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SUMMARY

(¥ = 23D
O Title : Construction of linkage map and establishment of the

research infrastructure for the reference genome sequence in Jeju's

wild citrus (Byungkyul)

The purpose of this study is establishment of the research infrastructure for the
reference genome research and development to identify useful genes in Jeju's wild
citrus (Byungkyul).

NGS method was used to decipher the Jeju's wild citrus (Byungkyul) genominc
sequece As a result, 27.7GB sequence data, which corresponds to about 68 folds of
citrus genomic size, were obtained. From this data, about 21,000 scaffolds were
assembled and 321 MB genomic information was obtained. These data corresponds
to about 92 of the total genome size in citrus. To identify gene information of
Byungkyul, We compared our data with genetic information of Arabidopsis and
sweet orange.

In other study, we analyzed glucosyltrasnferase (GT) from Byungkyul genomic
sequence information. Several genes were cloned and expressed in E.coli The
expressed proteins were characterized with various substrates to identify their
specific activity.

Karyotyping by CMA (chromomycin A3) analysis and basic linkage mapping by
pseudo-testcross strategy was conducted in the study. Chromosome was prepared
from the young roots of nucellar seedlings and good chromosomes preparation was
selected by DAPI and Giemsa staining. Thereafter they were finally stained by
CMA. Byungkyul (C. platymma) was evaluated to be 3C+11D+4E whereas, general
characteristic CMA banding patterns of citrus was classified seven types (A, B, C,
D, E, F, and Dst). The result indicated that Byungkyul had a hybrid origin and
could not be real species.

Two parents {Byungkyul and clementine (C. clementina)} and six representatives of
their F1 progeny were used for selecting Operon random primers showing the
polymorphism. Total 37 primers were selected on the basis of pseudo-testcross
strategy, which produced 71 RAPD markers showing 1:1 segregate ratio. These
primers were applied to 100 progeny and segregate data were collected. The data

were processed by JointMap 4.1 program to construct basic linkage maps. Finally 8
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linkage groups were generated, whereas citrus has 9 chromosomes. The result
indicated that more selection of DNA markers was required for constructing 9

linkage groups with high saturation.
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References Marker types Markers Linkages cM Crosses number®
Torres et al. 1985 Isozymes 3 2 la. 1b
Liou 1990 RFLP, isozymes 35 8 314 2
Durham et al. 1992 RFLP, isozymes 52 11 533 3
Jarrell et al. 1992 RFLP, isozymes 38 10 351 4
Cai et al. 1994 RAPD, RFLP, isozymes 189 9 1,192 3
Luro et al. 1996 34 for C. grandis g 600 Sa. 5b
95 for Poncirus 12 1,503
Kijas et al. 1997 RFLP, ISSR 48 12 410 4
de Simone et al. 1998 AFLP, RAPD, RFLP 247 for C. aurantium 20 1.000 6
92 for C. latipes 12 600
Ling et al. 1999 AFLP, RFLP, isozyme 337 11 1,026 3
Garcia et al. 1999 RAPD, RFLP, CAPS, isozyme 69 3 7b
Cristofani et al. 1999 RAPD 63 for C. sunki 10 732 8
62 for P, trifoliata 8 866
Roose et al. 2000 RAPD, RFLP. ISSR 156 16 701 4
Sankar and Moore 2001 ISSR, RAPD, RFLP, isozymes 310 9 874 3
Ruiz and Asins 2003 RAPD, SSR, IRAP 48 for Poncirus 10 Ta;,.7b, T
120 for C. aurantium 17
Omura et al. 2000 CAPS 120 9 801 9
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1. NGS ®¥Hl= ol &

<y 2 329 F4A4 5 Y comparative genomics
= ol&% At +& &

AAZA 55054 FAAANSA0A gEAB LA AR W) Aeony

E] Genome DNAZ %2 (NucleoSpin® Plant I kit)3}%lt}.

