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Abstract

Brassica juncea (2n = 4x = 36, AABB genome, 1,068 Mb) is a U’s triangle species and an
amphidiploid derivative of B. rapa and B. nigra. Fifteen varieties were used to study the ITS
(internal transcribed spacer) regions of ribosomal DNA and MITEs (miniature inverted-repeat
transposable elements) with a view of developing specific molecular markers. ITSs and MITEs
are an excellent resource for developing DNA markers for genomics and evolutionary studies
because most of them are stably inherited and present in high copy numbers. The ITS (ITS1 and
ITS2) sequence was compared with the consensus sequence of B. rapa and B. nigra. Variation
in ITS1 created two separate groups among 15 varieties, with 10 varieties in one group and 5 in
the other. Phylogenetic analysis revealed two major clusters for those 10 and 5 varieties. Among
the 160 different MITE primers used to evaluate the selected 15 varieties of B. juncea, 70 were
related to the Stowaway, 79 to the Tourist, 6 to the hAT, and 5 to the Mutator super-families of
MITEs. Of 160 markers examined, 32 were found to be polymorphic when fifteen different
varieties of B. juncea were evaluated. The variety ‘Blackgat’ was different from the other mustard
varieties with respect to both phenotype and genotype. The diversity of 47 additional accessions
could be verified using eight selected molecular markers derived from MITE family sequences.
The polymorphic markers identified in this study can be used for varietal classification, variety
protection, and other breeding purposes.
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7t (Brassica juncea) BET2E QITHTS Y L MITE Family H2.E O|25HEAEA| g

M A

S Brassicaceae) *12-2- 338 Z(genera), F 3,709 ZF-(species) O & o] Fo 4 L O AAA 0 & A4 71X 7}l = 24
=0 &S HAI-Shehbaz et al,, 2006; Bailey et al., 2006). ~1 5 ZH Brassica juncea)-S- W\ 5=(Brassica rapa; 2n = 2x = 20, AA genome,
5290Mb) 2} S A RN Brassica nigra; 2n = 2x = 16, BB genome, 632Mb)2] E-o|uljA| (amphidiploid) = 2n = 4x = 36, AA]| -5-44| = 2F
L06SMbE 7}2| 11 Q)= Ao |thJohnston etal,, 2005). 22574 9 -5-42tol| gt -7 Al A © 2 njulslr|of T I
= Moz i), 29 fAP U 44 clpel ek BAS A0] o]20104] 91k0, rhosomal DNAC ITS(Inrm
Transcribed Spacer) %], RAPD(Random Amplified Polymorphic DNA) 2! RFLP(Restriction Fragment Length Polymorphisms)E- ©]-&-5F
24-0] Ato] 218 QIek(Fu et al, 2006; Qi etal, 2007 Song et al, 1990; Song etal,, 1988). ZF2] A3 X -4 thefAdel]
ot BA2 Tkt STl S B 58 o] 88 4= gk& Aol

A= BRYE 7Plo] AEAY SRR P S BH5HE 122 DNAYZ |4 E Holof 7128 77| diZ
ol S PSR §hom = AR A4 0] JLollE /ER] ¢il 7] 0] S H Tk ihE 11, ARt Y H S A5 4= IrHKim
etal, 2015; Kim etal,, 2014). A= 24 ) A, T 2 5 W, A A= 2P 2 e 94 A
ofof|A] 0]-85}a7 it FLofl= thoket Bt 2|7 7t E] 7 Q1=+t SSR (Simple Sequence Repeat), SNP (Single Nucleotide
Polymorphism), InDel(Insertion and Deletion) ‘5-2] At |7} H-8-0 &2 -85 77 QIth E6| InDel HA|+=op722 A Zo]| A
A 2 Lo ARAAo] mi- ot B AAbEol A e skE EA|olH

