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1.1, BR5 1% 4

BERZAMIZ BV CTRIE T OR B A I3 28 1213, BEHIE & RS %HIE 23k 5T
W5, BREHIEITEE FORBIE LIS DX 1 I 7 2l LT\ 5 (Babu et al. 2004),
BRGAEIEIL, RNA R AT —BIZ Lo TG Iz RNA oML, BOFE, ik, Ir
. FEED RNARZ R E~EFIRREND £ TOMBEZHBE L T\ 5 (Garneau et al.
2007; Kohler and Hurt 2007; Licatalosi and Darnell 2010) ,

BIRA T T A v v TIEEMRAEDICIEL LN DG HEIHEEDO OS> TH D
(Nilsen and Graveley 2010; Kornblihtt et al. 2013), %7/ AU A R7efiffric k5 & BfpRA
PWCITBINA T T4 VU TR EN T2t LT, ZMlaEw iy v 78
Ta— R LBIETORMIT TERINWA T T4 > 7R B SN D (Ast2004), B N Tit,
) 95% DBAR T TERIRIA T T4 2 70RO HALD (Panetal. 2008), £/, W TiEA
Y harESDBEETDOIH 60%L ETEBIRAT T4 0 v IRBIZE STV % (Marquez
etal. 2012; Syed etal. 2012), IR AT T A4 U 7%, =XV VOMAEDOEEEZ D Z L
ICE o CR—DOEB TN EHREEEYZE LS D, Kb & LCTmbitTn
HDNE. ¥ a Y a 7T D Down syndrome cell adhesion molecule (Dscam) EinfTh 5,
Dscam JEARFITIT 95 H ORI = Y U BMFE L, BIRA T T A 0 7 K> THGR
38,016 FEXEDER G FEW 2 /£ U &+ % (Celotto and Graveley 2001) ,

BRI A T T A 2 2 ZIIN 2 CTEWEY) O 85 138 BUHIAENC 35\ C 3 B 7 B | 3R 7R
V77 =0t Toh % (Mayr and Bartel 2009; Mangone et al. 2010; Xing and Li 2011), ¥ 7 A X
FRXF LA FITBOTIE, ZNEN 70%., 50% DB LT HNEEDORY 757 = Lz fH L

TU % (Shen et al. 2008; Wu et al. 2011), ZHIRFYAR U 77 =/ kiE. C RKimDEHNEZR 5



BN BEEELIHE D, FBIRARY 77 = bix ¥ 7% a— R L7 3 UTR
DE UL T HHETLH D, BIEYO RNA A4 37 BI2ix 3 UTR ICHES L Cis
BEDORAEZRIET 26D, &5 WITEEGEN O RZRET 26D H 5 (Gavis and
Lehmann 1994; Stoecklin et al. 2002; Masuda et al. 2012), Z D728, ERWA Y 77 =1kiZ
Lo T3 UTRESINZED D & RNA FEAZ R 7 B3 ES T DB OMBRD A U T, bR
& LU THEBPED D RAERL L EMENEL T %, & 51T, small RNA 728 UTR IZHES LT, #25
PEWH ARGONAUTE # /X7 BFIZ K o> T S A6 b s ST % (Jing et al. 2005;
McCue etal. 2012) Z &5, 3° UTR OESIHIRERZRHEICAKE < BHb-TWnWo &EEZX b
Do

UEDXHic, BRIAT T4 2 7B L ORIRBA Y 77 = 4kix, F—OBE 1
OEMRBPIRGEN Z LT L L bIT, WBEEY O RIESL EME A2 RE T 2 EE LT

b5,

1.2, BRI K D EEF O FEBLHIH

BN 3EE07 ) A EEBEITHZ LN TE%5 DNA Bih Th b, K13
BERLIEFEOT ) AEFIOEEEELFIH L A a2 —%2E £S5 / AT 2 &
NTE, WBOBRIZIIEEDT ) JEIO—HMEUETE D, FRABREMDOT ) LTy
=7 FOERIZE > T, EEAEMDO T ) 2T < DR DB OER KT TR ST
D EBMBMNIR 0T, ART )LD 35%, hUERALT ) LD 85%LL NI T
IZ X > THER & TU % (Turcotte et al. 2001; Schnable et al. 2009), T, BRI
7 L OB LR ORE L FIEONZEIC L > TH  LOEBIZB N TRE 21

2B L T LI TV 5 (Feschotte and Pritham 2007)



1.3. A FIEAEMEERREIN - mPing |2 X 5 A5 O3B E

Miniature inverted-repeat transposable elements (MITEs) 1. FEAME K OEEAEH O 7
J LIRS FAET B IR O (<500-bp) HBIKFTH D, A RiuFEHARED Y )
LTI, 70,000 = E°—LL o> MITEs 3F(E L, £ < (T#Ef5F0 5 UTR, 3° UTR, B L&
{5 O FEREIIC 04 LT % (Okietal. 2008), 5° UTR & 3° UTR L5 - DR BB
THEE/HZE %2 72772 (Chan and Yu 1998; Cazzola and Skoda 2000; Mazumder et al. 2005;
Misquitta et al. 2006; Lytle et al. 2007; Aguilar-Hernandez and Guzman 2013) . MITEs ($i#&{5 D
FRBHIEIC L RESEBETIEEZOND, BT, A XDOX U RIEEa— RT 5B
FOa— REHR, NV T T =LA, BERERBIORT T A4 D% < I
MITEs HEDEFIAE AT D (Okietal. 2008), 26D X, 4 3DF7 ) ADOEE(L
2BV T, MITEs [TBE T OBRGHIE T Ch<BEHHHTLTH L TE I & 2Rg
LTWb, LnL, 7/ LAHFICREEN D% < O MITEs [ZIEMEZHER L T b A2 228K
BHRZER L TWD2D, MITEs O AR BAR T O G ALHIAENZ B 59 5 ik OFEMIT R
ffHCdH-71-, = Z T, AWFZETIHIEMR MITE T& % miniature Ping (mPing) (ZiEH L
77

mPing 1L, A X7 ) LA CHERINTWAHHE—DIEHA MITE Th 5 (Jiang et al. 2003;
Kikuchi et al. 2003; Nakazaki et al. 2003), mPing 1£425% 430-bp T, 15-bp D3 J5 A Kb S 18
(TIRs) BcHlZ Gde, £, HAEALIZ TAA B D \VIE TTA OERIEALECSIEHE (target site
duplication) Z/EU 5. Tourist¥:7 7 2 U —IZJE 92 MITE TH D, KEm DA FLFEICE
W T mPing 13IRIEMEL STV D23, B3I (Jiang et al. 2003) #5778 (Kikuchi et al.
2003) ., vy #EHRS (Nakazaki et al. 2003) | ##7K+E (Lin et al. 2006) | TfRFED 5"/ L DE A (Shan

etal. 2005) ZEDOEEA /A N L RABEZ K > T mPing DEBENEM L E NS, Ll fff



Y F I L OZE Ol mEIC BV TX mPing 1345 bR BERFF T THERICEERE L TWD

(Naito et al. 2006) ,

L4, AWHZED B

AFFEE, A I B IR K F mPing OB T ORG FEY ORI KT TR
DO ZHIE LT, Z£D7DIT, 5 2 B TIL mPing BHEA LTCBE T 64AE U D5 E
¥ % 3’-rapid amplification of cDNA ends (3’-RACE) % HW T/, #1diz, HFEHRY
W8 (5T Heading date 1 (Hdl) DA > k1|2 mPing fiNEZH T HERERZHKTH D
HS110 Z /=, © X2, KB EIR 1 Rice ubiquitin-modifier 1 (Rurml) ¥ X OVHFHH
R 5+ Early heading date 1 (Ehdl) DTV N ZZFNZEI mPing TN % A3 % 225K 78 7
R Tod D IM294 1 L TOVHS169 2 7z, 5 3 B CTIX, mPing 0Nik3 LTI A 7T A
VUTBIWEBRNAY 7T =B L - TA U DIRBEY O %2 FEMICENT L T
mPing FICHEAET R Y 77 = by 7 VB & Rkd& b a ROz 6Lz, &6
(2. mPing BiF 3 L ONVE OREFERLSN D X FIACRREDRNBIRINA T T A > 7105 2 D8 %
RRRE L7, BICH 4 mTi, A—8IChkT 583 3 Bk 4 L3 L T RNA-seq fiftT %
B2 3 ERIZHSE T D mPing N & B FAY 72 mPing FiA & O CRAZ T ORG#%

BN K E 920 R & M RERO LS FLi « MRGE L 72,



F 2. mPing AT AT 5K REBURT DG EEY OREIEIRHT
2.1. IXL®IC

{58 (K - mPing ISR G-1% D BAR TR BRI 5- 2 2 B Z R 5 72012 ARKE Tl mPing
HAEHTDERERTPHOE L DWBEEYZMRIT Lz, BEK -2 EE O 2 — REK
A SN HE . ZOBE T OMREITEE S D ATREER RV, FRlZ, =% Y il
K AA SN G A ITITB B FOBEBICERENEL 20N EETHL, —F, BIETOD
a— RERCTH->THA v bR VBRI AINISGA, 5% O RNA 7t v v
VI BNIEFICHEST L C, REREGEEY ICITER R 7ESS G £ T s s 7 o
REITEFICHERF SN DIITTh 5, HT, BBRE T2’ v hr A ShGEIcRE
RIS RNBLN T & TG HEIEIC R Z s 2 AT RV, £ 2T, AR TITR
A= ZEIRIE BR AR HS110 (23R H L7z,

HdI 13 A 2O G W CTEHE &R 2 7248 {s 7 T 5 (Yano et al. 2000),
Hdl X2 5O x Y U BLORENLOMO 15D A > b v THER STV ,HSTIO0 1T,
YLD~ y FH CTHFE SN RRERAZRTH Y . Hdl DA > s 1 |2 mPing
fHAZ AT D (Yano etal. 2000) (Fig.2.1.), #RY5iFD HAl & HS110 D hdl & ORI TIXA >
k& Y IND mPing AU OEELERIZZBO NN, EFRAT I 7Lk -
TA v hr AT A ST mPing BlFIDBRE S NAVUE, Hdl AROBWEEITMER SN D, L
2L, HS110 OBIAE B 138 AR = & T 10 A F\» (Tanisaka et al. 1992, Yano et al.
2000), Hdl BAs+F DG EYITE AR ORY FETIE 1 fETH > 72DIcx LT, HSI110 T
X2 FEEHDOEREEMNRD LTS (Yano etal. 2000), 5D Z & 56, HS110 D hdl
TR GHITIRYI D Hdl TIIBIESNRWIEGER R AE L TND L PRI, ZOR

AT AT, ETEHAERMOR D Hdl 3 L OVHSLLI0 O hdl (2B DB EY O



hd1 allele 1 mms mPing | B

|
100bp

Fig. 2.1. Schematic representation of the hd! allele

White and black boxes indicate exon and mPing, respectively. hdl allele is composed of two exons
(nucleotides 1-987, 2058-2627), one intron (nucleotides 988-2057) and mPing (nucleotides
1583-2012) inserted in the intron.



1% 3°-RACE 2 W TN L7z, D &2, mPing N&EIGF O XY U NIZHA S L
LA DEGENOEEZLEZHRLT-OIC, Y ENOFE SN RBRERZKRTH D

IM294 33 L TONHS169 % AW CTHR B PEM DT 2 3 Z 72 o 77,



22. MELBXOFIE
221, HEEE

Oryza sativa ssp. japonica D fFESRY; T3 L OREF =~ vy MG L » THFE I N F
Az Z2IRIE BLAHE HS110, MBI Z2ARZE B M0 IM294,  Wh Az 229828 B At HS169 % fitik L 7=,
HS1101X HdI Int DA > b v NI mPing i AD & % hdl % A3 % (Yano et al. 2000) , IM294
1. Rurml BT D 4 =% Y N mPing AN 5 rurml %A+ % (Nakazaki et al. 2003;
Tsukiyama et al. 2013) (Fig. 2.2.a), HS169 I%, Ehdl Bin T D 2 =F V 1T mPing AN
& % ehdl %473 % (Nishida et al. 2002; Saito et al. 2009) (Fig. 2.2.b), 4T DA EHI THD
REFEFHFRR O KBS CREE L, 2D O FER I DRI L 72 Mk Ik R 22 3% T

LM GRS . RNA fili i FF & CT-80°C THRAF L7,

2.2.2. RNA filith

TR 45 B EIC 1 RfH2Y 5 EIROFED R LI L2 LS 725 Quick Prep Total
RNA extraction Kit (GE Healthcare, Little Chalfont, UK) Z T RNA Z#Hiti L7-, oz
total RNA [X, DNase I (Takara Bio, Shiga, Japan) THLEEF., 43 YtJEESR (Biophotometer;

Eppendorf, Hamburg, Germany) Cdb'E Z 38 L. fEHFFE T-20°C THRAFE L 7=,



(@)

100bp
(b)

ehdt allele  [1}—$— TN 2 F—5— 3 H4—5—{ 5 ]

100bp

Fig. 2.2. Schematic representation of the rurml allele (a) and the ehd1 allele (b)
White and black boxes indicate exon and mPing, respectively. Horizontal lines indicate intron.

