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58379 ¥
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MARME 49] F7IAE = 7] A7 ZRAQD A7IHER o] FolXl, vwiF(Brassica rapa) 25 £
% miRNA =4}

AT 2

A1l miRNA BAE ¥Eete W,

3 A A

7l & & oF

oS wfFel A FE)E Al9F miRNAo #ek o2 B AAEHE AEHE 1 WX AEHE 7302 7]
A== ol AEEE o= st fA7IME H A7l A7IAEH FEAQ] AVIAERE o] Fol oA AdE
Hie ol e AU dRE o] Fo| wiF(Brassica rapa)ZHE EEl® miRNA 2 L A7) miRNA EAS ¥
b= WEo] #3 Aot

g7 e

autdg oz AEANA P FHA HHAL @A FF(transcriptional level)d HALF 4=F(post-
transcriptional level)olA ZAE o] X}, o]g|3t FHAAE 2E3teE QAEL U3 A3 A 59 =
o] gt} (Depicker and Montagu, 1997, Current Opinion in Cell Biology 9:373-382). miRNA®E ZALSE 4=

oAl A FEAY LEds 2™ Y 8ARA FHto Welxlon 9uAEs gsgsiA gv e 27t
RNAZ g =o] gtk A% miRNAE B44 2= 18 WA 24 nt(F2dE =) Hej2 F4Eo] glon A&7}
TEA AA AN BEE 2 e o2 A niRNAE EAFAF2] nRNA (messenger RNA) 9] R
A FeJoll Adete] AT FHA] dAF R wee] 84S oAste] FHA LdS 2 H(Bartel, 2004,
Cell 116, 281-297). 21&Eol4] miRNAS] HAL= RNA FT3a A 119 93] o]FoAv] A& miRNAE ¥ 8} pri
miRNAE ¢Fg 2ol o] FZ(hairpin loop structure)E &HAET). 78 (Capping), =Zd}o] 4 (splicing) %
Zg]-oldd 3 (poly-adenylation) 2} S miRNA A E9 7}F34E& RNase 111 B9 d=wIEobA
(endonuclease)ol] <3l oA SdEo] X}, 21E9] RNase 111 EFY & A<l HASTYS ©heide welsty
miRNA/miRNA o]FAE HNEAZ %3 IS FP3ch(Bartel, 2004, Cell 116, 281-297). A% miRNAL
o] & ARGONAUT whula-S- 23}l RNA-induced silencing complex (RISC)$} Adsta ols E3kxle= TAHGH
2ol Fr ARl 9o AFste] ZAFHAL] mRNAS] AR WY BHAS A (Voinnet, 2009, Cell 136,
669-687) .

A miRNAS ZrolJ|= 9 37
LS 7Mooz AFEES o] L3519

7R ERE Ao A WA= 7S FER7F ¢z A5 niRNAC]
AA el AqEE& vuste] FAHA miRNAE Zroldl= WHola (Wang et
, 2004, Genome Biol. 5, 1-15), HA= small RNA SolBelg] A1ZHe F3] miRNAS Helsles 2%l
WHolt} (Zhang et al., 2006, Dev Biol 289, 3-16). A WAl WL FHAY +Z d=FS ¢ste] dAA &=
Fat Ado] aE Yk 7 HA WY o] §7bss F A Adel Sl AES UteR HdsE A
Holt}, ol F WS o]gsle] AR of 71 HtH(Wang et al, 2004, Genome Biol. 5, 1-15), wt)7la E
FZ 26} (Jagadeeswaran et al., 2009, New Phytol 184, 85-98), ¥ (Wang et al., 2004, Nucleic Acids Res
32, 1688-1695), EZ](Li et al., 2009, Biochem Biophys Res Commun 388, 272-277), =<4 (Zhang et
al., 2006, FEBS Lett, 580, 3753-3762), (Qiu et al., 2007, Gene 395, 49-61), 7= (Song et al.,
2009, Planta 230, 671-685), A (Xie et al., 2007, FEBS Letters 581, 1464-1474), = (Jin et al. 2008, J
Plant Res 121, 351-355) % o5 (Chen et al. 2009, J Integr Plant Biol 51, 1071-1079) SolA IWHH3 I
o] miRNAZF X =o] Hoh., HZ7MA 22 49 miRNAZF 2o lo] ksl WESHE 758 33 2ol B
aEo] Ak, vddt AAA FAES EdE niRNAE HAF Q1A (transcriptional factor)ot thFdt frdAlE <]
ZHE B8 AE Aol dddAel AxdARS] el (Wu and Poethig, 2006, Development 133, 3539-
3547), 4 713l @A (Chen 2004, Science 303, 2022-2025), o A, Z7]¢ 24 (Mallory et al.
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2004, Curr. Biol. 14, 1035-1046), &]9] WA (Guo et al. 2005, Plant Cell 17, 1376-1386), A& HY,
28 A2 7)ol ¥ (Wu and Poethig 2006, Development 133, 3539-3547) % thk3t A|Eu] thalaAol o]
35 HolFtl (Zhang et al. 2007, Gene 397, 26-37). Ul&o] 2]Eo] lo] miRNAS] & Zxd& nlolg
o] 2 g gole] 7y B AESHY ~E sk fHojFlo] o] Huh, FHte] AFE B3 A EolA
miRNAS] o 2He NS4 2Ef2 AL, 7He, 194 % V-B (Sunkar et al. 2008, BMC Plant Biol.
29, 8-25)9F QA H el o iz i VER 9 8 Afddl oF o]Fojfe] Rawo] Aok
(Bartel 2004, Cell 116, 281-297). 18|\ olejgt Thet AFol%= &3l viFolA o] miRNAS] &9 1
54 4 #3 AdFE vg Aoz Faxo] gt} (He et al. 2008, FEBS Letters 582, 2445-2452). Wl
Z(Brassica rapa)ol Aol miRNAS] A= w3 @ 1 o}F Alolof A miRNAC] 9l3] AT o] A= A= YgE H
Azre] B 71zhg Vo R olE9] {§:F, FHITA vddS Asted T8 ARE AT F Uds A
ojth. wWiF= FRe FEol ShuhEA thke FEEHA 54& Kol ofFs Al dom FE A& (: wF
A7), AWEA(A: Yellow sarson %, Brown sarson = % Toria &) % A8 ZFE(d: £FH)E Aujy
k. olgfg wiFe] tde TES Y FHALE 2 dSelE Eekal o] dH T v I
HolgE HoFa 9t wiFe] AAA Fedo= 1 2003 wiFo] AE AW ZEAETL FYH7
Ao ol Fd wF AR o2 x4 HA dAdA B2 52 genome survey sequence (GSS),
expressed sequence tags (EST) 2 ubket AHol H{HdA HHES] FHI o] National Center for
Biotechnology Information (NCBI)el S&Eo] dtt. . Ato = NCBIAIA o]&3 4 A& w2 GSS,
EST, mRNA B cDNA®} 22 fdA ARE o] &3te] w59 niRNAS F&|3t7] flste] a8+ Art.

A

IR

3o 5553 A|10-0860087& 0= AZF wjol=T A XA EZE miRNAZF JRAIE O] dow | = FNES A
2010-0012295% ol &= wh$-2 222 FAbol| g miRNAZE A S o]l

g J§
ddstef= A

Boulg e el e ] o & , W A5 v GSS, EST, mRNA 2 cDNAS Z2& &
AA ABE o]&3lo] 2] niRNAZ Ee|gozx B uhgs A5 .

FA 9] §Ed Td

A7) A e Sle, B ouEe Adus |

o A1AG % 47 AL FuA AIADR o] Fojzl
]

A, WF(Brassica rapa) 258 ¥2]¥ miRNA 2= A3k},

7302 A oA MEHE o
o A MEEE o= it drIMGR o]

bt
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t
ro
rv

e 7] miRNA 2AE EgsE HEE AT

gge] £
w el QA 479 Aol Feh 100719 WF miRvAE ARe] B3 @ GAFg 5 oulE fAAe ]
of EH AT £AL olslshtl H8% Ao AR,

ofr

12wzl A AlZe BAA mikNAsel EAE 98 BAES e
% 2% wiF9 47 miRNA SEEelA FAE miRNAS] FE HolFErh,

&= 32 A5 miRNAse] ohE ool tidh 4| miRNAS] 5 HoE

al
>~
rr

EA miRNA Zdele] ~8 232 Fojg 25 BRAFu. A IS A% niRNA LS YERdY
5

&= 5% HiFelA Al miRNA Holell ik FAHE miRNAse] & WolEt).

=62 o2 A= AludS o, w3 niRNAL62 AA Mdo] 124 72Ul LE= Ao A shte] wEEle
El=o] zlol7} Q&S HolEth. BrMiR: WIS miRNA, Bnp: A1, Bol: BEAIZL S EtAlol(Brassica
oleracea), Sly: &% gro|ZAXNZ(Solanum lycopersicum), Vvi: 3EX(Vitis vinifera), Osa: W (Oryza
sativa), Ath: W71 N (Arabidopsis thaliana), Cpa: 7}&17} s}s}ok(Carica papaya).
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gy e Al et FAF L Y&

g o] A8 dAsly] fjete], B dHe qdHs 1 R AEHs 7302 T AEE FoA AEEE o
shube] VMg, 2

A7) GUIMET AEARQD AVIMER o]FoR FoA HdEEE o e AVIAER o]Foi, HF
(Brassica rapa) 2458 w2 niRNA A& #|&3tc).