T FFOMA FHTAIE Lotk 7] Sfsll T2 TS G A7 1M 9] v d= wol o8ttt 2ol oFg-AH=2] v
£ gRlsl] $J5ll 77d2] F2 DNA HEF =0 tifsf A5 CHChen et al,, 2010). Chen et al. (20102 779 2] DNA HF = (pshA—
tmH, matK, rbeL, 1poCl, yef5, ITS1 H ITS2) o] ITS2 g Hof| 4] 75345, 480078, ©F 6600710l 4] ZHRISHA N, 92.7%2] /d5241%1 &
AES UL ITS2 G 92 oF8AEE0 DRl Tl $52] 542 915t BE DNAHIE E 24 o] § & 4= Q132 %
O3 Qi et al. 2007} 5= 7t 16 Fgol A ITS G oS B-8oto] FAF AT TS 245t ITSIHITS? o2 #2fste]
SRR ATHTSI Folk= SAHA A DT} -FAR 4 FF, ol A B2 -FARE 12 F52 SIS ITS2 G olA= 5A
AR A B -FrALRE 3 5, il A G -FAR 13 FES SRISIGITE ITS o 0 & SI1gH Avf 2k SARH T v Tf &
5 E50] Bo Liehrk ojeleh AR 2] DNA, HEE 7o} DNA, RFLPS| 217} 7o) 5 A7ck uhe @17 jets
G AFSFR= 217} & 2] 5HCH Palmer and Herbon, 1988; Song et al, 1990; Warwick and Black, 1991; Yang et al, 2002).

MITE (miniature inverted-repeat transposable elementl= &, A&, 2o} 5o o}F HIHs]| EAf6lH, 27])=
800bpX t} ZtHCasacuberta et al., 2003 ; Turcotte et al,, 2001), T35t H] =24 A2]™HE (hon—autonomous elements) 2] et
o HFE (Terminal Inverted Repeats: TIR) © & sequence ZA0]2] HL]7110-15bp 2] 2}o & UEh = 7 QItHZhang et al.,
2000). MITE:= -3-212}F 5.9 (intron, exon, and UTR ; untranslated regions, promoters)2} 13- L85 1| 28 =] o] Q17| wjiof
Q) T, 752 AT 2SIk BRI A MITE S triplicated §124] 722 W18 A lopo] wighS 7140
7] SHHSampath et al,, 2013; Yang et al., 2006). MITE+= QM4 0 5 A=) 31 T2 copy 2 EA6)| w ol -GSk
213} AFE QISFDNA 213 2] 2 ufl-- 28k Amundsen et al,, 2011), AA| 2 MITE+= H 9.98%, Medicago 8.21%, 58+
5.53%, Bl|5= 4.05%, ERFE 3 44%, 25241.96%, o7 " (drabidopsis thaliana) 0.71% 040 2 A& GAAof] 28 HE
2 225} QItHChen et al,, 2014). Chen et al.2014)2 in silico tools S E-&5}0] H]|Z0f| 4] 174 MITE familiesS 3711615
T}, £ 45821 MITEsS 8R16}19] 1, o= vl -8744|9] 11Mb (4.08%)2 X}A|3Ict, T3t Sampath et al. 2014)-2 vlj5=, <l
Z 811 o7 e] MITEE H]ul E4161] 20 families=2 G-E-619Ic}. 20 families= 4 BraSto (Stowaway families as
Brassica Stowaway), 13 BraTo (Tourist families as Brassica Tourist), 2 BraHAT (hAT families as Brassica hAT), 1 BraMu
(Mutator family as Brassica Mutator) & 2510}, & 29074 2] EAE 2|2 1634 9] v 3te], 12749 ol EA e
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2 Brassica juncea) S5 T22 FITHTS Y L MITE Famiy Z2E O|ZTHZAIEA| 71

212 Apstoiet
1 A0 2 15 B ribosomal DNA ITS 9] 9714192 slelsle] RAnAS sielsglon], 7|20 as
MITE EA}#& o

it

2|2 Zke] FF3hH S8V 5A-S dotHE Qi Sampath et al., 2014; White et al., 1990), MITE EAHEA] = 4
-85 ¥ & 4= Q)= InDel 24| 952 A6 o, AT MITEES 2-8-510] Tt f7dabloflM 728 4= A=A

AZste

ELIET
MENE L DNAFE
Zt A mi= AlFollA maffoh= FEat = 2 AR o W A2l A =345kaiTh 7 15 382 Y7 %HEolcheonggat),
HZHNamdoogat), %4ZHCunggat), ‘F ¥ Namyanggat), 5737HDongganggat), & H2ZHDongwonredgat), 4E7F
(Cheongsonggat), E-2f|ZHBongraegat), SZHHeukgat; Accession number, IT200214), 123, %527 Nongwooredgat), 7+
ZHPalgangat), J15, 116, J172 T B2 S goletelthFig. 1). 123,115,116, 117-2 AEo|A] S48 Z2o0]t}, T3t o

2] 3597 AN 245 RF 2 4778 Hop o} BAEA] o CRaALS Shelstett, Al < cfslaL AL vl

Shof[elatH|d okl A AEeElal, DNA &2 Hoh e 451 G A2 ARE5I3Ih ZHAHE A A= TissueLyser (QIAGEN,

Netherlands)E 0]-85}0] E4}5}53.2 ¥, DNA= DNeasy Plant Mini Kit(QIAGEN, Cat, No, 69104)& AL85}0] ZZ5}Tt.

