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Transcriptome data and transgenic library of overexpression for small coding genes of Arabidopsis

thaliana
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E 5 : Functional roles of small coding genes tend to be ignored in 20 years because small coding genes have not been identified in even highly

accurate genomes of model organisms.

tercellular signal transductions like hormone-like peptides.

In plants, it is recognized that small coding genes play essential roles within a single cell as well as in-
However, many of small coding genes are not annotated in plant genomes even if

novel hormone-like peptides encoded by small coding genes tend to be hidden in plant genomes. Here, we introduce transcriptome database

(HanaDB-AT) and transgenic library of overexpression with focusing on Arabidopsis novel and annotated small coding genes.

The database

and transgenic library should be useful tools to discover novel hormone-like peptides as well as other functional peptides in small coding genes.
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K20 SEANICHESE L @R E R 7/ AR DO ET I
EPZBNTY, £ OIFEEH 100 aa (73 /1R) LLL
DY NTEIZERLTWZ729, 100 aa LT O I —
FA Y THEETIEER SR TR, 0%, HEEMICE
BHEBAREENDL TV A 7 ) T b — LD EREND
&, BETPHFEL RV EE Z STV L a1 5EH I
% L DEEGHEEA S DIk o 72, S OEEEFEE,
100 aa LT @ Open Reading Frame (ORF) L 2MFAE L 7\
LONL ., FO0, IS OEEMHEE, Fa—71
YT RNAMIETFHL2VIEHEIT—T 1 VTl TFTH 5
EFHEENDL. LAL%AS, ORFAI—7 4 » 7 fHK
HBHVIIIET—T 4 THEBTH L 0w T 5 720127
AXNTWEEET TN 77 I 40% 1, 100 aa LT
DORFNRIA—T 4 ¥ FHIBMTHAHZ L e 52 &
L\, 20720, BAFHEEBICHELET 2HIEO%L B
+oaaEE e ETICIEa—T 1 Y RNA#BIEFELTT
JF—varERTWE, Z0XHIZ, £Los, Fn
I—T 4 Y TEETFIEL, MW AIBWCT /T =3
YENTWRWHTMIZH S (Andrews and Rothnagel 2014) .
FIT, RWZE/ — N T, TEORR A BT L - THE
REMIR B S ENo0Hh b [Hea—F 1 v 7 &%
T OWRENRE] 23T 5 &I [HRcEva—7 7
YUEETRMEET AN R [HEES T -7
¥ TR T OWREAT O H ] 2OV THINT 4.
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BWI—7 1 > 7EEFOERERNEE

AR, #T & LCEHSNRWEITICH 5 W
I—T4 YT EIEFIS, FRA ORI EIAATET 5
CEDPHSRIIRY, EHPELIVOOH L. 22T,
Y TRE SNDODOH L NT—T 1 ¥ T BILT % 5%
BIZEDSWTSODh 7)) =1L £112iE, H
WI—F o VTR OSFEEN T T —B LT, £
MEMIO L T4 XFAFIZBITLENZENOS T T =2
J& T A EETFE e R#E L C\wA (Tavormina et al. 2015 ;
Hsu and Benfey 2018). I — 7« ¥ ZFH#MIZT O b K
L% /77 ) — 1%, upstream Open Reading Frames (uO-
RFs) THY), HWET /7= a3y ENTVLEETON
30% 7%, uORF % $;> & Pl 2T\ % (Andrews and
Rothnagel 2014 ; Hellens et al. 2016). uORF &, % 7% I —
T4 ¥ T BEF O 5 KimOIERFREBIAEL, BHY)
RY—KMCHIREND 2 LT, TMICHFET 2 FE 2T~
TA v T RIETFOMAREEZIHS TWE, L Leds,
uORFs 2 IR E N7z TF FEKRIZIE, 2L 0ET
HERERI B ENIAAE L 2. — 7T, micro RNA (miRNA)
O _EFICAHFET A —E O uORFs 1&, miRNA-encoded pep-
tides (miPEP) & L CEF SN, SREDORTF FEmC
£ > T miRNA DFBEFHFES 52 EHPMFLE N TN D
Lirb, a—7 4 ¥ VBT D uORFs & I35 2 D, HhE
HEEETHRTF N ThHLER#HESIN TS (Lau-
ressergues et al. 2015). miPEP X, NA 44 v 7+~ T 4
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£1 Ha—74 v TBETOREY T T —