Ir rie

B oubdo) A= i3 (Brassica rapa) 5B miRNAS &3, 2 o)
¥ ovpel Zo] MEHE 1 WX IS 7302 o]Fojz oA AElEE o
U2 1 WA E 5ol 71AIE miRNA @71 G AR A< PASSI:

2ol whE miRNA A B sl 17 WA 22 wEElE =S dols H ¢ gleny, ofd AEA

2 iy mE ik Exe 3 Ut B olF JiY FHE EAF 4 vt niNAE T2 T Jhe #2190
W pre-miRNAsE T2 o]F ZlE BES AT £ e Aok FEHoZ AU-dr Al BEA(d: ~E-

Eeh B oW A BAL RA, DN, 9o EE 324-9 dunddcds mt usAnidedss
2o At FARA EAF(analog molecules) <= At}. HE3F PNA(peptide nucleic acids) Hx¥ LNA(locked
= o

nucleic acids)®} 22 ¢& ik FAH ALY = 9oy, ol AFHA= S

g el Ak Eaks Aok shube] Wyd M FAMAE EIkets, F AMA R AAdEe 2EFEUE
= Ee UEAFEUEHET HAdH o R AAHE FEUHER W RNA- = DNA A9 5 9l
A7) Wag SIAF SAMA = A WA Bxpe] 5'-whyt @/ 3-mkbe)] 928 4 gt}

-g|o}A}- OFH] 2 0- and N-<Z3}(0- and N—alkylated) -rLfe ]|
QE=(: No-wWE ofdlw=al). wpEAd g-wy Eli aﬂoa oA 2'-0H ZE& H, OR R, &=(halo),
SH, SR, NH2, NHR, NRZ H+& (N(%7]A, R& C1-C6 ¢, ¢Ad =& Olﬂéom = F, Cl, Br =& 1
d)oZ o] Fofxl FellA 5 S E = A <l

'ILT’E
E]gq]o]e j_-%oi

m&&

B odwe] miRNA 2 2d 2 A Dol AsHor Addse] WE el 4ty
= Sl 71%Hf‘& H}sﬂr Q% miRNA v‘%z T piRNA ATH BAE opr)skE 9
24 MY Ee EgavE

ofs, ¥ wme ANl s FAs Muech. @, sy AAE B AES dAss A B, 2 3y
el a7l AAelel AHE AL o,

miRNASL WjF H7|A Qo] HAHP2 AE

o 7174t (Arabidopsis thaliana), -+3l(Brassica napus), W-(Glycine max), W (Oryza sativa), XE&¢
(Populus trichocarpa), W (Triticum aestivum), ¥X%=(Vitis vinifera) % S49(Zea mays)olA B8] 1280
o] 221z miRNA A €& miRBase (Griffiths-Jones et al. 2008, Nucleic Acids Res 36, D154-D158)o A <
Att. o]E 128070<2] miRNA ¥ 658712 WHEH AR = Perl script (http://www.perl.org/)E ©]-&3s}o] #| A3}
Aot w6227 miRNAE HF dHds AER AREEO] Aok w3 HA 397,60071¢] GSS, EST % mRNA
AE-2 NCBI (ftp://ftp.ncbi.nih.gov/genbank/)e] A28 dloJefu|o]~o A S} 12,09871] cDNA
HEe B Ay wjS AlE AP ZRZAE Alo|E(www.brassica-rapa.org, www.brassica.info)ollA 2r
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aleh.

miRNA 3 EA{AA DS 8] AR SZEH ]

wj5o] @719 (GSS, EST, mRNA R cDNA)ol A 7]&ell Ea® miRNA A E7 FARSE D& galsly] 98k
BLAST-2.2.20 (Camacho et al. 2009, BMC Bioinformatics 10, 421)S o]&3}31aL, RNAS SrAA I oA 1+2E
A Z3t7] 98ke] Mfold-3.1.2 (Zuker et al. 2003, Nucleic Acids Res, 31, 3406-3415)5 AM&3tict. Zg|a
oyl miRNAY 2 1A FALS niRU (Zhang 2005, Nucleic Acids Res, 33, W701-W704)S A3}t
Zy7+e] Al<: miRNAS] WHEG-Z3= Perl scriptsS AFE-3Fo] A A3kt

miRNAS] 2

HiSo] F1A AgolA miRNAE 27] 98] 2ol e AFE7 N GV S AFEElth (Ambros et al.
2003, RNA, 9, 277-279). H|FEA A< mikNA A2 w39 FdA4 A7IADAA SFHAE 7] s 7] 2A
AR AREE o] Hom o= NCBI®| BLASIN ZR2 138 ARgste] Faagivh. ool Hiigl 2]E2] miRNA9L H
aste] 47) olste] EAX AMES ztal A= wiFo] FAAQ niRNAE AR&3he] BLASTXKE Fashiar, A#A o
2 guds a33stal e ADS AASAE. o= S8 dojzl njumd ¢kE A w5 miRNAE Mfold 2

a9E ol&ste] o & (hairpin structure)E olSeFth. miRNAS] A thEe] Vg wEh =3 shel
THAmbros et al. 2003, RNA, 9, 277-279): a) 7]l Barg 2/& miRNASH Wlashol s ) 470 olste] &3

E 1Y 7, b) 12k AFA miRNAE 8-S Z(stem-loop) dojR o]zt F+2E AT A, ¢) 4% miRNAE 3
ol 2x} FFeo| ~AHl RIo| 9xg A d) AL miRNAE dlo]F FFolA Ar el REI 67 o]sle] EUX
2 HY A, e) FAHHA AFA miRNAY 2%} FF+E high negative MFE (Minimal Folding free Energy)%}
higher MFEIs (Minimal Folding free Energy Indexes) #+< 7}d A,

ab

3 miRNASl FEAS Jn EAFAAY MEZ g2 dde duE ZFQ15r] f5ke], ol AAl AA|
miRNA A EE& w59 FYX(unigene)@t of7]dhe] 2k dlolepdo] 2 (http://www.arabidopsis.org )ollA]
Hl 2L A ASEG ),

niRVAS] EH A A%

2
gtk NCBIGIA &Rk w59 A7IAEd = A&
Fal Froldl A< miRNAS] M A o] &3] AR AME A Lakglth. niRNASE FA4FAxe] A4S W 3
A(gap)e] glol FAFTHA MG 471 olste] EAAE HY AR &3t o7 F el AFHAAE
goldl7] 93] miRU (http://bioinfo3.noble.org/psRNATarget; Zhang 2005, Nucleic Acids Res, 33, W701-
W704)<} TAIR BLAST (http://www.arabidopsis.org/Blast/index.jsp) A&XEE AE35T. 33 {3219
A3 S FAstr] st o7 FHAFe] A FAF-AAS} miRNA A ES Bl of 7ol Al A

AxE e

A AHHE HEAE

miRNAS] &d #4227 & AEY 7|HdA fFHE 2AE AFE3Eith. Chinese cabbage inbred lines
Chiifu 401, Korea Brassica Resource BankolA 4% Kenshin, Woo Ri Seed Co.(Korea)ollA %t
Wheessen, 91224l gk Tom Osborn ol Al =Wk [BM 218 DH rcb, male sterile (AB02-1) ¥ fertile
(AB02-2) lineo] ¥ Aglo] AF&HRUTh. Wheessen line> 2009 5B Z=ol| A wjsle] 9)dx} ole Fo)
A, AR 2 T A dAR ro] 8389, Male sterile (AB02-1) 2 fertile (AB02-2) line 20091
7HERE A A diFEsitt. YA 2 AAFE) s A7 e ATl et A3 AMEskela
Zb 9A= v Z2ds S1/FL 28 Z7] <1.5 mm, S2/F2 B9 A7) 1.5< 898 A7] <2.5 mm, S3/F3

o7 A7) > 2.5 mm, F4 528 A7) > 5 mm. FE 2 EA(seedling plant)?] AA| ZZF oA miRNAS F235}

7] 18 Chiifu-401 2 RCBr 2|2 AE 2% A% (100 pmol/m /s o FFA T2l AEES b 22C,
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16A17F 3F/8A17F o] FF7])ollA aFetitt. 72 AEAY Az ol 3, 6, 9, 12 & 15¢
Z}7}e] RNA FEo] ARESFATE. 9 ZZF 9] white ‘3% vellow partol]lA2] miRNAS] LHEMS 93] Kenshin
4

(white part) % Wheessen (yellow leaves) lineS A}£3}3it}. Kenshin inbred linee 333HAlo] e &l

R LR ISl RS AEERE, Bl 49D ol AL wA 98 AR dshor] o4 74, 2
F 1A 2 0F TR el AR B8 A7l e, BE AZe A did 3% FAsk] -10TAA

g A7 sl

miRNAS] 23 EA

miRNAS] wd EAe | miRNAZF Xk EST7F 2&d® ZZ oA Quantitative Real Time Polymerase Chain
Reaction (gRT-PCR) W& Ap&3sle] FaEATE. RT-PCR BA& Yoto] zZtzte] Zelolm= niRNAS E3H8}o]
PCR ALE-9] 80 WA 150 bp7} = Primer Quest A+H 2

(http://eu.idtdna.com/Scitools/Applications/Primerquest/)& AF&3le] tizxpAdstoich. HA RNA+= TriZolS
olg3te] FEFEL o|F DNase [& AHzdtel AMA DNAE A|ASIATH. FF3 #a] RNAE Total RNA
Purification Kit (Macherey-Nagel, Germany)E A}83Fo] A8 tE. cDNAE iScript Select cDNA Synthesis
Kit (BioRad)E& A}-&3}o] 433} al, qRT-PCRS SYBR Green RT-PCR kit (IQ Sybr Green Super Mix, BR170-
8880) 2.2 MiniOption detection system (Bio-Rad)& ©]&3le] Fa3}3rt. AP A T= Bio-Rad AZE 0]
(GeneXpression Macro Chromo4)E ©]&3}e] EA3}t}.

