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SUMMARY

I. Subject

Cultivar identification of garlic and chinese cabbage by DNA polymorphism

and microsatellite DNA.

II. Importance and objectives of the research

Garlic (Allium sativum L.) and chinese cabbage (Brassica camppestris subsp.
pekinensis) is important crops in Korean agriculture. Despite of its economic and
social importance as major crops, its genetic background is poorly understood. Garlic is
not as yet established as a cultivar but regarded as a regional stock. A variety of
cultivars for Chinese cabbage is bred but its genetic information of individual cultivar
is not well established.

DNA fingerprinting methods (RFLP, AFLP, SSR and Microsatellite DNAs)
have been shown to be quite useful to identify subtle genetic differences among closely
related organisms for which typical phenotypic approach could not be applicable.
Attempts have been made to distinguish regional cultivars of garlic and cultivars of

Chinese cabbages each other on the basis of DNA polymorphism.

III. Research contents and scope

1. Regional cultivar identification of garlic by DNA polymorphism
1) Search and cloning of variable regions in chloroplast, mitochondrial, and
genomic DNAs

2) Analysis of variable regions in chloroplast, mitochondrial, and genomic

DNAs @ PCR/RFLP and DNA sequencing
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3) Genetic variation analysis

4) Investigation of DNA polymorphic marker

2. Characterization of the microsatellite loci of B. campestris

1) Identification of sequences and structures of the microsatellite loci

2) SSR analysis about B. campestris

3) Identification of DNA polymorphism and selection of markers

5) Comparison of sequences between polymorphic PCR products

6) Identification of the relationship among chinese cabbage (B. campestris),

cabbage (B. oleracea) and turnip (B. rapa) using SSR analysis

IV. Research results

1. Regional cultivar identification of garlic by DNA polymorphism

1) Analysis of chloroplast DNA polymorphism in garlic

To find chloroplast DNA polymorphism in different regional cultivars of garlic,
we carried out PCR amplification of variable regions, PCR-RFLP analysis, and AFLP
analysis. PCR primers were designed from variable regions in tobacco plant obtained
by comparative sequence analysis among chloroplast genomes of plants in Genebank

Database

(1) PCR amplification of variable regions

We examined the PCR fragment polymorphism with 7 primer pairs for variable
regions such as rpsl6 intron, rpsl6-trnQ, psaA-trnS, trnT-trnL, accD-psal, psal-petA,
and rpll6 intron among Danyang (Korea), Aomori (Japan), Beijing (China), and
Elephant garlic (Allium ampeloprasum). The results showed that Beijing garlic
maintained distinct pattern from that of Danyang, Aomori, and Elephant garlic which

showed the same polymorphic pattern each other.
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(2) PCR-RFLP analysis

PCR-RFLP analysis was carried out by PCR amplification and digestion with
Sau3Al or Msel restriction enzymes. The result showed that the Beijing garlic
showed difference in various PCR fragments such as rpsl6-trnQ, accD-psal, trnT-trnL,
whereas Elephant garlic showed different fragments in psal-petA, rpsl6-trnQ and
trnT-trnL in chloroplast DNA.

(3) AFLP analysis
AFLP analysis was performed with Aomori and Danyang garlics used
E-0/M-G, M-A, M-T, M-C primer pairs. But the result showed that polymorphic

fragments were not detected in the gel.

2) Analysis of mitochondrial DNA polymorphism on garlic plants

To find a mitochondrial DNA polymorphism, PCR amplification of coxI, coxII,
coxIll and nad3 coding regions, inverse PCR amplification of non-coding region and
cloning, and AFLP analysis were carried out. Those regions were selected by
comparative sequence analysis among mitochondrial genomes of plants in Genebank

Database

(1) PCR amplification of coxlI, coxIl, coxIIl and nad3 coding regions

Five garlic cultivars (Beijing, Namhae, Uisung, Aomori, and Jeju) were
analysed by PCR amplification in coxl, coxIl, coxIll and nad3 regions. In coxI region,
the same fragments of 1.3kb were amplified from 5 garlics. In coxII region, the 500bp
fragments were amplified from 5 garlics as well as from Arabidopsis and chinese
cabbage. In coxIll and nad3 regions, 0.7kb fragments were detected. Those results
show that the polymorphism was not detected at coxl, coxIl, coxIll and nad3 coding

regions among 5 garlic cultivars.

(2) Inverse PCR of non-coding regions and their molecular cloning
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To investigate non-coding regions, mitochodrial DNAs of Gohung, Uisung, and
Nambhae garlics were digested with HindIll, BamHI, and Xhol restriction enzymes. The
digested DNAs were self-ligated. Inverse PCR was performed to find polymorphic
fragments at non-coded coxI, coxIl, coxIIl, and nad3 regions.

After inverse PCR, cloned fragments were sequenced and compared their
information with others in the Genebank. Even though cloned DNA fragments were
matched with nad3, rpsl2, and coxIl regions of onion, their structure and nucleotide

sequences of Gohung and Namhae garlics were not different each other.

(3) AFLP analysis
AFLP analysis was performed with Gohung and Namhae garlics. The primers
were used E-A - M-0 primer pairs. The result showed a polymorphic fragment of 200

bp in Gohung garlic.

3) Analysis of genomic DNA polymorphism in garlic plants
In this study, we carried out sequence-tagged microsatellite site (SETMS)

analysis, AFLP DNA fingerprinting, and inverse PCR amplification of variable regions.

(1) In AFLP experiments

12 AFLP primer pairs yielded polymorphic fragments between garlic cultivars
foreign and domestic. It is notable that selective primer pairs determines a key role to
yield the polymorphic patterns. These results suggest that Domestic cultivars came

from a specific origin and splitted into various regions in Korea.

(2) In SETMS experiments

AMS primers produced significant differences in their polymorphic patterns
among 7 garlic cultivars. Genetic similarities between the garlic cultivars were
estimated through the tree program of NTSYS-pc in SETMS analysis. The garlic

cultivars tested were divided into two major groups; foreign cultivars including Clossal
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and Lasoon, and domestic cultivars at the genetic similarity of 0.61. Foreign garlic
group gave different patterns of polymorphic fragments all over the denatured
polyacryamide gel. This result indicates that Korean garlic cultivars are closer to each

other than foreign cultivars in genome structure.

(3) Inverse PCR amplification of variable regions

In order to find polymorphic fragments in the variable regions, inverse
PCR/Southern blot analysis was performed. The polymorphic fragment was isolated
from PCR product used AMS23 primer pairs (145bp Figure 4-7) in Yecheon garlic
plant. DNA sequence was determined and then designed TAMS23 primer pairs. To
perform inverse PCR, total genomic DNAs digested with HindIIl restriction enzyme,
self-ligated, and amplified each DNA (Clossal, Lasoon, Danyang, Yecheon, Hongcheon
garlic plants) used TAMS23 primers. The Yecheon PCR product (991bp) was isolated
and determined nucleotide sequence. The Southern blot analysis inverse PCR products
were hybridized with probe of Yecheon PCR partial product(745bp). These results show
that Korean garlic and foreign cultivars are similar to genomic structure in variable

regions.

2. Characterization of the microsatellite loci of Brassica campestris

1) Isolation of the microsatellite loci of B. campestris

Microsatellite loci consist of mono-, di—, tri-, tetra— or penta—nucleotide units.
Microsatellites are abundant in the genomes of higher eukaryotes and hitherto
considered as "junk DNA”. Variation at these loci, so called simple sequence repeats
(SSRs) or simple sequence length polymorphisms (SSLPs), is co—dominantly inherited.
The loci are highly polymorphic. Once the loci are characterized with primer sequences,
assay is easy with PCR. The uniqueness and value of microsatellite arises from their
multi-allelic nature, co-dominant transmission, ease of detection by PCR, relative

abundance, extensive genome coverage and requirement for only a small amount of
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starting DNA. These features have made them valuable tools for many purposes, e. g.,
in population genetics and ecology. The isolation and cloning of microsatellites of plant
was first performed with tropical tree species. Poly(A/C) and poly (A/G) dinucleotide
repeats were detected at a frequency of 5¥10° to 3%10° per genome with A/G repeat

motifs being more frequent than A/C.

(1) Screening the genomic library of B. campestris

For this purpose, two AG/CT-motif microsatellite loci from A. thaliana were
selected and amplified by PCR as a probe for screening. Using this probe, screening
the genomic library of B. campestris was carried out by plaque hybridization. Thirteen

genomic clones containing AG/CT-motif microsatellite DNA were isolated.

(2) Restriction enzyme mapping and sub-cloning

To identify sequences of screened microsatellite DNA clones, selected genomic
clones were sub-cloned into small sizes. Using various restriction enzymes, we
determine the restriction enzyme maps of screened genomic clones and the smallest
size of positive fragment after DNA gel blot analysis. Then the fragments were
sub-cloned into pGEM3ZF(+) vector. We called these positive fragments, 1BH, 1BSc,
2HE, 3H, 4Xb, 6Sc, 7Sc, 10ESph, 11Sc, 12HK, and 13EB.

(3) Sequencing of the isolated microsatellite DNA clones
Confirming the positive clones by DNA gel blot analysis, nucleotide sequences
were determined. As expected GA/TC repeat sequences were obtained in all positive

fragments. Also we could get A/T, AT/TA and TAAA/ATTT-motif repeat in addition.

(4) Designing of the primer sets for amplification of microsatellite loci
Nucleotide sequences of the flanking region of microsatellite are known to be
conserved. Therefore, we could design the primer sets to amplify microsatellite loci

from the flanking sequences.
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2) SSR analysis about B. campestris

(1) Isolation of the genomic DNA of B. campestris

To test that those primer sets are useful as markers of crossbreeding, we
collected 13 F1 hybrid seeds and their paternal and maternal lines of B. campestris.
Genomic DNAs were prepared by using the DNeasy Plant Mini Kit produced by

Qiagen Co.

