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Abstract

According to the changing international situation, high quality Domestic varieties
of citrus are needed. As a result, this study began mutation breeding using
radiation from Citrus unshiu Marc. cv. Miyagawa-Wase.

Radiation—-induced mutations graft onto Citrus unshiu. Secondary mutant
branches were numbered. Citrus mutations fruits were sampled from 2009.
Collected fruits were measured diameter, weight, shell thickness, sweetness,
acidity, and color. Many mutations were selected by measured data.

The cutting plane of mesophyll and rind tissues in A3013 were observed under
the microscope. As a result, vessel and phloem in mesophyll is not the
overarching difference between A3013 and control. However mesophyll tissue
from A3013 is thicker than the control. The results of rind, cell gaps are thriving
in flat part. On the other hand, it is found a lot of Vascular in protuberant part.

Microarray was used for genetic analysis about A3013. Hierarchical Clustering,
COG(Clusters of Orthologous Groups) analysis, TF(Transcription factor) analysis
was created by the microarray data. Confirming by Real-Time PCR can add
credence to Microarray results. Primers were designed from five random ESTSs.
Of course, the difference between ESTs expression is more than twice. It was

confirmed that Real-Time PCR results are similar to microarray.

Key words: Citrus unshiu, mutation breeding, mesophyll, rind, microscope,

microarray, Real-Time PCR
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IV. Al 2 "y

1. 4 & A=

il

20094, 20104, 2011

= 7}A

A4S Microarray 49

]
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¥ 2. 9= A30139 ¥4
- !
Lo | R 84 | #% | vE | 2w e
- (mm) | (mm) | (& | CBx) | (%) L A b
9009 62.0 80.6 179.9 8.5 0.76 66.15 | 26.76 | 67.52
+1.3 +1.5 6.8 +0.1 +0.02 | £0.75 | £2.45 | £1.33
o010 | P48 | 665 | 1316 | 7.8 | 078 | 6822 | 24.53 | 74.19
+1.9 2.1 +11.0 +0.1 +0.02 | £0.47 | £1.06 | £0.78
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2. RNA #2] 2 cDNA A

1) RNA #3g

AAT(A3013)F dHxae] S A2 AAEALE AR&ste] WA mhfsA
th o mlH e =AS BHo 273, A 1g%d RNAiso plus(TAKARA, Japan)
30meE FH7bskolch o] & el 583t £ F, 4T, 12,000Xg2 5%3F A4lE
g 3t AEAS A FHE %73 cholroform 0.2 volumeS H7}ébal 73}
A AlFATh ghAl 2ol 583 FATTE 4T, 12,000<g® 15%3F A4
ST AFdS doj A FHE 7|3 isopropanold RNAiso plus ¥
Fo] FEoR HIFEATh Aol 1083 FauA 4T, 12,000<g= 1073t

o]

Aate] ST Pelletwt w7]ar N AAR F, AAR AvkE A7

3@ M oj\‘_,
M )

-

2l 75%
EtOHE 49t} 4T, 7,500xg® 5%7F 94182 slal thA] pellet?t H7]aL
W2 = AASGT JFHIZE o] &sle] 1587 AXA7]1 DEPC-treated

waterol] 5%

2) cDNA 34

elek RNAE #7195 o= 3ldt & cDNA Aol ARE33ith Template RNA
1pg? Oligo(dT) primer 300pmol®] DEPC-treated H,O& % 10put7} ¥ %%
go Bk 65Te] 5i3F & §F, daol ol wEA At of7]d 5%
RTase M-MLV buffer(TAKARA, Japan) 4xf, 2172} 10 mM<Q! dNTP mixture
110, RNase inhibitor 20units, RTase M-MLV (RNase H )(TAKARA, Japan)
200units= #7}8tal DEPC-treated H20Z F 20E 950, =97 4
o]FaL 42TolA 6023 WHEAIZT HE= 70TolA 102& ¥ &= ¥, €59