M1 23 4
Pisa
ﬂlm

B2 YUM F&et
genomic DNA

F=% M#E Genome DNAS AMd #4& $13+9] shotgun paired end (insert size
500bp)¢} Long mate pair (5kb)gtelBejgj& Al#atdly, AMatidyw NICEMS
[llumina/HiSeq 200= ©]& 3%t Next Generation sequenccing (NGS)7|H S.%2 Al Q4]
= A8kl

NGS A& ©|o]E] = bacterial +2] genome?} duplicated read 18] low quality
read$} low frequency readss < #|73li= Raw data preprocessing #1745 %183}
Tt BE AwY A dERws Rl ol €A grd HE A FAA A
He dA7A 3708 theFst Assembly softwaress ©] 830 Contig X (Contig
No, Contigs Length, N50)2} Scaffold % . (Scaffold No, Scaffold length, N50)s <& =
ottt QoA AgE HaE A FKHE Predicted gene FHE EHlstr] &l
AA AHE7F F70E Sweet orangest 7]t E reference® 3}9] Gene predictions
A AT Gene prediction ¥ FH ¥ %52 Gene Ontology w4& &3l +4
A 242re] Vle= wF skt a9 ¥E Al 584 dE= CLC reference
assemblerE o] &3te] T FHAAAT FAALAILANA &7t sweet orange (Citrus

sinensis [L.] Osbeck)2] 4714 QA3} vl 45 AA 3T

1

2. =914 3} RES (glycosylation) ¥ FdAte] 229 2 FAA Vs +
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Be A=Al o, &, e, A, 271 sl @l &wH A=

st ol Ee &, T, el s, dAT S AuH, A W AEE g
Atk olefgt ZEtH ol =o] tiFE Ty dedste] EEhE o]
R o= ZElm Aol (glycosylation)<-

FHQ MEgoln HAE AR wiAT
A o
H

~"

2 FE °F 76709 Glucosyltransferase (GT
o X‘]E_EJ_:[L]—H 2v7y o] GTel U s+
open reading frame (ORF)E A|#eto] @A o FAA4=9] 7s 4 C’ﬂ:rL::L
gt B AFolAE felA Adst 76702 GT F-HdAs & stebs2o delA =+
3t total RNAZYE In-Fusion® SMARTer'™ cDNA Library Construction Kit
(Clontech, USA)E °] &3l = cDNAE T4 &, WH=aE FH4A JRE o] &3sto] A
2hst {2t EO] 2 o] 9l Reverse-transcriptase (RT)-PCR 7|H < ©]-&3to] ¢4
Aow 8/Me FAAe] tist Full-length cDNAE E%49 oFth oldA st #%
A A7149 gl & w2y WEQl pGEX 4T-17 pGEX 4T-3 #H 9 ”‘%J
Az dmds Y. S Axy diEEe] a4 EgEeolE

d

&
5
(apigenin, eriodictyol, kaempferol luteolin, naringenin, quercetin)*é 7] X]E o] -g&-3}oq
HPLC=E #A4st3ith 8719 Fdxks 7149 &4 ddst 6719 #FdA=2 RT-PCR
= Oo&3sto] A WHSFY £4= stk

A A= =) 712 APEA

k)

N
—
(@)
>

o olgl FAM A4 owel, Az9 £91% AAste] 2mM 8HQ (
423 F AA@O A 1043F ol Aeld g, EroE AE

GUAE Sefo|=Fers 919 WAk DAPL GMO% YA AR
e CMA FAstel Yangetel A 1,000 G AFL ¥

Q)

2 1

%
Y o
mE g

:oé

o

of > Y
N
=

jiul
o2
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1%
ol
ol
2
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=
o,
]
Jo
&£
1o
g
)
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i
o
9
s
=
>
)1
)
)
o
ox.
g
1%
2
1o
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N
P
r2
. <
N
krt
)
ox.

3 W e
ERQl] wHl
54 BAo| o]

L’} operon random primer A~O series®] ©

jus)
-

rﬂd Jo 1o
ot
i O_u ﬂllm II.E

Lo R

_

primers % markersE A#7] ]3]

2% OPP~OPZ, OPAA~AP series 6007l primersE pseudo-test cross &l 7]=3]
A screening(UF T 3 ol EAS thE F o] EAHA] ¥ markers A d
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[e)

A4St primers @ RAPD markersell th3l] 22 el A2 Fejefd= E4 skt
712131 RAPD markers®] 2 A3} E JointMaps ©]-83te] AAAEE A3t

mim

5. B} 4u A & ©] &3t gene redundency 7]% data 4]

A=A 2] gene redundency?®l A= fldll =FEA] JHAE AHske] 23]
FABEEBAIIh H2 A e F& ol&3l AEA 7HA A QY 3 HEBEE3
TE)= Agste] miFAE sk B, Ay § A diEel AEsE Ax e A

A A 7HAS B FE 5 AE U2 7HH e A& AFHS v S SN H

FAF 4ujA o] oAl AFE Rl HHF L= S WA 4awjAe] <
Ao oA AFE sy, FIE 54 o %Y W] A=E
.

