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Abstract

Brassicaceae consists of important species that have significant amounts of metabolites,
and many studies have been carried out in order to understand the mechanism that
improves the content of these metabolites. In Brassicacea, Cardamine manshurica Nakai is
one of the important edible plants and is rich in oil, fiber, and various nutrients. In this
study, we constructed cDNA library using leaves from 4 week-old plants and analyzed the
ESTs of C. manshurica Nakai. One thousand thirty-nine ESTs were discovered which
assembled to form 468 unigenes. The latter contained 116 contigs and 352 singletons.
Similarity search of these ESTs with BLASTX revealed similarities with Arabidopsis thaliana
285 (31.9%), Arabidopsis lyrata 172 (19.3%), Capsella rubella 162 (18.1%), and Eutrema
salsugineum 137 (15.3%). ESTs were functionally categorized into molecular function,
biological process, and cellular component, and each category took 10.6%, 58.5%, and
30.9%, respectively. The functional analysis also found that 94.9% of ESTs showed at
least one GO ID. Microsatellite analysis of 468 unigene sequences revealed 225 structures
of which Di-, Tri-, Tetra-, Penta-repeats were 35.6% (80/225), 63.1% (142/225), 0.9%
(2/225), and 0.4% (1/225), respectively. The results from our study can be a valuable
resource for Cardamine research.
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Introduction

v =3} (Brassicaceae) T AASIH Cruciferae) Al=o= 3dtAlo] 4ot =ESH nj&
F7IE e 22 dAMFES @Reta len, o] EdEde Auggrs 49
Fdart glof(Fenwick et al, 1983; Hwang et al., 2012), 4]-8% opzt k83

77 HAL FolA AL e FAlolth viFT= A ;1]74]7\403 oF 3384 3700 ofFo
B35l (Al-Shehbaz et al, 2006a), F2 2tix|¥e] AL8st= Zozr dA
tHZhou et al., 2001). FMYol&(Cardamine L)L #2107t Wsty w7t 27|
22 A B AFARl B0 thE &3 PR THAI-Shehbaz, 1988 Song, 2011).
(Draba 1.), t¥adol&(Lepidium 1.), FA7oIV24(Erysimum 1)
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o8 F FAqYol&H2 ofrof, Boplrl, fHe SHoE °F 20001Fc] HiEo] lom(Zhou et al,
2001: Warwick, 2006), ©]5 53] F&HoMol 2|92 s|Hetop A7} BEo] S50 SHAZ AT
ATHAI-Shehbaz, 1988; Lihova et al., 2006). oFAloFA]Selli= =g Alote]l oF 13F(Komarov, 1970), &1L
7% (Zhou et al., 2001), = 50%(Zhou et al., 2001; Chen et al., 2008), tHit 5%F(Ying, 1996), Y=
17%0] Rxots Zog d#fA 9lom(Al-Shehbaz et al., 2006b), T=ol= 7 2 AFelA 15F°]
AAYshe Ao® Hiskal ltk(Song, 2011).

2 &9 AEEL offded UER ol8shH, 9k, WY, ofd, WMo, Wds) Fof aFe] ot
71550l Atk(Xiao, 1988; Bae, 2000). & £0] tiEAE Aol & WA 3.03%, 71&
0.47%, FAALFEE 6.41%, A4 2.15%, APE 1.33% AE7t TFHol JHKim, 2008). &2 £9]
AEEL ofdeS UERE o8, 8x4, WY, o, Hid], ¥Wds] Fol ol thal 7|EE<
2th(Bae, 2000).

] &ol(Koh, 1993; Korea national arboretum and the plant taxonomic society of Korea, 2007)
Fehgo](Oh, 2007; Song, 20112 &= Cardamine parviflora var. manshurica Kom.2 &=
ollAl AYE Bo 7| Zste] ARFo R TREITHKomarov, 1903). ©]F, t4=2] Skat=o] 3ol
‘= Cardamine parviflora 1..2] synonym S 2 A&sto] 2Fo 1 (Kitagawa, 1939; Im, 1997; Zhou et

(0]
<
Co

(')

N

i ol

IOII
Qlr

i)

0

o N M
oo ey

[¢]

al., 2001; Al-Shehbaz et al., 2006b; Warwick et al., 2006; Oh, 2007), & E&5+2 JeAX|gH o2
Hest] FHEE Zeg HHHHKim et al, 2015). Nakai(1914)+= C parviflora var. manshurica

Kom.2} efd o g SASt B24-S ‘Cardamine manshurica Nakai'2H= SHO 2 7] 25191 0™, 0|9} ¢

Rt Eofjeh dEolg2 " JIAES SESYh £3 I+ C manshurica Nakaiol 2 Fof2
3 AR (DT %) A o]F, Lee (1996)= ol2 wWogt

stglom, Kim et al. (20152 Lee (1996)7} AAG 2We =HAmo

A

£ rje

N1 Fol= opFdE A 1dell 3-53] Altfado] o]FolxA AAshte] iRy RPEAEQ]
N7 Rt Alcie] o T3 Hokg B AAgo] mfe 1, AESHAY thsdt Sl F At
A71Ro] 7Hs skl Atol] o-gstr]ol Aghet AlZo|th

oeba], H2 o =wollAe of7@Agele] cDNA  library AF ' OEST 248 S fdxc=
ofZ1gAlgololl thell Atatal, FHAAC R SHstiAt jit,