(a) rurml allele is composed of four exons (nucleotides 1-240, 352-430, 553-635, 1317-2077), three
introns (nucleotides 241-351, 431-552, 634-1316) and mPing (nucleotides 1343-1772) inserted in
the 4th exon.

(b) ehd1 allele is composed of five exons (nucleotides 1-109, 1370-1955, 3797-4198, 4348-4424,
5396-5680), four introns (nucleotides 110-1369, 1956-3796, 4199-4347, 4425-5395) and mPing
(1383-1812) inserted in the 2nd exon.



2.2.3. 3-RACE (Rapid Amplification of cDNA Ends) fi##T
B ARG SOEAS 736 KO mPing TN % A3 2 B RS NLBAR 1 K 0 4 U285 EY O
% 3°-RACE 5% FUVCTRENT L7z, 3°-Full RACE Core Set (Takara Bio) # V>, ZEBRF v
rO7a b a—ZhE> T cDNA GRB L OPCR 28 Z 72 -7, £7°, 1 ug O total RNA,
AMV Reverse Transcriptase XL (Takara Bio) . 35 & U oligo dT-3 site adaptor primer (Takara Bio)
ZETe 20 ul OSSIANRF T cDNA Z A% L7z, cDNA GSSMEIE, r—~¥ A7 5
— (Eppendorf) % T, 30°C (10 min), 50°C (30 min), 95°C (5 min), 5°C (5 min) &
L7z, RUNT, 3sites Adaptor Primer (Takara Bio) & % —7% v MBI FICFERI 2T 7 A~
—ZMWT, IstPCRBLV 2nd PCR 28 272 o7z, PCRICHEA L 727 T A ~— DS &
W7 =—U U ZIREEIL Table 2,112~ L7z, 554172 PCR HEIREY X pGEM-T easy vector
(Promega, Madison, W1, USA) |Z TA 7 ©—=12 7 L7=% ., ABI 3730x] DNA analyzer (Applied
Biosystems, Foster City, CA, USA) TRV ZRE LTz, GONTWBEEDOT AV 7+

— L DFKGFLIE, McCouch DL (2008) (ZHE~ 7z,

10



Table 2.1. Primer list for 3°-RACE

Target gene Sequence Annealing
temperature
(°C)

Hdl/hdl Ist CGACAACCGCATCGAAAAC 60

2nd GAACAGCAAGAGCAGCAG 54
Ehdl/ehdl Ist GGCCTTATGGACTAAGAGTTCTGG 58

2nd GACGACTGTTCATACTTGTCAGTCA 58
Rurm1/rurml Ist CACCATGCATCTAACCCTCGAATTCG 54

2nd GTCGTGATGAAAGGGTTGCTCG 54

11



23, R
2.3.1. FEZERE AN HS110 O hdl 7> 54 U= 55 EEY O s

ST D Hdl 3 L OV HS110 D hdl ORRGHEY DOHEIE % 3°-RACE 5% FIW TRENT L 72,
REFFEICE T D Hdl OEEBFEY OREIT H AR & [/ UE Tch -7z (Fig. 2.3.), HSI10 (2
B 5 hdl TIL 3 FEEAD T2 DERGFEY) hdl-sl. hdl-s2. ¥ LN hdl-s3 D3 Hiv7e (Fig.
24.), hdl-s] TR ETHRH SN D LFE—T, EWZRRNA AT T4 L 72K HEF
PEMI Cdo o7, hdl-s2 & hdl-s3 1%, BIRIIA T 5420 72k > THEUT- hdl DEEFREY
DT AT F—LThHoTz, hdl-s2 1%, FH1 XV NIMATA > har O 3 KD 26-bp
(nucleotides 1557-1582) 3 X U mPing ® 5 KD 261-bp (nucleotides 1583-1843) % & AT
W7o hdl-s3 13 B 1 =%V T ATA > br > d 3 EKimdD 26-bp (nucleotides 1557-1582)
B IO mPing ® 5Kt D 404-bp (nucleotides 1538-1941) & A TW=, ZhidA v by
WZHA SN2 mPing O—E N EINI=F YV > & LTHAAEND & & B2, mPing BH D
BlBFINEBIE 5 AT TA AEALE R Y T T =i 2 A CTcleb B2 b, 61T,

mPing fHAIZ LD 3> AT T A RN OBIR~DOE G R I LT,

232 =XV U mPing AT BT L En T OEEGFEY O EfEHT

HS110 IZ81F % hdl TiX, A~ b A SV mPing (XIBIRNA T T 42 0 7 L%
WHRY 7T =L OFEREP MR TE 2, UK LT, =% Y VA S vz mPing 12
K DR GEY OREEZA LA 3 -RACE JEIC K o THGET 5729, 7 IM294 (281) 5 rurml

DERBEM OGIEZ & BT LT,

12



Hd1 allele 1 2

[ |
Hd1-s1 ] 2 100bp

Fig. 2.3. Schematic representation of transcripts of Hdl allele

White boxes and horizontal line indicate exon and intron, respectively. Hdl-s/ is a normal transcript.

hd1 allele 1 4@ 2
||
hd1-s1 ] 2 100bp
\ 4
hd1-s2 1 2
\ 4
hd1-s3 1 Ping

Fig. 2.4. Schematic representation of transcripts of Ad! allele

White, black, and gray boxes indicate exon, mPing, and retained intron, respectively. Horizontal
lines and black inverted triangle indicate intron and PTC, respectively. hd-s2 was generated by
alternative 3’ splicing of intron and alternative 5’ splicing of exon 2 having the mPing sequence.

hdl-s3 was generated by alternative 3’ splicing of intron and alternative polyadenylation.

13



3"-RACE ¥ % VT Rurml 3 X O rurml OEGEEY) % 4 L= 58, REYEICBIT D
Rurml TiZ 3 UTR IZEIFRA W B 5 DB O G REY) % BT 1T RS0 1ZIEH 72 RNA 275
AT L5 THA LT Rurml OEREFEY Lovg bz iv- 7z (Fig. 2.5.), —J5 . rurml %
AT 5 IM294 (2B Tid 4 FEIED F 72 D188 OG- EY) rurm1-s1, rurml-s2, rurml-s3, ¥
X O rurmli-s4 0345 5007z (Fig. 2.6.) . rurml-sI1 TiX, 3 DDA > b I EFICHRESNT
WD 4 %Y UIND mPing DEHN K EZ 5 AT D, rurml-s2 3 X O rurml1-s3 Ti,
BINR Y 7 7 = LD E I mPing WD ¥ 72 A7 TR Z - T2, rurml-s4 Tl
Blzxy o F2xX Y NIMAT) =T 4 VT ALV—=BLORY 7T =/biZ L > T
EENTEI A b D 5KHED 50-bp (nucleotides 636-685) 7> HAEAL XL TV iz,

HS169 @ ehdl-h 1355 2 =%V L INERD mPing A K » THEENERICEL L TN D

(Nishida et al. 2002; Saito et al. 2009) (Fig.2.2.b), #FAH D Ehd]l 1%, 5 >D=F VL 4D
DA b PO ENTWD, AR ORY; + CIIEF MR G EY Ehdl-s1 (2% Tig
RINAT A4 TOREREGEONT 2 DODT A Y 7 — A5 Ehdl-s2 B L Ehdl-s3 3RO
ni- (Fig. 2.7.). Ehdl-s2 & Ehdl-s3 1% 3’ A7 7 A4 AEMLOBEIRNEALTHZ Ik - TH
24 bRy O—EREEND L EBIT, ENENRRDLIRY 7T =ML E 2 4 > b
7 NEBIZAE U TWe, —J7, HS169 MR T 5 edhl-h TiE 8 DD 572 5 FFHDEIRAY A
T4 TEEY (ehdl-sl~s8) DG LT (Fig.2.8.), ehdl-sl Tlix, Hic/2 3 AT T4 A
ALY mPing BOHINERICA U CTH 2 =% Y D 5K 160-bp  (nucleotides 1370-1529) 73F4
EINTW e, ehdl-s2 TlX . mPing il d & B8 2 =% Y VIR FERICERE STV, ehdl-s3
T, V=T 4 v 7 AN—BIOR) T T2 >TEHEENTZE 1 A brrd 5K
Ui 955-bp (nucleotides 110-1064) & FA TV, X BT, ehdl-s4~s8 TIE I AT T A v

VTN DFRIROEALIC L > TH 1Ay hardO—F (nucleotides 110-693) MNEEFEI LA

14



BT, FOE 1 A Py TRINARY 77 = U EZ > TWe, T bRk
FIxx YV A ST mPing FAIL 3 AT T A AEALOEIRO 2T L ORI A Y
TT =M T, XV U AF vy BV T OFER LR L TE Y | mPing l3=% Y T

Bz 981

BT 54 b v DAT T TRA— N H BT 5L EZ DT,

15



Rurm1 allele | 1 3 4

Rurm1-s1 1 1213 4 100bp

Fig. 2.5. Schematic representation of transcripts of Rurm1 allele
White boxes and horizontal lines indicate exon and intron, respectively. Rurm-s1 is a normal

transcript.

rurm1 allele 1 3 m
|
rurm1-s1 1 123 100bp

rurm1-s2 1 143

rurm1-s3 1 12)3

‘EE‘E

rurm1-s4 1 12|3

Fig. 2.6. Schematic representation of transcripts of rurml allele

White, black, and gray boxes indicate exon, mPing, and retained intron, respectively. Horizontal
lines and black inverted triangle indicate intron and PTC, respectively. rurmi-s2 and -s3 are
generated by alternative polyadenylation occurred at different position within mPing sequence.

rurm1-s4 has retained intron generated by alternative 3’ splicing of intron 3.

16



Endtaliele  [1}—$— 2 —$— 3 45— 5 ]

100bp

end1-st  [1]2] 3 |4 5 |
End1-s2  [1]2] |
End1-s3 1] 2]

Fig. 2.7. Schematic representation of transcripts of Ehd] allele

White and gray boxes indicate exon and retained intron, respectively. Horizontal lines and black
inverted triangle indicate intron and PTC, respectively. Ehdl-s! is a normal transcript. EhdI-s2 and
Ehdl-s3 are alternative spliced isoforms generated by generated by reading through the 5” splicing

site of intron 2.

ehdtaliele  [11——|EE 2 —— 3 H4—%— 5 |

_—
ehdt-s1 |1 (g 1000p

ehat-s2

ehd1-s3 ]
pr—

ehd1-s4

ehd1-s5 1]

endt-s6 (1] |

ehd1-s7 (1] |

ehd1-s8 (1] |

Fig. 2.8. Schematic representation of transcripts of ehd! allele

White, black, and gray boxes indicate exon, mPing, and retained intron, respectively. Horizontal
lines and black inverted triangle indicate intron and PTC, respectively. ehdl-s! is generated by
alternative 3’ splicing of intron 1. ehdl-s2 is generated by exon skipping of exon 2. ehdI-s3 has
retained intron generated by reading through the 5’ splicing site of intron 1. Dark gray box in

ehdl-s3 indicates sequences spliced out in ehd-s4~s8§.
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24, B

MU ER 2T TR, Dsl X Mul FEOEBRTPIEROAT T A 20 7B TR A Y
7T =M EFHEHT D (Wessler et al. 1987; Ortiz and Strommer 1990; Wessler 1991), Z 415 D
WL, BBRFPEEFOBEHHEALET LS LE2RLTND, YIFEETIE, &
5 OGBS D 0.5-kb EFECHIA S 472 mPing 73 OBIRTITA N L A ISEMEZ fF
5925 Z L &5 L7z (Naito et al. 2009; Yasuda et al. 2013), ABFFEIZEBWV T -0 22—
RN ~D mPing fEAPNBIRIA T T4 o 7B L OEBRR Y 7F = b2 5% T 5
ZEMHBEERY  mPing ITEREHIE7E The <EGZHEICE W T HER T RBLOKZE
BT EEZLND,