2o} 4H.
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3. Microarray

e 223 Y-E The Citrus 300k Microarray V.2% 339t} National
Center for Biotechnology Information(NCBD=Z%-¥ Citrus clementina
118,3657l, Citrus reticulate 55,9807, Citrus sinensis 208,9097l, Citrus
unshiu 19,066719] Expressed Sequence Tag(EST)ES vzt Hbold 7
7 A AMEE & A=EF, 85231709 dA| st LS AAsEAT 719
coding sequence(CDS)¢toll A 471¢] probeE A V.13 @ z+ §-4x
o] £l 60bp *FH} FTAIA=ANA AlAsts MY, 4o F AL} 30bpH #H
A= AME 37HA =2 AAEATE 324,164719] o5 €A MEEZHFH probe A
A8 F=351¥ L gfp, gus, hyg, bar, kan®} 7S Selection markerE% ¥ 3HA|
7 125,956 probeE TIARRISHSTE. probed] ¥t Aol= 60-nt, Tm #te 7
5CollA 85C= ZH= At}

Microarray NimbleGen Inc.(http://nimblegen.com/)oll A A Z% At}

e Tramagnen
S L ]
ol ol Y
cal i £ ds«DNA
]

Data EII'IEEF',G-'IEI Cy I-labeled L bl
cDNA -
&
. -
-




GCBIS

Citrus genome 300K V.2

3-Tiling microarray

= Catalog No.

= Organism

{ sntina F - IUTR :
= Source 3 g . 3

G0bp ; G0bp J

I

s Probe Length J0bp —

t.._—.v..—_..d
= Probes per Array 120bp
» Feature Size Probes/

Description Ganes Target Features Replicates
» Array Dimensions

genas 108,038 3 324,114 1
= Overall Slide Markar 5 io 0

Dimensions [GLIS, GER, Bar, Kan, Hyg )

% 25. Citrus 300K Ver.2 Microarray probe T A}l
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4. Real-Time PCR

1) Primer design
Target> HA7F 29] o]l EST ¥ A= 57HAE =3t dld ESTY
CDSZHH olgl¢} Zo] primerEs YRS T House keeping genelZ &

Elongation factor 1-a& XA ®3}% ).

¥ 3. Microarray confirm& primer A€

Target Fold Primer
change

Citrus_EST TATTGGGAACGGACGCAGGT

C030831 250 GCCCCCATCATCTCCTTCCT
Citrus_EST ATGGCACGCGCGATACTTTT

C002695 247 GCCGCCGAGAGTTGGAAATA
Citrus_EST TGTGCATTTGTGGTGGCTCA

C007308 "e40 CATATGACACCGGCCCATCC
Citrus_EST CTGCTGCTGGCTGCTCTGAA

C042845 280 AGGCCGCACATAGAGCTTGC
Citrus_EST TTCAAGGGCGAAACCAAGGA

C007840 ~3-38 CTGGCGCTGAGAGTCGTTGA
Elongation ATTGACAAGCGTGTGATTGAGC

factor 1-a TCCACAAGGCAATATCAATGGTA

_31_



2) W

Optical Tube(Agilent Technologies, Great Britain)ol| Ultra pure Water 7

1, iQ™ SYBR® Green

1p0S Y3l Spin down

TP700(TAKARA, Japan)E ©]&3}o] Real-Time PCR3&}3It.

Supermix(BIO-RAD) 10x0, cDNA 1pf, primer?d ZHz}

3%t} Thermal Cycler Dice Real Time System Lite

Pattern Hold 3 Step PCR
Seament 1 1 2 3
100
I:I =
Cvcle 1 50
Temperature (dea) 840 840 60.0 720
Hold Time (mm:ss) 10:00 00:20 00:30 00:20
Data Collection I I M V]

1% 26. Real-Time PCR thermal profile setup
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1. B4 total RNA

A3013 HA=ZHE E 3 total RNAE 0.096pg/pwlo)al =X 1.719|t}.
Control #AZHE 23 total RNAT= 0.088ug/wlo] il <=

i
e
-
W
o
o

a9 27. Total RNA of Citrus. 1%
agarose gel. M: a3013, C: control.
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2. The Citrus 300K V.2 Microarray

¥ 4. Significantly changed Genes. Fold change’} 29|
2 ola, P valueZt 0.057]%EQ] Geneg A Elstth.