WegEH 7 ) — (| NTF R Lok T)F—arvEnTnaiK
uORF FFR N L I—T 4 ¥ TRt D 30%
miPEP miRNA O T N — HY 50 1
MicroProtein 5 287 BAHHAE FH O ] B 20 Al
uEE RS 7 iz #h 200 1
FA T TR 9 % LAk eE HY 298 il

7 AL T, Al b 50T/ 7—2ars
TV % miRNAs & FEBIFHE T 2 2 LRSI N T 5
MicroProtein (£, HMD N X A 72172 OXRTF N TH

D, BT F REMEERATALZLICEoTFIF Vb
IHTATNEEGZDHEWNH ¥ 7L X)L T miR-
NAs (ZFL L 72 2 fH > T A . MicroProtein (&, FERE
R A A > OBEUEREIZ X > TH J LB TORIED T HE
THY, YuAfXFAFDF—FN—2ATdh5D TAIRIO T
&, #2018 D MicroProtein 27 / 7T — 2 a » SN TWw5
(Guen et al. 2015). Z ® X 9 |2, uORF, miPEP % Micro-
Protein & L TSI N TWAE W I —F 1 ¥ FEE (T,
ML D > 7 F v B O TN BT R 70 15255 & e 72
L CWw5. TAIRI0 @ FE#11x, DUF @ URL (https://www.
arabidopsis.org/) & ZM S 72w,

UORFs 2R KRB 7 ) =& LT, FNVE B
RTFF, HHWE, FA 7200 hb. T4 T
X, N T )T, BEWHE, A VASK L CEEEFE
OPULEY R T T N & L CHRIL VAW FAE L, 298 f#
L7/ F—varyaEncTnwsd,. LiL, Who7T+1 7>
T, RIVEVEERTF R E L THREET A 2 & A% R
ENTVDELDPRA L RN TWE, ZTD72D, T4
T2y ERVEVEERTF FEHEICKIT S 2 &
X, WEECTHL. BEEWTH LML, SRR E
M 22 AL & Vo 7 ERIED 2 WEREE A B L R R B
F 5720, MEMOY 7 FIVIRESFICEETDH 5
(Takahashi and Shinozaki 2019). FK IV E VKR T F FiF,
T FVEEEREIWEO—DTH Y, #5200 18 L OHEl
RNVEVEERTF FSv A XFAF TP/ 5—2ard
NTWwa, F/2, FIVEVEERTF FOZEAEDE 1L,
ZHERFF—ETHLIEPHHL WD, Yuf XF R
F T, 458 HOZHERFF—EDRFRE SN TVLA, 3
ETIE, 3BELDLFIVE VHERTF FE2ZET B
255 Ty (Lehti-Shiu et al. 2009). Z D729, &K
FERRNVEVHERTF FPEET L EFME N TN D
—HT, RVEVRRTT FiL, SCEYVIOZHKEEHT
Lz, KRIVEVHERTF FEa— N4 LMD S %44
WI—F o VT BIEFEHEET A2 T, RVE VR
TF FOREIZIZENRS W, TOL) R aAhs, KIVE

YEERT T RIE, Mo 7)) — & L CRE DS EET
H5.
BWNIA—FT 1 >V EEFEFRICERT B HE
BWa—71 v 7T, ERO L) R SHEH

GEHERHSTWD ZERHLD Lo TWED, — &K
AT PR T 7T AT, 20X hEETREES
S WEANZ S D, BERRENTICETT 5 2 & BRI W
ThbewIHEEeriEo. 22T, EHICE>TH
w7 I XA (sORFfinder) 12 & » CTHWIEET
T AN A9 A (Hanada et al. 2010). sORF-
finder ® F F 1%, LN @ URL (http://hanadb01.bio.kyutech.
ac.jp/sORFfinder/) % ZH 7z (K1),

Jivs ORF BCHI (F) 123 L, <A XiEE Az T o
THWTEIF A a—7 1 Y7, a—74 Y7 Th
WD ENENOFHBMEELHEET 5.