Bt 4wiA A &S] 9] DNAS CTABY O ® F%3t1l HCIOE A#3te] DNAES #
&gt % gradient HPLCoﬂ °]3t nucleoside chromograme 43l global cytosine
DNA  methylation J =(%){[methylated = DNA  cytosine/(non-methylated  +

methylated)]*100} & =7 3} U}

A2d Fo A72H

Azt Wae FAA s 2 comparative genomics

1. NGS W'HS o] &3k A !
A7 g% 2w

s
S ol &% AMaEe] 7+8

:\o N

A BAe Wa 9o NGS "olHE Haste], FAHE &3 AA Axs Alo)l=
(¢F 350Mb)°] 123 el sl Fst= 43Gbe] A7IAE JHE shotgun paired end (insert

Z3 FHIFY. o)lHA FHI NGS UHlo|E|ZHE| bacterial

o

(i

size 500bp)

11
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genome?} duplicated read 12]1L low quality read$} low frequency readss< |7
3l Raw data preprocessing ¥4 S 133ttt (Table 1). Qna Al raw data?
qualitys A3l 22 Q20> e readE forward$} reverse® %= ™ A7]A
A AAE0] 995%, Q25+ 99.9% ©1F LA|sh= M ARt= st Zlojtt o 3o
A EW Q0] A AE Aol oF e8ufel sidsl 27.7GB , Q259 Wi AE Al
o] ofF 1ol aFst= 25.0GBE] AlFel Ao As & F A HFHow, & I
AAe 2 A oF 6ol gt 27.7GBE ol §ate] WE Alw F4A 4R
= 7=t

Table 1. A5 Azt HE2] 7152 Raw Data 4 2}

DataInfo InsertSize RawData? Step1® Step2° Step3d Filtered Data®
Q20 500bp 42 6Gb 33.4Gb(90.1%)  31.1Gb(73.0%) 27.7Gb(65.0%) 27.7Gb(67.9x)
Q25 500bp 42 6Gb 36.4Gb(90.1%)  27.8Gb(65.3%)  25.0Gb(58.7%)  25.0Gb(61.3x)

= Original raw data that is filtered bacterial genome by ref mapping work.
o For each generation, amount of data after removing duplicated reads.
cFor Step1, amount of data after trimming low quality.

dFar Step2, remained data after removing low frequency reads.

=Final raw data which used for genome assembly.

olgA r¥ WE Aw YEE NGS Cell, Velvet 18|31 SOAPEF ] Assembly =
IS o] &3te] Contig No, Length 1831 N505 < Hli 4] 3ttt (Table 2).
Contig®] 757 A o™ 74742 contig 714 4e] A1, N50o] Attt A AA ¢
71 de] Aol T Aubel] sidsts A7IM DY o7t du= Aot off o %R X
, NGS cell?] Ho|E ¢ A7} contige] 77 7HE A1 N509] ghel 7 =LA
$kth. Total length (coverage)®l 7d-9- Velvet®] 757} 321 Mb&E Fhe AlsAlo] ==

7Hg Akl

Table 2. B}t Assembly 2132 €83 Wa Al dloly 4 A3

Assembly Data RawData(X) Ig:i:f:g?;;‘ #of Contig  N5O Min/ Max
NGS Cell (Q20) 27.7Gb(67.9x) 286Mb 177,699  3520bp  200bp/93,973bp
NGS Cell (Q25) 25.0Gb(61.3x) 283Mb 176,765  347Tbp  200bp/95,023bp
SOAP — 31mer 27.7Gb(67.9x) 495Mb 362,440 3,233bp 200bp/94,117bp
SOAP — 41mer 27 7Gb(67 9x) 495Mb 370,401  2953bp  200bp/126,301bp
SOAP — 61mer 27 7Gb(67.9x) 561Mb 417020  3746bp  200bp/113276bp
Velvet — 41mer 27 7Gb(67 9x) 321Mb 276250  2467bp  200bp/37 527bp

Shotgun paired end (insert size 500bp)} $H7 #|2+ét Long Mate pair (insert size
5kb) Hl°olHE ol AvhE A3 Fdst

WH 0% data preprocessing ¥ < T3
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1 o171 ¢] contigst ©F 318mb2] Als FAYE 183 3kbe N50s= R3S
= % AYd 7 contig® Zoli= 112kbd =3, HF contig®] doli= oF 1.5kb=
2 5] %E} (Table 3).