LA Z29RTE B HS66 (12361 D hdl D 1 =3 Y L 121% 43-bp D RENTEIET S (Yano
etal. 2000), HS66 2331} % hdl DEERIZE AR OFRY T L [ U T 53, 43-bp DREN
o 51D Z DG FEY FIZIL PTC 234 U % (Yano et al. 2000), —J7, HS110 {23\ Tl
DTN TH DN IEFRLOEEGES LB L T 5, HS110 1L HS66 12t~ T, HARSKM T T
OHFEHE A4 BV (Yano etal. 2000), Yano etal. (2000) (i DR BIALDE T HS110
BT DEFEROEEEY (hdl-s1) NAETTWDZ LICERKT S EHEE L TWbH, HSII0
DRAAIL mPing FFANIZ X o TIFEBER OIRGEM N & HEE THEU, BRI ORI EN
FEHHZ A LTz7=d E B2 B b,

3’ UTR O &1 mRNA ORTERLEVCRET 2720 BIRWR Y 77 =/ 38R
T OB HIHT 5 — A2 S L Tambit s (Di Giammartino etal. 2011), & FC
X7 AHRICHFET HEBR T O 6% (~1,500) 1E8REA Y 77 = ALEALIZE S LT
% (Chen et al. 2009), A * TiX, MITEs HRDOEFIRRUET 2R Y 77 = AENL 2 FIH

45 280 H OB FNIF(ET D (Okietal. 2008), > A XF A FTlE, JWERIMERE T
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RPP7 \IZHEA SNV ha b T R 2 COPIA-R7 73 2 DD RV 7 F = ALEL D BRI
WL, TOMERPP F oV Baa— T 5WEENE 2 — FLRWERGERDOT A
T — L DORBELEZFHE L TWD (Tsuchiya and Eulgem 2013), UL EDZ Evd | #mE A
FIERY 77 = LI & BRIt 5 2 & TRE 1O 4A U2 EEY O L EkM %
PERSELET TR, TORBKIHLZKAET D LEZZ2 N5,

BINWA T T4 L 7 13FEA A NV RAIZE > THHFESND, A D OsDREB2B &5 1
XA PV ALBAR ML RITGE LT 2 FEOIEENZAE LD Z EBRHLMNERST
W5 (Matsukura et al. 2010), > 2 A X X} TlE, premRNA DA T T A > KT ThH
% STAI (Leeetal. 2006) & RDMI16 (Huangetal. 2013) OREREFERIC L > TENEF KR A
FUZANDIGEM LA N UV ASDIREMEN LT 5, Lieh > T, I & - TITER
AT T AL TINA NV ASDREGIZEE RO 1 > ThDH EHEL SN D, Yano et al.

(2000) (X, HS110 (2D hdl TR AKMET LEARME T TRLDWEEN ZIEDL Z L&
ERM LI, 2O 81X, hdl ORFIIAT T 2 0 IRBRREFC L > TED L Z L2 B
L TCWb, mPing Fi NN A R L RITINE L TCRIRNA T 7 4 2 0 7 %3 D ATREEIC DWW TIE

W2 DA I KL DBRENSLETH D,
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B3 BINOWAT T4V TBIOSEIRNAR Y 77 = b 2553 5 mPing L OB
3.1, IELoic

RETIE, BRWAT T4 2 I BLOENNR ) 77 = LD FH % S DB IC D0
Tl ~7z,

F2ETIHBIRA T T A 20 712N 2 THEART-INERICH A SV mPing 23& R AR Y
TT=MbEFERTLHENHII LI, RNY T T =L EN O RETH LT,
Z OO REFITARFER mRNA Z L CCRIFEORBELIEZ VARV BEEELESED, &6
2 BIRR Y 77 = ALEHALIE 3> UTR OFSI A 2L S H 5, % TIE miRNA O ¥ —75
> MELAIZS 3° UTR ICAF(E L TV D Z & BEREREY DL EVEIZ B > T % (Lee et al. 1993;
Reinhart et al. 2000; Johnston and Hobert 2003; Chang et al. 2004), H&4 i 3> UTR |Z miRNA
DX —7 v NS L 72 % (Rhoades et al. 2002; Gandikota et al. 2007) Z & LASMZ, 3° UTR I
fi 9D RNA KA 2 /37 BIZ K » TERBEY O ZEMENHI# ST (Johnson et al.
2000), RY T T = ALEL R ET DRV T T =Ly ZFESNX, R Y A SRS
N % cleavage site (CS) @ 10-bp 75 35-bp EFRICALET DEHITH Y . Eifiitm & bz EIC
AFY2—ThoL. B TIIRY 77 =/t 7 FVEFTE LT AATAAA 23 WHEE (50%
LIE) THEM SN TWS (Tianetal. 2005), —75, AE4) TIZEM O K 5 1@V BHEE TR &
ORI T T =y 7 FESNIAFEE T SRR D T 7 = by 7 F VBB D3 R
ERTW5 (Graber et al. 1999; Loke et al. 2005; Lu et al. 2006; Shen et al. 2008), LA Eo> Z & 7
5. mPing fFEANIZ KX > THEE INTZEINWAKRY 77 = ULICOW TR Y 77 = by 7
BN DRI MEL L B 2 BTz,

—H BIRWA T FA LTI Ko TR UTERBEMIZIEPTC NAEL D Z LM dH 5, PTC

TR GEEMOAROKEIEa R L0 b EFRICEL & IEa RoTHY . PTC W4 L8R5
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FEWNXT- & 2RV T T = MU IER TH-TH C KA KRB LIZF RV BEEea— R
T 5, RFRICEBOTHRHSNIDBIRINA 7T A > 0 7 THE UG EDIC mPing B E O
BAIO—HE LIATBENREENDLI T LD oTe, ZNODIREEMIZA Uz PTC 5
MZT B L E BT, mPing EOWTEN: PTC OpAfixdiE Lz, £7=. PTC 2 A7 555
PEW) % 3B BYIZ 43 %4 5 nonsense-mediated decay (NMD) pathway 23 f7E£E$ 5 728, (Chang et
al. 2007), PTC (XA G EEM DL EMEIC BT D, mPing FIZA U7 PTC 235 2 & TR
SNTZERBEPEY) O L EVEIC KT T IOV TE L L, mPing BLA % & LR G EY M FIRR X
T BRICBER OBREENE R A A T T — 7 15T 2 FIREME A FREET 2 72 DT mPing Bl5
% Pfam database (http://pfam.xfam.org/) (Finn etal. 2014) ([ZHR& L7z,

DNA DA FIALHED Y = X T 4 v 7 7127 ) LEHIOERIL, 857 ORE L ~L o
FHEEL T v AR VEFIDOY A L VR RS T o TS, &5
(2. B OWFIE TITER FHEIKD DNA DA F LR AT T A4 2> TIZBIT 5 =% Y US|
DOEREZHE L TWD L END (Maunakea et al. 2013), mPing 3D b Z > ARV L [H
FRIZZE DBELHN D A F A Z T D72 mPing FiANE AT 5B FIZB W THIZE SN DER
AT T A 22 Z0ZIE mPing 3 X OV OBEHERS O X FIALRRENBFR L T D00 Liu
20, O RERGET B 72012, BT ORY; 18 X O mPing fi A% A3 5285 R4 HS110
D Hdl 3 X hdl DA > k12 ® DNA O A FI)UALFLE % Bisulfite sequencing 325\ T Lk

L7,
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32, MBBLOE
3.2.1. HRBEEHOESNEB L mPing FICFLET 5 2 7 FVES O fiEHT
3-RACE #EIZ L > TELNTEEEY OB S O MEHTIZ 1% . National Center for

Biotechnology Information (NCBI) (http://www.ncbi.nlm.nih.gov/gorf/gorf.html) ¢ ORF $£5E 7
777 L&MW, mPing Bl EIZHHRY 7T = by 7T VESI R ERER T D 72012,
Plant cis-acting regulatory DNA elements ( PLACE ) J — % X — X

(http://www.dna.affrc.go.jp/PLACE/) (Higo et al. 1999) % f\ 7=, A 21X PLACE 5 —#
R Z BB SN TS D OEEH T, 20 [AD~FH~— (AATAAA, ATATAT, AAATAA,
AATAAT, ATAAAA, TATATA, ATAAAT, TGAAAT, AATATA, ATGAAT, TAATAA,
AATGAA, AATTTT, ATAATA, AAATTT, TTAATT, TTTGTT, AAAAAT, GAATAA, and
AAATAT) BNERKRD 7T =Ly 7 FVESIE L THE ST % (Shen et al. 2008),
ZI 5 208 D ~F Y~ — D mPing D534 % T 5 72912 DNA Data Bank of Japan (DDBJ)
@ ClustalW 71 77 A (http://clustalw.ddbj.nig.ac.jp/) (Thompson etal. 1994) %\ 7=, =+
7o mPing FICEIR SN BRICHERE A FF D R A A b LT T — 7 & 70 D IBAER 72 LR

ZZ B 5229 5 7= 1T Pfam database % F V7=,

3.2.2. Bisulfite sequencing {52 X 5 DNA D A F/LALFRE O ik
7 ) INDNA O3 H T 7 A M U T LALER T EZ DNA Methylation Gold Kit (Zymo
Research, Orange, CA, USA) %\ TE Z 72> 7, Bisulfite PCR IZHW=27 T A ~—
(hd1-BS-F1: 5>-GAYAGTAAAAAAGATATTGGAAGTT-3’ and hd1-BS-R1:
5’-CACCCTRRCCTCCCTRTCCAT-3") (& Kismeth Primer Design program

(http://katahdin.mssm.edu/kismeth/primer design.pl) (Gruntman et al. 2008) % FH VTGt L 7=,
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Bisulfite PCR @ jisiX 1 X EpiTaq PCR Buffer, 2.5 mM MgCly, 0.3 mM dNTP, 0.4 u M of
each primer, 10 ng of bisulfite-treated DNA, 35 JX O} 1.25 U of TaKaRa EpiTaq HS (Takara Bio)
Z oty 50 wl OFOSHE T TIR Z e o7, PCR ML, 95°C (10s) DOfif#f. 50°C (30s) @
7 ==Y 7 72°C (1 min) OMRRIGED 40 ¥4 7 /L& Lz, Bisulfite PCR DO HEIEFEY 1T
Diffinity 2 (Sigma, St. Louis, MO, USA) TH;H L 721 |Z pGEM-T vector (Promega) T TA 7
n—=27 L}, D&, 10 Lh LDy va— 2 Ok 4% ABI 3730x1 DNA analyzer (Applied
Biosystems) (Z & = TiRE L T, Kismeth Bisulfite Analysis program
(http://katahdin.mssm.edu/kismeth/revpage.pl) (Gruntman et al. 2008) 2 & > T A FIALREE

ZRRAT LT,
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3.3, MR
33.1. mPing EORV T T =Ab> 7 FVES

3’-RACE D58, hdl 3 L OV ruml (28 £ 1% mPing BLH|OWNE TR Y 77 =4k
WFEFHE I TV, BT, AU 7T =KIEEIC AATAAA ° ATTATT v o e
RY T T = by I VES E RN D VARSI K > THIFI ST b, —BIZ, fil
MBI DR T T =4k 7 ViEdFiE 3° UTR @ CS @D 10-bp 7> 5 35-bp EHEICALE L
TW5 (Wuetal. 1995; Shen et al. 2008) , PLACE 7 — & ~\— Z(Z X 5 #i5Z Tl mPing FLF
FIZ7 7 A8UZ 2 1 (AATAAA 55XV AATTAAA) . ~A T AHIZ 1 f# (AATAAT) DR
V7T = Ak 7 F VESIOFE DS MR T = 7= (Fig. 3.1.a,b), 3’-RACE D55, BIRHKR
V7 T =L TR LT EYN TIE, ZRoDRY 77 = by 7 FAESIO 5 Hong
PR LT B2 b, LU, hdl-s3, rurml-s2 3 X OV rurmi-s3 TIECS &RV 7
T =LY T OVERSDSHERE T D L B X DL ONLIE & OO ERESBEN T X Tnis, Fo,
RNY T T =k > 7 F VELFIL PLACE 7 — 2 RX— AT ST D ¥ ARSI D A Tld 72
WV, AATAAA IZIIZ TEHIZ 19 HOANF I~ =034 RCBITFHRY 77 =k 7 v
BoHIGEAf & LT ST 5 (Shenetal. 2008), Z D L 9 e ~nFHh~—2RBLI= & 2 A,
mPing BeA L1213 77 A8 6 il (GAATAA. AATAAA, ATAAAA, AAAAAT, TGAAAT,
ATAATA) ., ~A 7T AT 58 (AAATAT. TGAAAT, TTAATT., AATGAA. AAATAA)
DRV T T = by T VBN O 534 % i T 7= (Fig. 3.1.a,b), hdl-s3. rurml-s2 3 X
O rurml1-s3 1251 % CS @ 10-bp 2> 5 35-bp Bt~ 7=fkER. hdl-s3 @ CS 5 23-bp k=
A L OV rurml-s2 D CS 726 25-bp RIRICENZENARY 77 = k> 7 FVELS & LT
7B Z LN HEMES] (ATAATA) AR SN (Fig.3.1.a), —J. rurml-s3 \Z8BW\T