P(F|coding) * P(coding)
P(F)
P(F|coding) - P(coding)

P (F\ coding) P (coding) +P (F\ intron) P (intron)

P(coding | F) =

P(F|coding) &, T—F 4 ¥ Z5ETOF OEREERT
HY, O XFAFIHFET LI —T 1 v TRIZFOR
BNy — v BBV T TEFTVERHWCIHEESNS. P
(Flintron) 1%, 4 ¥ MO YFHTOF OARIMERTA ~ +
O ORFIY — 2 FREIIVTTEFT NV EHCTHEE S
5. »5ORF A I—7 4 v 7B TH 5 DOH W2,
EBEOA 2 a rOREFIS Y — v SRS 7 ORF % 1k
DL, D 1% LTI 5 X912 P (coding]F) O
B A& R E L T b,

COITENRE ORI 2 — T 1 ¥ 7 EEEE
ETEDWEMWRT L7290, EBOI—T 1 ¥ F#{nT
5 100 aa LUF® ORF 72134 ~ hu YN TEKRIES L2
100 aa LN @D ORF & W THGEEL T 5. ZOFEE, 7
T =38y ENTWEEILT D 81.5% S IEMEIZHE S
NTWE—HT, 4 ba ZBRIIES L ORF % 3%
DEE TR TIA—T A Y THEIZTLERELE D Z &%
LA ZOL)ICRFEZET—T 1 ¥ V&%
ETAH7OIE, FEICHFHATHLZ DL NIZENT
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sOREfnder.
« Home SORFfinder is a web-based tool to identify small open reading frames (SORF) with high coding potential
- However, web-application has some limitations. You can conduct more sophisticated analysis in your
« Methods local compute downloading the perl scripts. The limitation of web-application is written in the methods.
T Web-based program has two applications. First, you can identify SORFs which have similar nucleotide
« Web-application 7 W
composition of coding genes by hiden markov model (Search_sORF). Then, the functionality of SORFs
« Download can be examined by comparative genomics (Examine_SP). Please see Application Note of this program

package published in Bioinformatics.
« Manual for local

analyses
analyses 1. Search_sORF can identify small open reading frames (sORF) with coding potential by hiden markov
« Authors model

= Web-application had already prepared studying models of 11 species (S.cerecisiae, A.thaliana,
« Links 0.sative, C.elegans, D.melanogaster, A.gambiae, C.intestinalis, X.laevis, D.rerio, G.gallus and

H.sapiens). You should choose one of studying model from 11 species. Using the selected model, you
can search SORF wiht high coding potential. However, if you want to use studying model for other
organisms, you need to conduct the analysis in your local computer

2. Examine_SP can infer functionality of identified SORF by comparative genomics. First, this program
searches homologous sequences from available EST or genomic sequences and calculated
synonymous (without amino acid replacements) and non-synonymous (with amino acid replacements)
nucleatide substitutions. If SORF is functional, it is likely that synonymous substitutions have occurred
more frequently than non-synonymous substitutions. Finally, in each SORF, you can get P-values which
can be indicatorlfor functionality.