(2) PCR amplification from genomic DNA of B. campestris as a template
By wusing primer designed for microsatellite region, locus specific PCR
amplification was carried out and its products were analyzed by Meta-phore agarose

gel electrophoresis.

(3) Identification of polymorphism and selection of markers

As PCR reaction was carried out from genomic DNAs of paternal, maternal
and F;-hybrid, the polymorphisms identified were applied as a marker for cross-breed
ing of B. campestris. Molecular cloning and identification by nucleotide sequencing

were followed for C/T microsatellites in B. campestris.

3) Comparison of sequences between polymorphic PCR products
We also performed nucleotide sequencing of polymorphic PCR products and

elucidate the polymorphism was caused by the number of AG/CT repeated motif.

4) Genetic relationship among Cruciferae by SSR analysis

To determine the genetic relationship among chinese cabbage (B. campestris),
cabbage (B. oleracea) and turnip (B. rapa), all belonging to the Cruciferae, SSR
analysis was carried out with primer sets of B. campestris. The result showed that B.

oleracea is more closely related to B. campestris than B. rapa.
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nhs v A7 984 ATl AFEE E coli 5= MC1061, INVaF’'. DH5a &
S A3t a, AF a2 DNA ligase, RNase, Agarose 52 promega % Invitrogen 3]A}
o] AJ2kS A&l e, Oligonucleotide % PCRe| ##¥®  Tag polymerase,
AccuPower™ PCR Premix $< Bioneer A} A &S AL&3l9ch 1 9 o8 71#] §7]14
o B Ak Merk ARl A oFES ARESFATH AFLP 2@ 7]l AHS® Aok AFLP
Analysis System Kit"™ (Gibco BRL) A¥F& AHgstda, WAA €9 9% [a7P]
dATP, [v-"PldATP9} Southern €43} ¥Wg< $3 nitrocellulose 2 nylon &
Amershamol A F+¥3d ey, &3 DNAS 757 $3 random primer labelling kit
(Prime-a-Gene System)< Promega®l A#& A&t Subclonings 93t
plasmid vector®Z:= pGEMS3Zf(+)& Ab&stdd. =L 99 A k&2 Sigma Chemical
CodlA Fdsto] A&ttt viso ddAE= AHEHE Colossal (W= A< AujF),
Lasoon (El=FA]9 AulF), % (Spain YA A9 AulF), 54, Z78vts (Allium

ampeloprasum), &<, g, B3, 1%, A, oA, <k Y T rieEES TYEA A

FaolA Repwel ATk WMF FEL BT ANt T AvUzelA B o}
AHg-3H9)

Govhs 9%, mERsdel 8 As 2o

A=A Ay MEZ=gol AEE Percoll-gradient ¥ (Jose M et dl,
1998)& o] &3t Eystg e ntEs 3 Al DNAYE Ultracentrifuge-CsCl gradient W
(Sambrook et al, 1989)% o]&3sty FEEstFu. WIF(B.  camppestris  subsp.
pekinensis)®] genomic DNAX (Shure et al. 1983)¢ Wy o g Eysgrt 2¢ o o
S AA Hie A FA Zold F 50 ml cap tubeo] %7 7 ml® extraction

buffer (50 mM Tris/8.0, 10 mM EDTA/8.0, 100 mM sodium chloride, 1% SDS, 10
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mM B-mercaptoethano)E A 7}3 & 65Co| A 10E7F incubation A ATF. 25 mlY
5M potassium acetateE F 7}t A Sl A #H A3 158 incubation A7l & 47T ol A
8000 xg = 15%3F A Fested A AT AS T isopropanol¥} 4] o]
nucleic acidE FAAATE 4Tl A 8000 xg & 1027 YA EEse] A& DNA
pelletS 80% ethanol® washing 3 & 5004 ¢ TE (10 mM Tris/80, 1 mM
EDTA/8.0)9l =% t}t. o] 2 phenol/chloroform® chloroform extractionS A% % 50
w9 3M sodium acetate ¢ 500 p¢ 2] isopropanols A 7}dtel DNAE thA] A A A
A 44 Z8dtel 22 F 80% ethanol Al H & 714 200-300 xte] TEl =3ith. of
713N (A.  thaliana)®l 75 <Fte] FAHE CTAB (Cetyltrimethyl ammonium
bromide) buffer [(2%(w/v) CTAB, 14 M sodium chloride, 0.02 M EDTA, 0.1 M
Tris/8.0, 0.2%[v/v] B-mercaptoethanol] S ©¢]&3}¢] Saghai-Marpoof (1984)2] HIWH ©
2 60Tl A 307t incubationdl= WS A& U

t}. E coli ¢ v

E. coli DHbae YEwWEHl FHdx9 Mzgd F Az

o

ol ARESEA 2L
XL1-BLUE MRA(P2)+= plaque hybridizatione 93t phaged #9 &F=2 ALE3t3

t}. o] 52 LB i # (10 g peptone, 5 g yeast extract, 10 g NaCl per liter), 37C %
Ao A wigstelem XL1-BLUE+ 10 mM MgClLet 0.2%(w/v) maltoseE # 7}kl
o}, A wiRANA E colis wiAdE Ao+ agars: 15%(w/v)7F HEE 7Sk
Abgstdt. EHE =55 AdE3] FAA ampicillin® 50 pg/ml, tetracycline<
12.5 pg/mlo] H X2 wijxo] Hrbs] FJa A wjA e AS o v F = A}
gttt F2Y oAFE FA7] fHA color testE AlBEE A5 LB wiA o =

0.004% (w/v) X-gal® 0.1 mM IPTGE #H7}3l< o}

2}. Plasmid DNA<2] 3

Plasmid DNAE 44 % alkaline lysis ®'% (Brush et al., 1985)°] 23l &
gatgom, el £43 DNAE 97 939 PEG HAW (Sambrook et al,
1989)& AF&-3F
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vl AFLP % STEMS 4]
nhse] AFLP 2@ 350 ng © & AlES EcoRl ¢ Msel Algtaiz 8217 4
Gt o o] AMES 70 CToA EZAI3ZE Al7|a, o] AEES site—derived adaptere}f
37 T4 DNA ligase® 16 CollA w2 AAT o] 2252 AFLP™ Analysis System
Kite] ¥ o] we} pre-amplification primers®t PCR 3t om, o] A2 [v-*P]dATP

k-2 A1 71 & selective amplification primers ¢+ 7] PCR S&4-2& 33tk o2

Q
2
>,
T
olo
il
il

© 6% polyacrylamide®] 719 % & X-ray filmoll A7} HAMA A & A
HAHAES BAEAn o8 dHEE NTSYS-pe (version 1.7 Exeter software; Rohlf
1993) program ¢ UPGMA (Sokal and Michener, 1958)& A}-&3&}o] 2245191t}

E3 STEMSO 282 30 ng ¢ & Axe FYo2 s [a-"PHATP
dNTP (250 pM)<} &7 PCRS A AISATE 95Tl A 107 denature AlZ1$ 60TolA 1
B, 72T A 28, 94ToA 1822 3}, 403] +3AA 6% polyacrylamideZ o] 7] 5

stelth ol#HA A7 Ed AAdE5S Xoray filmel 2A7F BAMAA BE8A dHs5S 4
& At

v}, ¥ 3= 9] microsatellite locus A1

W) 5= (B. camppestris subsp. pekinensis)2] genomic DNAE HF & Auslo
Lambda DASH II replacement vectoro] 4 A%l genomic library 25§ A =&
microsatellite locusE A 3}7] ¢34 Benton® Davis (1977)2] #wol 93] plaque
hybridizations < 3 3} t.

%F E. coli 5 &+ XL1-BLUE MRA(P2)E Ar&3tla, sk plateol
ek 10,000 789 plaque’} A ¥ = genomic library stocks 34 3te] & 600,0007Y
9] plaqueE platingstAth. & F<F v %3 phage?] plate ¢l nitrocellulose

membranes 5% &< 2ol Fo} phage YAVF HOoB o]lFIEE 3L, o S

i

denaturation solution (1.5M NaCl, 05M NaOH)ol 5H&EX 23] HZ5H L,
neutralization solution (1.5M NaCl, 0.5M Tris-HCl pH7.5)°] 5&7F =239
t}& 6X SSC (0.9M NaCl, 0.09 M sodium citrate) 22 %A Fo] 584 33 A 39

th o] WS ALoA AXAZ T 80TAA 2A7F For nAAATH o] 1ARH

L1

AU
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phage DNAE XA 3% DNA (ngal39)$} 60ColA &A43 ks

o

A AT T

AR -1

o

Hld wWlo] Y3 pre-hybridization solution [6X SSC, 8X Denhardt’s solution,
05%(w/v) SDS]Z 50 ml& ¥ 1 A &9t pre-hybridizationg A7l t& FAH
S28 Yol EA3 WSS AU, 20 A 7ke] A ¥3E vg washing solution [2X
SSC, 0.1%(w/v) SDSIll =& 33 Al Aste] =43 A o2 &3 DNAE AlAst
Atk olE AN B FENE il X-ray ZFol AZFEAE Al Z T

!
12 e EA3 ¥4 HQl phage plaqueE<S E ¥ pasteur pipettel

o
)

2 FZ3 2 1 ml SM bufferet 10 ul9 chloroforme] £ += E
&7 o] WA TS phage YAE FEAIAT. 124 E S FalA] 92 phage stock

59 titrationS 3 3}o] plated ¢F 500-1,00070 2] plaque’} BAHEE o] &S 34

ppendorf tubeel

sl 23 screeningS A AISFATE 2% screeninge 53 AWE plaque ¥ YA = 9F
407 A =9 plaqueEsS =g ddd 2% 2 XLI-BLUE MRA(P2)7} top agar
[0.7%(w/v) agarose in LB medial®} 7 ¥ 2ix = plated] # o] master plateS
WFER L olo] tis) 3xkd S TS

