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Construction of a Full-length cDNA Library from Korean Stewartia
(Stewartia koreana Nakai) and Characterization of EST Dataset
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Abstract. In this study, we report the generation and analysis of 1,392 expressed sequence tags (ESTs) from
Korean Stewartia (Stewartia koreana Nakai). A cDNA library was generated from the young leaf tissue and
a total of 1,392 cDNA were partially sequenced. EST and unigene sequence quality were determined by
computational filtering, manual review, and BLAST analyses. Finally, 1,301 ESTs were acquired after the
removal of the vector sequence and filtering over a minimum length 100 nucleotides. A total of 893 unigene,
consisting of 150 contigs and 743 singletons, was identified after assembling. Also, we identified 95 new
microsatellite-containing sequences from the unigenes and classified the structure according to their repeat
unit. According to homology search with BLASTX against the NCBI database, 65% of ESTs were homologous
with known function and 11.6% of ESTs were matched with putative or unknown function. The remaining
23.2% of ESTs showed no significant similarity to any protein sequences found in the public database. Annotation
based searches against multiple databases including wine grape and populus sequences helped to identify putative
functions of ESTs and unigenes. Gene ontology (GO) classification showed that the most abundant GO terms
were transport, nucleotide binding, plastid, in terms biological process, molecular function and cellular
component, respectively. The sequence data will be used to characterize potential roles of new genes in Stewartia
and provided for the useful tools as a genetic resource.
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2008; Kwon et al., 2008; Son et al., 2004; Yang et al.,
2006). 0|9l ZUpR A EE0] A} 7], HIV-1
protease ©}A|7]ZF 18] 31 NO(Nitric Oxide) 2§44 A & ©f
&gt AFATIE RuEy glon fEEAE e RS
olAlo] =o}x 3l Q)& ArZlo]ti(Choi et al., 2005; Han et
al., 2003; Kim et al., 2004; Min et al., 1999). 731} %A
olat ufo 7o) wzhjEe] RH AAH shAlo] W) o
£ S350 vl ez §44 £4 A9 - vl
31 Alstolct. & A|71R] NCBI EST database(http://www.ncbi.
nlm.nih.gov/projects/dbEST/)ol] SE5 = -5-E5(Stewartia)
A S A= 131702 Vitis vinifera(wine grape) 362,375
N, Pinus taeda(loblolly pine) 328,6287Y, Malus % domestica
(apple tree) 324,5157}, Picea glauca(white spruce) 313,110
A Sl vls) Ao B AF7F AyYHA @ Aot

22 7o) AT a8 S W g 7
40| W75 F5}o] Chang et al.(2001)2 w=Zh 5 ISUN
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2]AK35° 23° 38.4” E 127° 42> 16.5” N)o|A] 58S A3}
I WA Lol FAsH -70CollA] ®stitt. RNAY| 5=
< Chang et al.(1993)¢] YRS A7 HFsto] AME-SFA
Q22 1g o} AP A AAE AgSte] B
ot = 15mLe| 3= 8-92% CTAB, 2% PVP, 100mM
Tris-Cl(pH 8), 25mM EDTA, 2M NaCl, 0.05% spermidine,
2% (3-mercaptoethanol]S & 7}slo] &<l & £ Hulg]
chloroforme | 2|5ko] 4 & 420l 4] 10,000rpm2| %
E2 YRS sto] H5AS Helshch RNA FAL
3l 1/4 Fujo] 10M LiCIE A7}t 4Coll A 12A17F 9]
AF I 10,000pm O 208 Fo U4] Bejsto] RNA
WAES Ak RNA JAE-2 500uLe] SSTE §-A[IM

E

NaCl, 0.5% SDS, 10mM Tris-Cl(pH 8), ImM EDTA(pH
8)]o]l o] AR&-31%Itt. Total RNAZILE] Poly(A") RNA2|
E.2)&= PolyATtract mRNA isolation system(Promega, USA)
& ol gate] AzALe] Aol et sastct.

FZ cDNA library2| MZ U 7| ME £M

%% cDNA enriched library 2] #|2-& 9]af SMART'"'7]
%2 A3} 9 th(Okayama and Berg, 1982). cDNA2] A
2 1ug?] poly(A") RNAZ In-Fusion® SMARTer'™ ¢cDNA
Library Construction Kit(BD Biosciences)E AR&-3}o] A=
Abo] A3 el whet A giskgiet. A2 libraryi= X-gal A W
He Fof Adstelar o 5 1,3927) cloned A= A
sto] A7IMBS AAsHTh AE 24249 clone 96 well
deep plateo]| A BJF 3= AccuPrep® 96 Plasmid Extraction Kit
S AREsto] AlzAke] Z13of whet plasmid DNAES #2135k
o} G714 E2 MI3F primerE AME51o] Big Dye Terminator
Kit Ver 1.1(Applied Biosystems, USA)= H3-A]71 3 ABI3100
Genetic Analyzer(Applied Biosystems, USA) ¢]-83}o] 2

Hstoet.