Please send e-mail to me if you have problems or errors.
Kousuke Hanada

Kyushu Institute of Technology, Department of Bioscience and Bicinformatics
E-mail: kohanada (at) kyutech (dot) ac (dot) ip

B 1 sORFfinder » WEB ~— 3

sORFfinder (http://hanadb01.bio. kyutech.ac jp/sORFfinder/) i,
Boa—74 ¥ 7BETEZHHICHES 2 B TES L
WEB7 7V 77— aryTbhhb —2OOWEBT 77—
varvEFoTBh, Ve, BHOa—T 1 v IR
Ry = eIEa—F a4 Y TEHISY — R B E TR T
FH L, N4 X% FH LT small Open Reading Frame
(SORF) LIFIENZHT—F 1 ¥ VA ERT 27 7
) —3 3> (Search SORF)) TH 4. ) —2lL [t
B 7 AEFTOJTEZFIH L C, sORF #8I5 & AH [ 7% Bl
RALOEWTE T ) 2 HEREL, T I/ REEL ST
HER L T I VBRI WIRAEIR R T 57 7
Vr—varyThib, RHSIsORF 5, BHEOLYE
BIZBWT, BN THLETDE, 73/ REZ(LEE
VIR REERE (Ks) AL S E2IFEEBRE (Ka) &
DRI > T EHIfFTES. 512, Ka & Ks D
B 2 FRTROIC 94 2 & T, H%HERY 7 sORF % IER T
LT EWTELT 7)) r—3 a3 (Examine SP) 7% 5.

2% (Cheng et al. 2011).

X512, fEH51E, sORFfinder # > T A XF X F 7/ A
WEHT A2 8T, LIS BOFHOENaT—T 1 v T
RFOBEHEEAL, €095, 2,376 EIIHEEE % MR
5 M TCTHALL TWwWb Z & %E B L7 (Hanada et al.
2007). ZOFETRH SN 7,159 HOE T —57 1 >~
LT OB/ B 844 ffllx, A XFAFDT ) A
F—FR—2Z (TAIR) I2BWT, WF7eH4D TAIRG 75
HATO/N=2 3 v THDH TAIRIO N EFHH I N LM,
WI—FA YTHEEFELTT /T2 aryEnTnwa,
L2 Lahs, 7/7—2aryanNTnwbsba—74 7
fZ7 (120 aa DL k) @ 87% 13 HEREM 2 IEMDTFEAES S —
BT, eI —74 v 7#EEF (12022 DUF) 1332% L
PEEREI R EHAEAE L2V, 2o Z ki, Bva—F—g
¥ 7 EART OWBEN B L 22od 54, — M7 i
EF L R TP EA TR W TH 5 2 & 2R
BLTws ([X2).

A BNI—TAUTEEF —RWEI—T1oJEEF
° < 120 aa

1111
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2 The Arabidopsis Information Resource (TAIR) |Z & 4k
ENTCWLENI—T 1 VT HEET
YUARFRAFDT ) LT =5 N=Z (TAIR) &, 7 v
77— hFLTHY, TAIRG i 2006 4F 8 H, TAIR7 i 2007
fE 4 H, TAIRS i 2008 4= 4 H, TAIR9 (& 2009 4= 7 H,
TAIRIO 1E 2010 4E 12 H I A s LT v b, HAIE I,
TAIRIO D F FCTHREINTBY, TITABENTWS
BETEBRE2T /77— a YIEREEHRL TS, A
TAIR6 7°5 TAIRIO IZE S F TOE NI —T 1 ¥ 7V #EnT
(120 aa Aii) @O —F 1 ¥ 7 #EET (120 aa L)
T, T/ TF—aryENTWAI—F 1 v I #ETHER
LTwW5h, B.TAIRIOTT7? /T —v 3 Yy ENTW5HEELET
DH L, Wha—T 4 v EET (120 aa Kii) & lHO
I—F 1 v 7 EET (120 aa Ll b)) TOKRETY /57— 3
YENTWAEEERT.

