
result of cluster analysis of EST sequences showed that the
number of unigene was 851. According to subsequent analysis,
the 476 (55.9%) unigenes were highly homologous to known
function genes and the other 375 (44.1%) unigenes were
unknown. Remaining 63 (7.4%) unigenes had no homology
with any other peptide in NCBI database, indicating that these
seemed to be novel genes expressed in leaves of Camelina.
The database-matched ESTs were further classified into 17
categories according to their functional annotation. The
most abundant of categories were “protein with binding
function or cofactor requirement (27%)”, “metabolism (11%)”,
“subcellular localization (11%)”, “cellular transport, transport
facilities and transport routes (7%)”, “energy (6%)”, “regula-
tion of metabolism and protein function (6%)”. Our result
in this study provides an overview of mRNA expression
profile and a basal genetic information of Camelina as an
oilseed crop.
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SATH ) o] Amlgo] ALHTHE A AA ] uEE
sk dd=o] 9o 20500f| Aol mAE Aoz At
(Demirbas, 2009; Saxena et al., 2009). ©]&3t & ¢} &
of, A2 t3te} e 0, F43 BAI8E Q4 St 1Y
i =obzl AF=E stolga tiA olUAE ek &
2 Al 27%3 glon, A7kt
A48 % gl el o ifA] AAL Arol Algabct
(Patil et al., 2009). 1 Zof|Ax] AlEofA]

AR o A s Aol
oAM= BARE 4= Q7] wfZoll Aef/del
2 graela glch

FA&y ol (Camelina sativa L)+ AR £81= 11
o] ZAEZEA, SHoA= ‘false flax> = ‘Gold-of Pleasure’
oleby BelAT 9w, sty Wad] wEw A
O1ERE 718 ] I3 AulElo] gHovi, 1947)%
Hie fda HAjotollA FHIskA A el = 2l th(Knorger,
1978). 1eiut W, 94 S3} 2 2=o] AuE] AZs
A el Al A Est7] Al&Fste] A2at AlA
A o]Fol= AL AujEA] Agkom, I FRE= FEE
#5) glekzubr, 1997). A H ol §gak ot )
7roll A Fts ol Al thAl =9 AL qith T o]
$RE fpavole] HE ATIHASY] 1A oF 80%)
2, A A A RS U Wob §A S 18l
T st A2 bE 715 A=l sl Ao A4t vE-
o] AA Q=7 o] HAHL 7tA7t Qo] Hie| 2 A
2 22A Aaelt Tawolsl 71BARE 0%ol4
o] HFRESIAALO R, Ha thFE 23} AW 4MK(inoleic acid,
18:2n-6, a-linolenic acid, 18:3n-3)0] AA| R4S 50%E
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Z}A) 3}, linolenic acid+= A|®AF & 714F WS 9K(35-40%)
£ AARAL g8 A Sty djuR oftsdo] 7152
Qlzke] JopalQl Wt SYET} 7o WRgEe Az AR
2A Q-3 AAke] 7P 22 Ak ﬁOIEP(Pﬂgeram
et al., 2007; Zubr, 1997). 1YY =& IFY t2E XS}
Aol 7159 Atste] g St THEeld ol o
Aego] $A FE L 712 2% vk
FFEWolE He /1T Wil 4ol LEQlo] BT
s Qppaole] Waeh B A s diat vgel @
3 A 40] Bsto] Ak} o] go] AT LR olo] A1
Utk AEHo g, APt 7| SAEES SEolv A
7las B9 FAA FdE olEo th (Downey &

Craig, 1964; Kinney, 1996; Lu, C. & J. Kang, 2008). ©]&
gt AFE FrEYoldd A& YA FAA AEE
dotll= o] FAET Fasith Su|EAE FFEYol
of thet FAA AEE= A gzl Ao] glck 20109 2¢
717] GenBanko] S28 fsole] AR 14740
21T, O] 4] TR R f2o] et Hxolch
S} okm Qi A Ao mE awo] $R Ao B
g e obd) AAElR) 9 Stk ¥ 4 ek

AR AFA7HARARAE o 83to] TAIZE el o
2o A} BHo] Tisal o] et 2 § - A%l &
A 71o| L} A A Expressed Sequence Tags(EST)
o] AHastal QQth(Hua et al., 2003; Park et al., 2005;
Yang et al., 2009). o] EST+= YHHA S 2 poly (A)+ RNA
25E dojzl 150 bp o]4+9] cDNA w3 d7AdS 42
o, ‘single-pass sequence reads’ B4 02 AoJZ ZF clone
of gt FEA7IAEE il 300~500 bpAH == Hh
(Adams et al., 1991; Boguski et al., 1993; Hays & Skinner,
2001). o]eigt ESTE #ralsl §A7-9] exon HIuHE g
s7] W] Al @742 F4, B BA EE 54
2ol pelE %] A U Bao] AnHOR o)gH
tH(Adams et al., 1992; Uchimiya et al., 1992; Boguski et
al., 1995; Park et al., 1993; White et al., 2000). EST &=+
T REGHAL BRSO $8820] Atk A
185 & glott YRR R olgele] b TAS
e S2YY 4 o BASE, BAAE, B4
A3t Bl pope] Aol T 4 Arks Aol Atk
Qi gpagole] HAMEHA AT 72 A