L BEEOR Y 7T = by Z P AVESNIR R CE T, mPing ICRAORY 7T =4k
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T FIVBELS DAFAEDN IR ST,
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(a)
1 GGCCAGTCACAATGGGGGTTTCACTGGTGTGTCATGCACATTTAATAGGG

51 GTAAGACTGARTARAAAATGATTATTTGCATGAAATGGGGATGAGAGAGA

101 AGGAAAGAGTTTCATCCTGGTGAAACTCGTCAGCGTCGTTTCCAAGTCCT
151 CGGTAACAGAGTGAAACCCCCGTTGAGGCCGATTCGTTTCATTCACCGGA
201 TCTCTTGCGTCCGCCTCCGCCGTGCGACCTCCGCATTCTCCCGCGCCGCG
251 CCGGATTTTGGGTACAAATGATCCCAGCAACTTGTATCARRTARATGCTT
301 TGCTTAGTCTTGGAAACGTCAAAGTGAAACCCCTCCACTGTGGGGATTGT
351 TTCATAAAAGATTTCATTTGAGAGAAGATGGTATAATATTTTGGGTAGCC
401 GTGCAATGACACTAGCCATTGTGACTGGCC

(b)
1 GGCCAGTCACAATGGCTAGTGTCATTGCACGGCTACCCAAAATATTATAC

51 CATCTTCTCTCAAATGAAATCTTTTATGAAACAATCCCCACAGTGGAGGG
101 GTTTCACTTTGACGTTTCCAAGACTAAGCAAAGCATTTAATTGATACAAG
151 TTGCTGGGATCATTTGTACCCAAAATCCGGCGCGGCGCGGGAGAATGCGG
201 AGGTCGCACGGCGGAGGCGGACGCAAGAGATCCGGTGAATGAAACGAATC
251 GGCCTCAACGGGGGTTTCACTCTGTTACCGAGGACTTGGAAACGACGCTG
301 ACGAGTTTCACCAGGATGAAACTCTITTCCTTCTCTCTCATCCCCATTTCA
351 TGCARRFARECATTTTTTATTCAGTCTTACCCCTATTAAATGTGCATGAC
401 ACACCAGTGAAACCCCCATTGTGACTGGCC

Fig. 3.1. Polyadenylation signals on mPing sequence

Gray boxes indicate polyadenylation signals detected by using PLACE database. Polyadenylation
signals reported by Shen et al. (2008) are boldly underlined.
(a) Polyadenylation signals on mPing plus strand

(b) Polyadenylation signals on mPing minus strand
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3.3.2. mPing EORKIAIEIE 2 K2 (Premature termination codon: PTC) 3 K OMRE EY) |
24 U7z PTC

mPing OECH| 2 FHRT-5EH. mPing B3 7 7 A8 23 ., ~ A F AEIZ 17 fHD PTC
L7209 HEH] (TAA, TAG, and TGA) 23FfE L7- (Fig. 3.2.a,b),

Rurml Y5138 8: © Urm1 (Ubiquitin-related modifier) % > »% 7 B (Furukawa et al. 2000)
EFEFEMMERN R, 9BEDT X VBN O A X RN E R a— R T AR TThD, BERO
Urml % > 37 BN ERIZHERET 272 0121%, C KIlZAFIET 2 glycine-glycine 7% 5553 240 3
T % (Furukawa et al. 2000), L7 L., IM294 (238 C rurml OBRGFEY) rurml-s1. rurml-s2
BE N rurml-s3 1%, FIRREH O C K2 glycine-glycine 78 EE 23720, WM OHE LilizE
PEMIZ & £ D mPing BRI LIZ PTC WAL 505 Th 5 (Fig. 2.6.), HS169 T ehd] D
‘GHEY) ehdl-s] \Z& £ 5 mPing Bt B PTC 23 U72 (Fig. 2.7), —Ji. HS110 2B W
T hdl DERBFEY) hdl-s2 3 XY hdl-s3 EIZA T 5 PTC 1%, mPing fid%) | Tlx72< . mPing
gl Eblicmd b Lica vy bay Bihotz, BIn T Hdl X CCT RAAL v 2#HT 5
BRI G a— RTHBIRTTHDH, 2D CCT RAA NIHIGE Y 7 F/VREEICE D 5
BURITED CRINZELS BBND RAAL U ThHY , B OHIEIZEED S HD1 & v /X7
B OMEEICMLER FAA T D (Strayeretal. 2000), L2>L. hdl-s2 B L hdl-s3 132
DCCT KA Za—RLTWAHE 22XV L0 b EFICPTC BAEL D20, hdl-s2 %
XN hdl-s3 IZFHFRENTH, CCT RAA V&2 EERNWH X7 ETHY | [EH 72 HD1 #
VR B OMREITER L TS EEZBNRD (Fig. 3.3.),

PTC %A 3 2 ¥55 YL NMD 12 X > TEIRIYIZ/iE S 415 (Chang et al. 2007), NMD
IZE > THRINADBREEDIIRBROTX Y /XY Ty 7 a b 55bp BLE

FWRICPTC 26835 Z EMMESLRMLETH Y, PTC BRED XV ZE UG EYIX
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NMD (2 £ 5537 552 (Inacio et al. 2004; Hori et al. 2007), Z O£ 25 &

ehdl-s1 IR TRV 2 =% YV o EIZ PTC ME L TV 5728 NMD (2 & 5 iR k5 &
2%, ZHUCK LT, rurml-s2 & rurml-s3 IIRBTHDHHE 4 =% Y o EIT PTC 4L T
L7 NMD 2 TWd & TRIND, £70. hdl-s2 1 IRETIZRWE 2 =F Y Lo
oAy by EIZPTC BAELTTNDT2D, NMDIZE D3RO R E D, —J7, hdl-s3

1X hdl-s2 & [ CREFTIZ PTC £ C TV DAY, mPing BEHIWNER CHE U2 Y 77 ={kic &
DPTC BAELE 2 XY URRKEOZF Y Lol NMD 2T d & TS

no,
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(a)

51
101
151
201
251
301
351
401

(b)

51
101
151
201
251
301
351
401

GGCCAGTCACAATGGGGGTTTCACTGGTGTGTCATGCACAT THINATAGGG
ENGA I VY A A AT TATTTGC AINENA A TGGGGAIEINGAGAGA
AGGAAAGAGTTTCATCCTGGTGAAACTCGTCAGCGTCGTTTCCAAGTCCT
CGCIENCAGAGIENAACCCCCCTIEAGGCCGATTCGTTTCATTCACCGGA
TCTCTTGCGTCCGCCTCCGCCGTGCGACCTCCGCATTCTCCCGCGCCGCG
CCGGATTTTGGGTACAAMINENTCCCAGCAACTTGTATCAATHINNAATGCTT
TGCTTAGTCTTGGAAACGTCAAAGHENAACCCCTCCACTGTGGGGATTGT
TTCANNNAAGATTTCAT TIREINGAGAAGATGC T AINNAT AT TTTGGGTAGCC

GTGCAANEACACTAGCCATTGINEINCTGGCC

GGCCAGTCACAATGGCTAGTGTCATTGCACGGCTACCCAAAATATTATAC
CATCTTCTCTCAAANGNAATCTTTTAMENAACAATCCCCACAGTGGAGGG
GTTTCACTTIREINCGTTTCCAAGAINNAGCAAAGCAT THYNATINEINT ACAAG
TTGCTGGGATCATTTGTACCCAAAATCCGGCGCGGCGCGGGAGAATGCGG
AGGTCGCACGGCGGAGGCGGACGCAAGAGATCCGAN M INer A ACGAATC
GGCCTCAACGGGGGTTTCACTCTGTTACCGAGGACTTGGAAACGACGCHNE
BCGAGTTTCACCAGGANEMAACTCTTTCCTTCTCTCTCATCCCCATTTCA
TGCAANINNATCATTTTTTATTCAGTCTTACCCCTATINNNA TGTGCAMEAC
ACACCAGHEMACCCCCATTAIIACTGGCC

Fig. 3.2. Putative termination codons on mPing sequence

Black, gray and light gray boxes indicate TAA, TGA, and TAG, respectively.

(a) Putative termination codons on mPing plus strand

(b) Putative termination codons on mPing minus strand
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Fig. 3.3. Deduced amino acid sequences of proteins translated from transcript
isoforms of the Hd1/hdl allele.
Amino acid sequences of proteins translated from transcript isoforms of the Hdl/hdl allele are

deduced by ORF finder. Asterisks represent stop codon.
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3.33. mPing BAFINFIRSNTIGEITEL O D RAAL VEIITETF—7 THI

mPing FiANZ AT 285 FIZHB W T mPing BlA & & DR GEEM PN ER MBI S 2
&b, Pfam & VT mPing B8 EICHEREE © O R A A U RETFT — 7 DIFEAHER LT,
Pfam 7 — % X — 25 (X mPing FIZBEAOBEREME X L RV BIZHOND L DR R AL R
EF—TIFRMEINRN T, LD > T, mPing Be¥ %2 & 17210 TG EM ) B #7272

BRREA G L7 & X ENE LD AREEIMEVW LB X b,

3.3.4. mPing FEANITHE D A FNALRRE DK & = Y LD %R

Bisulfite sequencing D 5. Hdl O A > k113 CG, CHG, CHH O+ _TIZHBWT C
PR A FALIREEIC B - 72 (Fig. 3.4.), ZHUCxt LT, hdl \ZHA S iviz mPing BLA1X
CG O CERENEEIZ AT AL (98%) STV, CHG I LU CHH @ C FRHED A F 1k
FRE S FNEN 48%, 24%E ER L TWAZ ENHBA L, 512, hdl WD mPing D 5’
BNCBEET 24 > b a CBELHID A FAACRREE RSB AR O Hdl £V b & < 72 > 72 (Fig. 3.4.),
Z O mPing O SNZEEET 54 > b a VRSN, hdl-s2 3 X O hd1-s3 123\ T mPing Bi3
D—EL L blemF VY AL L TV TH S, L72h > T, mPing FiNIZ X > THERE I
DIBRAYT X Y L mPing BiAE L OV O BT 5B 2 /) & L 72 DNA BRI D A F Ak

BEOEELEEL WD EEZOND,
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Fig. 3.4. Cytosine methylation maps and collective methylation values (in
percentage) for Hdl locus in wild-type Gimbozu (EG4) and HS110
(a) All three types of cytosines, CG (red circles), CHG (blue circles) and CHH (green circles), at the

immediate 5° mPing-flank, mPing and 3° mPing-flanks regions were shown in the map. Filled and

empty circles denote methylated and unmethylated cytosines, respectively.