A FAERE YERY] 918l gap closings 2] WHE o]&ste] F 7ie] H
o|E| & 3}‘/}«] A JRE FEstY] scaffoldE WHEUTH oleldt d¥e AAFS
d 20,8187 9] scaffoldE R3S ol WA TF Alw Ato]=e] oF 92%¢] 3
Fote 321Mb/] FAYRE YA TE o] scaffoldES w43t A3} oF 61kb™ =2
N50= &R1star, Al 31 Afo]=9] scaffolde= ¢F 1.9MBE YEFREO ™, 33 15.4kb
o] Heolg 740% g 2=l AA G712 FE 32IMB T °F 4.5%<
14%7F o717} Al ollgQl NOo& FRI¥ Tt (Table 3). ole|gt A= dx H 7 A
AE7F F70E sweet orangeol X UERE N HIE (oF 20%)Rth dds] A2 ko
2 YERsH

ol

ol

Table 3. ®& A% 2] Shotgun paired end$®} Long Mate pair -4 2}

No Length N50 Largest Average N's No
Contig 213,214 317,645,963 3,060 112,382 1,490 14,948,666
Scaffold 20,818 321,419,687 60,719 1,875,194 15,440 14,477,504

Al ol ZF-E CLC reference assemblers ©|&3to] 7H=
FAAAT FAHR LA DAA F 7N sweet orange (Citrus sinensis [L.] Osbeck)$] 7
w o AAe vln EAS A Ay, & J_’erﬂ ol g W Aw FAA=
sweet orange®] °F 98%% & '}X]EPE AOoRE FFEY. a1 ¥E Aw F4
9} sweet orangeE‘r/] H] 1 3l o] }o] GNP AHRE old 2= 919
t}. SNP2 FEE Insertlonf’/} Deletion type°] 217} 13Rb7] 9l 18%H7l A== e
or, L‘rtﬂxl 39 14 %7l 4 E=+= Difference type® = Hof A3l Tt (Table 4).
g WHES SNP dHE A2 AT et 279 @43 AEw Ao gt A
e Aot EFE ARRE o] Thed JlojTt dddH.

N—"
o
i)

o}

Table 4. & Ay FAAZ5E H3I SNP FH

Total SNP No 3,438,414
Insertion 130,387
Deletion 182,717
Difference 3,125,310

SNP Frequency 102

2= A A NGS WHS O] stod Az WaEo] Als A JREZFE o7&
9} sweet orange®] FHA JRE V|Woz WHE {fHAA FHE ATt (11‘5
HF o ] =

1, Table 5). Sweet orange® 7] P AAS s AR, AA AR e o
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49,0009 = YEelor FHAA HAA doli= 49MBYF H+ A & & QT AdA
FA7e] H dol+ 1,011bp= AU 714l Fdx JRE 7o s HA

el 9ISlT 945bpel WF fAA AolE ze Zo® vt

File

OIS |
AT} HIE

Sweet Oranget2] |
FE HI

719 1. Sweet orang®} °f71FTHe FHA JRE VRto R 5 WE Awe 4
ZF A X (http:/ /ngs.snu.ac.kr/cgi-bin/ gb2/gbrowse/cp/)

Table 5. Sweet orang®} °N7]d o] FHx JRE 7|Wo =z o BHE Aw 24 4%

Program Augustus GlimmerHMM
Training Model Citrus sinensis Arabidopsis
Gene No 49,005 46,651
Gene Length (bp) 49,568,185 44,090,469
Average gene Length (bp) 1,011 945
Gene Density (bp) 6,559 6,890

WeE Al dolHeld AME #FH8A5° Gene Ontology (GO)E  Cellular
Component, Molecular Function 123 Biological Processs 2] 17O UFojA &
At Ay 9 20014 29 40 ZAEO] Ut} Cellular component category ] 73 -5-
(¥ 2), cellZ} macromolecular complex®l EA|8l= A= sweet orange9}
clementina®] H]E&o] H|Zetd, WHEHS A= @A UEbdth o] 8= 22l organellea