z

>

AE T2 o ME X

&Yo| (Camelina sativa L., Crant) TAS ZATE,
2, HepolE, X eefo|E 9 6:1:1:1%2 E7HE Ho
| AERAE(TETH)E §S ZE At 11 XES
4°C of|A 1Y &3 =AY E o &, AU, 516-/8-A]
b WyEF =712 200pmol m’s! Wik 2241CLmol
381% SE7F SAHE A% AN $A ekl 4%
H opadole] 9 AT 24| AAALE B4 BE
7 -80C A2 WETol HualAu w2 Aol AHalc

o
-

hya

o &
= |m

RNAE2Z|2} cDNA zlo|Ez{2| M=t

dAdxzo A 457t Apgk FFEE0o YO REE total
RNAZE Plant RNeasy Mini kit(Qiagen)& AM&-5lo] &35}
At} =E3F RNAo|| RNase-free DNase-I (Ambion, Austin,
TX)S Aol wat 37°Ce] 4587 Hejste] dolole=
DNAE AA3IA; 183l RNAS] A3} 5%+ NanoDrop
(ND-1000) UV-Vis B4 =A2 2434911 1%2] agarose
gel S ARSSE A7195 22 &9lst4tt. mRNALE PolyATract
mRNA Isolation Systems IV (Promega, Madison, WI, USA)
2 AMg3Sle] BE, AASFA L, ZAP-cDNA synthesis kit
(Stratagene, La Jolla, USA)S& AF8-35}o] 3.3ug? mRNAZ
B o]F7H4 cDNAE= AEH U 79 o]F7H2] cDNA
ko]l EcoRI adapters2 AZAIZ] 3, 11 £ AASIAIA
t}, 283 A3t a491 Xhol 02 Hdstec HdE cDNA
9] 3715 0.5~4Kb2 EHHs}o] njg] U Agtas= A
= Uni-ZAP XR vectoro]] <143}t cDNAZHES] A
AH vector5-2 Gigapack Gold Packaging Extract (stratagene)

< ]85} packagingS $Y51H o0, cDNA l1brary—4
FEE SASHL S5 F cDNAS Y] a&S A4S
tl. DNA 97|4 <8 E4L 93], mass excision2 3@ 3
1l ZZ5F phage library 25 E A% ¢cDNAE2 SOLR

£

Zrat(Stratagene)©]| pBluescript phagemid 2 %?-EFJ ik

DNA E7IME ZH ¥ ol 24

cDNA library 2252 100png/mle] ampicilling YA 7}
A7He LB SEo|EofA w1 285s 74
2 AEste] ampicilline] 71 1ml9) LB media 96-well
o] A2 EE EYo|ER AT 18al 220rpm e 2 37°C
oA 12~16417F B3t} &=t = DNAE QIAprep
96 Turbo Miniprep Kit (Qiagen)= A}-&-3}e] E&|al¢T.
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DNA$7]4 €2 ABI PRISM BigDye Terminator Kit (Applied
Biosystem)®} A5 theF 7| A G4 A|AH(ABI PRISM
3730 DNA Analyzer)-2 ©|-8-5}¢] ‘single-pass sequence reads’
Aoz AQleh oeet dVIAE S 200bpETE A ALt
poor quality®] @714 A} HE AL AAT FRe] B
A AN E 35k RASHLL BE QIS S
TIGR Assembler X2 13L& 0]83}lo] AA S22 1535}
(clustering) 3t & 185971 LS 7H A A unigene)E &
A 319t (Huang & Madan, 1999). 71 A3}, 153 9
RS- consensus A YR contige FASHL 1E3E XA
2 FAAES single A EE singletong F/AJ5H3Ick A
A $AAEL H]-222 (non-redundant) protein database (NCBI,
http://www. ncbi.nlm.nih.gov)®] BlastX Z 2132 0] 83}
of FARE] A7IA Gl st A Y] AesAS vl
A5 3 contig A AREY singleton [-AAES
MIPs FunCat databaseZ o] &-3}o] SAXEL 7|5E=E &
okt

Freole] Qzromny B
gel (1%)°] A7195= AAskAaL, 1859} 2859 W=7}
A ek o Hop 9 2K ozRY R
total RNA Q] Zo| =th= A& & 4~ k. =3 Nano Drop
(ND-1000) UV-Vis 2@ w42 =245 total RNAS] &