AAld 1: 913 niRNAsS] &F

2 ATl A wiFo] miRNASl FEFAH L & 1o A gsgiTh. 71Eel F2E 41 e 622719 AE miRNAS
w3 3714 (GSS, EST 2 mRNA)S BLASINO.Z ¥ & miRNAS ¥3sh= 387709 MES Fehugieh. o] F
W 2y gl dsst MES AASH 234709 AES A, AHE MEES Mold ZE2RHS A}
g3to] 2Fl £x e FAshsA st HFHOR 109719 A% miRNAS AEsih 109709 w3
miRNATE 47709 ]2 T E] lom Fr7t= 13719 sidefel] &3t 27719 miRNAE w5 ESTOlA #e]sf
Atk 47718 sdeEle] thFdt ol miRNAEC]l AMESeH o= E 1 WX x5 % & 20 YERAT.
BrMiRNA 172 sideelA  Ho 11719 miRNAZE A= S5, BrMiR1564 970, BrMiR162, BrMiR169 2
BrMiR14359141 671, BrMiR159 2 BrMiR415914 57), BrMiR166, BrMiR390 2 BrMiR400¢1A 37§, BrMiR160,
BrMiR171, BrMiR319, BrMiR395, BrMiR398, BrMiR408, BrMiR414, BrMiR472, BrMiR845, BrMiR854, BrMiR1132,
BrMiR1514, BrMiR1520, BrMiR1521 2 BrMiR 1522014 2719 o= ##¥ ). Y& 22719 sjdgdaEs 170
Aol miRNAZF EIE T, A< miRNAYl AolE 17 WA 2149 nt(FEALEH =) HY ol dden, =t
Z4A 8= 20 nt7F 21.48%, 19 nt7F 18.18%, 18 nt7} 15.70%, 17 nt7} 8.26% 2g]iL 22 nt7} 1.65% o8 e}
ok (1 WA 5 2 & 3). o3 ek Al niRNAY A B ke RS S 2dEn g
A& %A FAAE 2 USS BT k. S niRNAYA AREEHR wEHULE = &L
ACobdld) 7k 29.26%, U(S-2F4)7F 26.05%, G(FFobd)7F 23.61% 2831 C(AIEAD 7} 21.16% =22 UERRTE.
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# 1

S8E HZ nifNASl HEEE

miRNA family ~ Br-GSS/EST  Br-Unigene  At-gene Mature miRNA ML len(Pre) GC%  MFE AMFE
BrMiR156a  ED524353 AT5G55835.1  UUGACAGAAGAAAGAGAGCAC(giwien) 21 109 4862 429 39.36
BrMiR156b  AJ858639 AT4G30972.1  UGACAGAAGAGAGUGAGCAC(Heiviz2) 20 151 4636 648 4291
BrMiR156c  DUB293%6 AT4G30972.1  UGACAGAAGAGAGUGAGCACHgiviz2) 20 92 4783 309 3359
BrMiR156d  DU831758 AT4G30972.1  UGACAGAAGAGAGUGAGCAC(giviz2) 20 98 4592 39 3980
BrMiR156e  DU121870 ATSG10945.1  UGACAGAAGAGAGUGAGCAC(Agivix2) 20 111 3694 395 3559
BrMiR 156f  CT021695 UGACAGAAGAUAGAGAG (M4l 3) 17 3% 351 457 1348
BrMiR156g  AJ859176 GACAGAACAGAGUGAGCAC (419115 4) 19 3365 508 24.08
BrMiR156h  ED529145 GACAGAAUAGAGUGAGCAC (441 . 5) 19 209 25 417 28
BrMiR156i  DX011343 UGACAGAAGAGAGAGAGC (441 6) 18 1 4172 754 3129
BrMiR158  CT015463 AT3610745.1  CCAAAUGUAGACAAAGCA (¢vl5.7) 18 88 375 258 2932
BrMiR159b  EX050542.1 AT1673687.1  UUUGGAUUGAAGGGAGCUCUA (4aiwizs) 21 71 3662 151 2127
BrMiR159c  EX048967.1 AT1673687.1  UUUGGAUUGAAGGGAGCUCVA (eiwizs) 21 71 3662 151 2127
BrMiR159d  EX047628.1 AT1673687.1  UUUGGAUUGAAGGGAGCUCUA (4aiwizs) 21 71 3662 151 2127
BrMiR159%  ED525625 ~ BRU10298  AT1G18075.1 UUGGAUUGAAGGGAGCUC (i 9) 8 i 3562 156 2137
BrMiR159f  CT016164 AT5G61730.1  UUGCAUGCCCCAGGAGCU (441l 10) 8 7 4857 166 2371
BrMiR160b  EX044968.1 AT2639175.1  UGCCUGGCUCCCUGUAUGCCA (M1 21 94 5106 399 4245

BrMiR160c  DX016569  BRU25317  AT1G77850.1 UGCCUGGCUCCCUGCAUGCCA(Aeiiz 12 21 186 5161 54 29.03
BrMiR162a  EDS27680  BRU12250  ATSG08185.3 UCGAUAAACCUGUGCAUCCAG (49lws13) 21 108 4259 311 2880

BrMiR162b  EX133401.1 AT5G08185.3  UCGAUAAACCUGUGCAUCCAG (Halwie 13) 21 108 4259 311 2880
BrMiR 162¢ £X071919.1 AT5G08185.3  UCGAUAAACCUGUGCAUCCAG (Hlwis 13) 21 107 4299 333 3112
BrMiR162d  EX071254.1 AT5G08185.3  UCGAUAAACCUGUGCAUCCAG (Heiwis 13) 21 108 4259 311 2880
BrMiR162e  EX069816.1 AT5G08185.3  UCGAUAAACCUGUGCAUCCAG (Hgivi& 1) 21 108 4259 311 2880
BrMiR 162f AC189332.2 AT5G08185.3  UCGAUAAACCUGUGCAUCCAG (Helwis 13) 21 9 4343 304 3071
BrMiR164a  CW984396 AT2647585.1  UGGAGAAGCAGGGCACGUGCA (Agwiz 1) 21 108 50 511 4731
[0036]
[0037] Br: ®i3, At: of7]%th, ML: A% miRNA Zo], MFE: Minimum folding free energy, AMFE: Adjusted minimum