Ab. &3 DNA<9 %A
%34 DNATE microsatellite locus A A& *E33i= PCR product® ngal39&
Attt © 3 DNAC # A+ random primer labelling WS o] &3ttt F A 35
322 3= DNA 25 ng® 20 pMe dGTP, dCTP, dTTPE Z 43 400 pg/mlel
BSA¢ 50 mCi®l [a-"PIdATP (3000 Ci/mmole)& H7}atglith. o] &3&ol Klenow

fragmentZ 100 unit/mlo] =2 H7lsto] AL A 6087 HWx35le] LA FH T}

o

U3 % 0.5 M EDTA (pH 8.0) 4 ulZ #7Fste] w88 T A A ZT. o] HkE E3HE
sho] H-

of TE buffer (10 mM Tris-HC]l, 1 mM EDTA pH 8.0)& A7}
HZ=% 3 F Sephadex G-50 columng FTHAA FAFHA &S WAlFS @

oligonucleotideE A A 3}

o}. Phage DNA &2 % Southern &£/ 3 Hk-&

3 Ao HFEHow AWE phageE E. coli XL1-BLUE MRA(P2)E &
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FR ARGl A wjAlo A thEFo® wjdd ¥ phage DNAE ##atdith %5

DELGAEZ 71 A 25000 rpm o2 2A1 7 F
thAl HAAIA phage AAE AU FHE phage H$Ael SDSe RNase %
proteinase K& * 2 3 % phenol extractions 4|3 3}¢] phage DNAE AT},

<=4 28 %H phage DNAZ left, right armsE A2 & JdE Adax

offt
ol
o

Sall, Xbal 18] 1L EcoRl ¢ & Ztz} Aa3 & (0.8% agarose gel Aol A # 7]
Aot AVdF5E T Loy DNA HHES Aot patternES Wl st TE5H A
5 A93 ymA 15709 phage DNAES thAd o2 pGEM3Zf(+) vector

multi-cloning sitecll &Ajst= ¥ 7kA AT BAES ol&dto] A4 Add F

¢

0.8% agarose gel oA HA719F 3FF ;. ©] geld depurination solution (0.25 M
HCDol 1583+ #8382 denaturation solution (1.5 M NaCl, 0.5 M NaOH)el| 30%#
7t @ t}g alkaline transfer buffer (0.25 M NaOH, 1.5 M NaClol 15%7F A & 3k
% Southern (1975)9] Wl we nylon o2 &H ).

A9 ©3 DNAS nylon =¥el &43F w32 65TCoA FaqstAH
DNA7F g€ w& vld e ¥ t}s, pre-hybridization solution (I M NaCl,
2%[w/v] SDS)S 20 mlE& ¥ 1A%t &<t pre-hybridizationA] 1 & oA F7| &
A7 =3 DNAE 4ol FAu. ofE 65°CelA 20413t &

Washing solution [2X SSC, 0.1%(w/v) SDS]e & ZAgEXA && =23 DNAE 33
A & X-ray filmoll 1-49 &< 2A7FAF Al A T

2} A 2] sub-cloningS $3 E. coliel F2 A%

¥ A ¥ phage DNA H#H& pGEMS3Zf(+) vectore] cloning

at7] flste] o] dHS &y s, 474 22 A ZhE Agse] ddAzl

DGEM3Zt(+)¢t g7 ligationAl At E. coli®] &4 A& CaClz A# ¥ (Mandel

and Higa, 1970)& o] &3] wrEo1A E coli strain DH5a competent cell¥} ligation

d DNAE HolA @& SelA 603 BA 3 ¥ 42°Cel| A 223t heat shocks 7hst
+339th. 12893 cloning ¥ ZAE°] microsatellite A go] ETEo QJEA=

o
gol3l7] 98] ngal39 microsatellite locusE B3 22 4Fo} DNA gel blot analysis=
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b A a4 A% 23 {FA4Ze] sub-cloning
pGEMS3Zf(+) vector®] cloning® HHE AIJaTALAEE ZA3F 7] s o A

HE oy AdELr2 A3 tS 08% agarose gel AolA A7|d% gozyn AFa

B

28] e] &5 225ttt 183 microsatellite locus AAE ¥3s+= PCR

product?] ngal39E ©# o2 Al83to] DNA gel blot analysisE® A A3t o] 25

H AdaAAEE FAdstar, By &olgt fdx 248 g8 Adair=z dogt &
o714 Yy AHE pGEM3Zf(+) vector® sub-cloningdlith. o] FAEL E& =

T 9T 79 ME g2 HHES cloningst=d AT A 3, o]2 A sub-cloning 2 &
e

e
N
=

sequencinge & F A& HHE oz FAH¥E DNA fragments> 77 1BH,

1BSc, 2HE, 3H, 4Xb, 6Sc, 7Sc, 10ESph, 11Sc, 12HK, 2] 1 13EB2} 9 s}

7}. Microsatellite loci %2 ¢3% primer 27

microsatellite®] 73 54 o]&sto] o] F919 STEFHS 9T primers A7
ATt microsatellite= 29 nucleotide® T/ % WHE @9 A7F thdst 2 AdHHo=
ZA3F12 9+ DNA (variable number of tandem repeats)E € Z 2™ microsatellite 29
3t A7IAdo]l EA g} o] 2 d microsatellite X9 9] &

T8 A7IMES ol &5t

12
ol\
I
o
do
=
—_
o
o¥
1o,
ko]
=.
3
@
=
il
o
e
N
ofs
ol
8
o oH

microsatellite A

E}l. Polymorphism %<& 9138 SSR 4
Wl = (B. camppestris subsp. pekinensis)2] genomic DNAE F¥ o2 3}9
A oA Aol primerE A&3le] PCRS 33t Fd o2 A43F F1 hybrid

, BEE3E(EE), Y, A915(H2), $F1E0E5), 60, A, A5k

Jato] et Har =g NESFHERY 5F, TEFTHEFE 8F 9 Fl hybrid ¢ 1 &7
agal BAC FAE Egutol Auidt 3 dxHow RE 13 genomic DNA 1 ug
S AFESY 2 ZHZE o] primerE 2 200 ngg AFE3Fo] 95T ol A 58 7F denaturationA|

AT, 2 % 95T A 15%, 59Tl A 152 28 il 72Tl A 3024 403 +£3A7 %
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72Tl A 1083 73 4T=E soaking A1 AT, 24479 primerdl W} ¢FHA annealing
temperature®= FAS 3P oem 53 1BSce A$ WA 67C9 annealing
temperature= 73] <327 ¥ 61T annealing temperature® 333] 4 3FA] #H o).

o]€ A AL PCR AHE LS BMAAFI Al AALE = Meta—phore agaroseE Ab-&3slo] E413}

ek s FlFel A FEFHEVE £F 5%, 1@x FojE 239 FL hybrid st
ToRA aEa mAY BAE Fguel AWM FoFsh $UW PO SSR AL
e

1) rpsl6¥ trnQAFele] <9

Genebank®l T&5% EEA Aw 971449 T visd £ oy gy Eoln e
stEate M2 54 Am Aol FABAZE 7k M8 S 4EA Als d7IA
& A= "kt Blagk A3 rpsl6 intron 2 rpsl6¥ trnQARel o] G el A Alg W
o] Hgor (Figure 2-la), psaASt petA Alole] g Fox WHolrt At il (Figure
2-1b) rpll6 A o] thgo 2 Wol7k Asgith (Figure 2-1c). YAl Aol = A7 <4
of AR ME Z BEHo ATk ZgA Hol7t AT olE F9E& R FAE
A3 rpsl6d trnQ Atolel YoM rpsl6 intron A (Figure 2-1la, Fragment A),

psl6# trnQ Abo](Fragment B)E T34 4 v ZgtolH AES Azt
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rpsi6 trnQ
— T _
5 | i | | | |
| 1[ - |
b
psaA ycf3 trnT trnS
—_— X _
7y 1 1 1 | | b
1 1 1 1 T (D]
| | o 1
rpsd trnT trnL trnF ndhd  ndhK ndhC
- —_ _/\_ —- ——7
B i i i i i 12
| ——
trnV trnM atpEk atpB rbclL
T _ -
2 i i i i i 18
accD psal 184 229 petA
18 I i i i | 2 (kb)
L E I | |- | |
C
P16
= T
; | | | | | |
————1
Figure 2-1. Local map of the tobacco chloroplast DNA. a, Region between rpsi6 and
trnQ; b, region between psaA and petA (about 24kb); ¢, region of rpli6. , PCR
amplified region; , nucleotide sequence determined region. Hypervariable

regions in the various chloroplast genomes are shown as a reference to the tobacco
chloroplast DNA.
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2) psaA<} trnl Afole] o<

ol 74 g& #3AMAE Seto] e FEud nlud welrh Asita oy
A Qi psaA¢t trnS 9 9 (Figure 2-1b, Fragment C), trnT%} trnL 9 9 (Fragment D),
accD$} psal 99 (Fragment E) 183 psal®} petA 99 (Frgament F)S %3 & 9=

zetolm &S AZ3AT (Small et al., 1993).

3) rbcL¥} petAAlo]e] &<

oy

rbcL¥} petAAlole] 92 st ilo] &35t A EE Ao
Aoz dHA 9o (Ogihara et al., 1991; 1992) FAAE 4y ZA&Eo] @7 Wit
of o] oA wms HAEA Awe TxE &7 fde] WA o] FES F2Y STh
wA gdutsel A AFEA Hindlll2 G54 Aws ddste] B bl 445 T3
© 2 Southern blot hybridizations AAlet Az 4kb HHS FE st 24 A

(Figure 2-2).