9} extracellular region, “12]3l membrane-enclosed lumen®] 73-¢- W =o] 7} =7

LEFLFIL sweet orange$} clementinat R WUERE ZO0®E HT

14
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Cellular Component

synapse
membrane-enclosed lumen
macromolecular complex

extracellular region

organelle

cell

-

0.0% 10.0% 20.0% 30.0% 40.0% 50.0% 60.0% 70.0%

Clementina M Sweetorange B HHzZ

19 2. Cellular Componentell &3t Ha AlFe Fdx2] +3

Molecular function category®] 7d-¢- (¥ 3), catalytic activity 2} binding®ll ¥ofshi=
TAAE AAG 80%E AHA Sk whdel um A 52 @ol EAEHA e Zlow
Helth o]#lst A¥i= catalytic activity$} bindingoll #ofst= ko] A7 o &
Qs Ao B}

Molecular Function

metallochaperone activity i
nutrient reservoir activity
enzyme regulator activity
electron carrier activity
antioxidant activity
molecular transducer activity

transporter activity

structural molecule activity

catalytic activity

e
binding _

0.0% 10.0% 20.0% 30.0% 40.0% 50.0% 60.0%

Clementina ™=Sweet Orange =2

71 3. Molecular Function® &3t W& A9 219 +3

Biological process category®] 7d-%- (ZL¥ 4), metabolic process$} cellular process]
7% clementina®} sweet orange:= "¢ o] XEFEo] Q=HARE HIAT sHA R, WE
o AY vE FY 40%% AAETE Immine system process, reproduction,

multi-organism process, multicellular organismal process, 12|31 developmental
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processi= 'Y HF0] sweet orange?l clementina HT} %& FXEE Ho|al gty HREA O
-
Ry

2 W= A9 EE biologocal process’t ILEA L3}t

Biological Process

cellular component biogenesis
death

immune system process
localization

cellular component organization

reproduction

multi-organism process
biological regulation
multicellular organismal process

1
metabolic process
developmental process

cellular process

response to stimulus

0.0% 5.0% 10.0% 15.0% 20.0% 25.0% 30.0% 35.0% 40.0%

Clementina ™ Sweet orange ™ &=

719 4. Biological Processoll <3 W A5 FAAe] #3X
2 A A= 1xpd x| A&t short-read (500bp)et mate-pair (5kb) z}o]H ] g
] s

°|| 200bp, 600bp short-read®} 2kb mate-pair 2to]H. 2] 2] F7}2Q1 A= 4 A]A

o a9 58} Zo] 279 S Ze 2HEze FEHE Ze Aoz yeiwn oy st
Ao AHEE W AEo] heterozygotedtThi= A& HolF+= 3t ot

rl

16
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1ol 19 59 &2 A¥E Heksto] By FAUst ¥E Aw A9 = #E
12hd S ef] A &gtk short-read (500bp)$} mate-pair (5kb) 2ho]B.2lg] 2] 200bp, 600bp
short-read2} 2kb mate-pair zto]B 2] F7FAQl Az W A|gA] #4S HAAJsta
AUtt o]F 7]E9] grelugglel AfEA AFE ol e F7} A3E F8

=t

Hop Jdsty % =2 HE genome AL AFS HXE Skl 9l

2. =9 543} (glycosylation) ¥&d 2o 2= B FAA V5 24

L HgAA AZE W22 Als DNA A4 Jre] Jed 94 €84S glsta,
& A2 T=ZS fste] oF 76712 Glucosyltransferase (GT)« ©l]
7194 ARE B4 st O dFEY GT #3aA A 3%

o
= AEstsl o (Table 6) 7+7He] full-length cDNA 99& €= F &
A zgtolm & A &St
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Table 6. PSPG box$%} &Ado] =& W= 3 GT 44