Blackgat l 123 Nongwooredgat  Palganggat 5 16 J1 7

Fig. 1. The phenotypic appearance of the 15 selected B. juncea varieties and/or accessions. (A) Eolcheonggat, (B) Namdoogat,
(C) Cungaat, (D) Namyanggat, (E) Dongganggat, (F) Dongwonredgat, (G) Cheongsonggat, (H) Bongraegat, (1) Blackgat, ())
23, (K) Nongwooredgat, (L) Palganggat, (M) J15, (N) J16, (O) J17. J-accessions were collected from Japan. Alphabet A-l, K
and L are varieties and J and M-O are accessions.

ITS & MITE 2AEA| M

ZE] T ATAE Yo7 Sl ool B 1% ribosomal DNA Q] ITS H AL A)E 0]-85}{th PCR 2.0 2 giRls}
7] 9Jaf o83t EAFEA]= BI ITS-F: 5-TCCGTAGGTGAACCTGCGG-3'9} B ITS-R: 5'~TCCTCCGCTTATTGAT
ATGC-30|tHQi et al., 2007; White et al,, 1990). 2] FE4-& 918 MITE 22} H A= Sampath et al.2014)0f] 2Jafj 217
T 2004 9] FARRA] 5 S} S 22t o Ads Eol Hol= 8042 Adste] F 160739 #AEAIE o] 85kt

(Supplementary Table 1),

Korean Joumnal of Horticultural Science & Technology 307



7t (Brassica juncea) BET2E QITHTS Y L MITE Family H2.E O|25HEAEA| g

PCRE 7|3=

PCR 5ES HFH 0 2 DNAL 100ng& AR89, primeri= 10pmol 2 8]456}0] AR5}t Taq 234 9 PCR buffer
=GR @ premix (Cat. No. G2002) 5 A8-51] PCR-Z 713¥5}H1T}. PCR 53 271 © 821=94°Cof| 32 §g- 5, 94Co]]
K302, 55-62CllA] 30, 72°CollA] 302 ST HESSo] 34 HEESH W, whA|uf0 2 72°Cof|A] 727 kg6l 3ir PCR A
=2 2Q1S f15l 1.2% o722 74o] blue mango 0.5pg - mL™' = F7sto] UVAdell M gelstoit,

Cloning and sequencing

Cloning-2 $JSFPCREA] A|9FS Takara Ex Taq™ (Takara, Japan)2 ARESFICE 244210 X buffer 2.5uL, ANTP mixture
0.5uL, Takara Ex Taq™ 02pL, forward primer(10pmol) 03uL, reverse primer(10pmol) 03pL, water 152uL, gDNA
1uL(100ng)E o] & 20uL 2 5193} PCR 742 94°Coll A 55 2 2] £ 94°CollA 30%, 58°CollA 30%, 72 ColA 45% &
Qb uh351o] 3481 SIS, ThAEFO 2 T2CelH 757 HHSHITh, k] ZEAE A= The Wizard® Genomic
DNA Purification Kit(Promega, Germany) X = &E-=0] wja} ~345}3ic}. A 3 TOPcloner™ Blunt Kit(Enzynomics,
Korea)}E AF85}¢] ligation 5FIT}, TOPO HE]of| AQ1H 7S 2RI ZE-2 carbenicillin©] ZL3HE oA LBHjZ|of| 14A4]7F
A Hlofet & QIAprep® Spin Miniprep Kit(QIAGEN, Germany)S ©|-85}10] 22140 E DNAE 35519t 714G &
A2 forward= M13F, reverser=M13-pUCE A85}1¢ () utZ2 A (Korea)of| 2]Z[ol] SFlssiTt.