Jell A= ol 7h vl A%k

d

il

4) rpll6 intron <

T 2 Wol A9 rpll6 intron P (Figure 2-1c, Fragment Q)< FZ 3 <
ZeholHES A2 (Small et al, 1998). PCR TZS A3 FE3 oAy
PCR A& 9 A=+ Figure 2-1° FA]3F% T}

Fli‘

o]
PR

Figure 2-2. Southern blot analysis of the chloroplast DNA from garlic cultivated in
Danyang. Aimdl 1| digested-fragment of 4.0 kb was hybridized with the 3° region of
rice rbclL
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5) PCR &4 % 224

i)
r\:{
i

o Zs)elA AolE WAT Gtk I T2ES 0% 448 2457 18 PCR

olX
1
)

2

HAHES pCR-II vector (Invitrogen Co. Ltd) ¥ pUCI18 vectorel] &=2% 33t}

Table 2-1. Comparison of the size of the PCR products among garlic cultivated in

Danyang, Beijing, Aomori and elephant garlic.

(unit:kb)
Regions Samples Danyang Beijing Aomor i eég$T?gt
A. rps16 intron 1.0 1.0 1.0 1.0
B. rps16-trnQ 1.1 0.9 1.1 1.1
C. psaA-trnS 2.0 - 2.0 2.0
0. trnT-trnL 0.9 0.7 0.9 0.9
E. accD-psal 0.8 0.6, 1.7 0.8 0.8
F. psal-petA 2.2 2.4 2.2 2.2
G. rpl16 intron 1.2 1.2 1.2 1.2

u. PCR-RFLP ¥ 97144 24
1) PCR-RFLP

PCR &% % &

il
ol
it
i)
EL

ASo gk WHelE gAsy] 3l Sau3Alx} MselZE
Ab&st RFLP ¥ v 2t} (Figure 2
Aol Al bgE vl W

psal-petA Aol A wefrlis 2 ofowe] wlizsl Aol E 1Y
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M 1234 M 12 3 4 M 12 3 4 M1 2 3 4
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27 — -
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0z - 05
0d — o
02—

Figure 2-3. PCR amplification of the variable regions of chloroplast DNA of garlic
cultivated in (1) Aomori, (2) Beijing, (3) Danyang, and (4) Elephant garlic. M is
the pUC18/HinAl size marker. Panel a, the intron of rps16 ; panel b, the intergenic
space between rpsi16 and trnQ; panel ¢, the intergenic space between psaA and trnS;
panel d, the intron of trnT and intergenic space between trnT and trnL; panel e,
the intergenic space between accD and psal; panel f, the intergenic space of

chloroplast DNA between psal and petA; panel g, the intron of rpl16.
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S M

S M S M

Figure 2-4. PCR-RFLP analysis of the variable regions of chloroplast DNA cultivated
in (1) Aomori, (2) Beijing, (3) Danyang, and (4) Elephant garlic with the enzyme
SauBAl (S) and Msel (M). M is the pUC18/HinA size marker. Panel a, the intergenic
space between rps16 and trnQ; panel b, the intergenic space between psaA and trnS.;
panel ¢, the intron of trnT and intergenic space between trnT and trnL ; panel d,
the intergenic space between accD and psal; panel e, the intergenic space between
psal and petA.

_43_



PCR d#E9] Wol& AAls] &Aatr] flaf A7IAd #4& AAlsslt o=
% psaA-trnS AHE A3 HHEE A #EL FE AVAMEZEA A3 tnT-trnl,
accD-psal, psal-petA (Fragment D, E, F)A 99 H|d a3t FEAA =72 vfEe dF
vhs 2 oteng vt vugds W FS A7EY insertion 2 deletion

At} (Figure 2-5).

o
gt
0,
o
>4
o

A. trnT - trnL

Aomor i GAAATAATGCATATG-AATTCAGGAGACTACCGGATCCCCGCTATTAGCTGTAAAGTTCGTATGAACTATATAT———-——-
Danyang GAAATAATGCATAGG-AATTCAAGAGACTACCGGATCCCCGCTATTAGCTGTAAAGTTCGTATGAACTATATAT————-—-
Elephant  GAAATAATGCATAGGGAATTCAAGAGACTACCGGATCCCCGCTATTAGCTGTAAAGTTCGTATGAACTATATATTTAATAT

B R R I T R R R

Aomori --—--- TT-AATATAAACTATATATTATATATTCTAGTTCATTAAAATTAATATGCAAATTAATATTAATAATATATTTAA
Danyang =~ --———- TT-AATATAAACTATATATTATATATTCTAGTTCATTAAAATTAATATGCAAATTAATATTAATAATATATTTAA
Elephant  AAACTATTTAATATAAACTATATATTATATATTCTAGTTCATTAAAATTAATATGCCAATTA-—---- CTAATATATTTAA
Aomor i TAAATAAATAGAATAATATGACTAAATAGAATTTTATTCTAATAATGTAACAGATCTAATAATGTAACAGAAAAAAAATAT

Danyang TAAATAAATAGAATAATATGACTAAATAGAATTTTATTCTAATAATGTAACAGATCTAATAATGTAACAGAAAAAAAATAT
Elephant  TACATATATAGAATAATATGACTAAATAGAATTTTATTCTAATAATGTACCAGATCTAATA-TGTCCCAGAA-TGTAATAT

E I R I R R I L R S T LR Fekdedk

Aomor i CTGACTAATTTCAATTTTATTATTATACATAATAATTATTGATGATATACATTTACATTACTGTTATTTTTTAGCCTATTT
Danyang CTGACTAATTTCAATTTTATTATTATACATAATAATTATTGATGATATACATTTACATTACTGTTATTTTTTAGCCTATTT
Elephant = CTGACTAATTGCAATTTAATTATTATACCTGAGAATTATCGATGATAT-CATTTACATGACGGTTATTTG-————-——-——

Fokkkokd Ak Akkhkk kkkkkAAAAL ok ok hkkkkk kR AAAAL Akkkkkkkk kk Ak AAAAhA

Aomor i AGAATTTACATTATTTATCTTATTTACATTATTTATCTTAATTTAATATATATATATATATTTAATATATATTTTTTACAT
Danyang AGAATTTACATTATTTATCTTATTTACATTATTTATCTTAATTTAATATATATATATATATTTAATATATATTTTTTACAT
Elephant  AAGATTTAGCTTATT---CGACTGTACTTTATTTATCTCAATTAAATATATATATAT----TTAATATATATTTT--ACAT

Aomori  TCCAT-TATATAATAAACTATAATAA----- ATATAAAATTCTTTTTATATTTTA-TTTATTTAATTTTAATAATAAGATATT
Danyang TCCAT-TATATATTAAACTATAATAA----- ATATAAAATTCTTTTTATATTTAA-TTTATTTAATTTTAATAATAAGATATT
Elephant CATGTGTAAATAATAA-CTTTATTAATTCAAATATAAAAAAGGAATTTTTTATATTTATAATAATTTATAATAATAAGATATT

deookk ddkk Kk bk hk hkk Fhhdhdhk E T S *okd ok ok Kk kA hh AL A hhh

Aomor i GAAAATACCAAAAAATTGGAATTCCTTTTTTAGATTTGAGATAGT TATAAGAAATAAGGATTCATATTATAGCGGATCAGT
Elephant  GGAGATACCAAAAAATTGGAATTCCTTTTTTAGATT-GAGATAGTTATAACAAATAAGGATTCATATTATAGCGGATCAGT

E I I R R I
Aomor i CC-—--— o AAAGATACAACAATAAAAATTATAATCAGACATTCTTCTGATTTCGTTCGAAAAGG
Elephant  CCTAAGAAAAGTATAAAATAAGGATAAAGATACAACAATAAAAATTATAATCAGACATTCTTCTGATTTCGTTCGAAAAGG

* % B R R R R
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Aomor i GATGAAGATAGGACAAAAAAACAATAAGGAGAATATCGACCCTTCCAGTATTCCAAAGCACACTCTAAAAAAAAAGGGGGG
Elephant = GATGAAGATAGGACAAAAAAACAATAAGGAGAATATCGACCCTTCCAGTATTCCAAAGCGCACTTTAAAAAAAA-GGGGGG

B R R R IR L S S
Aomor i GAGGGGGACGTATATATATGTGGTATATACCTCTCTATATTGAATTGTGGATACATCAATGATAGAATCATTTCTGATTGA
Elephant  GAGGGGGGCGTATATATATGTGGTATATACCTCTCTATATTGAATTGTGGATACATCAATGATAGAATCATTTCTGATTGA

E O R I R L

Aomor i AACAAAGATGATTCATACAATAGAGGTGGA
Elephant  AACAAAGATGATTCATACAATAGAGGTGGA

B. accD - psal

Aomor i CCAAAATATCTTCTGCTTCATATAATTATCAATCAAATAAAAAGTTATTCTATGTATCAATCCTTACATCCCCTACAACTG
Danyang CCAAAATATCTTCTGCTTCATATAATTATCAATCAAATAAAAAGTTATTCTATGTATCAATCCTTACATCCCCTACAACTG
Elephant = CCAAAATATCTTCTGCTTCATATAATTATCAATCAAATTAAAAGTTATTCTATGTATCAATCCTTACATCCCCTACAACTG

P S R R R A R R R R R R R R R R R R R R R R R

Aomor i GTGGAGTAACGGCCAGTTTTGGTATGTTGGGAGATGTCATTATTGCTGAACCTAACGCGTACATTGCTTTC-GCAGGTAAA
Danyang GTGGAGTAACGGCCAGTTTTGGTATGTTGGGAGATGTCATTATTGCTGAACCTAACGCGTACATTGCTTTC-GCAGGTAAA
Elephant  GTGGAGTAACGGCCTAGTTTGGTATGT-GGGAGATGTCATTATTGCTGAGCCTAACGCGTACATTGCTTTCCGCAGGTAAA