No S M X}H scaffold 9| X| Zo| No S M X}H scaffold 9| X| Zo|
1 GT3363(mRNA 13728) | scaffold3363.1:17814..19304 1491 25 GT209(mRNA 32503) scaffold209.1:52441..53877 1437
2 GT3591(mRNA 14519) scaffold3591.1:6944..8533 1473 26 GT612(mRNA 42811) scaffold612.1:78159..79604 | 1446
3 GT2282(mRNA 9149) scaffold2282.1:194..1660 1467 | 27 GT7(mRNA 32606) scaffold7.1:456259.457677 | 1419
4 GT285(mRNA 35033) scaffold285.1:95134..96555 1422 28 GT86(MmRNA 26359) scaffold86.1:36900..38426 1527
5 GT259(mRNA 34201) | scaffold259.1:61434..62843 1410 | 29 | GT433(mRNA 38845) | scaffold433.1:104466.106001 | 1536
6 GT1669(MRNA 5139) | scaffold1669.1:42601.44028 | 1428 | 30 | GT734(mRNA 44846) | scaffold734.1:72654..74165 | 1512
7 GT150(mRNA 30327) | scaffold150.1:184364..185740 | 1377 31 |GT209-2(mRNA 32508) | scaffold209.1:77526..78748 900
8 GT173(mRNA 34037) | scaffold173.1:16569..18230 1365 | 32 | GT886(mRNA 46486) | scaffold886.1:31317..33566 | 1029
9 GT676(mRNA 43569) scaffold676.1:24282..25805 1524 33 | GT7434(mRNA 21629) scaffold7434.1:1073..2429 1182
10 | GT4851(mRNA 17772) scaffold4851.1:5861..7348 1488 34 GT1888(mRNA 6815) | scaffold1888.1:20651..22299 | 1302
11 | GT129(mRNA 30071) | scaffold129.1:81358.82830 1473 | 35 | GT279(mRNA 34915) | scaffold279.1:44596.47036 | 1431
12 | GT150-2(mRNA 30328) | scaffold150.1:187475..188851 | 1377 36 | GT279-2(mRNA 34917) | scaffold279.1:49904..51929 1446
13 GT1736(mRNA 5871) | scaffold1736.1:35598..37085 1488 37 GT315(mRNA 42294) scaffold315.1:9084..11195 1224
14 | GT212(mRNA 33804) | scaffold212.1:141768..143258 | 1491 | 38 |GT433-2(mRNA 38846) | scaffold433.1:113573..115139 | 1299
15 | GT2457(mRNA 10035) | scaffold2457.1:27697..29205 | 1509 | 39 | GT629(mRNA 43496) | scaffold629.1:20526.22190 | 1404
16 GT1884(mRNA 6830) | scaffold1884.1:36347..37861 1515 40 | GT629-2(mRNA 43493) scaffold629.1:1143..3368 1209
17 | GT2457(mRNA 10034) | scaffold2457.1;17847..19325 1479 41 | GT629-3(mRNA 43495) | scaffold629.1:14418..15969 1407
18 | GT3292(mRNA 13525) | scaffold3292.1:11764.13233 | 1470 | 42 | GT1993(mRNA 7436) | scaffold1993.1:20695.22683 | 843
19 GT848(mRNA 45964) scaffold848.1:33598..35052 1455 43 GT589(mRNA 41903) scaffold589.1:4498..8307 1728
20 | GT3257(mRNA 13451) | scaffold3257.1;11999.13832 | 1470 | 44 |GT848-2(mRNA 45965) | scaffold848.1:36359.40325 | 2010
21 | GT8424(mRNA 22559) scaffold8424.1:1..2553 1827 | 45 |GT589-2(mRNA 41902)| scaffold589.1:3292.3963 672
22 GT3(mRNA 34831) scaffold3.1:930603..932057 1455 46 | GT315-2(mRNA 42293) scaffold315.1:5992..6507 516
23 GT1230(mRNA 1768) | scaffold1230.1:46378.47805 1428 47 | GT612-2(mRNA 42813) | scaffold612.1:85477..86037 561
24 | GT124(mRNA 31230) | scaffold124.1:100374..101237 | 864 48 GT96(MRNA 30938) | scaffold96.1:109340..111643 | 1539

Table 63 2ol 48709 Add /A T AAHcz 8/ F3A (GT3363,
GT3591, GT2282, GT285, GT259, GT1669, GT150, —12l3 GT173)°llA Full-length
cDNA @714 g2 &t aitt (Table 7).

Table 7. 87 GT-+& A2 nucleic acid®} amino acid AFo] =

Az ol & nucleic acid amino acid
GT150 1377bp 459aa
GT1669 1428bp 476aa
GT259 1410bp 470aa
GT285 1422bp 474aa
GT173 1365bp 455aa
GT2282 1467bp 489aa
GT3363 1491bp 497aa
GT3591 1473bp 491aa

chala wke] WE Q] pGEX 4T-13 pGEX 4T-3 4|

°
4 5 A duds ST A deEe] WS gl o] Ax
o dMAE] aAEdS thYgE flavonoid 714 (apigenin, eriodictyol, kaempferol,
luteolin, naringenin, quercetin)® HPLC W& ©]§3lo] 4] &3t
Naringenin?} Quercetine ©]&3F &4 €4 4 ZA3, GT3363, GT173, 11l
GT2859] 7B-% F 7He 7|AelA EF &4 Hol= Za & & & ek 1% 5
o EO]'—/::O] GT3363(B, E)] 7d-¢- naringenin?} quercetin + 7§°] 71d R5F wj$- =
< 45 Uehdll= o ® Hth naringenin(A)> EgtHolE 7-0-= 8 ZAFO| &=
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(OF AAtst= A2 7]dolH, quercetin(D)> ZetH o]t 3-O-= 8 ZAFO| E(F)
= Aabsks Ad A 71" ot