Materials and Methods

A= ME F£H A RNAZE

of71FAFelo] Age FEUSL AG5HE36° 22 3.64" N, 127° 21' 19.85" E)ollAl et Araxwtel
AL E(Fg, D& 25T, L2716 h light / 8 h dark)ollA wjFsla A7} RSl Ao TS
o] g5ttt et TAE SAA xR T FY AN 477 BSAA A& AE AEE ARSI
Total RNAS] F&& AqAEL2E FHAAA HA Z2fe Alm oF 100 mgell A=l 1 mLe] TRIzol®
Reagent (Life technology, USA)E ol-&sto] A|xAre] ZHof| whet Adstqlet. #F RNA pellet>
DEPC-treated D.W.o =o] NanoVue™ (GE Healthcare, USA)E L2 =A35t9t) &3 total
RNAZHE PolyATract® mRNA Isolation System (Promega, USA)S ©]8dte] Poly (A+) RNAE

Agahet,
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Fig. 1. General shape of C. manshurica at research farm in Chungnam National University (A) and selected
mature plants for self-pollination (B).

A% DNA Library M3 o 27| M 24

AHE Poly (A)+ RNAZYE A% cDNA LibraryS A|Zstch. cDNA library®] A2 In-Fusion®
SMARTer® Directional cDNA Library Construction Kit (Takara, USA)= o]-83sl3ict. AxALS] 2 H 9
w2t 1 ug®] Poly (A)+ RNAE Z|= 2 Library A2 Y5}, Library Clones2 X-gal& o83t
Blue/White selection H#2 53] cDNAS EFSH= CloneSWt Agtsto] Library= gHHstach Az
cDNA Library HARZS Hfo] 2 oHKorea)Alell O|=|sto] H7IA D #A4S a5t

EST B7IMEe| &4

2Hog Ao AZ|AE2 CodonCode Aligner Ver. 3.7.1& AR&sto] A2 9 contig assembly &
FPotqdet. o]F Foll vector AE E 100 bp °lst AE-& AASHAIL, contiget singlet F7IAEZ
d4sto] unigene F7IMES FoUth EAE Z4HZHe] A Qof| ditt AE B Gene ontologyo] 2%
Blast2GO (http://blast2go.bioinfo.cipf.es/) T2 13-& A}-g5to] 45t tHConesa et al., 2005). &
T Q3 parameter= BLASTX cut off 10, mapping E-value 107, annotation cut off 45, GO weight
1002 AAslo] M3Psket. Microsatelliter= SSR Finder (http://www.csufresno.edu/ssrfinder)S AFg-5}o]
245ttt Di nucleotide= 53] ®HHE oA, Tri nucleotide ©o14Fe] ¢ 43 o ¥EH ZAS
microsatellite2 E-FoF¥I T},

Jl 0_1.4
< o §

Results and Discussion

Of7|2HA'd0] 242 cDNA Library2| |2t

7| Holo| Al FESH total RNAE NanoVue™Z A4S 2y} UV SFT= A260004 12.71,
A2800014] 7.730=2 AtEEQlOM, skt 420.8 ng/ulz UERETE X% cDNA Library©] A2b2 AEH
Poly (A+) RNAZS 3M Sodium acetateZ ©]-83t JAWHS 53 =511, 0.5 ug/ulg 3Aste] & 1
ug® RNAE o]gsto] £dstqirt. d4dH cDNAE= CHROMA SPIN™+TE-1000 column (Takara,
USA)-& AHE5H] 1000 bp ©]38Fe] ¢DNAS} salts, proteins 52 AlAsIAt AHHE cDNAE pSMART2IF
defof] Zx3total, £ coli strain DH5a ol Ice cold—shock transformation -2 & JEA AZAT

A7IMZ oS U B4
doizl 2,235719] EST clones & 1,05470¢] tiste] A7I1AES B4ttt EST |74 E9 H+d Zol+=
oF 1,094 bpel® AA EA AF Aol 1.04 x 10° bp o]2lch EST @714 €S CodonCode Aligner Ver.
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3.7.15 AMERF AAY S Foll Vector 71 DY} Low quality 24 F22 A7 & 50 bpolste]
M Ee EAA ALEe] F 1,036719] d7IA gl AAZEA N AREE ST 684712 F7IAHo] 116749
contig®? E9E I, singletonS 352702 F 4687]2] Unigene2 A AtHFig. 2).
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Fig. 2. Distribution of the sequence length of ESTs and contigs.