EST M€ &4

BAE 9714 E 2= vector A4 E-E CodonCode Aligner
Ver3.7.15 AFE-5Eo] A AL, H-& clone % 100bp ©]3}
o] AL BAo|A A5t F-S A Y9 assembling™}
clustering> CAP3 3 & T13l(http://deepc2.psi.iastate.edw/aat/cap)
o] 712 AAZ olgsto] BASHTE E4H A ES contig=
BEE)7] o2 NP singletO @ BFslglon], 7bzko] Ad
of that AFEA B} gene ontology? Z4-L Blast2GO
(http://blast2go.bioinfo.cipf.es/) TZ IS Al-g-3lo F A5}
9 tHConesa et al., 2005). BLASTX 2] cut off 7} 10°2
A5t M T mapping> E-value 10”, annotation cut
off 45, GO weight 1022 AAs}o] M3 TE Microsatellite
+= SSR Finder(http://www.csufresno.edu/ssrfinder/) & AM-&
sto] BA5}14 ) Di nucleotide (nt)= 5% ©]AF 18|17 tri-nt
ojAtel 749 4w o)A} HHE-E Zul microsatellite 2 E5F5}
I tH(Table 1).
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Table 1. Characterization of the repeat structures for the identified microsatellite sequences.

Observed Total

Repeat unit Repeat Synonym No. No.
Di-nt AT TA 3
AC CA, GT, TG 5
AG GA, CT, TC 28 36
Tri-nt AAC ACA, CAA, GTT, TTG, TGT 1
AAG AGA, GAA, CTT, TTC, TCT 1
AAT ATA, TAA, ATT, TTA, TAT 1
ACC CCA, CAC, GGT, GTG, TGG 2
AGC GCA, CAG, GCT, CTG, TGC 10
ACG CGA, GAC, CGT, GTC, TCG 1
AGG GGA, GAG, CCT, CTC, TCC 4
ACT CTA, TAC, AGT, GTA, TAG 1
ATC TCA, CAT, GAT, ATG, TGA 1
GCC CCG, CGC, GGC, GCG, CGG 1 23
Tetra-nt ATTT TTTA, TTAT, TATT, AAAT, AATA, ATAA, TAAA 1
CAGA AGAC, GACA, ACAG, TCTG, CTGT, TGTC, GTCT 5
TTTG TTGT, TGTT, GTTT, CAAA, AAAC, AACA, ACAA 1 7
Penta-nt ATAGA, CTCTC, GAAAA 3 3
Hexa-nt AAGGAC, AAGGAG, AGAAGG, CACTGC, CATCAG, CCTCAC, CTTCTC, 15 15
CTTCTG, GATGGT, GATTAA, GCCACC, TCTCCT
Complex (AGAAGG)4(AGA)s, (AGGC)3(AGAC)s, (AT)o(AG)22, (CAC)(CAG)s,
(CAGG)3(CAGA)s, (CT)16(GT)s, (CT)s(CA)15, (GT)o(GA)1s, 11 11
(GTCT)5(CCTG)3, (TC)12(TA)s, (TTGGCG)(TTGGGG),
Total 95

Fig. 1. Agarose gel electrophoresis of total RNA extracted from Stewartia koreana leaves. (A) size fractionated (< 500 bp) double-strand
cDNA. (B) lane 1, synthesized cDNA; M, marker (C) lane 1-21, PCR products of different clones; M, marker.

thiocyanate, phenol/chloroformE AF&-3 one-step extraction
ot =ZPE JA] TrizolS AR WO =2 total RNA
ZFZ0] x| ¢ol Chang et al.(1993)°] 9J3l 129t CTAB
(hexadecyltrimethylammonium bromide) H-& ARE-35}o]
F%3190tf. %3 RNAE 1% denaturing formaldehyde
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agarose gel ARE-dFe] FA 45 A3Ystgich(Fig. 1A).
25 total RNAQ] %= 0.517ug 1L A3 Ase/Anso ]
H]-&-2 1.8(0.235/0.142) 2 9_31‘0 E it} A% cDNA library
o] A|2ke- SMART™ 7148 AH8-5}% . ™ (Okayama and