WHEINAEEWI—F 1 > VB FOMERTOSE
RSV T M= LTF—2DFH

HEFHEEZIERT 272012, P27 ) Fh—A4
T = ZIMEARRCTH D, Bz, BEEA ML AMEIC
MbLEETZHET L2000, e RBEA ML A
PEFICBIL T VA2 ) T h—L0F =7 %L, &5
A MLV ATHEBLZET 5 MR TFHEEHETZ 2 LT,
Kex 2 F 3 7 F VICHES T A 8IEF 2RI AL 2
EDTUREE B D, FEBRIZ, EH O, HEIEICE DS RV
FURRTF REERT L2012, A ML AT TR
BLATLECI—T 1 v 7#EETICER L, EHoE
WAEMFGTLRVEVFHERTF FERHBLTWA (Naka-
minami et al. 2018). LA L7225, BWAEABHINTWS b
FGUAT) T =L T = D%, —HOE T —T 1
VBT OERTO T ANV LpBIETE R, D7k
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HanaDB-AT

Mome  Expression  Sequence  Graphic Gbrowse  Co-sxpression  Download Links
searchs. search  expression

Database name

Hana" means flower in Japanese. This database provides transcriptome mformation in 8 model flower plant (Arabidopsis
lthaliana) for annotated coding genes (TAIRB), mRNA line ncRNA ganes (mapped by full length cDNA) and sORF identified by
Hanada et al (Genoms research 2007).
[Motivation

|1 1s beheved that such the genes tend not 1o be dentified because of the conservative nature of prediction algorithms. Using
feur recently publishexd pipeine to infer small coding genes specifically, we identified many small coding genes with high coding
Jpotential in Arabidopsis thaliana genomes. Toward functional analysis of these small coding genes, we designed microarray to
fexarmine the expression profile of denthied small coding genes and all annotaled genes in vanous organs and varous stress
[condition.

Designed microarray

[Piatiorm of this custom microammay is based on Agéient Technologies. Briafly, our custom microarmay uses optimized 60-mer
joligonucleotide probes and one-color labeling system. Most of probes were designed by e-array (Agilent). Out of designed
Jprobes, we chose a specific sequence which does not overlap with other gene sequences as a probe sequence, Since

| andidate probes of some genes cannot be designed by e.array, we designed probe sequences by oursetves. Plaase ses the
[etailed method to make the probes n our paper. You can download all probe sequences from here.

[Target genes

[Current available microaray encompasses probes for only about 20.000 genes in Arabidopsis thaliana. However, annotated
lpenes significantly increase in TAIR {currently gene number is over 24,000 loci). Reasons 10 Increase gene numbers is that
Jmany small coding genes and mRNA-like non-coding RNA genes are cuently identified in the intergenic regions by the large
[scale of transcriptional analysis. However, there is no available microarmay to examine gene expression for increased genes.
Here, we ientified SORF in intergenic regions and MRNA-Ike non-coding RNA genes. Expression profiles of identified SORFs.
land annotated genes can be inferred in this database.

[Browser

[We recomend that users use FireFox(ver 3 6) in this database

[ Table of
MRNA-like ncRNA
TAIR coding genes genes sORF
Number of genes 27027 1346 7564

|Some of small coding genes play a significant role in various aspects of either plant development or stress response. However,

¥ HanaDB-AT

Home  Expression  Sequence  Graphic  Gbrowse  Co-expression  Download Links
‘seareh search  expression

al expression
Jput Gene_ID or Probe_ID ATiG7055

JPut expression threshold (Default 50000) 10060
| subet

(for example, AT1G14920, ATRIKEN27688, chr2_+_3410447-3410542)

AT1G70895 click this gene information (expression intensities, efc)

C.

Co-expression profile

Rodlnduwiulrﬁninpuha-dmcmthﬁm,umm
Please click gene name if you want to know gene

menmmwmmmn

ATIG20330 I

AT4G29870

AT3G19330

ATIG14300

£ HanaDB-AT

3 thalisns TATRS genome: | kbp ORERE Che1 SARE. WSS 26,731,489 103 26,732,488
Browser| Select Tracks Snapshots Community Tracks Custom Tracks Sreferences

i

5Ky Janumd
G o )

[0: AT1001230, ATRDENOSOSY, Chr1I 132228128222,

l—-om—:[_Jm

7-sv-A

bt 3o TABE pesses =]