NCBI (National Center for Biotechnology Information) nr database®] BLASTX#HA-2 Blast2GO
(http://www.blast2go.de/) ZRI1%& ARSIl FHA  E-value e 1072 AAsl ASAS
AAEHtHFig. 3). A4 1,036719] Adof gt BLASTX 4] Ay} o] = No hit= 4471(4.2%), Unknown
gene2 870(0.8%) 18]1l Known gene2 98470(95%)% 2RI ch(Fig. 3A). 9847H2] Known gene®] &
B Bx= Arabidopsis thaliana 28570(31.9%), Arabidopsis lyrata 1727(19.3%), Capsella rubella
16270(18.1%), Eutrema salsugineum 1377§(15.3%) <92 YUEFFOH, o|F E9| A. thaliana (W71 H)<}
A. lyrata B8 = =2 Fe8S HAFUH(Fig. 3B). o= A. thaliana®l 4% Q& 717+ 544 A7
olFX REAAMEEN W 74 AR7t FAE o2t w2 AEAdel Uehdt dx AZEHC EIt A
lyrata= A. thaliana®t "¢ 7W7He Z2AFO0RE =2 AFAAS Yehd Zo=w HQlrh

(A) (B)
~_ ~ Unknown Gene
0.7%

Others
15.4%
Arabidopsis
thaliana
31.9%

Known Gene
94.9%

~ Capsella
rubella
:18.1% |

Fig. 3. 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.

=~

240l #3H 1,036 EST A7[Age]l gt gene ontology=  Blast2GO  software  (https://
www.blast2go.com/) ©] mapping 7I'5= AFH8SF Functional categoryel] Wt EFok1 Plant Go Slim
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715 AHgste] SEEE GO IDE 4%t AFch ZH2Ee] &2 Molecular function 10.6%, Biological
process 58.5%, Cellular component 30.9%2 ettt (Fig. 4). FA] EST G714E 5 Aok gt 7 o]4+e]
GO ID7} o5 A= 94.9% (984/1036)2 Yel o™, GO ID= EST €7]AFntct B+ 10.57H, A
10,96770=2 &1t 750 2 EFol 2lo] molecular function 'protein binding', Biological processt=

response to abiotic stimulus’, Cellular component= 'plastid 7} 718 =2 Hl-&2 gt

70 -
60 -
50 -
40 -
30 -
20 -
10 -

L

Molecular function Biological process  Cellular component

% of EST with database match

Ly
7<)

. 4. Graphical representation of three functional categories of EST sequences.

2aH 468709 unigenedll A microsatellite ] 92 Ha]ste] 25 EA5H9Lt 7—1}7—1}4 microsatellitex=
HhE o] rxof wret BRstAa, HAl F 225709 microsatellites 918ttt Di—, Tri-, Tetra—,
Penta-repeat®] Wkt Z+Z} 35.6% (80/225), 63.1% (142/225), 0.9% (2/225), 0.4% (1/225)?-_ LHERSt T
Al microsatellite 5 Tri repeatq! (AAG)no| 27.6% (62/225)2 TE microsatelliteo] Bl 7P =2
H|-&o] 2RI ¢ItH(Table 1).

Table 1. Characterization of the repeat structures for the identified microsatellite sequences.

Repeat unit Repeat sequence Synonym Ob?\l%rved Total No.
Di-nt AT TA 18 80
AC CA GT, TG 16
AG GA, CT, TC 45
CG GC 1
Tri-nt AAC ACA, CAA, GTT, TTG, TGT 12 142
AAG AGA, GAA, CTT, TTC, TCT 62
AAT ATA, TAA, ATT, TTA, TAT 9
ACC CCA, CAC, GGT, GTG, TGG 10
AGC GCA, CAG, GCT, CTG, TGC 8
ACG CGA, GAC, CGT, GTC, TCG 1
AGG GGA, GAG, CCT, CTC, TCC 9
ACT CTA, TAC, AGT, GTA, TAG 3
ATC TCA, CAT, GAT, ATG, TGA 26
GCC CCG, CGC, GGC, GCG, CGG 2
Tetra-nt TT7C TTCT, TCTT, CTTT, 2 2
GAAA, AAAG, AAGA, AGAA
Hexata-nt GGAAGA GGAAGA 1 1
Total 225
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2 AFoM= of71FAYel(C. manshurica)®] EST libraryE AlZFste] A 1,054709] EST clone&

EAstet. A 116709 contig®} 352709] singletond E2]ote] & 46870¢] unigene= &5l Wl.o™ EST
HNAEAS Ed & 225719 microsatelliteS 2|3 Wit o]% BLASTXE %3 ”5*40] gelx7] gk
4.2%°] no hit 2= of7|ZAYele] Sold {FHAA THsAol = A, TS et

Ao
A2 AdH A Defensind} B xRS0l B cloneof|A] HAESCH, %Lﬂﬂﬂ‘ﬂ A. thaliana®l
ZA5k= 1371 defensin gene (Penninckx et al., 1996)2] vl ¢ S& 753 Zoltt,

2 AFE Fol Fol ef7|FA el Tl’d;q"d-"]' FH AHSS g 2oko 7|2 RRE AMEE o=

Abm Y,
Acknowledgements
2 A= e 2014 AA AFHA”T 2 Do o] A E Gl om, A2; F ARl - o] AT = =AM ol

LT 7191 E StAEYH.
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