Berg, 1982), 0.5ug2] poly(A+) mRNAE AFE-3}0] 1 strand



c¢DNA 314, dC tailing, template switchingS #13§3} % ct.
2.4 cDNA 342 E3)] 950 % double strand(ds) cDNA=
CHROMA SPIN™ + TE-1000 columng AR2-3}o] 500bp
ols}2] cDNAE A|AsH A tH(Fig. 1B). 47| A¥s &=dt
W& 53 pPSMART2IF |
%35t B E.coli strain DHI0BO] electro-
transformation RS 58l FALLAI . FALLHE clone
T2 = 21700] tfsl colony PCRE X8Ysto] 25 &
Qlak A} ARQ) §7ke] 7] 400bpel A 2kb7lA] ]

ds ¢cDNA+= in-fusion cloning

Elo Azete

9 Yol 9lgla B 27)= 1.2kbglom HA Q] 52%7F
kb o]Aro = Fhelsick(Fig. 1C).
H7|IME siE & 2M
AT E3l| Hoj7l EST clone & 1,392715 F292
Adste] d7|MEe A BAQ 714G 24 4
o= oF 1,085bpo|™ A4 B4 AY ZolE= 1.5 x 10°bpiTh

wlE]o AFolEl QAo T/ Bl 12-13kbi 25.6%
(1347]), 1.1-1.2kb= 12.3%(1607}), 1.0-1.1kb= 10.3%(134
M) vl UerttFig 2). o % WEA AT 47142

Aol W2 917HE Aefgt 1,301719] Adel digt 4=
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Fig. 2. Distribution of the sequence length of ESTs and contigs.
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st iey. CAP3 Z2qllS ARg-sto] A 8937¢] EST
cluster = contig 1507} singlet 7437} 2213} ch(Fig. 3).
150709 contig % 2-57¢] ESTE 3355l contig”} 87.5%
(134/150) 2 thHES 2|5y o] 2 7 W& EST clone
E3}5h= 12 ribulose-1,5-bisphosphate carboxylase/oxygenase
small subunit® 387]¢] cloneo| SEE|1 11 ©] & chlorophyll
a/b binding protein®] 287 12]1L caffeoyl-CoA 3-O-methyl-
transferase(CCoAOMT) 7} 267} Hl=& Ljehgr}. £3] CCoAOMT
< #ad A4 Al Bofste aa2A thE EST
of s A or w2 Hl&o] AEH A HHle] BF-
CCoAOMT7} 3HelEl A 307)2] EST & tjiso] o %
Aol 28 AO2 Boh 2Rl f92 X8 W)
2 yeht 27 Sol4o] 7Qlst Ao ARHL
NCBI nr database®] BLASTX ML Blast2GO &1
83}10] 4 E-value 3+ 10702 AAslo] AEA
A5kt o] 3 no hitye 16271(11.6%), unknown gene
2 32471(23.2%) 123l known gene> 9067l(65%) = 221
E A ch(Fig. 4A). 9067 known gene®| £ ¥ HiEZ = Titis
vinifera 3807}(30.9%), Homo sapiens 12871(10.4%), Populus
trichocarpa 1087}|(8.8%), Ricinus communis 807}(6.5%),
Plasmodium chabaudi 6471(5.2%)%] 22 YEG O™ o]
% Vitis vinifera?} Populus trichocarpa Z18|1l Ricinus
2RE2 AR B 9A7L 27 ARelE
10 Z:9{Ti(Fig 4B). o] oke] BHEE0| o)
of FARE AGEA 2ol BA=AR) A 77
oF WF QA7 ATsElo] et sl AZHEIC AAI 2010
d 12¢€ 1Y 7|&°o 2 9rEE NCBIQ] EST database(dbEST,
http://www.ncbi.nlm.nih.gov/projects/dbEST/) o= Y &
Hut=of &3l Vitis vinifera(wine grape)7} 362,3757| 2
HET FoA 7P @S EST7L Ehi o] 91%1ow Populus
trichocarpa} Ricinus communis =3 A Z}Z} 89,943 7119}

COMMUNIS~

o

___—6-10 ESTs, 5%
11—15 ESTs, 3%
\16 20 ESTs, 1%
11-15 ESTs, 2%

Fig. 3. Classification of all ESTs determined in this study. (A) functional annotation of ESTs with BLASTN. (B) distribution of the

number of ESTs in all contigs.
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No hit

Unknown
23.2%

Vitis vinifera
30.9%

Homo sapiens
10.4%

Ricinus {’Opulus
communis trichocarpa
6.5% 8.8%

Fig. 4. Graphical representation of functional annotation and distribution of BLASTN top-hit species. (A) classification of all ESTs
with BLASTN. (B) BLASTN top-hit species showing high homology with known genome sequences.