(b), (¢), (d) The red, blue and green columns in the histograms refer to the collective methylation

levels (in percentage) respectively of CG, CHG and CHH, at each part (5’ mPing-flank, mPing or 3’

mPing-flank).
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3.4, B

mPing BLHNZIE T 7 AT T8, ~A FABIZ 6 HOR Y 77 = Ab > 7 F VELSIEA
DIFEL TV, REFZEICE W THERR TX 72 mPing 1IINFEOR Y 77 = Ak 7 F VELS
X7 7 ABITHAET D ATAATA Th oo, EHIZ, 7 AHHITD < &b 1 HORIMD R
V7T =ty 7 F NS OIFFEN R Sz, 2D Z &0 mPing DMEAN S iz a1
TIEHBRIOAR ) 7T = HMERFRIND LB BRD,

mPing HH DT T AL~ A FAHOME I O PTC L7280 9 HEFNRFED Hiiz,
DFE V| mPing B3 FFRATO mRNA ICH £ 7256 mPing BL5173 PTC Z #2432 Z &
IRV ARTERIRF RN B a— RS OB ENZAEC I L& < b, AR
Tl IM294 @ rurml-s2 & rurml-s3, HS169 @ ehdl-s1 133> T mRNA |25 £ 7= mPing
BLHINERIZ PTC 23 E U T2, 7272 L. mPing i ANIZ XL > CTPTC NEL L= Y UK
DTF Y U THIUENMD OxfG L7 b7e\, E£72, mPing LICFET 5K Y 77 =14k
T FNEFN D=0, hdl-s3 DEFED K HIZ mPing WREDO XY UNIZFHA ST e <
TY mPing WEROESI TR Y 7T = /ALK Z % & mPing [T RKEO=XY CNIZEEND
ZelB, ZOXIREE. mPing EIZ PTC 3L TWTH NMD D& L 722 57200,
AWNEINMD IZ L > TARERRIEFENZREL LD LT 250, mPing ITFAIC L >TAEL
DARGERTILR G HEN % 5 USRI IR G Y % NMD N DIRET 5 Z LN TE S,

AL DFFETlE, DNA O 2 FIULRRIIGA 77 A 0 7 OFINC b > Tnd & Sh
5. B TIX, BIEFHEIKD DNA O A F AR EBIR AT T4 2 0 T2 Lo TERS LD
TX Y UERRETDHE EBIT, AT L CpG FEE ¥ > /37 MeCP2 3% DFIRIZHE ST 5
ZET2X Y ORFHEE(ET 5 (Maunakea etal. 2013), —J7. DNA O A2 F/LALIZIHER

NI UARY AN TDEET ) DO =X T v 7 R TH L, o ~T
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AR LRREIC, 2 < DA REFEIZEB W T mPing 138 EIC A F AL STV S (Shen et al.
2006; Ngezahayo et al. 2009; Wang et al. 2009) , AL TIL, hdl ND mPing BEF D CG FHAL
DEEICATF MEZE SN TWDIZMAZ T, mPing @ SMANZHERET 2 8% O CHG HAL &
CHH IBALA B A Hdl & BT AFACRRER LR LTz, A X577 JZBW T, #s
THElk D CHG #BA & CHH LD A F /AR VIRIEICR =TV D (ZREIU 6% &
1%) DIz LT, WK O SAOFERIZEHB VT CHG 1349 35%, CHH 1349 4% A F/11k
I TWD (Zemach et al. 2010), DF V| mPing fHEANIZ L > T hdl DA > v DAF )L
ERREENS B Lo &2 S5, CHG Hid LY CHH LD A F U bREEE =% Y D
Pk & ORIRMEITFE L <M &N TV 72023, DNA O X F AL hdl 1281 28R A 7

FGAV T OER ERS>TWAE LRV,
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% AT mPing fiNE AT 585 I HRT 285 PEY) O RE MR fEHT
41, 1ZLYIC
RRBRE 131 25 LOK 35%DEIE % HH TR Y . MITEs (3K b 2 E—HR L WiER
W T % (Jiang and Wessler 2001; Turcotte et al. 2001; Goff et al. 2002), MITEs D72/ T %
mPing 1 T8R4 ) Kb CREEBYICESE L T 5 (Naito et al. 2006), %52 HB L O 3 &
T, Y EICHE R SN ERE BB FI2OWT mPing AR A 7T 42 0 7%
FOBRARY 77 = /LIS RETRE LM LTz, ZhbIIa TR TRE I N2
RERBLRTFTHLZ 0D, REBIZHRDBNDBEBROGA T T A 20 7 R0BINAIR Y
TT=MMbEHES ORBRTH 5, IEHR mPing OB 1P ~OF BT A DRI R 7
TATV T BIOERROAR Y T T = LRI T HELZBET 5700, AETIE, #8310
[F—B o AR 3 K% HE LT mPing OFBHE A D AR T OfiE G| 5 L O 544
N RIZ TR E T ) BT A RN LT, mPing 3R RO 52 K% 3 A B ORI
(Teramoto et al. 2014) ., MAAEIZ 25-150 fEl Td v | H1 L & TR T 5K TH S
(Ito et al. 2005), L7223> T, fEEDOKMARTIZ, BEEIZH KT 2 mPing A & f {4 %F
B2 mPing fiAZHT 2, DFEV | 3EEILED mPing FHANITBEAEDN & > TWODHHFAL
TR R A AT RE AR I I E LA TH D, KBTI, ZoZ&xFfMLT
BRI S B 72 5 mPing 1N %A1 58151 DG EY) ORE1E % RNA-seq % 1\ THEFER

(ZFRAT L 7=,
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42 MEHB LOHE
42.1. fEEBE

Oryza sativa ssp. japonica O i FEERY;F 3 8K (EG4-1, EG4-2, EG4-3) #fitik L7-, 3 fE{K
I, 2014 FIZ AN LRGN TR 24055 U RS &[RRI 28872 1 B OB L 7o ff
FMOETIEbDThH D, FFIFTAKIE KT 200 f5A R L7z~ L— & T KF7#] 20 (Sumitomo
chemical garden products Inc., Tokyo, Japan) (ZZIRGMF T (F) 25°C) T 24 FEfEIRIE L 714,
K 24 KeFIAGE K CTHEE L TOB AN BIRT 13 HIFl, ANK BRZ 2 HIZ 1 EEA#H L
IRH B REE UTe, KB L7 BIR D5 3 JEA B L | IR % 38 Ttk . i HIRF & T-80°C

TIRAT L T2,

422, V=V T ATA T T Y —DFHHL
Extraction of DNA

TEE% 14 H BIZEEEROFEIFEDOEY 2ecm 2> 7Y 7 L Cetyl trimethyl ammonium
bromide (CTAB) £ (Murray and Thompson 1980) C DNA Z it L7=, #E& Y 7 /WL
REZTHOLE T~ /LF B —X 3 v h— (Yasui kikai, Osaka, Japan) THE:L 721, 60°C
® CTAB & (2% CTAB. 0.1M Tris-HCI (pH8.0)., 20mM EDTA, 1.4M NaCl, 1% SDS. 1%
PVP (K30), 0.25% 2-A/V 7 b= J—)) % 500 uL 2L, 60°C T2hp-< Y
R L=, PCl (7 =/ —)L:Zanakih AT I)VT)a—)L =25:24:1) % 575l
FTONNZ T, 24°C T 40 min #2% L7-%%. 12000 G T 1 min @050 8E L 72, B 400 pL (2
A Y F a3 =)L 400 pL ZIFRI L., FERICEA L TSR T 10 min & L72#%. 12000 G
T 10 min O EEL -, EBARERE T, 710%T5 / —/L% | mL 3 ORML7Z, 12000G

TS5min mOOEEL7-%. FEALZEZE T, 10min AR L7~%. 1/I0TE Xy 77— (1/400
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vol.® RNase A) % 50 uL " 2%RM L T37°C TlhA »Fa~— g Lz, il L7 DNA
1566 %S (NanoDrop; Thermo Fisher Scientific, MA, USA) THuE % HERR L 7-1-20°C T
A7 LT,
Preparation of Miseq sequencing library

SR FED T ) LHICIFIET D mPing 78 ANLE & HEFERIZTRE T 5 72912, lllumina Miseq
platform (Illumina, California, USA) C mPing BEBEELHI % kT L7z, £7°. mPing © 3O
PEGEIR % hemi-specific PCR #5 (Ewing et al. 2010) THFREMIZEIEL, v —27 = 2T 4
77U —%RM L7 (Fig 4.1.), 7477V —fBOBIZ, 3EKD S 7 2 DNA IZIFH5B]
HoA Ty 7 AESNEMM LT, R L2774 ~—OFESIL Table 411277 L7,

(1) Primer extension

X COIZ. mPing Fi80~ Z A4 ~—SQI1_mPing Primer % I\ T, #/ & DNA % #RIC
LCT T A ~—MWEMIGNER Z 72\, mPing O 3l OBEBEHEEL 2 8908 L7, Z OSR (25
uL) OFHALIL, Table 4.2.127% L7z, fHEXIGIZIE KOD FX Neo (TOYOBO, Osaka, Japan)
Zz Iy, 94°C, 2 min D%IT 98°C (10 sec), 58°C (30sec), 68°C (10 min) DH A 7 L%

5 [El#E 0 R L7=%. SQI random Primer % 1 2. 5 £ TOR 4°C DKM FIZE W,
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1. Primer extension

|
>

1st mPing-primer

2. Hemi-specific PCR o0 C?
ot s
N (15) po°
mPin
oA
_>

3'-flanking sequence |

6 4. Size fraction of the library

Sequencing library

Adaptor mPing 3'-flanking sequence |  Adaptor

Fig. 4.1. Schematic representation of preparation of Miseq sequencing library

The first five cycles of primer extension were carried out with 1st-mPing primer (black arrow)
specific for mPing sequence in order to enrich the 3’ flanking regions of mPing. Next, a random
primer is added which has 15 degenerate bases (NNNNNNNNNNNNNNN) and target sequences of
index sequencing primer. The nested PCR enriches the 3’ flanking sequence with another primer
complementary to the 3’ terminal of mPing, and adds the adapter sequences for the Illumina Miseq
sequencing system via overhangs of primer. The DNA fragments of sequencing library are
composed of 5-bp random bases, 3’ terminal bases of mPing, 3’ flanking bases of mPing and adapter

sequences in both terminals.
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Table 4.1. Primers for preparation of Illumina sequencing

Name of primer Primer sequence

SQ1_mPing Primer TTTGAGAGAAGATGGTATAATATTTTGGGTAGCCGTGCAA

SQ1_Random Primer GTGACTGGAGTTCAGACGTGTGCTCTTCCGATCTNNNNNNNNN
NNNNNN

SQ2 mPing Primer AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACG

ACGCTCTTCCGATCTNNNNNATGACACTAGCCATTGTGAC

SQ2_index Primer CAAGCAGAAGACGGCATACGAGATXXXXXXXXGTGACTGGAG
TTCAGACGTGTGCTCTTCCGATC

XXXXXX: index sequence (Table 4.4.)
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Table 4.2. Composition of 1st PCR reaction liquid for preparation of sequencing

library

Volume (pL)

2xPCR buffer 12.5
2mM dNTPs 5
KOD FX Neo 0.5
Template 4
SQ1_mPing Primer 1
SQ1 random Primer 2
Total 25
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(2) Hemi-specific PCR

TIA 7RIS D S % 4°C T—RefF 1k U SOSHKIZ 5 pM- D SQ1_random Primer
Z 2mL A1 2 T, Hemi-specific PCR &3 Z 72 o 72, BUGSEMAIE, 94°C, 1 min D%, 98°C (10
sec) . 55°C (30sec). 68°C (10sec) DHA 7 /% 15D IRL, 68°C, 3 min THE S
7oo FROGHE T 4°C T 5 min & L7, SQI1 random Primer OFRED 7=, PCR FEY %
FastGene Gel/PCR Extraction Kit (Nippon Genetics, Tokyo, Japan) TH5H L | 25 pL @ GP3 buffer
TIAH L72,SQI _random Primer (% 3°R¥gZ 8 i FE D T o & AHELHI], 57K U2 13X Illumina Index
Read Sequencing Primer 235 &4 2% 4 MM E LTS
(3) Nested PCR

R U 72 PCR PEW) Z #78(Z nested PCR % 35 Z 72\ mPing O 3 ITfHECS 2 iy S A HE M
L7ze BUSH (50 pL) fHA%IE. Table 430275 L7=, BUSSMEIX. 94°C. 2 min D%, 98°C

(10 sec) . 7=—VU 7 (30 sec), 68°C (10 sec) DY 7 /L% 10 FfEVIK LTz, 7 =—

U 71T 68°C bR L, A 7 MEIC-1°CIREZ 2L SE7z, ZD&%, S 51298°C (10
sec), 7 =—1U 7 58°C (30sec), 68°C (10sec) DY A 7 /L% 20 [A], 68°C, 3 min TIHE
SH¥72, SQ2 mPing Primer % 5 KA HIEIZ Ilumina adapter sequence, Illumina Readl
Sequencing Primer, 5 i3 T & AELHIFS KON 20 HEFEE D mPing D 3> KImBL S CTHERK S L
TU %, SQ2 index Primer |Z 5°AK¥iu7> 5 Illumina adapter sequence, 6 #iFE index B4 35 &
O llumina Index Read Sequencing Primer SEI DA CTRERL ST WD, A T v 7 AFFIZ