Ll
pot—st-a - . |

RS —
S EOI 5 A v e genes.
# BB B0 TARS Frotun cofieg geres.
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£ HanaDB-AT

[search gene ID
[Pt Gane_ID ox Probe_ID (iess than 50 Ds)

| b comet|

[search gene D from expression inersiy (This is "AND" search)
you idantify hoat fespoasie ganas, you can

[For axample, whan “HaatZn and “Haalh® in mare than a theeshokd
jdotaust is 50) e choose c«-ﬂ‘nmmmnnmnuumlssm

Choos by et key)
Jory seed
b aasd 20
Jabsorbed seed st
footas
roung Rewes = | more tran s expression miensity (defaut s 50)
[Glioess exprude by ctr key)
o sea a0

wed 24
Jibsorsed seed 4t
E:n—n = | less man s expression Inlensty (default s 50)
mmmwmmmncumuu “AND" search)
[For examgle. wnen heat respornsive genes, you can choose “Heat2n” and “Heali in upper categeries and
hoose “Contro™ nm(amlumhssma]

By ctrl kay)

Jory seea

m:mt

fong Rosste =}

mmcwmmw‘mmmmm
500 -

froueg fusece+| ol aference 3 (dofaut is 3)

[search

|check the type of genes that you wan to examine

[ZTARS annolaied genes (coding genas. and non-coding RNA gones)
'SORF (smal coding penes idended by Hanaca el al 2007)

[#1cDNA{Rail-iongth CONA] not annotsted as TAIRE coding genes

F.
£ HanaDB-AT

Home. Gbrome Oowniasd inks.

Hit genomic region

hit_id  lensth  auerv.start  auery_end senomic region evalue  score
1 490 1 450 4 7 0.0 805

Tans, Seott Schwartz, Lukas Bagner, snd Nebb Wi ler (2000),
reedy alsorithm for aligning [N seamnces”, J Comout Biol 2000;
P1-2):208-14.

Patabase: h-r’i fa
soqunces: 119,186,577 total letters

B3 Hea—74 Y FBIEFIRELE N VA7) T = LT —
A. http://hanadb01.bio kyutech.ac jp/hanadb-at (27 7 v A § 5 L BNDH T A7) T b — AT =¥ X—=ZAD A, B.
FEIBRE R R Z HE IR B 2 LD ENTESL WEB 7 7Y 7 —3
4 —3ar, D 1?:1&@7%7"13 7 7 A NOWET B HERE,
HFEEMZE O WEB 7 71 7 —

YaviEET b.

E. 7/ L7 7 7FTOT ) ALE % i

57’\“*1 (HanaDB) O#i4r

Ta v, CILFEBMNTAZ1T5 WEB 7’7“
E:L\T Zs) ﬁ&él‘b
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B, EHOAHEE L72E T —F 1 ¥ VT EET DOBERHD
5L, T/ TF—3arENTWRWLDOIE, BrhnFy
TFNVICEGTA00% BITICE, BTN VA2 Y
T — LR R ST 2 LB B o7z £ 2T AEH S,
B L7200 — 7 1 v VR T OO SBE S b Bl
FTHIENARER AT LA 70T LA ZFHLE T
VAT b —=AT—F X— A %% L7 (Hanada et al.
2013). VI —74 Y FBIETFOT— % N— A, Ha-
naDB-AT (http://hanadb01.bio.kyutech.ac.jp/hanadb-at/) % Z*
Baizv (M3A). RF—FRX—21%, 17THOBEES
F CGEHEIRRE, (RIR 2/6 Wi, Witk 2/6 WE], W2JE% 2/6 FEH]
L 2/6 BRI, BE PR T 720 & OSSR 0/1/6/24 BERE, 0k,
s EAREG, BT B XU 16 oML (0/24/48 17
KREEME, HVA, KB B B LzaE Y M
FALE ZEOM, R AL 72, AE KRB/ B
JEALL7236) 2BV, fvwa—7g Y SEETB LY
TAIR |2 &5 S TV 5 BT OFEBITR I L FEBERAL 2 41
HWICHZ L Z e > Twd (K3B). 512,
HEHANT (K 30), EEOFEHETu T 7 A Lo (X
3D), 7/ 5779 (K3E) BLOHEMEMREE (X 3F)
OWFEDL SV, BB LH I —T 1 v TRIZT OB
I L 72T =4 RXR=2ADFIFTE S