ZE15 FF0| FAPAIE Lotkd7] $15) rDNASJITS, ITS2, 5.88 G| H7]4E = phylogenic tree S 25Tt 4]
2 ClustalW 2 MEGA 6 X2 138 0]-85}¢ neighbor—joining(NJ), bootstrap 1,000.0 5 15} tHTamura et al., 2013).
ZE2-HSE(N564039.1)2F S AZHAF128102.1)2] HouA] 2Hz = ribosomal DNA S ITS A|go] F7FA] EfQlo &2 UeR 7|
thzoll o5 o]-85te] 2t 15 F52] RFA Q] phylogenic tree S 21/d510] -F-ATAE FR16ITHQ et al,, 2007). E7F, 22
W0 & ookt 2 F2k & MITE 2237 2 gelsto] f-AA8 skt

Zn Y 0y

Ribosomal DNA2| ITS F% H7|AME &0l U FAH2A 2

A1E9] ribosomal DNACJA ITS TFg/d2 o] 5t fAAIE o= = FIHoHA 4=3=]1! ItHDownie et al,,
1996; Koch et al,, 2003; Yang et al., 1996; Yuan et al., 1996). Ribosomal DNA 2] ITS*=ITS137}HITS2 2 LFo] ZIct, 7]
oF A Q= BAEAE 8R85]0] 15 ZZ0) A ITS 0] 20| 2 810151AHQi et al,, 2007; White et al,, 1990), EA-E A=
BJ_ITS-F/R& PCR 201 3 cloning T} sequencing-2 £33}, 2101 &17]4 Q-2 S A7 o] ITS A A (AF128102.1)7} HY
FO]ITS A A(IN564039.1)E B| 1w 5tof T Q1 -F-ATAE Yol ithFig. 2A). ZHAABB genome)2-Eo 1| 4[0]7] Wi
o] &AZHBB genome)2} HIF(AA genome) F A Fo A &R15HITHQ et al., 2007). e A1 G 2] 54 (annotation)2 S
Z}2] NCBI Accession No, AF128102.1-2 71211 2H435}ict, 7] Zol= 696bp2t 710bp= 5 71A] EF0 2 SHelx|Qict
(Fig. 2A). 696bp THH A Qo] 7.2 1-31bp(18S), 32-288bp(ITS1), 289-452bp(5.8S), 453-639bp(TS2), 640-696bp(25S)
2 Ago] LEE|QT} 710bp T AFo] 4L 1-31bp(18S), 32-302bp(ITS1), 303-466bp(5.8S), 467-653bp(ITS2),
654-710bp(258)= A Fo| 5| Tt 7L A 5=O] ITS A Gat-{ART 10 FF1 AR ITS A Gat-FARES 5o
ST A A FITSITHTS204 H7 1A E 210 |5 B0, 5880l BF 22 A7 |9 7l gl A o = o
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2 Brassica juncea) BETES /SHTS Y L MITE Family H25 O[ESH2ZAIER| 7L

ERit. o= S AR} HlA=0] 5,85 9] G714 Hol 7] whzo |tk ITS ¥4 0] A7 1M E 2l h=1TS2 FAHT=1TS1 FHoll
A B AlE & 4 AL, SAAET I ITS Fat-FAREE0] WlTHFig. 2A),

Ribosomal DNAOJIA ITS g9 2] H7| 4G 2}ol 5 o-&5le] 7t 15 EE2] FATAIE otk et Tzt 482t 5737
U H A R FER1 15,716, 1230 WIS ITSLF-FARRY 1450 2 LR, A7k, A7t Sefizto] SA7et
B2 150 2 UeRdthFig. 2B). A8 24 0 2 15 F5 5 852 ITS A BaH-FARE 10 5 5 320 AV Y
Th= 22 2} sl%k=d] o= S2te| the 2ol s o A o] 2|11, aagol| A &7 7-91e] dgo
Spo 0] E@Go] U] CherRe A3 AAjshA LeletehFig, 1), SARIITS Aol SAehs B8 5 gt s
27ko] Az, 47k, ezt 1E R EA] s A o & SjlE o] thE FABAE Uehdl= 2SI QlSITHFig. 2B).