folding free energy.
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#* 2

S BHE niRNAS HIREE

miRNA family ~ Br-GSS/EST  Br-Unigene  At-gene miRNA ML Len(Pre) GC%  MFE AMFE
BrMiR 166a DX911364 BRU25274  AT3G61897.1 UCGGACCAGGCUUCAUUCCCC (44w 15) 21 140 4143 339 2421
BrMiR 166h EX063968.1 AT2G46685.1 UCGGACCAGGCUUCAUUCCCC (Hgwz 15) 21 140 4143 339 2421
BrMiR 166¢ EX063242.1 AT2G46685.1 UCGGACCAGGCUUCAUUCCCC Mgz 15) 21 140 4143 339 2421
BrMiR 168 DU984956 AT5G45307.1  UCGCUUGGUGCAGGUCGGGAA (444 16) 21 11 57.66 31 27.93
BrMiR 169a DX901870 AT3G13405.1 CAGCCAAGGAUGACUUGCCGA (ftsiz 17) 21 186 3387 514 27.63
BrMiR 169b DU982154 AT1G53687.1 CAGCCAAGGAUGACUUGCCGA (19wz 17) 21 109 33.03 406 37.25
BrMiR169c ~ DU988169 AT3G13405.1 CAGCCAAGGAUGACUUGCCGA (gwz 17 21 112 3304 411 36.70
BrMiR 169d ED535040 AT3G26818.1 AGCCAAGGAUGACUUGCC (193 18) 18 139 36.69 27.2 19.57
BrMiR 169e KFRT-048E03 ~ BRU22876  AT5G12840.3 AGCCAAGAAUGAUUUGCCGG (H4¥z19) 20 271 4391 635 2343
BrMiR 169f ED527257 AT3G26812.1  UAGCCAAGGAGACUGCCUA (44 % 20) 19 161 3602 43 2671
BrMiR 171f DU827625 AT3G51375.1  UGAUUGAGCCGCGCCAAUAUC (4w 21) 21 126 4444 384 3048
BrMiR 171g DY013547.1 AT1G11735.1 UUGAGCCGUGCCAAUAUCACG (H¥z 22) 21 89 382 328 36.85
BrMiR172b  DX011558 AT5G59505.1  GAAUCUUGAUGAUGCUGCAU (H@wz 23 20 90 4222 36 40.00
BrMiR 172¢ DX034851 AT2G28056.1 GAAUCUUGAUGAUGCUGCAU (9% 23) 20 9 4141 356 3596
BrMiR 172d DX078594 AT5G59505.1 GAAUCUUGAUGAUGCUGCAU (Hd4z 23) 20 89 427 391 43.93
BrMiR172e  ED520082 AT5G59505.1  GAAUCUUGAUGAUGCUGCAU (49uz 23 20 86 4186 36 41.86
BrMiR 172f ED525000 AT5G59505.1 GAAUCUUGAUGAUGCUGCAU (H4d¥z 23) 20 116 4483 46 39.66
BrMiR 172g ED516998 AT2G28056.1 GAAUCUUGAUGAUGCUGCAU (193 23) 20 109 4587 30 27.52
BrMiR 172h ED526567 AT5G59505.1  GAAUCUUGAUGAUGCUGCAU (95 23) 20 91 4176 40.6 44.62
BrMiR 172i EX060396.1 AT2G39730.3  GAAUCUUGAUGAUGUUACA (443 24) 19 11 4865 29.7 26.76
BrMiR 172j EX059018.1 AT2G39730.3  GAAUCUUGAUGAUGUUACA(H €3 24) 19 111 43,65 29.7 26.76
BrMiR 172k EX057674.1 AT2639730.3  GAAUCUUGAUGAUGUUACA(H@Hl 5 24) 19 1 4865 29.7 26.76
BrMiR 172! EX019450.1 AT2G39730.3  GAAUCUUGAUGAUGUUACA(H 945 24) 19 11 4865 29.7 26.76
BrMiR 319a DX903478 AT4G23713.1  UUGGACUGAAGGGAACUCCCU (Hgw& 25) 21 176 4091 669 38.01
BrMiR 319b AJ856769 AT2G40805.1 UUGGACUGAAGGGAGCUC (4% 3 26) 18 202 401 687 34.01
BrMiR 390a DU830650 AT5G58465.1  AAGCUCAGGAGGGAUAGCGCC (H4awz 27) 21 96 4375 303 31.56
BrMiR 390b DX059137 AT2G38325.1 AAGCUCAGGAGGGAUAGCGCC (H¥ws 27) 21 97 433 313 3227

[0038]
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X 3
SHE HHZ miRNASl AIRE S
miRNA family ~ Br-GSS/EST  Br-Unigene  At-gene miRNA ML Len(Pre) GC%  MFE AMFE
BrMiR390c  DX890076 AT5G58465.1  AAGCUCAGGAGGGAUAGCGCC (Hgwz 2n) 21 139 4173 583 4194
BrMiR 394 DU120003 AT1G20375.1  UUGGCAUUCUGUCCACCUCC (H4wz28) 20 100 39 26.7 26.70
BrMiR395a  DX020424 AT1626973.1 CUGAAGUGUUUGGGGGAACUC (4gwz29) 21 88 4432 328 31.77
BrMiR395b  DU832403 AT1626975.1 CUGAAGUGUUUGGGGGGACUC (4¥wz 30 21 115 40 398 3461

BrMiR 39 DX897816 BRU23296  AT3G52910.1 UCCACAGGCUUUCUUGAAC (14#is 31) 19 85 5176 21 2471
BrMiR 398a AJB61920 BRU10255  AT5G14565.1 UGUGUUCUCAGGUCACCCCU (9w 32) 20 121 4711 327 27.02

BrMiR 398b KBFS-048E0Q2, AT5G14545.1  UGUGUUCUCAGGUCACCCCU (Hewz 32 20 126 46.83 415 3294
EX049578.1
BrMiR 400a ED535204 AT1G32582.1  UAUGAGAGUAUUAUAAGUCAC (Hg¥= 21 134 3284 466 3478
BrMiR 400b DX912125 AT1664580.1 UAUGAGAGUAUUAUACGUCAC (Ha¥z 34) 21 m 4661 604 2733
BrMiR 400c DU827877 AT1G62680.1  AUGAGAGUAUUAUAACUCAC (% 20 124 4516 291 2347
BrMiR 408a DX037057 AT2G47015.1  AUGCACUGCCUCUUCCCUGGC (H M= 21 149 4295 382 2564
BrMiR 408b KHLW-07G09, BRU15514  AT2G02850.1 AUGCACUGCCUCUUCCCU (445 37) 18 151 543 439 29.07
EX141550.1
BrMiR 413 AJB57954 BRU20598  AT3G26165.1 CUAGUUUCACUUGCUCUG (1243 38) 18 82 4268 145 1768
BrMiR 414a DX027619 UCAUCCUCAUCAUCAUCG (194 39) 18 269 3346 49.5 1840
BrMiR 414b KBCD-095H09  BRU16587  AT5G55310.1 UCAUCUUCAUCAUCAUCGUC (H2iz 40) 20 97 3814 192 1979
BrMiR 415a DX905021 AT1G18740.1  AACAGAGCAGAAACAGAACA (Ma¥z 41 20 156 3205 329 21.09
BrMiR 415b KHRT-21D11,  BRU06315  AT1G17180.1 AACAGAGCAGAAACAAAACAU gz d2) 21 374 3984 889 23.77
EX132487.1
BrMiR 415¢ CT021545 AACAGAGCAGAAACAGAACA (gz 41 20 291 3196 60.2 20.69
BrMiR 415d EX134130.1 AT1G17180.1  AACAGAGCAGAAACAAAACAU (H2wz 42 20 97 3814 192 1979
BrMiR 415e EX133017.1 AT1G17180.1  AACAGAGCAGAAACAAAACAU (44 42) 20 97 3814 192 19.79
BrMiR 426 (1016376 BRU03234  AT3G17940.1 UUUUGGAGAUUUGUCCUUAC (dwz 43) 20 1 2958 94 1324
BrMiR472a ED514754 AT1G14850.1  UCCCUACUCCACUCAUCCC (a4 44) 19 41 4315 639 2651
BrMiR472b  (X271339.1 AT1G14850.1  UCCCUACUCCACUCAUCCC 4wz 44) 19 241 4315 639 2651
BrMiR 473 DU120348 UCUCCCUCAAGGUUUCCA (19w % 45) 18 179 3464 296 1654
BrMiR 776 DX019504 BRU25582 UCUAAGUCUUCUUUUGAU (491 % 46) 18 251 2231 292 1163

[0039]
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#% 4
SHE HiF miRNAS HIREE
miRNA family ~ Br-GSS/EST  Br-Unigene  At-gene miRNA ML Len(Pre) GC%  MFE AMFE
BrMiR837  DX902366 AT4G16143.2 AUCAGUUUCUUGUUCUUUUC (Mgsiz4n) 20 202 2921 259 1282

BrMiR 838 DUI27124  BRU11698  AT1G65590.1 UUUUCUUAUACUUCUUGCA (Hdwz4) 19 280 4357 594 211
BrMiR 842 DX012634  BRU25451  AT2G14370.1 AUGGUCAGAUCGGUCAUC (44 49) 18 1% 5357 526 2684
BrMiR845a (021891 BRU26308  AT5G04290.1  GGCUCUGAUACCAAUUGA (4943 50) 18139 5324 402 2892

BrMiR845h  DX897026 ATAG31200.1  UGGCUCUGAUACCAACUGAUG (Haieiz5) 21 141 3262 503 3567
BrMiR 846 ED536287 AT1G52110.1  UUGAACUGAAGUGCUUGAAU (e¥z52) 20 195 N8 429 20
BrMiR 850 DUB32285 AT1632990.1 GAUCCGGACUAAAACAMAG (Haz53) 19 83 4337 173 2084
BrMiR854a  DX017286 AT2G44710.1  UGAGGAGAGGGAGGAGGAG (M¢da5y) 19 305 40 629 2062
BrMiR854b  DX899834 AT5G58490.1  GAGGAGAGGGAGGAGGAG (423 55) 18 %8 6327 32 3265
BrMiR 857 DX077868 AT1G30400.2  UUUUGCAUGUUGAAGGUGU (+#w356 19 109 3761 226 2073
BrMiR1132a  DX047066 CAUUAAGGAACGGAAGGAG (Heisar) 19 271 1993 423 1561
BrMiR 1132b  DX910272 AT3626570.2  AUUAUGAAACGGAAGGAG (19443 58 18 25 2235 463 1816
BrMiR1139  AJ855061 AGAGUAAAAUACACUAGUA (4 z 19 & 294 101 1188
BrMiR1435  KFYP-092801  BRUO4476  AT5G65310.1 UUCUUAAGUCAAACUUU (44 60) 7 1 4421 242 1847