R R B I S I R R S e I

Aomor i AGAGTAATTGAACAAACATTGAATAAAACAGTACCCGACGGTTCACAAGCGGCTGAGTATTTATTCCATAAGGG-CGTATT
Danyang AGAGTAATTGAACAAACATTGAATAAAACAGTACCCGACGGTTCACAAGCGGCTGAGTATTTATTCCATAAGGG-CGTATT
Elephant  AGAGTA-TTGAACAATCATTGAATAACACAGTACCCGACGGTTCACAAGCAGCTGAATTTTTATTCCATAAGGGGCGTATT

Aomor i CGACCCAATCATACCGCGTAATCTTTTAAAAGGCGTTCTGAGTGAGTTATTTCAGTTACACGGTTTTTTTCCTTTGAAAAA
Danyang CGACCCAATCATACCGCGTAATCTTTTAAAAGGCGTTCTGAGTGAGTTATTTCAGTTACACGGTTTTTTTCCTTTGAAAAA
Elephant = CCAACCAATCCAACCGCCTTATCCTTTAAGAGGGGTTCTGAATTAATTATTTCCGTTAC-CGGTTTTTG-CCTTTGAAAAA

Aomori  TAAA------ TATAT-----ATAATATAGAAATATTAAAATCTAAAAAAAATAAGTGATTTCTATGCCTTGCCTACCAAGA
Danyang ~ TAAA------ TATAT-----ATAATATAGAAATATTAAAATCTAAAAAAAATAAGTGATTTCTATGCCTTGCCTACCAAGA
Elephant  TTTAATTTCTTATATCCGAAATTAAATGAAAATATTTAAATATTGAAAAATGAATTGATTTCATTGCCCTGGCCACCAAAA
* % dedkkokok dd ok dk ko kdkdk % kot kb kkkkkkk kkkk kk % kkdkk ok
Aomori  ACTTCCATTTTTTATTAAAATCTAACCCTTTAGTTGGTTGATTCATTTATTAATTCCCAACTTATATAACTCTTA

Danyang ACTTCCATTTTTTATTAAAATCTATCCCTTTAGTTGGTTGAATCATTTATTAAATCCCAACTTATATAACTCTTA
Elephant  A--TCCATTTTT-ATTAAAAACCACCCCCTTGTGTGGGTGAATA-TTTATTGATCCCCAAATATGATAACCCCTT

C. psal - petA
Aomor i TATTTCTTCACCTTTAAAAAAATAAAATTGTCTAAACCTGATGGGGCCAACCACATATTTTTTTGGTATAAATATTTGTTT

Danyang TATTTCTTCACCTTTAAAAAAATAAAATTGTCTAAACCTGATGGGGCCAACCACATATTTTTTTGGTATAAATATTTGTTT
Elephant  TATTTCTTGGCCTTTAAAAAAATAAAATTGTCTAAACCTGATGGGGCCAACCACATATTTTTTTGGTATAAATATTTGTTT

R R R R R R R R R R R R R R R R R R R R R LT T
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Aomor i
Danyang
Elephant

Aomor i
Danyang
Elephant

Aomor i
Danyang
Elephant

Aomor i
Danyang
Elephant

Aomor i
Danyang
Elephant

Aomor i
Danyang
Elephant

Aomor i
Danyang
Elephant

Aomor i
Danyang
Elephant

Aomor i
Danyang
Elephant

Aomor i
Danyang
Elephant

Aomor i

AGTGTAATGCGGTATGATATGTGCCCTTTTTCCCAATACAAATGAAAAAACTGTTATGCATGCAAATACATGATATCCCTA
AGTGTAATGCGGTATGATATGTGCCCCTTTTTCCAATACAAATGAAAAAACTGTTATGCATGCAAATACATGATTTCCGTA
AGTGTAATGCGGTATGATATGTGCCTTTTTTCCCAATACAAATGAAAAAACTGTTATGCATGCAAATACATGATATCCGTA

TAAATCCATGTTTATACGGGCGGTCGGCAAATATTTTTATAATAAAAAGTCAATGTTTCTAACCAATTACTCCTAAGGGTT
TAAATCCATGTTTATACGGGCGGTCGGCAAATATTTTTATAATAAAAAGTCAATGTTTCTAACCAATTACTCCTAAGGGTT
TAAATCCATGTTTATATGGGCGATCGGCAATTATTTTTATAATAAAAAGTCAATGTTTCTAACCAATTACTCCTAAGGGTT

E O R R R R R R R R
CATATCAAAATATTTTTAGTTGATGAAAGTTACTTTGGCATCAAAAAA-——-——-—-—- TTTTTTTTTCTGAATTCCAATC
CATATCAAAATATTTTTAGTTGATGAAAGTTACTTTGGCATCAAAAAA-—-———-———— TTTCCCTTTCTGAATTCCAATC

CATATCAAAATAGTTTTAGTTGATAAAAGTTACTTTAGCATCAAAAAAAGTAAAGTCAATTTTTTTTCCTGAATCCCAATC

AAATGCAATCGGATCTAGTATAGTTTGAACTGGCGATCACAACATATCTGGATAGAACTTATACCGGGTCTCGAAAAGCAA
GAATGCAATCGGATCTAGTATAGTTTGAACTGGCGATCACAACATATATGGATAGAACTTATACCGGGTCTCGAAAAGCAA
AAATGCAATCGGATCTAGTATAGTGTGATCTGGCGATCAAAACATTTATGGATAAAACTTATAACGGGTCTCGAAAAGCAA

FedkdedhAhdhh A A hh A hhhhdh Kk Ak hhhhhhhh dhdkhh Kk Akhhhdh kbAoA hohd LA Ad AL LA AA AN A hhN

TAATTTTTTCTGGGCCT-TATTCTTTTTAAAGTCACTAGGATCTTAATGGTGGAATCCTATTACCTGGTAGATCTGATACC
TAATTTTTTCTGGGCCT-TATTCTTTTTAAGGTCACTAGGATCTTAATGGTGGAATCCTATTACCTGGTAGATCTGATACC
GTAATTTTTCTGGGCCTCTATTCTTTTTTTAGTCACTAGGATCTTAATGGTGGAATCCTATTTCCTGGTAGATCTGATACC

o o KhkhdhhhhAAA AL Khhhhhhhhk Fhhddhhhhdhhhhhhhhhhhhhhhhhhddhtd fhhhhhhhhhhhdhhihid

GGATCCCTCTCACAATATTTTTCCCCAGGGACCGAGTCTCCATGATCCGGTTTTCATAATCCATTGTGGGCCAAT-GTGAT
GGATCCCTCTCACAATATTTTTCCCCAGGGACCGAGTCTCCATGATCCGGTTTTCATAATCCATTGTGGGCCAGT-GTGAT
GGATCCCTCTCACAATATTTTTCCCAAGGATCGGAGTCTCTAGGATCCGGTTTTC-TACTCCATT-TGGGCAAATTGTGAA

-TTGTTTGTAGACACCCAGAAAAAGAAATGTTTTTCTGGGATCCGAAACTTTCCTCCCTCCCAAGATTCCCCACCAAGAGT
-TTGTTTGTAGACACCCAGAAAAAGAAATGTTTTTCCGGGATCCCAAACTTTCCTCCCTCCCAAGATTCCCCACCAAGAGT
GTTGTTGGTATACATCCAAAAAAAG-ATTGTTTTTCTGGGACCCGATACTCTTCTCCCTTTAAAAA---CCCCCCCATAGT

Kkdedd Kk kkk kkk kRAEEE ok Akkkhkkk Kk K Kk ok ok & Kk kkkkkk K%k *hk kk ok Kkk
AAAGTCTCCCTCCTTTGGAAACAAGCAGACCCCTTACC. . . ... (2F 600bp)...... TCTGATGAAAATCCCGGTTTT
AAAGTCTCCCTCCTTTGGAAACAAGCAGACCCCTTACC. .. ... (2F 600bp)...... TCTGATGAAAATGCCGGTTTT
AAAGTCTTCCTCATCTTAGAACAAGCAGACCCTTTACC. ... .. (2 600bp)...... TCTGTTGAAAATGCCGGTTTT
khkkkkhk Fkkk * % Ihkhkkhkkhkhkd dhhkk kkkk fhkhkkkkk Khkhkkrkhkk

ATAAGTGACCGGATTAGGAAAGCTCGAATTGGATC-GGAAGTGGAATCTGATGGATTTTGGGGAGTAAGAACGGAAAAAAA
ATAAGTGACCGG-TTAGGAAAGCTCGAATTGGATC-GGAAGTGGAATCTGATGGATTTTGGGGAGTAAGAACGGAAAAAAA
ATCAATGGCCGGATT-GGAAAGCACCGATTGGATCAGGAAGTGGAATCGGAGGGATTTTGGGGAGAAAGACCG-AAAAAAA

GTGTTGAAACAGAGACATGTCAAAAAGATATTCTTCATAAATGTGAAAAAATGTCATTTAAGGTATTATTGGGAGAGATGT
GTGTTGAAACAGAGACATGTCAAAAAGATATTCTTCATTAATGTGAAAAAATGTCATTTAAGGTATTATTGGGAGAGATGT
GTGTTGAAACAGAGACATGTCAAAAAGATATTCATCTGGCATGTGCAAAAATGTTATTTTAAGT-TTATGGGGAGAGATGT