AA A AAR = Ztol thgt A7} alR[s7] fizo ITS G T AR = vl A1=0] -774] Zlslo] Tt A,
ZEO] -8 F A2 A 9 =] 2t 58 O B ege &Aook 'L ZH] Al W A v el st Al o=
A Qfof tieh AHHof AlE T, 2= 0] 7] ¢A] 24, TRt s Alm ShE SO vz o 2 S8t 4 Gl o]
t}. £5], Schoch et al.2012)2] 70| 2]ohH Fo]of| 4] ribosomal DNA ITS 9.0 & Z£7F E= Fafjof|A] Ho]E o|-85t

-{o
e
i’,ﬂ
=)
Wi
0,
ne,
)
=

I2= BAS 7SS oh= AR ol et et 3 57809 A5t 0] 7hs itk o|F %, Aleel e F

H
R FUje] T2 91 A2 DNA B 32 kS 71eke 4 o1k

A 50 100 1 5]0 290 25|0 300 3 Fl:O 4[[)0 4?0 S(IJO 5?0 6(I)O 65|30 7?0

ARINWPOZZIr——0TmmoP
fer)
o
(o))

BN 710
consensus

100%
conservation
0%

18S ITS1 5.85 ITS2 25S
31 288 452 639bp

B B. rapa (BR)

115 (M)
Palganggat (L)

6] 1230
Cheongsonggat (G)
89 Dongganggat (E)

Dongwonredgat (F)
48] }— Namyanggat (D)
o 116 (N)
17(0)

Namdoogat (B)
—— Nongwooredgat (K)

Heukgat (1)

Eolcheonggat (A)
Cunggat (O

100 Bongraegat (H)
B. nigra (BN)

—_—
0.002

Fig. 2. Classification based on variation in the ITS regions of 15 selected varieties and accessions of B. juncea and reference
sequences of B. rapa and B. nigra. (A) The ITS sequence was compared to the B. rapa JN564039.1) and B. nigra (AF128102.1)
consensus sequence (chronology of 15 varieties and accessions, A-O, are given in Fig. 1). (B) Phylogenetic tree based on ITS
sequence of 15 varieties and accessions.
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2t Brassicajuncea) SET-EE $18HTS S 2 MITE Famiy HE2E O[&8HZAEA| 7Y

MITE SAHERIS 2R3 2 B2 T4 Sl

—

7ol FATAR} HE0] 2H0] FF 22 S MITE AT A 5 ARSIt A3 A= Sampath et al.2014) 4] ‘:}Oﬂ 4
o] =2 ulj e} oS e 22} 804 o] EALEAE ERISHTH Supplementary Table 1), 724142 & BraSto BATEA| =
707 .0 8 Hll 3ol 4] 277, QPO 437, Bralo BAHEARS 5797 0 & H3eol| 4] 493, AP0l 307 BraHAT—'—Z]-JL
2= 64 0= vl A 354, JeiSoll M 373, BraMu AR A= F 54 0 2 viiFollA] 14, oA 43S SRlstgict
Z 1603 2] MITE £A137] 5 5] thd e Kol = wAREAT A s irkFig. 3).

O MITE 5324l 00 418 S0 7S5 91430l 557248

4= Yl Ao tH(Table 1), B}5=MITE & E’r; S Hol= BAFRA=807] 5247 O & 34%5 el oW, oohﬂﬂ—’n‘—MITE
091 Che 2 Mol A 807 3§02 1072 Lelsiel 2 2741}9} -] BolulA] 2801 uhe] ol
g GJGIE ob ke Aol th HE Holie MITE Bl halo

O] MITE Hth= 50 MITEO A W2 32| & At
2 37}Fig 1)0] B 2018 HH 0P, o= ITS o] HAL o] 8- AT S AR ATHE £ 284 ot A
30739 MITE TFiA) AR 7} 3% 7.5 0] A2 0 slolsh 2 ol Haliszzo] yislA Hhdo] 9-851A] ALs Zlo]ct

BraSto BraTo

MABCDEFGHI JKLMNO MABCDEFGHI JKLMNO MABCDEFGHI JKLMNO

[%)
‘—1
N

=
>
w©
la)
o
m
-
[a]
T
=
—
<
=4
o
| | | | | |

ST 24

[%)
‘—1
w

[%)
‘—l
w1

[%)
I—l
~

ST_12

ST_14

ST_18

BraHAT

ST_19
B 000 o NSO ” MABCDEFGHI JKLMNO MABCDEFGHI JKLMNO

a
>

Fig. 3. Polymorphism observed in the MITE region of 15 B. juncea varieties and accessions using MITE markers. Among 160

markers, 32 produced polymorphic bands. Chronology of 15 varieties and accessions, A-O, are given in Fig. 1.

Table 1. Classification of MITE markers based on their families.