= 4t 661.5 ng/ulo]AcH(Fig. 1). PolyATract mRNA isolation
A 2"g o] §sto] 2] ¥ mRNAS =& A =3 Ay}
83.2 ng/ulo&2 YEEI, & 3.3 pg? mRNALS o|835}o]
cDNA library 343t 5% 2x10° cfu/mlo]g o, A
A BEL 94%S YERTh AA oA 1,334709] cDNAZ

e
=
Z
>
lo
&
ag
g
o
72]
a

28S RNA (4.8kb)»>
18S RNA (1.8kb)>

Fig. 1. Agarose gel (1%) electrophoresis of total RNA extrac-
ted from the leave of Camelina. Loading quantity is
1.3 ug.

o Ztztol S&o| U3t A7IAEe A5 dE
=) |2ES 0]83}0] 5° end single-pass sequencing
2 BA59. T AT 1269719 high-quality EST
(>200 bp)H LS A ek oleldt @71HGe] B 2
ol 736 bp o|gleH, AX ZE& singleton} contigE
ERsiole ol B @7IAEe AR} 730 bpololn F4
+ 814 bpo| 1t} (Table 1). Contig®] Bt 7| A Ho] A4
ZE0| singleton Bt F7IAEET B 2 212 unigene
Ak Al o2 9] B2 A7]A Fo] contig?] consensusA] E
2 IEstEo] wiAESl7] tiE s ¥t Huang & Madan,

1999).
cDNA®) 485 275 1679 22U 729
2 Auslo] wEl] AARYo| U= AdEL EcoRIZ)
Xhol= Aesfo] oF 0.5~4.0kbQl A& &Ikl (Fig. 2).
5|38 cDNA libraryol] A#Z0] 2 AHQJE|giet AL L
BRI Q= SA 0l olegt AAEL2 E3F S rE&dolY
cDNA library7} EST 4% 93l o3t @ 1xAS S5
3 223 gk e A4S =1 YekYang e dl.
2009). E3t EST £4% &l S5oHA A== 74
AES AT 5 A3tk S 12699 ESTHO] 714
s uE (24 £27) 14709 BST SA4E 29
t}. o]5& A ESTol| 18%°] 5=, o]& 7h&d
RuBisCo subunits¥} 33+ Tl SHAZE0| A ESTO
15% = UEFRTE (Table 3). ©] Ai= CO, 1173 F3H
o QAN FE Wolo) Aol o] slo 714

=

2| Agole Y TleolRke As & Atk

Table 1. Summary of 1269 clones in the cDNA library of
Camelina sativa L.

(unit : number)

Sequence length
674 singleton of unigene 983 200 730
177 config of unigene 1538 292 814

1269 clone of total clone
(>Minimum Length : 200)

Maximum Minimum Average

985 203 736

Table 2. Levels of homology of 476 putative function unigene
matched to GenBank protein database.

(unit : number)

Levels of homology Singleton  Contig Total
Strong (E-value<10'l) 361 108 469

Good 10" <E-value<10~ 5 2 7
Total 366 110 476
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Fig. 2. Insert size determination of 16 plaques from randomly picked and insert DNA are digested with EcoRl and Xhol. M,
3.0 kb DNA ladder.

Table 3. Abundant ESTs found in Camelina ¢cDNA library. Functions of 1269 clones matched to GenBank protein database.

Genes Functional annotation Matchine oreanism Number
(Accesion number) (E-value<10™) £ 08 of ESTs”
RBCSI1A (ribulose-bisphosphate carboxylase small chain
NP_176880.1 1A); copper ion binding / ribulose-bisphosphate Arabidopsis thaliana 80
carboxylase
ABB51649 1 Chloroplast rlbulose-l,5-blsphqsphate Brassica napus 17
carboxylase/oxygenase small subunit precursor

CAB52747.1 Photosystem I subunit III precursor Arabidopsis thaliana 16

NP _194953.1 ATP synthase family Arabidopsis thaliana 15

BAB02160.1 Unnamed protein product Arabidopsis thaliana 15

AAS65454.1 Chloroplast carbonic anhydrase precursor Thlaspi caerulescens 11
PRK (phosphoribulokinase; ATP binding / . . .

NP_174486.1 phosphoribulokinase/ protein binding Arabidopsis thaliana 1
Ribulose bisphosphate carboxylase small chain 1B / . . .

NP_198659.1 RuBisCO small subunit 1B (RBCS-1B) (ATS1B) Arabidopsis thaliana 10

NP_974710.1 Fructose-bisphosphate aldolase, putative Arabidopsis thaliana 10

NP_178025.1 PSBR (photosystem II subunit R) Arabidopsis thaliana 9
Crambin precursor=thionin variant Thi2Call [seeds, ..