Table 4.4.1Z~ L7z,
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Table 4.3. Composition of nested PCR reaction liquid for preparation of

sequencing library

Volume (pL)

2xPCR buffer 25
2mM dNTPs 10
KOD FX Neo 1
Template 8
SQ2 mPing Primer 3
SQ2 index Primer 3

Total 50
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Table 4.4. Index sequence in SQ2_index Primer for preparation of Illumina Miseq

sequencing

Index ID

Index sequence

01
02
03

ATCACG
TTAGGC
ACTTGA
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(4) Size fraction of the library

Nested PCR FE¥) % Midori Green DNA Stain (Nippon Genetics) THfa L7- 1% TAE 7 /&
—AFNVTERKIKEB L, DEEL-, BT EEICkE L7 7 % — (Gene Ladder 100
(0.1-2kbp) . Nippon Gene, Tokyo, Japan) D/ N> KZHZEE L. 300 75 500 bp D& 4y % )
W Hi L7z, FastGene Gel/PCR Extraction Kit Z VT, YIV H L7/ V725 DNA ZHER L |
25 uL @ GP3 buffer T L 7=, FE54) O DNA 2% % Qubit (Thermo Fisher Scientific, Waltham,

MA, USA) THIEL. 3KV 7 nb%ED DNA ZRE L,

423. mPing FANLEDORIEL L RY 77 LU A7 7 A4 LDOIERK

[llumina ® Genome Analyzer platform T422. CHB L7274 77V —% > —7 = AL,
mPing HEORHNZ ) 77 Vo AT ) AEINZT 74 A F LT (Fig. 4.2.),
(1) Sequencing

422. T L5 4 75 U —ZdbiEE > 2T LY A = 24D Illumina Miseq (Illumina)
Ty —J U AL, =7 U AEMEIE, T R 150-bp GiA M0 & LT, o
index B#IZ 35 % % U — R % Illumina CASAVA software C demultiplex L 7=,

(2) Read processing

U— RiZiE, T & L0 5 I mPing @ 3 RKEGECA] 20 H I X O mPing O 3 B
AN E £ TV D, mPing O 3 BHESIOES| 2G5 72012, £F Y — FO 5K 6
WA BRU =, > &I Cutadapt ver. 1.2.1 (Martin 2011) % fV>, mPing B % B\ 7=, Cutadapt
DIXT A —H—%-m 121 -M 121 IZF%E L, mPing % BRW\N 2% OESIE D 121-bp A D U —
NZBrRE LTz, RITRET mPing BV BRESN D720, U — KO 5KiulEL mPing DAL

EIZHYS 5, D |Z, Cutadapt & V>, Adaptor Bt #fr%E L7-, & 512, FASTX-Toolkit
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1. Sequencing

Read Index (6-bp)

- —»
mPing 8-flanking sequence |  Adaptor |

| 8-flanking sequence | Clean trimmed sequence (>20-bp)

v

2. Read processing

3. Alignment
within < 5-bp

mPing 3'-flanking sequence

—

Nipponbare reference genome :|: :|: :|:

mPing insertion site

Joooan
Uoooon}

Ifil

Fig. 4.2. Schematic representation of identification of mPing insertion sites

The DNA fragments of sequencing library were sequenced on the Illumina Miseq platform. The
random bases and mPing sequence were trimmed from sequenced reads and clean trimmed reads
were aligned to the Nipponbare reference genome (IRGSP-1.0). The candidates for insertion sites

which distributed within 5-bp were integrated in single site.
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#Trimming random bases (5 bases) from 5’ ends of reads

ACTAGCCATTGTGACTGGCC -e 0.1 -m 121 -M 121

[input.fastq.gz]

#Trimming Adaptor sequence (Cutadapt)

cutadapt -a NNNNNNNNNNNNNNN GATCGGAAGAGCACACGTCTGAACTCCAGTCAC -e 0.1

-0 [output.fastq.gz] [input.fastq.gz]

#Trimming low-quality bases from 3’ ends of reads (FASTX)

gunzip -c [input.fastq.

[output.fastq]

#Removing reads which have low-quality bases over 80% of their reads (FASTX)

gunzip -c [input.fastq. K ity filter -g 20 -p 80 -Q 33 -z -0 [ouput].fastq.gz

#Alignment (Bowtie)

mkfifo file1.fifo
gunzip -c $file > file1.fifo &

bowtie -n 3 -m 1 -a --best --strata -p 1 [reference genome] file1.fifo > [output.txt]

Fig. 4.3. Script of the read processing
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ver. 0.0.13.2 (http://hannonlab.cshl.edu/fastx_toolkit/) ¢> FASTQ Quality Trimmer =~ > K% Jf]
W, U= RO 3KRENBARZ AV T 4 — O (Phred score <20) AR\, ZD & EI|T
PRINSEQ (Schmieder and Edwards 2011) Z V>, UV — KER 20 ELIFIZZ2 72U — FiX
Br# L7z, H#%IZ. FASTX-Toolkit ® FASTQ Quality Filter ==~ > K% ]\, Phred score <20
DEFENY —RD 20 %L x5 Y — REfrE L7z (Fig. 4.3.),

(3) Alignment

INBD M) I ITBEIOTANZ ) THRDOV—RET T4 A Y7 | Bowtie ver.
1.0.0 (Langmead et al. 2009) CTA %"/ A (Os-Nipponbare-Reference-IRGSP-1.0) (27 7 A £
YRL, vy 7ENTY — RO K% mPing Fi A& E Uz, B S AALLE T
W T IEORE EEBEOF AL HEIERE TN L /RN H D720, S-bp LN Sh
TARANLED 7 T AL =T OE DO ALLE & LT,

Ty BT ORBRITY Ty L ARSN LR DY EO S ) ARSIBGEE D, HYiE
DT AEFNIART — & _R— R TBER Z TV 223 SNP X2/ S 72 InDel & FRIFIZH A
G ) AOESIE RETR, £ 2T, 424 THRH Sz mPing A D 7220 Tilfa 1 WNHEb
WIHFHALTWAHOEEEL, HARIED Z 6 OBERTFESIC mPing AN ZHA LT O %
~y B TDY Ty L ARSIE LT, B FNENCIA S V72 mPing Z BT 729D 1T. Rice
Annotation Project Database (Sakai etal. 2013) 7> FL-cDNA, EST £ X Q¥ v /37 B THEA}
JEdiz, 2015 4 8 HBUE CIRMTOBIE 7T — 2ty FEIG LTz, 424 THRELZAAE
&5 b L CO mPing OFFANLE L BIRFHEIROERA RE Uiz, HEOBE T HEIR?SE
72> TV D REIRIC mPing FHANELE LT BA1E. W7 OB+ % mPing THANZ AT %8s
T & L7, RNA-seq ODfE RGNz a— M) —F&2U 77 LRIy BV BLOT

v 7T BHERIC guide & 72D GFF (guide GFF) Z#{ERE L7=, Z @ guide GFF |%. RAP-DB
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MO T L72 GFF 12, mPing fiADEHM A BN LD TH S,

4.2.4. RNA-sequencing (RNA-seq)

TEARBINC 2R 14 H H O 3 3D total RNA ZHliHH L7, RNA it {21% RNeasy Mini
Kit (QIAGEN, Hilden, Germany) % iV 7=, total RNA Z il L7=#% . DNase I (Takara Bio)
THLEE L 7=, 4l L7z RNA (366 # (NanoDrop; Thermo Fisher Scientific, MA, USA)
¥ L O Agilent 2100 Bioanalyzer (Agilent) % HI\VNTEVE Z #EFE L 721%-80°C THRTF L 7=,

RNA-seq D72 DY v T VIR DR AR > — 7 =B — 7 — Z DT £ TOHRAE
L ABERE S AT AP A = AFRICKEE L 72, TruSeq RNA Sample Prep Kit (Illumina) % H
WTHEHET 1 b a— ity =272 27477 ) —iiila B 272 o 7=, Oligo-dT
E— X% MW T poly (A) -RNA OREREZIB o7z, AR LT A4 77V —&deiFE > A
7 LW A =2 24k O Nlumina Hiseq (Illumina) T3 —727 =2 A L1z, &FiE, X7 =2 R
100-bp FiAHL Y & L7-, Hiseq |{ZffJE L 7= Hiseq control software (Illumina) % H\WCTHE5HH
Tl T =2 DOR—=R2Aa—=VEBLRT 74NV NREDTANZ ) T B Role, 71
—B VBB L/ ONTZ Y T AZ ORI EERE L, ThEic—2 o
—NEBIRoT, AT,G,CD4 OOV TFMED I L, b RERT T FNMEE O
HrER—RAa— /L 1L, IHIZ, VITAX—PRELYEGE> TELEMEOKRNY FALX—%

T—HNHHERR LTz,

42.5. RNA-seq 7 — & Ofif#ft
RNA-seqD¥ 5 — h U — &<y B 7T 5FRICIE, v~y B 7Y —/L & LT TopHat ver.

2.0.13 (Trapnell et al. 2009) % i\ 7o, ~ > B2 7 OBEIZITFHAR & 5 53721 multi-hit (-g)
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BHR L, £72. 423.TIEKR L7- guide GFF % guide (-G) & L CiRE L7=, T Do
TA=B—=IIT 74NV DEFEL LT, TopHat LV~ 7 &Ny a—h)—FRD
7 & 7 VIZiX Cufflinks ver. 2.1.1  (Trapnell et al. 2010) % 72, 4.2.3. C{ERK L 7= guide
GFF % guide (-g) & UL CEE L7z, AW TIE mPing BWFER T DBINWA T T4 7
ARV METE I HRYZLMET H729IZ, "min-isoform-fraction”, "pre-mrna-fraction" ® 2
DDONTA=L =2 EH5HH 00 EEELL (-F 0.07202- 0.0), ZD7, B RO
THBRVIRGEY AT T A TR0 > TORORKAREEED OFIG B X 5 &
EZHILD,
TRMENTALGEDOBEN DR ST AT TA LV T AR NORE— 0 BT 5
722, R ILYE b e D HEHA B PEY) (normal transcript) % 7€ 872, normal transcript (% H
AR 2015 4F 8 12 RAP-DB 75 HifF L 72 GFF D723 6 1 DDBIRFHT21 1 SDOERE
PEM)T A Y 7 4 — L EER L, 2O GFF 7 —Z X mPing DIFEATEHRZ BN LI DO TH S,
WBPEMDT A Y 7+ — LOBYPIHLEIUTO LB ThHDH, OT A Y T4+ —LF 13—
22T, -01>-00>-02>-03 DMEICHEIEAYICERNT 5, @722 L, ODFEHETERRLZT
A V7 F— LD start - end DHFiPHA T OBARF DFEILD 3 53D 2 17272V E T, RICHE
TEOENT A Y T —bEBRT D, @ZOFKMFEEIMT-TE TRREMY RS, @DED
TA VT 4 —2L% start - end DFPHAZ OEAR T DFEIRD 3 73D 2 1T 72720 EE 130D 7
AV TH—LF U N—DERENPRLE VD OEZERIRT 5, SoNTETEMEZLEL S
7oA X2 k% Z @ normal transcript (Fig. 4.4.a) Offi& & Hhik L T, @lntron retention (IR) |
(®Alternative 5 splice donor site (Alt5), @Alternative 3’ splice acceptor site (Alt3), ®Exon
skipping (ES). ®Exonization, (DIntronization (Fig.4.4.b,c,d,e,f,g) D6 DDAT T A 2

7 NH — % L O Alternative polyadenylation (APA) (Fig.4.4.h) ([Z/3%E L7,
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(a) Normal () IR

(e)ES (f) Exonization

T ATTAT R c—

() Intronization (h) APA

| I /A A

B mm || e

Fig. 4.4. Example of specific alternative splicing patterns and alternative
polyadenylation pattern

(a) Normal, (b) IR, (c) AltS5, (d) Alt3, (e) ES, (f) Exonization, (g) Intronization, (h) APA. Black
rectangles in the transcript-structure models indicate constitutive exons and grey rectangles indicate
alternatively spliced exons. Solid lines connecting rectangles indicate splice junctions for exons.
Grey rectangle in (e) with dotted line indicates alternatively skipped exon. “AAAAAA” in (h)

denote poly (A) sequences.
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43. fEk
43.1. Y EDF ) NPITIEET D mPing D A E