MITE families Sub-families Total number Marker origin
of markers B.rapa B. oleracea
BraSto BraSto-2 58 22(8) 36(6)
BraSto-3 2 1(1) 1(0)
BraSto4 10 42) 6(1)
310 Korean Jounal of Horticultural Science & Technology



2 Brassica juncea) S5 T22 FITHTS Y L MITE Famiy Z2E O|ZTHZAIEA| 71

MITE families Sub-families Total number Marker origin
of markers B.rapa B. oleracea
BraTo BraTo-1 15 7(1) 8(0)
BraTo-2 8 5(1) 3(0)
BraTo-3 5 3(D) 2(0)
BraTo4 7 5(0) 2(0)
BraTo-5 6 6(2)
BraTo-6 6 5(1) 1(0)
BraTo-7 6 3(0) 3(0)
BraTo BraTo-8 2 2(0)
BraTo-9 10 93) 1(0)
BraTo-10 5 3(D) 2(0)
BraTo-11 1 1(1)
BraTo-12 3 1(1) 2(0)
BraTo-13 5 1(0) 4(0)
BraHAT BraHAT-1 4 2(0) 2(1)
BraHAT-2 2 1(1) 1(0)
BraMu BraMu-1 5 1(0) 4(0)
Total 160 80(24) 80(8)
Parentheses indicate number of clearly polymorphic markers.
ITS @ Mt MITE 2ALEZ|Q| 2E

18
fio
i
%
rek
El
i
Am
)
2
A
D
EHl
)
10
=
)
I
rlo
9
&
( ;ﬂg
o
)
00[(
i
r>~l
rlI
2
I-'O
S
Z
>
of,
2
=2
L
rok
re,
i
2t
o
:O.L
[¢]
o,

ZHAITS 9
A0t} 2 FFIA IT

ok
>,\l

WA EFF g oRE 3,
sgge] o) olgoyd Zolet oyt
MITE®] 343t 4= dAf thofel 2FEol|A] o]F0] 2|1 QItKHan et al,, 2010; Mo et al,, 2012; Shirasawa et al., 2012),
Al
=

MITE E2]=op}

R

oA Al 2ol 7Fssh ] mhzell Rt A A HEE fe 4 T 551, MITE= 34

S-S 2o o] 7] whzell - g A o] Afo| = el g 4= Qlrt. 3273 O] MITE 5 83 9] 12 AHEA] (ST_18, ST _40,
ST_48,ST 49,ST_62,ST_74,ST_97,ST_100)= A 47 [ATE oA 2 22 474 2 Aol thdAd= =H<lst

AtHFig, 4), SATHAIZ BHolat A} JAL, JA2,JD9, JD11,JD12,ID15,ID17,1D199}JD4, JD7, JD14, JD18= uj}$ 25}
A ZE=Ae IBL) 33 9] -HaAtg e R GAR AT o] ke Aolat ofldel 4= Q1 ItHFig. 4B). A19ke 3274 ©| MITE
CFgAd BAREA = 2h0] BETE, B S U AEE /ol 580 48 4= 9l Aolo, fA) 9 2t o] g
22 & Zlojat 7]dighct

o0
Jfu

ZH(Brassica juncea; 2n = 4x =36, AABB genome, 1,068Mb)-2-U's triangle 2] |22} S AR} Afo] o] Bolujd]| ZFE= F-82
Fhe} 2 AL 2F 15 B35 ribosomal DNA ITS <3} MITES 0] 85}0] 7k0] A 9 B518 B2 S 2kels)
ST}, Ribosomal DNA ITS 9212 % 0 2] § 7k Qlofr i 172 Blo] A4 Qlo}], o] 2 085101 215 &

0] TS obRle. HE MITER 9 BES copy 48 7HA11 911, 42,0 2 e lo]7] uhol] §284] 5l 21}
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2t Brassica juncea) ZZ22-S /3HTS B2 Y MITE Family 22 0|25H2AHA| 7t

B3 JA7

JB1

15 JA8
jan
0.2

Fig. 4. Polymorphism investigation and phylogenic analysis based on MITE markers. (A) The 8 selected MITE markers show
polymorphism in 47 accessions. (B) Phylogenetic tree based on 8 MITE markers.