BrMiR 1435 EX140988.1  BRUO4476  ATSG65310.1 UUCUUAAGUCAAACUUU (4% 60) 17 3l 4421 242 1847
BrMiR1435c  EX1125821  BRUO4476  AT5G65310.1 UUCUUAAGUCAAACUUU (443 60) 17 15 448 242 1936

[0040]
* 5
SHE HIZ= miRNASl HIREE
miRNA family ~ Br-GSS/EST Br-Unigene  At-gene miRNA ML Len(Pre) GC%  MFE AMFE
BIMR 14350  EX075806.1, BRUO4476  ATSG65310.1 UUCUUAAGUCAAACUUU (324 60) 7 1331 427 242 1847
EXO74152.1,
EX073405.1,
EX072646.1
BIMR1435  EX029736.1  BRUO4T6  ATSG65310.1 UUCUUAAGUCAAACUUU (424l 60) 7 1B 427 42 1847
BIMIR1435f V4327661  BRUO44T6  ATSG65310.1  UUCUUAAGUCAAACUUU (445 60) 7 1B 4504 236 180
BIMIR1436  DX082315 ATSGA96802 UUAUGGGACGGAAGGAGU (d2viz6l 18 214 2243 307 1435
BIMIR1511  DX048995 ATSG25045.1  CAGGCUCUGAUACCAUG (412315 62) 7 17 3846 195 1667
BIMR1514a  AIBS6072 UUCAUUUUUAAAAUAGA (413 62) 7 81 246 118 1457
BIMIR1514b  DX899429 AT2G45560.1 ggCA”UUUUAUAAAUAGACAUU“*rg"di 2 18 1803 198 108
BIMR1520a  DX016618 AGAACUUGACACGUGACAA (2wl ¢) 19 164 311 257 1567
BIMIR15200  ED528582 AGAACUUGACACGUGACAA (e 65) 19 153 281 236 1542
BIMR152ta  CW982899 ATIG795803 CUGUUAAUGGAAAMAGUUG (@wisse) 19 136 3603 174 1257
BIMR1521b  CT022839 ATSG39862.1 CUGUUGAUGGAAAAUGUU (iewizén 18 268 4133 692 25.82
BIMR1522a  DX016213 AUUGCUUAAAAUGAARU (41415 65) 7 8 B8 11 1310
BIMIR15220  AJB58836 ATMGO0110.1 UUUAUUUCUUAAAAUGAMA (i2iz 69) 19 166 3253 32 1928
BIMIR1527  DX023754 AACUCAACCUUACAARAC (4245 70) 18 167 3473 345 2066
BIMIR1863  DX895479 AT2636990.1 ’T‘IG)CUCUGAUACCAUGUUAGAU”(‘*g”ﬁ 2 86 3008 405 17.16
BIMIR1886  KBFL-140803 BRUO2032  ATSGS531201 UGAGAGAAGUGAGAAGAMA(4ez72) 19 124 4488 246 1984
BIMIR2091  DX017320 ATSG65683.1 AACCGAGCCGAAGAGGAG (H2#573) 18 96 5208 331 3448
[0041]
[0042] =49 miRNAY oS A< niRNA AY YoM = #B&EE o] 2t} (& 4). o]Ae AFdA "¢apad"e A<

miRNAS] 5' Z&o] F2 x|l Aol BHauxo]l b, 109719 A% miRNA = 61712 miRNAo|Al 5'Zo] "9}
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[0043]

[0044]

[0045]

[0046]

[0047]

ZIHSd 10-2013-0026472

Aol st dRem, 59719 miRNAE AFA|e] 2®l Fxo) 31 FKo "g-ghadre]l Xt YAk, HA)
miRNA 2 57.85%2] AJ<r miRNAZ}F 5'Zo] UE zta glglon, UmA= A7} 19.01%, G7} 14.05% —1@]a C7}
2.48% wo 2 YElgth, olde] AelA 3hbe] DNA d71Adel A AWy g HAAME F8l miRNAZE A
& Aol BuEol b, B AFolA BrMir 172014 A& Gutak AAME S miRNAS] Aol 7Hed A
o= oS5},

AN 20 ATA Ade) 54

10971 ¢] miRNAE ek A7]e] A4 AgS 23 vk, Z42he] A9 70 WA 374 nto] HolE Ko
AA At Hogdol= 141.25 £ 64.21 nt o|FJvH(E 1 WA 6). olF A 77.69%2] AF-A7F 81 WA 202
nt FHHl AT JAAJTHE 6 L = 5). A7A D oA A= 29.68%, U 29.95% G= 20.48% —12]al
CE 19.19%8] WXz AFEFAT, =3 A7-A el GC H&-S 18.33% WA 63.36%2] B el IRz BHFe
40.81%AH(E 6). PF2 minimal folding free energy (MFE):= miRNAS] A G-A|9] 2% ~®l F3x o] x4 oA
Aol 23 &S Fydt= AR BuFH vt (Zhang et al 2008, Planta 229, 161-82). ¥ oA
10970 2] miRNAE -88.9 WA -9 kcal/mol W9 W] MFERLS 2ta dslom HS -35.80 £ 15.12 kcal/mol
2 et 719 MFE Zh2 DNA/RNACQ] Zole] wa Fhel Wyl fExe] £ o motd Wwel Adjusted
minimal folding free energy (AMFE) WH& A 833t} (Zhang et al 2008, Planta 229, 161-82). Z} A+A|
o] AMFEX= -47 WA -10 kcal/mol ¥ Wol dqom Fzke -26.64 = 8.67 kecal/mol ©]lth. Minimal
folding free energy index (MFEI): miRNA®} ©}2 RNAES TH3t= 5239 7]Fo]th(Zhang et al. 2006, Dev
Biol 289, 3-16). & 7oA AF-A miRNAS] MFEIE 0.349 WA 1.128 B9 Wol] AR HHFS 0.665 +
0.184% YEFSTHGIE 6). MFEL gto] 0.85 o4 7% AAl miRNAEZM ] 7hs/do]l FolA A €ttt (Zhang et
al. 2006, Dev Biol 289, 3-16). ¥ <d5-olA 1097H¢] wiZ miRNA 5 237§ (19.01%)°llA 0.85 ©]’do] MFEIgb=
Bk, U™ xE= 0.3 WA 0494 270(1.65%), 0.41 WX 0.5000 4 1870(14.88%), 0.51 W1A] 0.6014]1 407N
(33.06%), 0.61 WA 0.70914 1070(8.26%), 23 0.71 WA 0.80°14 1170(9.09%)¢] WEZ LrEFFTH(H o]
B wAA]).

;:O

6

aL
TAE wF A niRVAse 54

54 HAHk Aoz =1tk At ¥FHA
Ad Zol(nt) 70 374 116 141.25 64.20

AC) 16.47 45.82 30.28 29.68 5.49

C%) 8.55 32.43 20.55 19.92 4.87

GC%) 7.38 35.71 20.71 20.45 4.79

U(%) 14.58 44.81 28.78 29.95 6.28

G+C(%) 18.03 63.27 41.43 40.38 7.836

A+U(%) 36.73 81.97 58.57 85.68 7.836
MFE(-kcal/mol) 9.4 88.9 32.8 35.8 15.11
AMFE(-kcal /mol) 10.81 47.31 26.51 26.63 8.66

MFEI 0.349 1.128 0.605 0.665 0.184

AAe 30 wiFAA AEA EHE niRNA

109709] miRNAT 477019] sidele] &3}, o] F 17719 = 7]Eo] &% miRNAC] ™ (He et al. 2008,
FEBS Letters 582, 2445-2452), @& 3070¢] #fdales B Aol FA Zroldl miRNATF. ®3 A3 niRNAE
719 Bad sidgdie] AMEE AHE g1 o]de] AtolA+= miRNA 157, miRNA 159, miRNA 164,
miRNA 167, miRNA 390 % miRNA 1885¢l4] 170, miRNA 1885¢4 27}, —2¥]3 miRNA 172 2 miRNA 398¢l A z}z}
3708 e wiwwk Bwuslo] At (He et al. 2008, FEBS Letters 582, 2445-2452). ¥ &A3-o|X BrMir15994 5
70, miRNA 16464 17], miRNA 160¢4] 27], miRNA 390 % miRNA 398¢ll4 z}z} 37K, 123l miRNA 17204 11
Aol WWE ISITHEE 1 WA 5). miRBase W] 7]&Eo] Bl miRNA9F 2 Ao Al Ztoldl miRNA o &
of g F7F 24& Fsl 109702] miRNAZE 4770e] el &k o)F 277)9] djele] £3ak= 4070] miRNA
v AR T8 s ol AEArE RO U= wiFdA oA o et niRNAR FA ¥ o]

_12_



[0048]

[0049]

[0050]

SIS 10-2013-0026472

vk, d#E= BrMir 1629 A< miRNA9] 12914 7EHeHEE tE A FoAs ("= giiE & BRI
ghef] vjF=oll A= "GMe] DS Bolal Y (&= 6).