Fhhdhd A A bbb bbb bbb dhtd Kk Fedkdhh HhAhAAhh Ahdkh Kk bk hhdkh Akdhhhhhhhh

ATTGATTGGATCGGATTTTAAATACGGAACATAAAGTTTTTATTTTTAGTACGATTAGGATGGATTCATCAACCAGGGGGG
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Danyang
Elephant

Aomor i
Danyang
Elephant

Aomor i
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Elephant

Aomor i
Danyang
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Aomor i
Danyang
Elephant

Aomor i
Danyang
Elephant

Aomor i
Danyang
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Aomor i
Danyang
Elephant

ATTGATTGGATCGGATTTTAAATACGGAACATAAAGTTTTTATTTTTAGTACGATTAGGATGGATTCATCAACCAGGGGGG
ATTGATTTGATCGGATTTTAAATA-GGAACATAAAGTTTTTTTTTATAGGA---T-AGGA--GGATCATCA-CCCGGGGGA

Fehhdhddh dhhAA LA AL A Ahhhh Ahh A b hh A A b A hhh Ahdk KX X EE * Fhhdhd Kk Khkkdk

ACTGGGGTGATTGATTACATGATTGGAGGGTCATAAGGCAATATATTGTTTTGTTCCACTTTCCAGTATTTAGAACAATCG
ACTGTGGTGATTGATTACATGATTGGATGGTCATAAGGCAATATATTGTTTTGTTCCACTTTCCAGTATTTAGAACAATCG
G--GAGGTGAT-GATTACA-GATTGGAGGGTC-TAAGGCAATA-ATTGTTT-GTTCCA-TTTCCAGTATTAAGAACAATGG

*okddhhh hkhhdhd Khkhdhhh Fhhdk FhhhAhAAAL AhhhhAh KhAhhL AhkAAhAAAAAL Ahhkhhhhh X

GAATATGGATTTCCGTTTTTAAATCGGTATCTCCTTCGCTCGTAGTCATTTATCATTCAAGGAATGAATGATAAATTATTT
GAATATGGATTTCCGTTTTTAAATCGGTATCTCCTTCGCTCGTAGTCATTTATCATTCAATGAATGAATGATAAATTATTT
GAATATGGATTTCCTTTTTTAAATCGGTATCTCCTTCGGTGGTAGTCATT-ATCAATCAAGGAA-GAAAGATAAACTATTG

Tk hdhdhhhhddhhdh Fhhhhhhhhhhhhhhh A hhhhh K Khhdhhhhdk Khhdk Khkhdk Khkh hhh Khkhhhh Khkhk

QAT o ATCATTTTTTATACTTTTCAAGGCCT
AT = o o s ATCATTCTTTATACTTTTCAAGGCCT
GATTTCCTGATATCAATCAAAAAGTTTTTTCACGTGTAAAAACTTTTTGATAGATATCATTCTTTAAAATTTTCAAGGCCC

TCGTCCTGTTTTTGTCAAATTTTTTCAGTACAATGGCAGAATTGTGGATAGGGAACTATACTAGCTACCTATCTAATTTAT
TCGTCCTGTTTTTGTCAAATTTTTTCAGTACAATGGCAGAATTGTGGATAGGGAACTATACTAGCTACCTATCTAATTTAT
TCGTCCTGTTTTTGTCGGATTTTTTCAG---—---- CAGAATCGTGGATAGGGAACTATACTAGCTACCTATCTAATTTAT

TGTAGAAATTCCGGGATCAATGATTGGATCATGCAAAATAGAAATACTTTTTTTTGGGTAAAGGGACAGATGACTCAATTT
TGTAGAAATTCCGGGATCAATGATTGGATCATGCAAAATAGAAATACTTTTTTTTGGGTAAAGGGACAGATGACTCAATTT
TGTAGAAATTCCGGGATCAATGAATGGATCATGCAAAATAGAAATACTTTTTTTTGGGTAAAGGGACAGATGACTCAATTT

E O e e S S S S e e S S S S S S S S R S S SR S S S S S S S

ATTTCTGTATCGATCATGATATATGTAATAAATCGAGCATTTATTTCAAATGCGTATCCCATTTTTGCGCAGAAAAGTTAT
ATTTCTGTATCGATCATGATATATGTAATAAATCGAGCATTTATTTCAAATGCGTATCCCATTTTTGCGCAGAAAAGTTAT
ATTTCTGTATCGATCATGATATATGTAATAACTCGAGCATTTATTTCAAATGCGTATCCCATTTTTGCGCAGGAAAGTTAT

B R R R I R R R S I Rt

GAAAATCCACGAGAAGCAACCGGGCGAATTGTATGCGCCAATTGCCATTTAGGTAATAAGCCTGTGGATAAAT
GAAAATCCACGAGAAGCAACCGGGCGAATTGTATGCGCCAATTGCCATTTAGGTAATAAGCCTGTGGATAAAT
GAAAATCCACGAGAAGCAACCGGGCGAATTGTATGCGCCAATTGCCATTTAGCTAATAAGCCTGTGGATAAAT

B R e I T T

Figure 2-5. Multiple alignment of the nucleotide sequences of the variable regions

of chloroplast DNA cultivated

in Aomori, Danyang and elephant garlic by Clustal_X

program (Thompson et a/., 1997). Region A, the intron of trnT and intergenic space

between trnT and trnL: region B, the intergenic space between accD and psal; region

C, the intergenic space between psal and petA.
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Panel A: Panel| B:
M12345678 M12345678

Figure 2-6. AFLP fingerprint of chloroplast ONA from garlic. Panel A is long run
analysis of sequencing gel and the panel B short run analysis. Lane M,
pUC18/Hinfl size marker: lanes 1 and 2 are PCR products by the primer pair E-0/M-G:
lanes 3 and 4 are by E-O/M-A; lanes 5 and 6 are by E-O/M-T; lanes 7 and 8 are by
E-0/M-C. Chloroplast ONA samples for lanes 1,3,5 and 7 are from Aomori garlic and

for lanes 2,4,6 and 8 are from Danyang garlic.
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Figure 3-1. PCR amplification analysis of garlic mitochondrial DNA for coding
region of coxI(A), coxlI(B), coxIII(C), and nad3(D). Lane M, pUC18/Hinfl size
marker or A /Hindlll size marker; =&, S&0t=; "o, ollls; 24, 2A40ts;

Ote, Ot2=2cI0t=: M=, M=0t=; At, OHJIETH; Be, BH=F
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Ao AAEs Y A, T, o4, otere, AF whsolA cox I Zeto]w o
A oF 13 Kbe] dyise] PCR 39S & + AUMTh coxll =Zetejvj2 PCR 533}
A wWol= o7l wjFe] PCR S%38t3 S wiok vizb7bA = ¢F 500bpell A A E 0]
EAA T coxIl Zeko] ¥ 9} Nad3 Eeto]m 2 PCR T332 o oF 0.7kbollA] o]
ol 7 A YgFE vtE Alololl A coxl, coxll, coxIll % nad3 coding region °|A & =

Zy AWE Aol Al Ao Wol= wAE 4 gl

H.T.I.E'IHIlE'IH‘IIﬂ g - B~ o - ™ g R |
2 M o sH o oM G E S B E M = g = & &l

Figure 3-2. Inverse PCR amplification analysis of variable region for Coxl(A),
cox!1(B), coxIl1(C) and nad3(D). M, N /Hind\ |l and pUC18/Hinfl size marker; D&,

DE0s: 24, 2A40ts; g, dolilts.
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B. Reverse £&
Score = 208 bits (105), Expect = 1™
Identities = 105/105 (100%)

A: 58
B: 762

Figure 3-3. Comparison of the nucleotide sequences of the variable regions of
mitochodrial ONA cultivated in Goheung with Onion mitochodrial DNA by Genebank
blast. A , Inverse PCR fragment of Goheung garlic for nad3 variable region of 4.3

kb fragment; B, EMBL accession number X84204.

t}. AFLP analysis
aguts wdanks Abelol A wEZE=gol MA] AlE el AE WolE Kol
Fatol de=A #elatr] 95k AFLP (amplified fragment length polymorphism) #4]S
At ag vk dalvke el AFLP £412 3 oF 200bp A2l 13t @4 4
"ol ¥ HAvh o] Axz & o i MEZ=dol AmS 2 F27F v vl ek
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WS inverse PCR 5% WHE Fste] ®olo AolE weluat sl L A, dafvt
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E-A E-C

Figure 3-4. AFLP fingerprint generated from mitochondrial DNA of 2 garlic clones
with primer pairs E-A - M-0, and E-C - M-0, respectively. M, pUC18/Hinfl size marker;
A, Goheung:; B, Namhae. Arrow indicates polymorphic region between the garlics
cultivated in Goheung and Namhae.

ojgutEol A= FA] nad3 FrAA FHAA 1.8kbe] o] FXHEHUTH wtA o] AHE
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(E-AC/M-C) ¢ xZgto]HE A}&3}al selective amplification®] 4] E+3, M+32 PCR %%
MRS W AR AFE 8 =584 9 A F ovkseS 7HA AFsidt E-AC
A E-CAAR FFd A= v=3d B vpso] F2AoR 7ke fddAE v
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Table 4-1. Sequences of AFLP primers used in this experiment.