- BRIFEBREOFIA

ABH B, HEEL72 7,159 BMoOFHETFOHEANT—T 1 v 7
BT OB DL I, TAIRIZT /57— ara3ntn
mus, FZC, AW B, 7,159 oM O S B, 473
AR\ EIRL, @RIEHARKEHET LI, &
HRIRATIC X AHREA 7 ) — = > 7 % %6 L 7> (Hanada et

al. 2013). Z DR, 43D H B, F10% (49/473 =
104%) 75, Xz ¥ —arrua—) (4A) L HEKL T
A. B

WHEZERERE*FHET L &P L7z (X4B, C).
—HT, BEREDNA L LTERIN TSI UA XF)
A F OBIGT2 5 WAE 2\ BRI S BIE R L L 256
Tl, 1.4% L2BHAZIZRERE 25 L%\ (Ichikawa et
al. 2006). 2 F ), EHSAHEE Lo a—7 4
VBT OB, LT, WTROIEEREREE L
LY ERFERTSL ol krs, EHIZK - THEES
N7Ea—7 1 v 7 EET oM, EEERICES T
HBIETHELEETNTVDL I EAURIEE N &5,
FHHR R A ET HET— T 1 ¥ F B oRRED
HEEHERwT A72012, EHGIE, BEEFEZ /2517
BT — 74 2 7B T OB & BT 2 E R T O
HT I —EFEEL. FOEE HEEeI—-T1 T
EE T OB ZHEER S F— P e S A Em» D 5
EDIBH L7, VY FERDBERNVEVHERTF RBLT
ZEMEF T —EORT A, WEBUFNTIC L o TRE S 7
LWL BB NS, EHIHEE L HaET—
FA VT RIETFOFERICIE, RVEVRRTTF e TR
TWAHBEENEFICHE N L FHE SN S (Sugano et
al. 2010). FEEIZ, fEHSDEE L2V —T 1 v 7i#
{RF DA O IR 2 AR A 54 2 ROV | VR T
FFLIREAENTBY, TOWTEEREILILLWVWE VIS
(Nakaminami et al. 2018).

BhHIZ

AEHIZ, EFVHOY O XFXAFIZBWT, #
BT EEVSRELR BT —T 1 ¥ T e T Omk% 7,159
TR L72. I o, HEEx MR 5 5 m Tkt
LCTw5 &3k, @RISEIARAE LRI L 2 BICHE LT
BEEZL-L37IED06, AEEEIERECH I —
FA U TBIETERIMEDPWRETH 5 2 LW TE

4 EFIFEHAL AR E W7 R BREER 7 ) — = ¥ T D]
Fra VBT O CDS $HIg A 1Y) 75 T —FW A 7 7 A )V AH K 35S promoter HllfHIC X B W IS AR Z AL
EFHHRMT (S 16h, BEEM: 8h, R 22 F—%) ICCTEFLZBICBIT2IEREEE OB, A. Vector con-

trol. B. EIROFEREERE. C.B/MEDOTRERF.
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A, S5, RfEEFEIC Lo TRIBLZEI—T 9 7
BEFICARET T AR A MAHFAET S EHHHL
ThBY, FEBIE, WLV ST -7 1 v 7z
TFORLERAZLRIKETHFLEL CnDL I LD TFREINS
(Okamoto et al. 2014). F 7z, EFFEH L BRI TRAER
WHERLIZEWI—T 1 YT EETO% S, B Y
F—PEERH L TBEI LR, TRETOHRHIIH LK
WVEHRTF P& 32— N3 200EET I, ZREOH
EICLYVEERERELXLLOTENIHL LA BT RS
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