AAd 4: B3 niRNAY] FFEA

vl miRNAS] HEE T 7k whHo R It A MAR niRNAE sl 2] EST & A A9
HEE Btk AA 12719 ddEeA v Mz e zAdAY TS Rlsgith. BrMiR 159,
BrMiR160, BrMiR167, BrMiR 398 © BrMiR 18862 Z¥-Q oA, BrMiR 162, BrMiR 415 % BrMiR 1435% g
A}, BrMiR 1435% #z| oA, BrMiR 162% Eol4, BrMiR 408, BrMiR 1435 2 BrMiR 166 <lelA], BrMiR
1722 & A8 E & AEA Zzt ddo] FEATH(E 7). olgd Az Feld vl5 miRNAZF 24 olF
o] 7hedhe RolFth F HAR wiFe] thFdt xF oA miRNAS L wlolm R olHo] HolEE AME-3)
o] gelatdtl. 879 Hdalel &3k 12709 miRNAE vl5=2] 50 K DNA oA zhzhe] e S 891313 th(d o]
Bl wAAD) . wlolARolHo] dlolElE: ERlatr] $13ste] 871 miRNA i o] &S RT-PCRE 18T
8). 8702l miRNA = zlo] sl 23702 M2 t& ZHoMe] vdS 3913k A} BrMiR408E BrMiR 415+ &
zA oA =& WS WTHE 8). BrMiR160- LBB, DBB, LSB @ DSBellA &7 329 wdS B oy, the
ZAN = vl $2 o HHS HYPom o= miRNAY ZAEo|AHE HoFY(HE 8). BrMiR159 ZAMH
=] - e 3o v Buh, BrMiR167S & 7Al, &% 1A H % 7o 83 FE(si
KeN o

[e)
BT BrMiR3982 2 7A19] F5oA 71 w2 EES
A=)

fo I

n)oll A 73k 4 S B, 2% 14 4 749 sou
2 FFA T e TdS Belen, tE 2AqAE ufg $E TdS Bt BrMiR408 2 74 4
9% 7AY FEoA e £ BHHS BYa, oF 149 soudlH F3F FEY HHS BYrh. w3 0H 7
Al g2 2% 7TA9] soudll Ao AL wfe- e FFEoIrE. v P A A Y] BPS w9 Fe FEOR
ERTE. BrMiR4ld= ZE2goA S 7 ode wdES B, BrMiR4lse & 7A19] F5 1e]al LBB
2LSB oA e WEHS B, & 7A1Y soudl A F FFY M

S BYT}h. BrMiR1435% LBB ojA] 73k w3
Al

HiEE 8% w4E F stuE tE wiF AEdd vl duiFes A2 FHA A7]E 2Ea 9lo] Brassica
A AR G71ME B4 2l A&7 AFE-E QY (www.brassica-rapa.org, www.brassica.info). H]E o]de] F
Aol A vl miRNAS] FAd 3t Aol w3 A7E AAAIRE (He et al. 2008, FEBS Letters 582, 2445-
2452), A9 %

o] Mo @o] o]Fofxzl ¢kar 9tk HxAF 23| GSS, EST, mRNA Z cDNAS} Zo] mid @ 4
o FAAFRIF FAHD ok, B ATl eh71Fd, FA, diF, ¥, EEF2(Populus trichocarpa),
(Triticum aestivum), XX (Vitis vinifera) ¥ S99 (Zea mays)olAl B8] miRNA A ES& vlg oz w59
EST, mRNA, cDNA B GSS A& HAste] AA 47719 dide]el] &3k 10971¢] w3 miRNAE Ztopwllch. 2
T5 E3 fojx Ade AE wst 9 dAg T vl FAAe] Vel E3E AARS 2-E olssk=d
B =gol # Aotk HF o]He AFoA wiFel MEE niRNAE EIASFANE 2 AFelA AR
miRNAE 72 groluidul, B Aol Al Zolwdl 47712 miRNA #He]F 30 #dels o] vl miRNACIA &
AE A S A ZE miRNAo| T},
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[0051]

[0052]

EST2SH =cHE Hi= miRNA & 0|2 2& ==&

X7

r

ZIHSd 10-2013-0026472

Brassica rapa

miRNA Brassica rapa EST Expressing tissue
BrMiR 159b EX050542.1 Floral buds
BrMiR 159¢ EX048967.1 Floral buds
BrMiR 159d EX047628.1 Floral buds
BrMiR 160c¢ EX044968.1 Floral buds
BrMiR 162b EX133401.1 Root
BrMiR 162¢ EX071919.1 Seedling
BrMiR 162d EX071254.1 Seedling
BrMiR 162e EX069816.1 Seedling
BrMiR 166b EX063968.1 Etiolated mature leaf
BrMiR 166¢ EX063242.1 Etiolated mature leaf
BrMiR 167¢ EX041799.1 Floral buds
BrMiR 172i EX060396.1 Salt-treated whole plant
BrMiR 172] EX059018.1 Salt-treated whole plant
BrMiR 172k EX057674.1 Salt-treated whole plant
BrMiR 1721 EX019450.1 Light-chilled whole plant
BrMiR 398b EX049578.1 Floral buds
BrMiR 408b EX141550.1 Primary leaf
BrMiR 414b EX023666.1 Light-chilled whole plant
BrMiR 415b EX134130.1 Root
BrMiR 415d EX133017.1 Root
BrMiR 415e EX132487.1 Root
BrMiR 1435b EX140988.1 Primary leaf
BrMiR 1435c¢ EX112582.1 Whole plant
BrMiR 1435d EX029736.1 Callus
BrMiR 1435e EX075806.1, EX074152.1,
EX073405.1, EX072646.1 Root
BrMiR 1435f CV432766.1 Root

BrMiR 1886

EX045038.1

Floral buds

201 CHE 2300 HH=

20 A oRT-PCRE OIZ8F 812 miRNA THE 2l2

28 =4 21

BB OB LS DSB LAB DAB S| S §3 FI P2 OF3 M4 Chu RCB whi yel Sou Sin S S Sou Sin
TanTamlpm - Tpm Tpm - Tpm

BeWiRIS%ne me me me ne M ome me me me e ne me menenc ne ne ne e ne nene
BriRi60e me me me me ne le lomeome kolome leome e omo lookome o omeom koow
BviRI%e me me me me ome ome ome ome leome ome one ome he ome feome heo s ks ko
BiR9%fele ol el ol ome leome me me ome me ome one leone s he me ome me me
BiiROBh s s s s s s S s s s s s oso% %S some leome osome ke
Bkl le el he ol he me he me he ome ome me ko ko % he s ome s ome
BviRI® he se he se s s s s s s soseoseose s s ososeose heo s ome o
VRS s he me he leoome me feome leoleolome ome  loome ome koome loome lkoome




[0053]

ZIHSd 10-2013-0026472

2 W& le (low expression): W2 &, me (moderate expression): 3+ &
° A 1 P

l\_r;.
ne (no expression): W& $1S, se (strong expression): 743 23, LBB (Leaf before bolting): Fth #
¢l, DBB (Dome before bolting): St 1 AeHiEd=x2], LSB (Leaf at the start of bolting): Fth A]Z}A]7]
o] 2ol DSB (Dome leaf at the start of bolting): Fth A|ZFA]7]¢] o™ 2l LAB (Leaf after bolting): FHi

% 9l DAB (Dome after bolting): Ft ¥ HAGEAZZ, whi (white) : MA, vyel (yvellow): 34, sou
s e}

he (high expression): o

)

LI
(photosynthetic leaf, source): #¥3ido] Zd® A 2 sin (photosynthetic midrib, sink): &35, Sl
(sterile plant bud size < 1.5 mm): =77} 1. kel EdA 2 B ow, S2 (sterile plant bud size
1.5 < 2.5mm): A7]7F 1.5°14 2.5 mm Ate]e] EUA & B 2], S3 (sterile plant bud size > 2.5 mm): =
717} 2.5 mm ©o|AFel BolAl & B ow] F1 (fertile plant bud size < 1.5 mm): =717} 1.5 mm ©]%<]
B2d, F2 (fertile plant bud size 1.5 < 2.5 mm): Z7]7} 1.5914 2.5 mm A}o]e] UA & Hed, F3
(fertile plant bud size 2.6 < 5 mm): =7]7} 2.6°14 5 mm Alo]e] A 22 Eo ], F4 (fertitle plant bud
size > 5 mm): 7|7} 5 mm o)Al dA & Hod.

T o
g
[
o

ol A L
v o =N

k1
[N

1
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[ All known plant miRNAs from miRBase ]

l Remove repeated mature miRNAs

[ Remaining known plant mature miRNAs ] [ GSS, EST of Brassica rapa ]

[ Sequences with 0-4 mismatches against plant mature miRNAs ] [ Protein database ]

l Remove repeated sequences

BLASTx I

Remove protein coding sequences l

Sequences with 0-4 mismatches and non-coding proteins ]

|

[ Prediction of RNA folding secondary structure ]

!

[ Hairpin and 0-6 mismatches J

!