Primers sequence

EcoRI-A 5'-GACTGCGTACCAATTCA-3'

EcoRI-AC 5'-GACTGCGTACCAATTCAC-3
EcoRI-AAC 5'-GACTGCGTACCAATTCAAC-3'
EcoRI-AAG 5'-GACTGCGTACCAATTCAAG-3'
EcoRI-ACA 5'-GACTGCGTACCAATTCACA-3'
EcoRI-ACT 5'-GACTGCGTACCAATTCACT-3'
EcoRI-CAC 5'-GACTGCGTACCAATTCCAC-3
EcoRI-GAC 5'-GACTGCGTACCAATTCGAC-3'
EcoRI-TAC 5'-GACTGCGTACCAATTCTAC-3'
EcoRI-GAC 5'-GACTGCGTACCAATTCGAC-3'
EcoRI-ACAT 5'-GACTGCGTACCAATTCACAT-3'
EcoRI-AACA 5'-GACTGCGTACCAATTCACAT-3'
EcoRI-ACGG 5'-GACTGCGTACCAATTCACGG-3'
Msel-CAA 5'-GATGAGTCCTGAGTAACAA-3
Msel-CAC 5'-GATGAGTCCTGAGTAACAC-3'
Msel-CAG 5'-GATGAGTCCTGAGTAACAG-3'
Msel-CAT 5'-GATGAGTCCTGAGTAACAT-3
Msel-CAA 5'-GATGAGTCCTGAGTAACAA-3
Msel-CTC 5'-GATGAGTCCTGAGTAACTC-3
Msel-CAGA 5'-GATGAGTCCTGAGTAACAGA-3'
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Figure 4-1. AFLP fingerprint generated from genomic DNA of 4 different garlic
cultivars by using primer pairs (A) E-GAC - M=CAT, (B) E-GAC - M-CAG, (C) E-GAC
- M=CTC, and (D) E-GAC - M-CAGA, respectively. M is the pUC18/HinA size marker.
Each lane represents: 1, Colossal (USA); 2, Lasoon (Thailand); 3, Goyang; 4,

Uisung, respectively.
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Figure 4-2. AFLP fingerprint generated from genomic DNA of 4 different garlic
cultivars by using primer pairs (A) E-ACA - M-CAA, M-CAC, M-CAT, M-CAG and
(B) E-ACAT - M-CAA, M-CAC, M-CAT, M-CAG, respectively. M is the pUC18/HinA
size marker. Each lane represents: 1, Colossal (U.S.A); 2, Lasoon (Thailand); 3,

Goyang; 4, Uisung, respectively.
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Figure 4-3. AFLP fingerprints generated from genomic DNA of 4 differentt garlic
cultivars by using primer pairs (A) E-ACAT - M-CAGA, (B) E-ACAT - M-CAA, (C) E-AACC -
M-CAA, and (D) E-AACC - M-CAGA, respectively. M is the pUC18/Hinfl size marker. Each
lane represents: 1, Colossal (U.S.A); 2, Goyang; 3, Uisung; 4, Yecheon,

respectively. Arrows represent polymorphic fragments.
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Figure 4-4. AFLP fingerprint generated from genomic DNA of 9 different garlic
cultivars by using primer pairs (A) E-ACA - M-CAA, and (B) E-ACA - M-CAC, respectively.
M is the pUC18/Hinfl size marker. Each lane represents: 1, Colossal (U.S.A): 2,
Lasoon (Thailand); 3, Goyang; 4, Uisung; 5, Yecheon; 6, Haman; 7, Hoengsung; 8,

Aomori; 9, Yongin, respectively. Arrows represent polymorphic fragments.
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Figure 4-5. AFLP fingerprint generated from genomic DNA of 4 different garlic
cultivars by using primer pairs (A) E-AAG - M-CAT, (B) E-AAG - M-CAG, (C) E-AAG -
M-CAGA (D) E-ACAT - M-CAT, and (E) E-ACAT - M-CAG, respectively. M is the pUC18/Hinf
size marker. Each lane represents: A, Colossal (U.S.A); B, Lasoon (Thailand); C,

Goyang; D, Uisung, respectively. Arrow represents polymorphic fragment.
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Table 4-2. AFLP primer pairs and polymorphism shown by AFLP analyses

Pre—amplified primers Selective PCR primers Remarks
E-GAC, M-CAT
M-CAG NP™*
E-G, M-C M-CAC (Figure 4-1)
M-CAGA
M—-CACA NP"*(data not show)
E-ACA, M-CAA
M-CAC
M-CAT
M-CAG NP™
A MG E-ACAT M-CAA (Figure 4-2)
M-CAC
M-CAT
M-CAG
E-ACAT, M-CAGA
M-CAA P*
E-AACC, M-CAA (Figure 4-3)
M-CAGA
E-ACA, M-CAA =
E-AC. M-C M-CAC (Figur; 4-4)
E-AAG, M-CAGA (Figure 4-5)
E-AAG, M-CAT
M-CAG NP™
E-ACAT, M-CAT (Figure 4-5)
M-CAG
E-ACA, M-CAC
E-AC, M-G MOAG o
E-TAC, M-CAG (data not show)
=T, MG M-CAGA
E-CAC, M-CAG
E-C. M-C E-CAC, M—-CAT NP
’ M-CAC
M—CAA (data not show)

"P: polymorphic fragments were found

NP : polymorphic fragment was not found

The bold characters represent 12 primer pairs shown the polymorphic fragments
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L}, Sequence tagged microsatellite site (SETMS) &4

vl ol A microsatellite DNA2] ©t&8 A& #+23517] 21314 AFEH 7719 xZglo]n
A5 A71AEY Y diEe] F= vsH 2 (Table 4-3). ©o] B34 HdHAS =
Abst7] §18 A, PCR 2712 Zhzte] AMS Zeto]w 4 g DNAZ 30 nge
2 3te] 94T 18, 60 C 15, 72T 2822 40 cycle® PCR #3%3}31t}. Figure 4-6, 4-7
ol = W (Colossa)® ®l=(Lasoon), i 3J=F Az n#ts 552E 6%
polvacrylamide gelold #A7]9% & X-ray ZEo] ZFAA 7Bbp o1A400 bp 7FA
scoring SFATE AMS04 ¢F AMS06 Zetolw elr= tAA ez 259 udd 43
o] & AMS08, AMSI2, AMS22, AMS23, AMS25 Zglo|vw AEo & tfksla
2o o g ddHol AFHAT (Table 4-3). HAIZH o= = = wlso] 3o

wep, o4, A, e, vk THES % 5 9

T, BT ow

il
o
)
)
kl

2 X
[e:

<

Table 4-3. Seven primer sequences and number of polymorphic fragments on SETMS

experiment
AMS Number of
primer Sequences polymorphic
pairs fragments
AMS04 5 -TATGTTTTCAGCTGCGATGTGAG-3 4

5'-AAATCTAAGCACGGATACCAAGTC-3'

AMS06 5'-GGTGCATAGGGTCTCATCTG-3’ 11
5'-ATTGATTGTTTGTTTGGATGTG-3'

AMS08 5'-GCCACGATGTTGAGATTTCG-3' 21
5'-CCCGAATATCCCACCAGTTC-3'

AMS12 S'-AATGTTGCTTTCTTTAGATGTTG-3' 27
5'-"TGCAAAATTACAAGCAAACTG-3'

5'-CACCGTTTCCATAATCAAGG-3’
AMS22 5'-ATTTTTTGGGCATTGTTGG-3' 52

5'-GCTGTTCACTGGTCTATCTGG-3'
AMS23 5'-ATTCGGTGCTGATTTTCG-3' 43

5'-GAGGGCAGTGTTAGCATTCC-3’
AMS25 5'-GCAACCTTTCCCCGAGAG-3’ 26
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A B C

(bp) M 1234567 12345671234567

Figure 4-6. DNA fingerprint analysis of genomic DNA used by (A) AMSO4, (B) AMSO06,
and (C) AMSO8 primer sets. M is the pUC18/Hinfl size marker, Each lane represents:

1, Colossal; 2, Lasoon; 3, Goyang; 4, Uisung; 5, Yecheon; 6, Haman:; 7, Hoengsung,
respectively.
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Figure 4-7. DNA fingerprint analysis of genomic DNA used by (A) AMS12, (B) AMS22,
and (C) AMS23 primer sets. M is the pUC18/Hinfl size marker. Each lane represents:
1, Colossal; 2, Lasoon; 3, Goyang; 4, Uisung; 5, Yecheon; 6, Haman; 7, Hoengsung,

respectively.
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k. SETMSel o1& vl AuE 7k FA4 fAE 7

kato]l A f# 3 SETMS(sequenced tagged microsatellit marker site) PCR 23
WHoRE s A A 78 Zetoluo A tgAol YEES & AATH
3], AMSO08, AMS12, AMS22, AMS23¢] Zgtolm & ©]&3 PCR fragments> oFF v
g Es detdia Ao 2 9 vdEdS dEde Zdolns AMS04, AMSO06,
AMS25 s°lth #19] AMS Zefelm 5ol Uehhs WEo] sj'l & scoring Al AM 1
s Ale]e] FAIAE NTSYS-pc programS E3}e] Figure 4-8 ~ Figure 4-139]
R AT

Jm

Figure 4-8. UPGMA-based dendrogram generated from AMSO8 primer pairs among
cultivars, Colossal (U.S.A), Lasoon (Thailand) and local cultivars from Goyang,

Uisung, Yecheon, Haman and Hoengsung. The bar indicated similarity coefficient.

Figure 4-9. UPGMA-based dendrogram generated from AMS12 primer pairs among
cultivars, Colossal (U.S.A), Lasoon (Thailand) and local cultivars from Goyang,

Uisung, Yecheon, Haman and Hoengsung. The bar indicated similarity coefficient.
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Figure 4-10. UPGMA-based dendrogram generated from AMS22 primer pairs among
cultivars, Colossal (U.S.A), Lasoon (Thailand) and local cultivars from Goyang,

Uisung, Yecheon, Haman and Hoengsung. The bar indicated similarity coefficient.

Figure 4-11. UPGMA-based dendrogram generated from AMS23 primer pairs among
cultivars, Colossal (U.S.A), Lasoon (Thailand) and local cultivars from Goyang,

Uisung, Yecheon, Haman and Hoengsung. The bar indicated similarity coefficient.