ol mie- Aokt Almolrh. MITEE o8Rt 2] FF ARAIE &RIsh] flsll MITE super—families 5
StowawayBraSto) T 7078, Tourist(BraTo) T 7978, hAT(BrahAT) T 67, Mutator(BraMu) T 570 2 =218 11
A ORI 5 160749] HAEA 5324001 715 B T RIS Mol B9, 70 EaERT oh et §
R . i 0 ST MITE U015 B0 47410 1 2 B e

SR8 715732 ERISHSIL) o3 thg A BAIE2 ] B2 U BF B oo - 3-85HA| AR = Q1S Aol 7
El= g

ZIMFL0]:1TS G, 7t AL, BAEA], AFY/AA 24

Literature Cited

Al-Shehbaz |, Beilstein M, Kellogg E (2006) Systematics and phylogeny of the Brassicaceae (Cruciferae): an overview. Plant Syst Evol
259:89-120. doi:10.1007/s00606-006-0415-z

Amundsen K, Rotter D, Li HM, Messing J, Jung G, Belanger F, Warnke S (2011) Miniature inverted-repeat transposable element
identification and genetic marker development in. Crop Science 51:854-861. doi:10.2135/cropsci2010.04.0215

312

Korean Joumnal of Horticultural Science & Technology



ozd
o

2 Brassica juncea) S5 T22 FITHTS Y L MITE Famiy Z2E O|ZTHZAIEA| 71

Casa AM, Nagel A, Wessler SR (2004) MITE display. Methods Mol Biol 260:175-188. doi:10.1385/1-59259-755-6:175

Casacuberta JM, Santiago N (2003) Plant LTR-retrotransposons and MITEs: control of transposition and impact on the evolution of
plant genes and genomes. Gene 311:1-11. doi:10.1016/50378-1119(03)00557-2

Chen S, Yao H, Han J, Liu C, Song J, Shi L, Zhu Y, Ma X, Gao T, Pang X, et al (2010) Validation of the ITS2 region as a novel DNA
barcode for identifying medicinal plant species. PloS One 5:€8613. doi:10.1371/journal.pone.0008613

Chen J, Hu Q, Zhang Y, Lu C, Kuang H (2014) P-MITE: a database for plant miniature inverted-repeat transposable elements. Nucleic
Acids Res 42: D1176-D1181. doi:10.1093/nar/gkt1000

Downie SR, Katz-Downie DS (1996) A molecular phylogeny of Apiaceae subfamily Apiaceae: evidence from nuclear ribosomal DNA
internal transcribed spacer sequences. Am J Bot 83:234-251. doi:10.2307/2445943

Fu J, Zhang MF, Qi XH (2006) Genetic diversity of traditional chinese mustard crops as revealed by phenotypic differences and RAPD
markers. Genet Resour Crop Evol 53:1513-1519. doi:10.1007/s10722-005-7763-3

Han Y, Wessler SR (2010) MITE-Hunter: a program for discovering miniature inverted-repeat transposable elements from genomic
sequences. Nucleic Acids Res 38:199. doi:10.1093/nar/gkq862

Johnston JS, Pepper AE, Hall AE, Chen ZJ, Hodnett G, Drabek J, Lopez R, Price HJ (2005) Evolution of genome size in Brassicaceae.
Ann Bot 95:229-235. doi.org/10.1093/aob/mci016

Kim H, Yeo SS, Han DY, Park YH (2015) Interspecific transferability of watermelon EST-SSRs assessed by genetic relationship analysis of
cucurbitaceous crops. Korean J Hortic Sci Technol 33:93-105. doi:10.7235/hort.2015.14120

Kim HI, Hong CP, Im S, Choi SR, Lim YP (2014) Development of molecular markers and application for breeding in chinese cabbage.
Korean J Hortic Sci Technol 32:745-752. doi:10.7235/hort.2014.12203

Koch MA, Dobe C, Olds TM (2003) Multiple hybrid formation in natural populations: concerted evolution of the internal transcribed
spacer of nuclear ribosomal DNA (ITS) in Northern American Arabis divaricarpa (Brassicaceae). Mol Biol Evol 20:338-350.
doi:10.1093/molbev/msg046

Mo YJ, Kim KY, Shin WC, Lee GM, Ko JC, Nam JK, Kim BK, Ko JK, Yu Y, Yang TJ (2012) Characterization of imcrop, a mutator-like
MITE family in the rice genome. Genes & Genomics 34:189-198. doi:10.1007/s13258-011-0193-z