Naringenin Quercetin

19 5. GT3363°] HPLCAEA 4
(A) naringenin (B) naringenin® ®Fg A& (C) naringenin 7-O-glucoside (D)

quercetin (E) quercetin®] Wh3 A= (F) quercetin 3-O-glucoside

=
>
rlr
N
ki
Flo
it
o,
o
W
o
=

GT173% GT2852 7%
.]

745 GT3363°] H]3ll quercetin(D
1}, naringenin(A)< €4 ©|

orstA Uehts AE AT (19 6).

Naringenin Quercetin Naringenin Quercetin

W= . = ":(2}? A o gl

1% 6. GT173(1)¥} GT285(2)°] HPLC-A] 4 7}

(A) naringenin (B) naringenin® ®h-& A& (C) naringenin 7-O-glucoside (D)

3 LB T S SR T

quercetin (E) quercetin®] ®Hg /4% (F) quercetin 3-O-glucoside

GT3591 7 GT2282% naringenin 7-O-= 8 FAFo] oAl FUsHA wl¢- okt A4S
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1R, g 7). Ay o7 F FHlAE W vt g S
el Aoz Hol=d 1 olfFE 7|4 #4% & GT FAAE BTt o] & A}
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ol PCRE 33 F 4 T o= 3 Welnt SAst APHctel A 2] 5= DNA
markersE 4/ (pseudo-test cross strategy)sti= primers?t DNA markersE screening
sttt A% 24070 primers screeningdt®] 377 primers % 717 DNA markers Al
W oolE, 3d%E F7FE 60071 primersE screeningdto] 277 primers % 397 DNA
markersE AW oM (3R 1), HF ALS 6470 primers ©] &34 967] vl Ay L]
DNAE $%3til RAPDE 8 Fel Slrh

3 1. Operon random primers®| screeninge &% 2] DNA markers®] Al

=z2kolm A e okA
OPA—-01 — 20 OP A 2—1,000: 600; 500: 350
OoOrPB-01 — Z0
OPE—al - Z0 OPF 14—-1,000/ OPF 15-2,000: S00/ OPF 16-520: 400/ OPF 9-3900
OPG—-01 ~ 20 OPG 12-800/ OPG 19-1,400: 1,050: 400
OF'[-I 1=-700/ DPI—I S=1. 000 400/ DPH 4-1 050 480/ OPH &-2,

OPH-01 — 20 a: 1,200: 0 OPH Z00: L0000 950/ DF’H 12— 950
250/ 0P 14700/ OPH 16850, OPH Z0-980; 750 460
OPl-01 — 2o |OPI 4—1.050: 700: 600; 500/ OP1 8—2,400; 2,000 1, 200: 500: 400/

OPIl18— 1,680: 480

it _ OPJ 1-9807 OPJ 2-700/ OPJ 4-2,980: 2,000: 510/ OPJ 7-1,000; S00:
oPJ-01 2o 400/ OPJ 9-1,800; 510/ OPJ 14— 1300/ OFJ 18-1.,80

OPK =01 = 20
OFPL—-01 — 20 OFL 4—480/ OFPL S-4385/ OFL 6&-— 480
oOPM—-01 — Z0 OPM Z3—490

oPM-—-01 — 20

OPO-01 — 26 |OPO 2-1,200: 700/ OPO 6-700/ OPO L2500/ OPO 12-600: 400/ OPO
ie—400/ OFPO 17-600/ OPQ Z0-600:
OFF-01 — 20 |OPP 6-800

oPQ—-01 — 290 OorPQ Z0—200: 1,500

OPR—-01 — Z0 OPR 1-1,000/ OFR 7-1.,200/ OPR 9-400: 1,500/ OFPR 12-500
oPS—-01 — Z0

OPT—-01 — 20 OPT &-700/ OPT 9-1.,500/ OPT 12—-800: 1,200

QPU—-01 — 20

QOPV—-01 — 20 OPY 11-750/QPV. 12—-300/ QPV 14-—600

OPW —-01 — 20 OFW 6-=1,000: 1,300

OPX—-01 — 20

oOPY—-01 — 20 OFPY 10—500: 900

lopz-01 —~ zo OFPZ 10-800/ OPZ 19—-300

OPAA—-01 — 20 |DPAC 19—-3200/ OPAF 1-900; 1,200/ OPAIl 17—400: S00: 2,000/
= OFPAQ 19-950/ QPAFP 2-200: 1,550: 2,050/ OPAP 10—400/
OPAP-01 — 20 JOPAP 12-1,000