Up regulation Down regulation M S8 M™M=
18 339 357
= =

L correlation O

M

=14l «
1]

=2 00

:
L

-l =

[

13 28. Hierarchical Clustering. (log2 ratio ©]&)
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1) Clusters of Orthologous Groups(COG) analysis

¥ 5. COG analysis

. Fold
COG COG Definition Fold up
down
INFORMATION STORAGE AND PROCESSING
J Translation, ribosomal structure and biogenesis 69 42
A RNA processing and modification 63 33
K Transcription 72 58
L Replication, recombination and repair 31 32
B Chromatin structure and dynamics 20 10
CELLULAR PROCESSES AND SIGNALING
D cycle control, cell division, chromosomepartitioning 24 8
Y  Nuclear structure 8 4
V  Defense mechanisms 12 9
T Signal transduction mechanisms 132 117
N Cell motility 16 20
M  Cell wall/membrane/envelope biogenesisN 1 0
Z Cytoskeleton 25 23
W Extracellular structures 1 4
Intracellular  trafficking, secretion, and vesicular
U 92 74
transport
Posttranslational ~ modification,  protein  turn-over,
0O 147 128
chaperones
METABOLISM
C Energy production and conversion 67 69
G Carbohydrate transport and metabolism 100 102
E Amino acid transport and metabolism 75 67
F Nucleotide transport and metabolism 20 8
H Coenzyme transport and metabolism 22 26
I Lipid transport and metabolism 65 92
P Inorganic ion transport and metabolism 38 64
Secondary metabolites biosynthesis, transport and
Q ) 59 102
catabolism
POORLY CHARACTERIZED
R General function prediction only 268 243
S Function unknown 96 66
Total 1,375 1,278
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2) Transcription factor(TF) analysis

¥ 6. TF up regulation

SEQ ID pfam ID pfam abb. Description
Citrus_EST . .. .
pfam00249 Myb_DNA- Myb-like DNA-binding domain
C030728 o
binding
Citrus_EST . .
pfam05368 NmrA NmrA-like family
C037955
Citrus_EST . .
pfam00097  zf-C3HC4 Zinc finger
C038124
Citrus_EST . o .
pfam00249 Myb_DNA- Myb-like DNA-binding domain
C042485 o
binding
Citrus_EST . .. .
pfam00249 Myb_DNA- Myb-like DNA-binding domain
C042486 o
binding
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% 7. TF down regulation

SEQ_ID pfam ID pfam abb. Description
Citrus_ESTC o .
pfam03106 WRKY WRKY DNA -binding domain
002050
Citrus_ESTC .
pfam00646  F-box F-box domain
002903
Citrus_ESTC . .
pfam05368 NmrA NmrA-like family
004722
. LISCH7. This family consists of mammalian
Citrus_ESTC . .
007533 pfam05624 LISCH7 LISCH7 protein homologues. LISCH7 is a
liver-specific =~ BHLH-ZIP transcription factor..
Citrus_ESTC SRF-type transcription factor (DNA-binding and
pfam00319  SRF-TF L .
010164 dimerisation domain)
Citrus_ESTC ETS_PEA3_ PEA3 subfamily ETS-domain transcription factor N
pfam04621 ) .
011761 N terminal domain
Citrus_ESTC .
pfam00646  F-box F-box domain
038111
Citrus_ESTC
pfam05712 MRG MRG
043244
Citrus_ESTC .
pfam00646  F-box F-box domain
049836
Citrus_ESTC .
pfam05764 YLl YL1 nuclear protein
051050
Citrus_ESTC .
pfam00646  F-box F-box domain
054447
Citrus_ESTC CTNNB1_bi . o
pfam08347 . N-terminal CTNNB1 binding
057315 nding
Citrus_ESTC LEM3 (ligand-effect modulator 3) family / CDC50
pfam03381 CDC50 .
065028 family
Citrus_ESTC .
pfam00046 Homeobox domain
066049 Homeobox
Citrus_ESTC ETS_PEA3_ PEA3 subfamily ETS-domain transcription factor N
pfam04621 ) )
066750 N terminal domain
Citrus_ESTC .
pfam05764  YL1 YL1 nuclear protein
068692
Citrus_ESTC - .
pfam07777 MFMR G-box binding protein MFMR
082941
Citrus_ESTC CTNNB1_bi ) o
pfam08347 ) N-terminal CTNNB1 binding
109209 nding
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3. Real-Time PCR