Qi XH, Zhang MF, Yang JH (2007) Molecular phylogeny of Chinese vegetable mustard (Brassica juncea) based on the
internal transcribed spacers (ITS) of nuclear ribosomal DNA. Genetic Resources and Crop Evolution 54:709-1716.
doi:10.1007/5s10722-006-9179-0

Sampath P, Murukarthick J, Izzah NK, Lee J, Choi HI, Shirasawa K, Choi BS, Liu S, Nou IS, Yang TJ (2014) Genome-wide comparative
analysis of 20 miniature inverted-repeat transposable element families in Brassica rapa and B. oleracea. PloS One 94:e94499.
doi:10.1371/journal.pone.0094499

Smapath P, Lee SC, Lee J, Izzah NK, Choi BS, Jin M, Park BS, Yang TJ (2013) Characterization of a new high copy Stowaway family
MITE, BRAMI-1 in Brassica genome. BMC plant biol 13:56. doi:10.1186/1471-2229-13-56

Schoch CL, Seifert KA, Huhndorf S, Robert V, Spouge JL, Levesque CA, Chen W (2012) Nuclear ribosomal internal transcribed
spacer (ITS) region as a universal DNA barcode marker for Fungi. Proc Natl Acad Sci USA 109:6241-6246. doi.org/10.1073/
pnas.1117018109

Shirasawa K, Hirakawa H, Tabata S, Hassegawa M, Kiyoshima H, Suzuki S, Sasamoto S, Watanabe A, Fujishiro T, Isobe S (2012)
Characterization of active miniature inverted-repeat transposable elements in the peanut genome. Theor Appl Genet 124: 1429-
1438. doi:10.1007/s00122-012-1798-6

Song KM, Osborn TC, Williams PH (1988) Brassica taxonomy based on nuclear restriction fragment length polymorphisms (RFLPs) 1.
genome evolution of diploid and amphidiploid species. Theor Appl Genet 75:784-794. doi:10.1007/bf00265606

Song KM, Osborn TC, Williams PH (1990) Brassica taxonomy based on nuclear restriction fragment length polymorphisms (RFLPs) 3.
genome relationships in Brassica and related genera and the origin of B. oleracea and B. rapa (syn. campestris). Theor Appl Genet
76:497-506. doi:10.1007/bf00226159

Tamura K, Stecher G, Peterson D, Filipski A, Kumar S (2013) MEGA6: molecular evolutionary genetics analysis version 6.0. Mol Biol
Evol 30:2725-2729. doi:10.1093/molbev/mst197

Turcotte K, Srinivasan S, Bureau T (2001) Survey of transposable elements from rice genomic sequences. Plant J 25:169-179.
doi:10.1111/j.1365-313X.2001.00945 .x

White T, Bruns T, Lee S, Taylor J (1990) Amplification and direct sequencing of fungal ribosomal RNA genes for phylogenetics. /n Innis
MA, Gelfand DH, Sninsky JJ, White TJ, eds, PCR protocols: a guide to methods and applications. Academic Press, San Diego, Calif,
pp 315-322. doi:10.1016/b978-0-12-372180-8.50042-1

Yang TJ, Kim JS, Kwon SJ, Lim KB, Choi BS, Kim JA, Jin M, Park JY, Lim MH, Kim HI, et al (2006) Sequence-level analysis of the
diploidization process in the triplicated FLOWERING LOCUS C region of Brassica rapa. Plant Cell 18:1339-1347. doi:10.1105/
tpc.105.040535

Yang YW, Lai PY, Tai PY, Ma DP, Li WH (1999) Molecular phylogenetic studies of Brassica, Rorippa Arabidopsis, and allied
genera based on the internal transcribed spacer region of 185-25S rDNA. Mol Phylogenet Evol 13:455-462. doi:10.1006/
mpev.1999.0648

Yuan YM, Kupfer P, Doyle JJ (1996) Infrageneric phylogeny of the genus gentiana inferred from nucleotide sequences of internal
transcribed spacers of the nuclear ribosomal DNA. Am J Bot 83:641-652. doi:10.2307/2445924

Zhang Q, Arbuckle J, Wessler SR (2000) Recent, extensive, and preferential insertion of members of the miniature inverted-repeat
transposable element family heartbreaker into genic regions of maize. Proc Natl Acad Sci USA 97:1160-1165. doi:10.1073/

Korean Joumnal of Horticultural Science & Technology 313