[ Confirm the miRNAs by comparing ]

with Arabidopsis thaliana genes

}

[ Novel potential miRNAs ]
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Er4

>BrMiR 156¢
U0 - UUU --- AG AA = =
AAC AG AACUGACAGAA GAGAG UGAGCAC GCAGGCA GUUAUG G

(4
AGA AGAGRAGGAGG GA GAG GA GC
UUG UC UUGACUGUCUU CUCUC ACUCGUG UGUUCGU CAAUAC U
A C o C uu c

UCU UCUCUUUCUCU CU CUC CU  CG
(o2 - CU A UU- CUC

>BrMiR 162a
A= = G GC G cC UG G
GAU GCUGGA GCA GGUU AUCGAUCU UU UG uuuuG
CUG CBACCU CBU CCAA UAGCUAGA AL AC AARAC A
cce A oU a C GU GAAAAUU A

>BrMiR 164a
- [ L u
GGUGAGGA CUC AUGUUGGAGGAG G GCACGUGCAAAUU ACAUGAGA A

UGUGCUCU G

CUACUCUU GAG UGCAACCUCUUC ¢ CBUGCACBUUUGG
c G G 6U C u

>BrMiR 169¢

cu U
UALRRUAU  GAUAAG \

AUUUUAUG UUAUUU A

GUG AGCCAAGGA ACUUGCCGAUU
CAU UCGGUUCCU UGAACGGCUAG
UACUARAAARA

- 4 GU
>BrMiR 171f
-ARAGAG G Ch  GA—- 6C ¢ A M- G GA-
AGU ACGAGAGAG CU GAUAUUGGC GG UCA UCAGAU CU AGA AUGUA A
UCG UGCUUUCUC GA CUAUAACCG CC AGU AGUCUA GG UCU UGCAU U
------ = AG  GAAA GL A G Gha - AAUGUG Gi
>BrMiR 172e
A-em u u c < GCGAGARAACA
GCCA CAAGAG I
UGGU CAUCAACG CUACGUCGUAGUA UUCUARG GUUCUC G
AUUG [ A u
>BrMiR 172f
GAC UCUUUA UCUUC  UUAGCG CG GUAG  UGUA GAUGCAGCAUCAUCAAGAUUC--CCAUUCGAGAR AR C
CUG AGAAGU AGGAG  AAUUGU GC CAUC ACGU CUA AG  GGUA i
-—= & \ - \ - - e 3 G u
>BrMiR 390a
R ca A U
GC  UAGA CUCAGGA GGAUAGCG CCA  UAUAGA Y
CG AUUU BAGUCCU CCUAUCGC GGU AUAUUU i
CAACUCUUCA
>BrMiR 398b
- GAL G A
GGUAGA  GGA CUC GCAGGG GA UGAGAACACAUG  AG CA UG GUU UAAUGAUG \
CCAUCU  CCU GAG UGUCCC  CU ACUCUUGUGUAC — UU GU GC CGA AUUACUGC G
uy -——- i G- AU G AU
>BrMiR 158 > BrMiR 159a.2
A b= clu u CAUT GG GA A AG U
UAUC  GUU  CUUUGUCUA CGUUUGGAARA GAUG C CAARG CCU GG GGU AUGCA GG 2
GUAG CAA  GARACAGAU GUABRACCUUUU CUAU G GUUUC GGA CC CCG UACGY CC U
ch UGC  AAC - CACAU  C UAC- P VB U0 UACAC
> BrMiR 169f
.-UCARA ¢ cu
AUGUC GAGAUGAG AGAAGAA CAUAU GG UAGCCAAGGA GACUGCCU U UC UUUG AG AAA AUGG UUGAAA UAC
UACAG UUCUACUU UCUUCUU GUAUA CC AUCGGUUCCU CUGACGGA A AG AAAC UC UUU UACC AAUUUU AUG A
- A- A A - &
>BrMiR 413 > BrMiR 2091
Ummmmmmmm e € U AaCC € _in
GAG UCAGAG CGA GAGACUG U
CUU AGUCUC GUU CUUUGAU A S R COTARG e
ACUCAAAUGGUCCCU U v CA-- < uee GGUU CGGCULC UCC
GAGUACUA % -—- - A GCAAUCRAC
> BrMiR 1436
c U U +—ARMRAU U
UACUCC UCC UUCCAUGA GGU U UGG ACAUUAL %
AUGAGG AGG AGGGUAUU CUA AL ACC UGUGAUU A
U N - AU AACA AGU

UACUAU A <
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40

35 4

25 A
20 A

Number of miRNAs

10

EH6

BrMiR162a
BrMiR162b
BrMiR162c
BrMiR162d
BrMiR162e
BrMiR162f
Bnp_DY025212
Bnp_ EV208491
Bol BH920058
Bol BH555047
Bol BZ441369
ath-MIR162a
ath-MIR162b
sly-MIR162
vvi-MIR162
cpa-MIR162a
osa-MIR162a

EEE

<110>

<120>

<130> PN13064
<160> 73
<170>

<210> 1

<211> 21
<212> RNA
<213>

<400> 1

51-100

101-150 |

Brassica rapa

151-200 |

251-300 [

301-350 [l
351-400 ]

2 201-251 [

=
4J
>
x
y
=]
>N
=

—+

GAAAAACAAAAUUAAAAGCAUGAACAGAUCGAUAAACC

UGCAUCCAGCGGUCGCCUCU

GAAAAACAAAAUUAAAAGCAUGAACAGAUCGAUARACC

JGCAUCCAGCGGUCGCCUCU

GAAAA-CAAAAUUAAAAGCAUGAACAGAUCGAUARACC

UGCAUCCAGCGGUCGCCUCU

GAAAAACAAAAUUAAAAGCAUGAACAGAUCGAUAAACC!

UGCAUCCAGCGGUCGCCUCU

GAAAAACAAAAUUAAAAGCAUGAACAGAUCGAUARACCY

UGCAUCCAGCGGUCGCCUCU

GAAAAACAAAAUUAAAAGCAUGAACAGAUCGAUAAACCY

UGCAUCCAGCGGUCGCCUCU

GGAAAAAAAAACUCAAAGCAUGAACAGAUCGAUAAACC

GCAUCCAGCGGUCGCCACU

CAAUUUACAUGGCA--AGCAUGAAUCGAUCGAUAAACC!

GCAUCCAGUGCUUC--—--~—

UUGGAAAGAGAUUAAAAGCAUGAACGGAUCGAUAAACC

UUGGAAAGAGAUUAAAAGCAUGAACGGAUCGAUAAACC

UGCAUCCAGC—-—---—-—-—

UUGGAAAGAGAUUAAAAGCAUGAACGGAUCGAUAAACC

GCAUCCAGCGG————--—-——

UAAAAAUG----UAAAAGCAUGAAUAGAUCGAUAAACCY

UGCAUCCAGCGUUUGCCUCU

UUUGU----UUACAAAAGCAAGAAUCGAUCGAUARACCY

UGCAUCCAGCGCUGCUUGCU

UACGCAACAUUACAGCAAAAGGAAUCGGUCGAUAAACC!

UGUGAAAAAA-GCAG-AUCAAGAAUCGGUCGAUARACC

GCAUCCAGCGUUCACUCC-

UGUGAAAAAUCACAG-AACAUGAAUCGAUCGAUAAACC

GCAUCCAGCGUU-ACCCC-

€
C
&
G
G
G|
C]
C]
CQUGCAUCCAGC—————=———=
C|
C
C]
C|
Cl
C]
C|
c

UGCAGCCAACGACAA-CGCGGGAAUCGAUCGAUAARACC
*kk Kk kkkkkkkhkkhk

KopatentIn 1.71

uugacagaag aaagagagca C

<210> 2

— 18 _

GCAUCCAGUUCUCGCC---
*kkhkkkkk

BrMiR 156g, novel miRNA molecules isolated from Brassica rapa
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<211> 20