#4070 6470 promers € 110 marhkers

RAPD-#4] ¢kE % DNA markers® 8 HJEE A2t ¥ JoinMapl = 7| xAH
AeE s A% RAPD marker 79 Agto = 97 440l St ABA =S
SHATHLH 4).
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gz sAwed fEE 98 2FEde] 7HHE ZHske] =330, 0.2,
m X 6h, 12h, 24h) A 2] % ®A}o] F=(54 shoots with 3 buds)ste] Az A%
< FE3 o AlE A" U2 79 & flow cytometry®E A5 o, vl A
£ H58HA Feith sk ad AEA 7HA9 w(bud)el AA #3101, 0.2,
0.4ppm>1h, 3h, 5h)& A& (F 189 buds)d F 7FAGS st A4S Fol Sk
F5 AE A2 o= flow cytometry® 2418 O U, ARIAIZE FRE A k2 A
o7 FAEAH.
4 Bz B FAE FE & FER
cytometry 415 E3l At 14712 4ujA] ®HAp 2
o]

Aetolnt, dMA BAAF o)A 7 Q= 2n=36 A=

o] @MAl= CMA Y 245 T8 EXU\}HHX]
S 2AEA 28y WHolx= AdE XA nir)SE, %
E o], 54 Aol o], F7hE Fd 54 _7127\}
20 A ®ARe] CMA
2 ° i o3 AW
402 BA2] Giemsa 4 91 12 A1 (4B+8D+6F)
TO9 4 "] ANA 24
A Aol e 28 E Wol7t chromatinremodeling A7} QU&=A] of F-
= #elst] —?43]'01 gradient HPLC -2 £]3F global cytosine DNA metylation

percentE wA(2H 6)stA =T, 64~17.6% WHWAZA 7HA] ZF methylation =0 ¥
o] 7} &) O]-,iEUﬂ, AFSt 14704 F A Rko] oA 9] methylation 4.8 ~7.2% 3 B]iL

g o 28 o]Fs YEFIL 3lo]A gene redundencyE E°]7] 9gt Zo®E Hopxith
(% 2). =3 o]Zlo] 411, branching, 8857, X”P% TEA Ao, VIFHE, 3R E
59 Bd¥ Wol7l methylation?} #A| = A oR F4 = o] X

26

IP:14.49.138.138, 2017-11-02 16:21:09



my
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0o 25
Peaks ID#
1
2
3
4
5
6

Name

C
5m-C
G
A
7

so 75 100 135 min
Ret. Time Conc. Area
2.885 75um 730153
3.448 75um 561060
5104 75um 149701
7.008 75um 476642
8.637 75um 371035
11.957 75um 347461

Standard

sample

19 5. Methylation 4]

3E 2. A 4vfA A=A FEdE 2 global cytosine DNA methylation ¥

Photosynthesis ~ Global cytosine
Tetraploid accession no. rate (umole =~ DNA methylation = SPAD value
CO»m™>s™) (%)
1 20.940.6 7.140.6 60.0
2 19.940.8 14.140.7 71.0
3 20.0+1.1 7.741.7 55.8
4 18.740.3 7.64).7 74.0
5 19.240.7 8.040.5 54.9
6 19.140.6 7.840.7 66.1
7 20.840.7 12.74).8 76.0
8 20.140.8 6.540.6 61.6
9 19.340.5 13.440.1 72.0
10 19.240.2 6.44).7 65.1
11 19.740.5 14.540.8 59.8
12 16.540.9 15.040.5 49.5
13 17.940.7 17.612.4 58.1
14 19.440.5 13.740.4 46.4
Control 1 (diploid) 17.540.6 6.140.4 64.0
Control 2 (diploid) 20.340.3 4.840.5 67.4
Control 3 (diploid) 19.3H).6 7.240.6 68.9
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Z2 F8A o5 7 =| = M= ey 2 "HaE F8A, ILU = 120110 |
“ ol DB 7% AME| BN | 552 oipEch WAIZ) dME| oy |5
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