AAB33010.1 Peptide Partial, 130 aa] Crambe abyssinica 9

NP _175963.1 PSAG (Photosystem I subunit G) Arabidopsis thaliana 8
LHCA4 (Light-harvesting chlorophyll-protein complex I . . .

NP_190331.3 subunit A4); chlorophyll binding Arabidopsis thaliana 7

AAN31832 1 Putative chloroplast translation elongation factor EF-Tu Arabidopsis thaliana 7

precursor
NP_001077934.1 Unknown protein Arabidopsis thaliana 7
Total 232

* Number of ESTs : assigned to the same gene functions.

mRNAZFE 4J¥E cDNA library 222 = mRNA =2 ddse 1A FRet 7es Hes] ¢ HsiA

=
— = L
9] 89} EAKAR}LY transcription =50 wel ZEkR| = 183 9714 9-S 712 cDNA library 9] unigene 5



xEZ HEE

rotof 3t (Huang & Madan,1999). o]& 93t A4 XA
ofl+= high-quality 91 1,26972] EST A4 <E4Tt TIGR assembler
LRSS o]gsto] EST S8 E AAIR 23, Fig
3(A)NA H= AT} o] 674 719 singleton®} LJHZ] 595
7Ne)] 204 dojA 1777]9) contig =, 85172 unigene
WS ARgElRlY] WlEe] W e 7] Bl ul A
& 7ML = 282 Astil= NCBIC| BlastXZ 2
O o Fede 2ASt] 7l5e 5o ST &
AAINE YUYt (Hays & Skinner, 2001; Franco et
al., 1995; Yang et al., 2009).

Unigene?] 79%¢f 3@} singleton A2 714 #4
AEL contig® BT FAA] Ha] HE SEo AN
H $AAEoltT & 4= AUtk wakA] o] ASE JPAH

Unigene 871

Singleton
674

A B

BTE'Y0I2] cDNA library®l ESTs

=Ad
=
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71 Bgols] ol sof slef 7124 dlgd
cfobs $AROI 8 4 Ak Tl contie: Yok
FAREE 270 o1 289 AdEe] SEEC] HAE
E017] "ol singleton®] A4S Hth & ¢FOR
AAFE GAAEolg 8 4 o B & (White et al., 2000),
unigene ] °F 21%9] 3 F3}+= contig FHAELS JFBA
71 °?L¢”* o]9] QloA WHE= T gt Ae|A-ga
A gHEASoleln ¥ 4 gck
Z 851719] unigene?] 7|55 F435}17] ¢J3ll NCBI database
ofl BlastX2 0] §3t0] GenBankol 528 §-5upe] 4
TAE AARSE A3}, 674709 singleton Fof 3662} contig
177%0] 1107}, & & 4767119] unigene5-2 GenBank©]| 7]
o] A SAAET o] AHE o] Y Ao Ut

s

C

Fig. 3. Result of clustering the 1269 clones with TIGR assembler program (A), distribution of genes with known/unknown/no
match function classified by BLASTX program of NCBI (B) and taxonomic distribution of genes with known function

matched to NCBI database (C).
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Fig. 4. The classification of genes with known functional annotation by MIPs FunCat database.
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U I 715 F4T 4 Aok 223 singletons 2548
contig 587l, & % FHAAES GenBanke| 552
wof glott 7ol el 9lA ghe fAAET AEAE
Hol= A o2 YEhtt (Fig. 3B). ©] 2|9 singleton 547]9}
contig 971, & 637]%] unigene52 ©}27FA] GeneBankoj
S5 o FAAE AsAe YAl got =S &
AApel Ao R AR EtHWhite et al., 2000) (Fig. 3 C).
71%50] <A 476719 unigene®] AFEA AP ATt
Table 20|t} AE=AS] =32 Table 394 A| A= E-value
NEAR BAAstel AEA0) 2 BF St 1 A,
singletoni} contig & T} 98%7} E-value<10" © & n & 1=
oA=L L}E}LH L}Eﬂ A% 10" <E-value<10° 2.2
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2 ] EE}E]— 11—8.8]-}_—_ )\HF/]
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ﬂrilﬁ v Al2A4| FAA}E As/dol A LR 7719
AR} O}U}E Fredol A= MEL 7ls= 8
AZY Ao=w 7|dgE

NCBI d|o]gH|o]2of Alg/dS el 476719] unigene=
o] A AQl 75842 17749 7|5 7161125 Munich
Information Center for Protein Sequences funcat database
2 BEst9ti(Mewes et al., 1997,2002; Trail et al., 2003).
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2F 150007]j ol 4] 600007 Alo]= —%—Xéﬂ_’ Sl th(Flavell,
1980). &2 ollA Soldor UdE = FAAY] o= of
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