<212> RNA

<213> Brassica rapa
<400> 2

ugacagaaga gagugagcac

<210> 3
<211> 17
<212> RNA

<213> Brassica rapa
<400> 3

ugacagaaga uagagag

<210> 4
<211> 19
<212> RNA

<213> Brassica rapa
<400> 4

gacagaacag agugagcac

<210> 5
<211> 19
<212> RNA

<213> Brassica rapa
<400> 5

gacagaauag agugagcac

<210> 6
<211> 18
<212> RNA

<213> Brassica rapa
<400> 6

ugacagaaga gagagage

<210> 7
<211> 18
<212> RNA

<213> Brassica rapa
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<400>

7

ccaaauguag acaaagca

<210>
<211>
<212>
<213>

<400>

8

21

RNA

Brassica rapa

8

uuuggauuga agggageucu a

<210>
<211>
<212>
<213>

<400>

9

18

RNA

Brassica rapa

9

uuggauugaa gggagcuc

<210>

<211>

<212>

<213>

<400>

10

18

RNA

Brassica rapa

10

uugcaugccce caggageu

<210>

<211>

<212>

<213>

<400>

ugccuggeuc ccuguaugece a

<210>

<211>

<212>

<213>

<400>

ugccuggeuc ccugcaugece a

<210>

11

21

RNA

Brassica rapa

11

12
21
RNA
Brassica rapa

12

13
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<211> 21

<212> RNA

<213> Brassica rapa
<400> 13

ucgauaaacc ugugcaucca g

<210> 14
<211> 21
<212> RNA

<213> Brassica rapa
<400> 14

uggagaagca gggcacguge a

<210> 15
<211> 21
<212> RNA

<213> Brassica rapa
<400> 15

ucggaccagg cuucauuccce ¢

<210> 16
<211> 21
<212

> RNA

<213> Brassica rapa

<400> 16

ucgcuuggug caggucggga a

<210> 17
<211> 21
<212> RNA

<213> Brassica rapa
<400> 17

cagccaagga ugacuugecg a

<210> 18
<211> 18
<212> RNA

<213> Brassica rapa

<400> 18

_21_
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agccaaggau gacuugcc

<210>
<211>
<212>

<213>

<400>

19
20
RNA

Brassica rapa

19

agccaagaau gauuugccgg

<210>
<211>
<212>
<213>

<400>

20
19
RNA
Brassica rapa

20

uagccaagga gacugccua

<210>

<211>

<212>

<213>

<400>

21
21
RNA
Brassica rapa

21

ugauugagcc gcgecaauau ¢

<210>

<211>

<212>

<213>

<400>

22
21
RNA
Brassica rapa

22

uugagccgug ccaauaucac g

<210>

<211>

<212>

<213>

<400>

23

20

RNA

Brassica rapa

23

gaaucuugau gaugcugcau

<210>

<211>

24

19
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<212> RNA
<213> Brassica rapa
<400> 24

gaaucuugau gauguuaca

<210> 25
211> 21
<212> RNA

<213> Brassica rapa
<400> 25

uuggacugaa gggaacuccce u

<210> 26
<211> 18
<212

> RNA

<213> Brassica rapa
<400> 26

uuggacugaa gggagcuc

<210> 27
<211> 21
<212> RNA

<213> Brassica rapa
<400> 27

aagcucagga gggauagege ¢

<210> 28
<211> 20
<212> RNA

<213> Brassica rapa
<400> 28

uuggcauucu guccaccucce

<210> 29
<211> 21
<212> RNA

<213> Brassica rapa

<400> 29
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cugaaguguu ugggggaacu ¢

<210> 30
<211> 21
<212> RNA

<213> Brassica rapa
<400> 30

Cugaaguguu uggggggacu C

<210> 31
211> 19
<212> RNA

<213> Brassica rapa
<400> 31

uccacaggcu uucuugaac

<210> 32
<211> 20
<212> RNA

<213> Brassica rapa
<400> 32

uguguucuca ggucaccccu

<210> 33
<211> 21
<212> RNA

<213> Brassica rapa
<400> 33

uaugagagua uuauaaguca ¢

<210> 34
<211> 21
<212> RNA

<213> Brassica rapa
<400> 34

uaugagagua uuauacguca ¢

<210> 35
<211> 20
<212> RNA

SIEdl
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21
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<213> Brassica rapa
<400> 35

augagaguau uauaacucac

<210> 36
<211> 21
<212

> RNA

<213> Brassica rapa
<400> 36

augcacugcc ucuucccugg ¢

<210> 37
211> 18
<212> RNA

<213> Brassica rapa
<400> 37

augcacugcc ucuucccu

<210> 38
<211> 18
<212> RNA

<213> Brassica rapa
<400> 38

cuaguuucac uugcucug

<210> 39
<211> 18
<212> RNA

<213> Brassica rapa

<400> 39

ucauccucau caucaucg

<210> 40
<211> 20
<212> RNA

<213> Brassica rapa
<400> 40

ucaucuucau caucaucguc
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<210>
<211>
<212>
<213>

<400>

41
20
RNA
Brassica rapa

41

aacagagcag aaacagaaca

<210>
<211>
<212>
<213>

<400>

42
21
RNA
Brassica rapa

42

aacagagcag aaacaaaaca u

<210>

<211>

<212>

<213>

<400>

43
20
RNA
Brassica rapa

43

uuuuggagau uuguccuuac

<210>

<211>

<212>

<213>

<400>

44
19
RNA
Brassica rapa

44

ucccuacucc acucauccce

<210>

<211>

<212>

<213>

<400>

45

18

RNA

Brassica rapa

45

ucucccucaa gguuucca

<210>

<211>

<212

>

RNA

46

18

_26_

=T

20

21

20

19

18

10-2013-0026472



<213>

<400>

Brassica rapa

46

ucuaagucuu cuuuugau

<210>
<211>
<212>
<213>

<400>

47
20
RNA
Brassica rapa

47

aucaguuucu uguucuuuuc

<210>
<211>
<212>
<213>

<400>

48
19
RNA
Brassica rapa

48

uduucuuaua cuucuugca

<210>

<211>

<212>

<213>

<400>

49
18
RNA

Brassica rapa

49

auggucagau cggucauc

<210>

<211>

<212>

<213>

<400>

50

18

RNA

Brassica rapa

50

ggcucugaua ccaauuga

<210>

<211>

<212>

<213>

<400>

uggcucugau accaacugau g

<210>

51
21
RNA
Brassica rapa

51

52

18

20

19

18

18

21
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<211> 20

<212> RNA

<213> Brassica rapa
<400> 52

uugaacugaa gugcuugaau

<210> 53
<211> 19
<212> RNA

<213> Brassica rapa
<400> 53

gauccggacu aaaacaaag

<210> 54
<211> 19
<212> RNA

<213> Brassica rapa

<400> 54

ugaggagage gaggaggag

<210> 55
<211> 18
<212> RNA

<213> Brassica rapa

<400> 55

gdggagageg aggaggag

<210> 56
<211> 19
<212

> RNA

<213> Brassica rapa
<400> 56

uuuugcaugu ugaaggugu

<210> 57
<211> 19
<212> RNA

<213> Brassica rapa

_28_

=T

20

19

19

18

19

10-2013-0026472



<400> 57

cauuaaggaa cggaaggag

<210> 58
<211> 18
<212> RNA

<213> Brassica rapa
<400> 58

auuaugaaac ggaaggag

<210> 59
211> 19
<212> RNA

<213> Brassica rapa

<400> 59

agaguaaaau acacuagua

<210> 60
<211> 17
<212> RNA

<213> Brassica rapa
<400> 60

uucuuaaguc aaacuuu

<210> 61
<211> 18
<212> RNA

<213> Brassica rapa

<400> 61

uuaugggacg gaaggagu

<210> 62
<211> 17
<212> RNA

<213> Brassica rapa
<400> 62

caggcucuga uaccaug

<210> 63
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<211> 17

<212> RNA

<213> Brassica rapa
<400> 63

uucauuuuua aaauaga

<210> 64
<211> 22
<212> RNA

<213> Brassica rapa
<400> 64

uucauuuuua uaaauagaca uu

<210> 65
<211> 19
<212> RNA

<213> Brassica rapa
<400> 65

agaacuugac acgugacaa

<210> 66
<211> 19
<212

> RNA

<213> Brassica rapa
<400> 66

cuguuaaugg aaaaaguug

<210> 67
<211> 18
<212> RNA

<213> Brassica rapa
<400> 67

cuguugaugg aaaauguu

<210> 68
<211> 17
<212> RNA

<213> Brassica rapa

<400> 68
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auugcuuaaa augaaau

<210>
<211>
<212>

<213>

<400>

69
19
RNA

Brassica rapa

69

uduauuucuu aaaaugaaa

<210>
<211>
<212>
<213>

<400>

70

18

RNA

Brassica rapa

70

aacucaaccu uacaaaac

<210>

<211>

<212>

<213>

<400>

71
22
RNA
Brassica rapa

71

agcucugaua ccauguuaga uu

<210>

<211>

<212>

<213>

<400>

72
19
RNA
Brassica rapa

72

ugagagaagu gagaagaaa

<210>

<211>

<212>

<213>

<400>

73

18

RNA

Brassica rapa

73

aaccgagccg aagaggag

_31_

17

19

18

22

19

18

SIHS3 10-2013-0026472



	문서
	서지사항
	요 약
	대 표 도
	특허청구의 범위
	명 세 서
	기 술 분 야
	배 경 기 술
	발명의 내용
	해결하려는 과제
	과제의 해결 수단
	발명의 효과

	도면의 간단한 설명
	발명을 실시하기 위한 구체적인 내용

	도면
	도면1
	도면2
	도면3
	도면4
	도면5
	도면6

	서 열 목 록



문서
서지사항 1
요 약 1
대 표 도 1
특허청구의 범위 3
명 세 서 3
 기 술 분 야 3
 배 경 기 술 3
 발명의 내용 4
  해결하려는 과제 4
  과제의 해결 수단 4
  발명의 효과 4
 도면의 간단한 설명 4
 발명을 실시하기 위한 구체적인 내용 5
도면 15
 도면1 15
 도면2 16
 도면3 16
 도면4 17
 도면5 18
 도면6 18
서 열 목 록 18