62,592717} R 1= ¢ith(Peng et al., 2007). o|2jgt SA;
Homo sapiensol| A TS FE2 XA vepdt}. Q17ke] 4
HuE AA YEE] EST Z 12.3%(8,314,462/67,370,045)
2P R ul8S AT ol AF BRe st 4
Bglo] zhprele] QX E7} A e Aow Azt
(Fig. 4B).

Z1A] 1,301 clone®] T3t gene ontology+= Blast2GO X271
2] mapping 7|52 AME5F0] molecular function, biological

o o

process, cellular component® £33}1! Plant Go Slim 7]%
S AFg5te] FEHE GO IDS HAshZr) 22t v g
2 molecular function 13.9%, biological process 37.6%,
cellular component 48.4%& e} TH(data not shown). A
A clone 5 Aol gt 7 o]49] GO ID7} Fojd A9+
84.9%(1,105/1,301)2 e} O™, cloned H#22l GO ID
= 39702 YUgkal AA| cloneo] tidt & GO IDE 5,4417)
2 gRelgith. 7]sof whE 257l %ol molecular function2
nucleotide binding, biological process+ transport, cellular
component= plastid7} 7F¢ =& v|&2 Ugth

H2]% 893719 unigeneo]| 4] microsatellite A E-S Eg
sto] 25 AT ZH2E9] microsatelliter= BHE-E A]
o] Fxof wa} BE2319 1 AA 9571 2] microsatelliteS
gols} ¢ th(Table 1). Unigenel] 2] microsatellite®] H]E&-2
10.6%% thg &7 Fh(18.6%)0l Hlsl w& grol
UelgthDurand et al., 2010). Di-, tri-, tetra-, penta-, hexa-
o] Wl Z17F 37.8%(36/95), 24.2%(23/95), 7.3%(7/95), 3.1%
(3/95), 15.7%(15/95)% LFebkom B3k ukEo 11.5%(11/95)
2 Z1E it A microsatellite = (AG),©] 29.4%(28/95)

2 T}E microsatelliteo]] B]3)] 7P =& v]&o] Eolsio
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o, ol WEl, S, 6], Sdo) Wo] ESTE J]itoz o
microsatellite g4 Aol A YR == A7} =Gl
tH(Kantety et al., 2002; Temnykh et al., 1999). 121}
unigeneU] 2] microsatellite2] H]-&-0] t}2 B2 Zof v]s] Al
Aoz W AEofa] dRtA o A WEEE (AThY
H]go] Yo g =9 73] B u 28] W microsatellite
A9 vEE WGt Br] oL, o] &40 AR
¥l microsatellite®] 7lj4=7F 2 of Uehd @A/doletarl Yzt
o @A iR e At 4k vl
S o] ZA Fho = of27hA] sho] =85

glol 5 )
Q)= AFefjo]m(Li, 1996; Prince and Parks, 2001) & S &
=5 223 H FAZ 2l 9571 2] microsatellite= ©]E2] &

AupAZA g8E Aor odHEch
# =olAe APitollA AgshE w2 URY] f Y 24
9] EST libraryS A|&3ko] AA)| 1,301702] EST cloned &
Astoict. AA 150719] contig®t 7437)9] singleton £-2]
sto] F 893709 unigeneS Fe]3l WO EST AEEAS
Z 957)19] microsatelliteES F2]3] Wr} o]= BLASTX
Sl Asidol FRIEA] g2 12%9] no hit FHAH= =
G 4 Sold A% 540l £8 Aoz Azt
gt contig®] &4 B4S F3ll E2lE CCoAOMT+=
% 26711¢] ESTE Egatal lgloern ol 2lad A4
Aol Bofstes aamA Aok Aol A Sl o=
AR o R 38 7Heet A ARl -8 Ako| tH(Anterola
et al., 2002). 2] 1L EZ 9] nlo]eHA & OF 2535%E
A= Ao Ha A Ao glo] AAfof B FAH=H
Z9] 3= 4 A 21, Eom et al.(2010)2 AA|=Z &
AAUO] F A S A &Fste] CCoAOMT F-7axFe] W
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