Elongation factor 1-a9 A& thFx Alolo] Ctik =xFol7F 0.34% 0.5H
o} Zro} A9 FEde]l JdAHY. Citrus_ESTC030831-2 Microarray fold#tel
H3] Real-Time PCRelA+= Ctat 27F A WA AR Microarray 9}
Real-Time PCReA 25 Adolld waddzko] 2 & & 5 Atk 1 99
t}2 EST+ Real-Time PCROIA X Microarray A3t FASHA ZdAAE H

o] Fa1 gt

¥ 8. Target +AAH A3013(M)3} ZT(C) 7t Real-Time PCR
Ctgt vl

Vi
Target croarray Sample Ct Ct(CO)-Ct(M)
Fold change

i A3013 35.30

Citrus_EST 550 043
C030831 Control 35.73
i A3013 28.36

Citrus_EST 5 47 129
C002695 Control 29.65
i A3013 26.73

Citrus_EST 94 091
C007308 Control 25.82
i A3013 28.84

Citrus_EST 986 178
C042845 Control 27.06
i A3013 41.87

Citrus_EST _338 922
C007840 Control 39.65

Elongation A3013 27.44 034
factor 1-a Control 27.78 '
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Ct(EF1-a)-Ct(Sample)
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F g a0 & '\ O & A
& & & &€ £ & E L
@ & < < < <

a9 29. 32 A3013% t&7F 7t Real-Time PCR Ctgt vl 1=

1e-07

._é‘f%"‘l&ﬂﬂ

=EE

2 1e-09

S £1e10

=

'-551&11

@

o =le-12
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0 0 0 0 0 0 0 0 0 0 m m
= & =] =1 =] = = 5 = = B, B
= = ra L] - e ] ] [ 1*] b ] | w oW
o0 o [=7] o0 L] [ [+5] [==] o o .
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ot 9 & o 5 9 5 % & e ® 3
o = e = = 2 = 2 £ 2 =
e i o § e a ) § ar E
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13 30. Real-Time PCR Relative Quantity (Crossing Point)
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VI. & ¢

Astals A4 Aol wet 1Ed FAEFY] AEe] ZaR s HAdh
ol wh} & Aol A= FulolA THE Wol AMlEE 2FEd FE THE
AE tgo R o] &3l WAL (YCo)E o] &3te] E¢iWe] §5& TSt

THEAORRE HFE AFAE o3t WAK(PCo)oE EdWolE fFEd)
Aot BdHoel FrE HFE Al TR A&l FEste] Aujsdn. A4
ZRE L2 237 Y WSS Fojskgivh. 200938 Z4zte] 2371 uir}
A SAEA AFH AT 200990 = F 6,3457019] E<ARWo] 23 A ol A
WA 23,1755 AFsElar, 2010del= 2,257719] 7EA A 6,65170¢] 2
S, 20119 & 2,710709] &AWl 227k A 11,41170¢] #2-& 23S
ok AR e gl T AN(EAE, B4, FA, 3 FA, TE, A, s
g SATE SA S volEE o R v EdWol 2275 AdEe,
Ao g HAEd ozt 1 F /P4 wert & A30139 dH=E
o Az Ao dvd A= sl 1 Ay, 4549 B

2=
A3013°] <l@H EAol FAF ¥ oyt AFAEE Fu. o JHAE
MicroarrayE ©]-838ke] 34 48 ATt Microarray Hlo|HE vlES
2 Hierarchical Clustering, COG(Clusters of Orthologous Groups) analysis,
TF(Transcription factor) analysisE 33} th. Microarray Aol A1HWAS
tet7] 18t Real-Time PCRZ ©]-&3% confirme sttt A7t 2]
o]l EST Fell oz 57/IE A3t primergs AZekglh. 5712 EST7F
Microarray®t Real-Time PCROlA FAMSH A& HoES 183t
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