Miseq (2L B —27 = ZDFER., 3 AL VELNTZY — FOBITZFNEH 3,143,372
U— TR, 3064818 U— K, 4105512V — R Tho7z, ZNHDV— &~y 7T LIS
Rty EBIRoTRER, 1,319,608 U — N, 1,293,381 U — K, 1,745288 U — K &g
Slz, = v B 7Y 7 hBowtie ICL D~ v BT DORE, TEN 1,273,737 (96.52%) V
— R, 1,248,059 (96.50%) VU — K. 1,684,312 (96.51%) U — RAHAKIS / LAEF| D=
— 7Y A I~y 7S EGA-1 OF ) HH1HZ 986 i, EG4-2 D7/ LT 790 flHl, EG4-3
D7 AHIZ 972 HD mPing FEAMNIEE ST, FEAMLEH =D OV — RO I fiix
250.5, 515.5, 413.5 Th o7z,

ERALEO S H 3 EFBICHRE SN b OIS lH o7z, 205 H#sT-HEIC
Bt S 7= b 01X 90 18T, FANHER S NIZEETOHD 90 HTh -7 (Tabled.5), —
07 3R N EUCHE RIS &2 b D1 EG4-1 T 296 {1, EG4-2 T 253 i, EG4-3-
TI2HTH > 7o, B FHEBICHE Sz b Dld EG4-1-T 26 {il, EG4-2-T 17 fil, EG4-3
T2TMH Y. ZH SR 70 EHOFHAD 71 HOBARFHEBIZ R 25> 72 (Table 4.6.),

AR T DOWNE~D mPing 7N DSERGHEY ORI RETHBEZRRD 720, B
REFEAZE B Tl OB & 3 EIRICIET 5 AL b2 90 OB FICVER Lc, £
TR TOBEIET D mPing FiALIEIZ mPing BAH % FH XN A T2BLF D FASTA ZAERL LT,

RNA-seq v a— h U — RO~y B T ORRITIZZ D FASTAZ U 77 L2 A& LTz,
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Table 4.5. The list of common mPing insertions

Chromosome Gene Direction of insertion Normal transcript Position

chr01 0s01g0321500 F 0s01t0321500-00 3’ UTR
chr01 0s01g0321500 R 0s01t0321500-00 CDS

chr01 0s01g0349600 R 0s01t0349600-01 3’ UTR
chr01 0s01g0525500 F 0s01t0525500-01 intron
chr01 0s01g0607200 R 0s01t0607200-01 intron
chr01 0s01g0693400 R 0s01t0693400-01 3’ UTR
chr01 0s01g0706900 R 0s01t0706900-01 intron
chr01 0s01g0168100 F 0s01t0168100-01 CDS

chr01 0s01g0832100 F 0s01t0832100-01 3’ UTR
chr01 0s01g0845100 F 0s01t0845100-01 3’ UTR
chr01 0s01g0173600 F 0s01t0173600-00 intron
chr01 0s01g0890300 F 0s01t0890300-01 intron
chr01 0s01g0893700 R 0s01t0893700-00 intron
chr01 0s01g0900800 F 0s01t0900800-01 intron
chr01 0s01g0950000 F 0s01t0950000-01 3’ UTR
chr01 0s01g0956600 F 0s01t0956600-01 CDS

chr01 0s01g0212700 F 0s01t0212700-01 3’ UTR
chr01 0s01g0239700 F 0s01t0239700-01 5’ UTR
chr01 0s01g0254950 R 0s01t0254950-01 3’ UTR
chr01 0s01g0260500 R 0s01t0260500-01 5’ UTR
chr01 0s01g0260500 F 0s01t0260500-01 5’ UTR
chr02 05020274900 F 0s02t0274900-01 intron
chr02 05020433600 F 0s02t0433600-01 intron
chr02 0s02g0669000 R 0s02t0669000-01 intron
chr02 05020722800 R 0s02t0722800-01 intron
chr02 05020745200 R 0s02t0745200-01 intron
chr02 0s02g0807100 F 0s02t0807100-01 5’ UTR
chr02 05020825600 F 0s02t0825600-01 intron

F: Forward, R: Reverse
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Table 4.5. (Continued)

Chromosome Gene Direction of insertion Normal transcript Position

chr02 0s02g0196100 F 0s02t0196100-01 intron
chr02 0s02g0226801 F 0s02t0226801-00 intron
chr02 0s02g0237801 R 0s02t0237801-01 5’ UTR
chr03 0s03g0122600 F 0s03t0122600-01 intron
chr03 0s03g0388300 R 0s03t0388300-01 3’ UTR
chr03 0s03g0650000 F 0s03t0650000-01 intron
chr03 0s03g0705550 R 0s03t0705550-00 3’ UTR
chr03 0s03g0745000 R 0s03t0745000-01 3’ UTR
chr03 0s03g0761900 R 0s03t0761900-01 intron
chr03 0s03g0765200 R 0s03t0765200-02 intron
chr03 0s03g0770100 R 0s03t0770100-01 intron
chr03 0s03g0800000 F 0s03t0800000-01 3’ UTR
chr03 0s03g0167400 R 0s03t0167400-00 intron
chr03 0s03g0108800 R 0s03t0108800-01 intron
chr03 0s03g0216800 F 0s03t0216800-01 intron
chr03 0s03g0220700 R 0s03t0220700-02 CDS

chr03 05030232500 F 0s03t0232500-01 3’ UTR
chr03 050320269900 R 0s03t0269900-01 intron
chr04 0s04g0402200 R 0s04t0402200-00 CDS

chr04 0s04g0409500 F 0s04t0409500-01 5’ UTR
chr04 0s04g0434500 F 0s04t0434500-00 3’ UTR
chr04 0s04g0493100 R 0s04t0493100-01 5’ UTR
chr04 0s04g0598500 R 0s04t0598500-01 5’ UTR
chr04 0s04g0598600 R 0s04t0598600-00 intron
chr04 0s04g0600900 R 0s04t0600900-02 intron
chr04 0s04g0601400 F 0s04t0601400-01 intron
chr04 0s04g0628900 F 0s04t0628900-00 intron
chr04 0s04g0657000 F 0s04t0657000-00 intron
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Table 4.5. (Continued)

Chromosome Gene Direction of insertion Normal transcript Position

chr05 0s05g0124000 0s05t0124000-01 intron
chr05 0s05g0125100 0s05t0125100-01 3’ UTR
chr05 0s05g0408900 0s05t0408900-03 intron
chr05 0s05g0482400 0s05t0482400-01 intron
chr05 0s05g0482400 0s05t0482400-01 intron
chr05 0s05g0482400 0s05t0482400-01 intron
chr05 0s05g0513800 0s05t0513800-01 5’ UTR
chr05 0s05g0594200 0s05t0594200-01 intron
chr05 0s05g0594300 0s05t0594300-00 5’ UTR
chr06 0s06g0641066 0s06t0641066-00 intron
chr06 0s06g0641066 0s06t0641066-00 intron
chr06 0s06g0155300 0s06t0155300-01 intron
chr06 05060258900 0s06t0258900-01 3’ UTR
chr07 0s07g0466300 0s07t0466300-01 3’ UTR
chr07 0s07g0520400 0s07t0520400-01 intron
chr07 0s07g0521300 0s07t0521300-01 CDS

chr07 0s07g0692600 0s07t0692600-01 3’ UTR
chr07 0s07g0231500 0s07t0231500-01 3’ UTR
chr08 05080296900 0s08t0296900-01 5’ UTR
chr08 0s08g0406900 0s08t0406900-01 3’ UTR
chr08 0s08g0416033 0s08t0416033-00 intron
chr08 0s08g0472800 0s08t0472800-01 intron
chr08 0s08g0473200 0s08t0473200-00 intron
chr08 0s08g0502700 0s08t0502700-01 intron
chr08 0s08g0253800 0s08t0253800-01 intron
chr09 05090422600 0s09t0422600-01 5’ UTR
chr09 0s09g0440300 0s09t0440300-01 intron
chr09 05090452700 0s09t0452700-00 intron




Table 4.5. (Continued)

Chromosome Gene Direction of insertion Normal transcript Position
chr09 0s09g0452750 R 0s09t0452750-00 intron
chr09 05090492700 F 0s09t0492700-01 3’ UTR
chr09 0s09g0506450 R 0s09t0506450-00 CDS
chr09 0s09g0555700 F 0s09t0555700-03 3’ UTR
chr09 0s09g0298200 R 0s09t0298200-01 CDS
chr10 0s10g0562200 R 0s10t0562200-00 CDS
chr10 0Os10g0147400 R 0s10t0147400-01 intron
chr10 0Os10g0147566 R 0Os10t0147566-00 intron
chrll Os11g0453600 F 0Os11t0453600-00 intron
chrll Os11g0173100 F Os11t0173100-01 exon
chrll Os11g0231400 R 0Os11t0231400-01 CDS
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Table 4.6. The list of unique mPing insertions

Chromosome Gene Direction of insertion Normal transcript Position
chr01 050120246700 R 0s01t0246700-01 intron
chr01 050120254950 R 0s01t0254950-01 CDS
chr01 050120254950 R 0s01t0254950-01 CDS
chr01 050120254950 F 0s01t0254950-01 3’ UTR
chr01 0s01g0356500 R 0s01t0356500-01 5’ UTR
chr01 0s01g0525500 F 0s01t0525500-01 intron
chr01 0s01g0782200 R 0s01t0782200-02 intron
chr01 0s01g0787600 F 0s01t0787600-01 intron
chr02 0s02g0134300 R 0s02t0134300-01 3’ UTR
chr02 050220219800 R 0s02t0219800-01 3’ UTR
chr02 0s02g0313450 F 0s02t0313450-01 3’ UTR
chr02 0s02g0467300 F 0s02t0467300-01 CDS
chr02 0s02g0528100 F 0s02t0528100-01 CDS
chr02 0s02g0562300 R 0s02t0562300-01 CDS
chr02 0s02g0588500 F 0s02t0588500-02 CDS
chr02 0s02g0588550 F 0s02t0588550-00 3’ UTR
chr02 0s02g0725300 F 0s02t0725300-01 intron
chr02 0s02g0748300 F 0s02t0748300-01 CDS
chr02 0s02g0819900 F 0s02t0819900-00 CDS
chr03 0s03g0121200 R 0s03t0121200-01 intron
chr03 0s03g0121250 R 0s03t0121250-00 intron
chr03 050320124800 F 0s03t0124800-01 exon
chr03 050320189600 F 0s03t0189600-01 3’ UTR
chr03 050320196400 R 0s03t0196400-01 intron
chr03 050320220700 R 0s03t0220700-02 intron
chr03 050320298700 R 0s03t0298700-01 5’ UTR
chr03 050320597800 F 0s03t0597800-01 intron
chr03 050320687200 R 0s03t0687200-01 5’ UTR

F: Forward, R: Reverse
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Table 4.6. (Continued)

Chromosome Gene Direction of insertion Normal transcript Position
chr03 050320794800 F 0s03t0794800-01 3’ UTR
chr03 050320827500 F 0s03t0827500-01 intron
chr03 050320831300 R 0s03t0831300-01 CDS
chr05 050520169500 R 0s05t0169500-01 3’ UTR
chr05 0s05g0186300 F 0s05t0186300-01 3’ UTR
chr05 050520199100 F 0s05t0199100-01 3’ UTR
chr05 0s05g0354300 R 0s05t0354300-01 intron
chr05 0s05g0373900 R 0s05t0373900-01 intron
chr05 050520408900 F 0s05t0408900-03 intron
chr05 050520489800 F 0s05t0489800-01 CDS
chr06 0s06g0130000 R 0s06t0130000-02 intron
chr06 0s06g0138200 F 0s06t0138200-01 CDS
chr06 0s06g0168800 F 0s06t0168800-01 intron
chr06 050620219400 F 0s06t0219400-00 CDS
chr06 050620226050 R 0s06t0226050-00 intron
chr06 050620274200 F 0s06t0274200-01 intron
chr06 0s06g0557100 R 0s06t0557100-01 CDS
chr06 0s06g0557200 R 0s06t0557200-01 CDS
chr06 0s06g0574700 F 0s06t0574700-02 5’ UTR
chr06 0s06g0727800 F 0s06t0727800-00 CDS
chr07 0s07g0176200 R 0s07t0176200-01 intron
chr07 0s07g0176300 R 0s07t0176300-01 5’ UTR
chr07 0s07g0521300 R 0s07t0521300-01 CDS
chr07 0s07g0585000 R 0s07t0585000-01 intron
chr07 0s07g0590700 R 0s07t0590700-01 intron
chr08 0s08g0152900 F 0s08t0152900-01 CDS
chr08 050820499000 F 0s08t0499000-01 5’ UTR
chr09 050920422600 F 0s09t0422600-01 intron
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Table 4.6. (Continued)

Chromosome Gene Direction of insertion Normal transcript Position
chr09 0s09g0422600 F 0s09t0422600-01 intron
chr09 050920510900 R 0s09t0510900-01 CDS
chr09 0s09g0512700 F 0s09t0512700-01 intron
chr09 0s09g0567500 F 0s09t0567500-01 intron
chrl0 0Os10g0100300 F 0s10t0100300-01 intron
chrl0 0Os10g0104900 F 0s10t0104900-01 intron
chrl0 Os10g0112100 F 0Os10t0112100-01 intron
chrl0 0s10g0439600 F 0s10t0439600-01 5’ UTR
chrl0 0s10g0524000 R 0s10t0524000-01 intron
chrl0 0Os10g0543800 R 0s10t0543800-00 3’ UTR
chrl0 0s10g0569500 R 0s10t0569500-01 CDS
chrll Os11g0189600 R 0Os11t0189600-01 intron
chrll Os11g0515500 F Os11t0515500-01 3’ UTR
chrl2 0Os12g0181200 F 0Os12t0181200-00 CDS
chrl2 0s12g0258200 F 0s12t0258200-01 intron
chrl2 0s12g0443700 F 0s12t0443700-01 intron
chrl2 0Os12g0478400 F 0s12t0478400-00 intron
chrl2 0s12g0580950 F 0s12t0580950-00 3’ UTR
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The number of splicing events

Common mPing insertion Unique mPing insertion

Fig. 4.5. The proportion of the pattern of alternative splicing events
Each bar indicates the number of splicing events observed in common mPing insertions (left group)

or unique mPing insertions (right group).
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(a) Common mPing insertions

(b) Unique mPing insertions
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Fig. 4.6. The number of mPing insertion within intron, 5> UTR, CDS, exon and 3’
UTR

Light green bars indicate the number of mPing insertion that induced neither alternative splicing nor
alternative polyadenylation. Light blue bars indicate the number of mPing insertion that induced
alternative splicing or alternative polyadenylation.

(a) The number of common mPing insertion within intron, 5> UTR, CDS, exon and 3° UTR

(b) The number of unique mPing insertion within intron, 5> UTR, CDS, exon and 3° UTR
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(a)
0s04g0628900 [} mPing

-
100bp

Normal transcript
1

Alternative spliced varint | | mPil|

(b)

Relative value of FPKM

Normal transcript Alternative spliced
variant

Fig. 4.7. Schematic representation of Os04g0628900 gene structure and transcripts
in Gimbozu (a) and relative values of FPKM of normal transcript and alternative
spliced variant (b)

(a) White, black, and gray boxes indicate exon, mPing, and retained intron, respectively. Horizontal
lines indicate intron. Alternative spliced variant was generated by Alt5 splicing event.

(b) The relative value of FPKM of normal transcript were approximately 3.6-fold larger than that of

alternative spliced variant.

64



44. B

A XA AREOS 7 AZiX, 70,000 = B —LL EO MITEs BFEL, X2 /_ 0 B a—
R 28E 10— RES, AU 7T =M EEL, EBEREEB LR T 74 v 7T
D% < 2 MITEs HSR DB F F4L TS (Oki et al. 2008), L2>L., Z4LH D MITEs I
EMEZER L T LRBICERERZERL TV D720, A SNT-% O LRSI OZAL
[C R DR EFRA SNBSS BAERIC K DR OKFINTERo T, AWFIEIE mPing D
BARANBIRNA T T A 7T L BIRNR ) 7T =2 FRTH L E2RLELOTH
V. mPing WEBOECHNTIEIERNSRIN A 7T A ¥ 0 7B L OEIRMAR Y 757 = U kicb
LHEANEGTeZ L BT, DFED ., MITEs ORTIRBRIZA T T A AEAE LR Y
7T = AEENL 2 B & OFECHINEBICAE U0 TixR . BIRMWAT T A 20 78 L OGEIR
IR Y 77 = LIiZBE b 288 % b > TIBT 5 b ORFEN TN D,

L R 7 O A K 28 7 ORGHGIEICE L T3 TITRIRW AT I 4 0 7D
ES DEEBINZNDITK LT, A8 TIX IR OFHEH]3Z > (Stamm et al. 2000; Ner-Gaon et
al. 2004; Ner-Gaon et al. 2007; Lietal. 2014), U % Tix, A > b A S T HEEBIA
FTHAIR ZFHER LD (Lietal 2014), XA A TlE, CACTA O—FEiToH 5 Tgm-Expressl
R°MITEs D —F T % MiS FEDEBK T8 Lo F Y &2 s 712 L T2 (Zabala
and Vodkin 2007; Kuang et al. 2009), mPing TIX IR 721F T/ < . mPing DELH| O —E A3 RN
Hy & o & 72 % Exonization 2538 5 L7z, BB TEMED ) MITE T % mPing 13 IR B X
O Exonization DASMZ ik % 70 X4 — U DBIRYRA T T A 0 Z2FHFHET D03, Rl A3 R0
L CEIBIEEZEL L TLE S LINAT 200 E LIz,

3EIRD mPing DA > bar~OFACL Y TERIRWA T T A 0 7B LOSERIRR Y

T T =B C D038 S iz, mPing DX Y U A~DIFADGAE, =XV O AF

65



IACRRE R BN =D, mPing AL D AT T A4 2 T ~Oh P/ sV EHZEEIND, 2
\Zxf L C, mPing DA > s ~OFFADEE, A FIALRRE DR A b e D A F ik
BRENKRELS BT DEOATTA VU T~OMENRKRELLBEND EEZZOND, T2,
mPing DT L ~DIFFADEE A v b DU LANIER Th o T HEEEY DOHEREN
KON TWDHAREEN VY, ZHICK LT, £ b~ ADSEE, BRI T T A
VTR o TARKROHAEZ IR LG EM b A C D08, WREE A 285N D))
mPing FHNIZ L > THEUTZBINIA T 74 L U THEM LD HRBLENZ W L BNERFRO
FERNDTPHEIND, ZOZ 1T, BIRWAT T4 T E2HRT D mPing DA v ha
~NOFANBT ) DRICRGFEESNRT VI BB > T D AEEER D 5,

AV h BN mPing fiNE b OBIGE T THo THRBIRWAT T4 V0 7 HR IR Y T
FT=MEBLFBERE L T RWEAN S, YY) AHRICIFET D mPing OESIITT T
[f—Td 5 (Jiangetal 2003) 728, BIRWAT T4 L 7BIONERER Y 75 =%
HFT DI mPing DY = 32T 4 v 7 IREER KO mPing A S5 B OBREEN
RESEEBL WD EHEIND, 3 B TIX mPing Wb BT HBINWA T T A4 v 71
L mPing DECH|FS K O mPing DEHZELH D A F AL EL TV D2 R Lo, £70.
DNA D A F/ALRNBIRBAR Y 77 = AGICET 2 L 0o b H 5 (Wood et al. 2008),
mPing (213, A FALIKREENR R D b DFF(ET 5 (Tsukiyama et al. unpublished data) 728,
BRI AT T A 2 70BN Y 77 = Wb & 355 L 72\ mPing A1 mPing Bl 0D A
FMMEBREDOXERTH I AR L H D, VXD TIEL, IR BFEREINLIA v hrrD%
IHEBRFOFANDH Y (Lietal. 2014) . LA ODKPITARD 3° 27T A ZHLHH 0
~ 40-bp DALEIZFHAINTND, DO E0D, mPing FAIZ L - T S 5= A

TITA U TIZBWT Y mPing EARKD AT T A ZELE O OHEEN L T D AlRE

66



MRS D, BIRWA T T A L0 7 LERR Y 7 F =/ UIZBED B cis BEANIEA T T A AT
fr& 725 GT-AG OESNPSME G IFET Do AT TA YV —LNBA v bur 2RET HERIC
XET AT T A ZAERALZYIWF L, branch point &9 A > kv v EOESNZEIR Li=A v
DS REGZRESELT VT v MEEZTR LTZRIZI AT T A AN AU 5,
54 @ branch point BLF X WWCTRAW (W=AorT,R=A orG) & #&E ST\ 5 (Simpson
et al. 2002) , mPing BeHN D 7 7 AT b~ A T AT b TIUCRE Y T D ESNIIFELE L2V A,
mPing A > bR A IIND Z & TAR¥KA > b r > BIZAF(E L 72 branch point D7 73
oY DD, VETIE, A ¥ har~DEBR 234 AIZ K-> TH U 5% branch point & A3k

D YAT T A XA E OEEREDOZEL L IR & ORE RN TS (Lietal. 2014),

67



=i

W5 E RS

ARBFFE TR, A RIEE RSB E T mPing O ADNEAG T OERBEY OREEIC K IE T %)
REFARDLZEEZHE LTz, B2 B TIL, 3HED mPing i N H T DKL RERT%
MELE LT mPing $HADEIG 1 OHEGFEY OREE I KIETRBE M LIRER, Zhb 3
T D mPing FiANZEZH T HRARERBIETICB O TERINA T T 4 20 78 LORRRPKR
UT T2 MbEFRE L TND I L2 LNI L, 3 ETHE, F 2 BCBWLWTRIEEN
BRI ARA T T4 2 TBILORINAR Y 77 = b1 K - THE UG EY O E % 5
HAZHRAT Uy mPing BoH EICEBOR Y 77 = Ab> 7 FIVEHIE KOV PTC & 720 9 D
SINFAET D Z & &R LT=, mPing B EIZ4E U7z PTC 1355 FEW 2 NMD (2 X 5 55 fif D
LT DH,NMDIZ K > TSN DG EMIIREROTX Y /=X P v 7T
> 6 55-bp LA b EFRIC PTC 2592 2 EBMERMETHY, PTC NRRBOZ XY T4k
U 72455 FEY) L NMD I L % 0 fE 7 5 %415 (Inacio et al. 2004; Hori et al. 2007) , mPing BL%|
ORI T T = by ZFOVESINE, mPing S EICA U7z PTC 28T Y U A2 KED
TX VUL D D, Lo T, mPing 1 IFEANIZ L - THE U D RERRIRGEY & &1 Sk s
GEMZ NMD 02 OIR#ETHZ LN TE D, S HIT, mPing DFEW A F AR TR 2
TIATTRELD—RERD T ENRBINT, 4 F T, FBIHA S mPing
THoTHBBIRMWAT TA L T EBIRAR Y 7T = b2 FRTHZENHHLE, 2
NHOZENDL, mPing BFBIRIITRIROA T 74 2 0 7B L ONERIRWAR Y 77 = k%
RTEANRHD L aR LT,

RHFFEDFE RS, MITEs IZEBO% 7/ MIEESH TS AT T A ZAEALE LR
U 7T = ALERNE &2 B & OEFINERIC A U720 Tl 22 < \MITEs 0 7 F L ELSIR> MITEs

NZTHTEY 22T 4 v 7 IRMEMEOBIENNTRINIA T T 4 20 7B L ONERIRAR Y
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TT =L EFHERTHESIE LTEE LW EEZX LD,

HEE H ORI I IR e B AR D H L D 3 RO 22N BB AR 112 B\ T mPing A
WFERT HRINNA T T4 T BLOEIRIARY 77 =02 X o THEEFARROBEE
DHRELL CWiehhotz, LarL, BAEROIRY 7 ) 2B W TIEE TFWIC mPing i
NHoTHEL DEARITBRIRMAT T4 U T HBBINUERY 757 = L LRO Lo
Teo FTo. mPing TAIZIBWTA CTCEBEEY O T 05, AROEREFEY L0 & &EICITA 72
WIGAENZWEHR I, 2D L, mPing DERBRIEMENE < TH mPing A
NEHANCRIETEEIT NI N 2R LT D, EBRIC, MY EENZ R LZGAIC
35— 72 REUNBIEL S5 (Data not shown) , mPing NEUE S B WVEEBIEELZ S H 22N 5
REFTEDT ) DB O TEROBEEN DS IR0 OIE, mPing F A2 X - THEU D03 &EIRG A
TIA T BIORINEA Y 77 = b DOFEIE KL, FFRTE D50 iy m L

O THLE LR,
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