Figure 4-12. UPGMA-based dendrogram generated from AMS25 primer pairs among
cultivars, Colossal (U.S.A), Lasoon (Thailand) and local cultivars from Goyang,

Uisung, Yecheon, Haman and Hoengsung. The bar indicated similarity coefficient.
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Figure 4-13. UPGMA-based dendrogram generated from total 7 AMS primer pairs among
cultivars, Colossal (U.S.A), Lasoon (Thailand) and local cultivars from Goyang,

Uisung, Yecheon, Haman and Hoengsung. The bar indicated similarity coefficient.

o] AxZ gkt A Z o2 1 F(Colossal), Bl=(Lasoon) mlEo] 39
% oA, oA, ot AAvtEy FHES 4 ¢ o I U AuE vtsEe A F

FAdAE v 2 B Bus A2 7PEARE ojds] AFLP dHS ®ola 3lof, 7
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1o
rE
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S BHAE7] ¢ste] SETMS = gto] 4 (AMS23 primer
pairs, Table 4-3)2.2 PCR £33 4 AHLZ & &Ath(Figure 4-7, oA vl= 145bp-3H2 &

i)
a)
o
o
N
o
i
[o
il
2
ol
ol

). o] d# 3S A3 (Figure 4-14) 71 97]14<4S nlg o2 TAMS23
Zglolw % (5 -atcttatgtaacgaacta-3', 5’ —agtcttcttgagettgtt-3') 2. & o] inverse PCR&
Tt o, A5 v (Clossal), Hl=(Lasoon), @&, < vls< 3 AxS Hindll
Aedgrz ddstelil, PCR 2312 94T 1%, 52C 1%, 72T 1%, 30M &=HAAT 1
A vtz A 91bpe] AAE AU, o] HAES st L AVIANESs AAFA
t} (Figure 4-15).

O 97N E S Ade AT

A
EAske] T46bp Sk 245bpe] 2B Lhrol YE & 5 ATk
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1 ATTCGGTGCT GATTTTCGGA GTCGAAATTC CTAGTTCGTT ACATAAGATT TCTTTTATTT
61 CAAAAGGTTT TAAAAGTTAA AAAATTAAAA TTCATTGTGA ATTGAGTCTT CTTGAGCTTG
121 TTTTCCAGAT AGACCAGTGA ACAGC

Figure 4-14. Nucleotide sequence of an amplified PCR fragment used by AMS23 primer

pairs. The gray boxs represent AMS23 primer pairs and underlines indicate

primer pairs.

10 20 30 40 50 60 70 80
5" AGTCTTCTTGAGCTTGTTGCTGCAGATCTATGGGGTCCTGCTTCAACAAATTCTGACTATGGATTCAACTACTACATTTC

90 100 110 120 130 140 150 160
TTTTGTTGATTCCTATTCTAGATATACATGGATATGTTTTTTAAAGTCAAAATCAGAAACTAGCAAAGTTGTTATTCATT

170 180 190 200 210 220 230 240
TCATTAATCAATCTGAAAAACAGACAGGTGAGAACTTAAAGATTTTGCAGACTGATGGAGGTACAGAATTTAAACCGTTA

250 260 270 280 290 300 310 320
AATGAATTCTTTCAAAAGAAAGGTATAATTCATAGATTAAGTTGTCCATACACTTCTGAGCAAAATGGTTTAGTTGAAAG

330 340 350 360 370 380 390 400
AAAACACAGACATATTGTGGAGTGTGGTCTCACTTTATTAGCTCAAAGTAATTTAACTATGAAGTTCTGGCCTGATGCTT

410 420 430 440 450 460 470 480
TTAATACTTCTGTATATTTAATAAATATACTGCCTACTAAAACTCTGAATAACAAATCTCCTCTAGAAACTTTGTATAAT

490 500 510 520 530 540 550 560
ATCAAACCTGATTATGATAGACTCAGAGTTTTTGGCTGTTTATGCTATCCATATCTAAGGCCATATAATACTCATAAGTT

570 580 590 600 610 620 630 640
AAATTTTAGATCCTCAGCGTGTACCTTTATAGGGTATACCAGTGATCAGAAAGGGTATAAATGTCTTGATGACAAAGGTA

650 660 670 680 690 700 710 720
AGGTCTACATTAGCAGACATGCTGTATTTAATGAAAAGGTATTTCCTTTCAACAGTAAAGATATCGCTACTACACAAAAA

730 740 750 760 770 78 790 800
ATATACAATCCAATGAAACCAATACCAGGAATACCTTTATACTCTGACAGTTTTATCAAAGATACAGTTGATGGTAGCTC

810 820 830 840 850 860 870 880
AGGATCATCTCAACAGCCTGCATCACCATCAAGCAGTGAGTCACCTGAGCCTTCCAATCAGCCAAGTATCAGTCAACAAC

890 900 910 920 930 940 950 960
ATGAACATCTGCAGCATGACTCAAGTTCATAAGTTAGAAGTAACCAATCAAACACTAGAAATGATAATATTGAAATTCAT

970 980 990
GAACAGCAGAGTGAACAAGCTCAAGAAGACT 3’

Figure 4-15. DNA sequencing analysis of PCR amplification of EFcARl digested genomic

DNA. The under line represents £FcAR| restriction enzyme site.
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el o vl 746 bpel AAE 7FA 1 © 2 39 inverse PCR S%%
HHEE o722 Ao A71Y9%E ¥ Southern BlotS 2 A| ’5‘}9‘3\‘:}. a2 A3 v = (Clossal), i
=+ (Lasoon), @, oA, & vlsolA BT OlbpolA £33 HEZo] dojdS & = 9l
AT ol=A o5 mhE Alolo A WolA| o] Wol= Aol7t Yles & AATH

(A)

(B)

Figure 4-16. PCR amplification of Hindlll digested garlic genomic DNA with AMS23
primer pairs. Panel (A) and panel (B) indicate inverse PCR product in agarose gel
and Souther blot analysis, respectively. Each lane represents (1) Clossal, (2)
Lasoon, (3) Danyang, (4) Yecheon, (5) Hongcheon, and (P) probe control (771bp).

Arrows represent 991bp.

uf, =9
s 9 Aol WolAe TaENE Ba AGFN WMol UehiE wAE
Zow i AFLPS SETMS PCR 28-S A%8¢t. |5 AFLPS SETMS PCR W<
A8l 2 Ultracentrifuge-CsCl gradient ¥H< Sdtol 3 Aus 22, AAsI] &=
< DNAE #dstvh. AFLP A3olA = w=, =, 1%, oA, o, gt A vss
AR 3 F 32709 Eelolw 23S Edle] 1 thEA o] LpELE WolE 2ANE T

mH
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a5 12708 Zebolw 9ol M v Hw Elal e whselA vd A
dis 7= dds Folth ®=3 SETMS PCR A3olA %= Fuko] falaA &
Ao A}4¥ microsatellite DNAS 39t8 Zglo]ln #AES o] 839 PCR %39t 1
oA 87l Zeko] M (AMS primer set) oA o thge W= HEE mola A
wElA o]5 SETMS PCR Zglo|Ho] SEH HHES FA35to] NTSYS-pc program=

Foo] 2 HAWAE 2ASAY. 1 FABAS Zejolv] AUz RAsn 18 FH9

ol

o
;O

3lo
&

R

o] scoring® data® #4138 XM similarity coefficient(F)>0.614 W v =4t vtE 3} ef =4k
aelar AR oA, i, FeE, FA vhe)omA AA VAR BER EUAT wet
A olg Zetolw gom wis A YF e AolE YEUE miR &8d F dS e
2 e

oz ns AAEFY WHolxH9E inverse PCR¥} Souther blotg A Ag A3}
H] = (Clossal), Bi=(Lasoon), T, oz, &xlnlsolA Wolx e e iy dus
Ad = st

5. W& 3 Awe ;A st A4AT
7F. 85 8 Al microsatellite DNA &

1) microsatellite locie] A1

W) &= (B. campestris subsp. pekinensis) genomic DNA<2] microsatelite DNA
ATE Fote] AL B A4S rEetar g3t FeE 22 ol &k A AEH
2 N&eta Astet FE EHS st axt sttt ol FF A o2 DNA chipe o &
gt e AEoe A48T F Ade 7R VlesS stz gt of 7] el A Hal #
microsatellite sequence® FTolA YA REA, O8] FBHOBZAN VMFAS YRR
sto 7bd AAdsioha AbEE = 2709 microsatellite 2915 A&ttt o] Sl A ngal39
microsatellite #9]= AG/CT ©] W& REZZ 7FA1 nga 172 GA/TCO| ¥Hy RE|Z
g 7MY, S35 o4 A7) ngal397F 182bpE o]F HEEXAE (AG/CT)polal
ngal72 © 7% 166bp= WH&E A d-2 (GA/TC)yrol T
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olES

43¢t primer® designstel PCR 7IH¥& o83 of7] 2] genomic
3]

DNAZXRE ZZa Wyt o] =29 DNA dHSE pGEMS3Z(+) vectordl ligation A]Z1
3

% E coli DH5aol 2 A3 Ao, SAASE E colizFH F&3 DNA AHS @

=2 Hu

nN'

o2 Ag3te] Lamda-DASHIIE o] &3te] Alxd #lF9 FHA2PoZiY
plaque hybridizationg 3 A¥W S 53 AG/CT T+ GA/TC motif ¢ HFE A Lo
EAE Aozt MZAEE 13719 genomic cloned FXH3Utl. 183 cloning ©

phage DNA®] microsatellite A o] X3gFHo] Jq=AE FAst7] 93] ngal39

microsatellite locus® © 3% o2 4to} DNA gel blot analysis® 3 3% thH(Figure
5-1).

Figure 5-1. DNA gel blot analysis of plasmid DNA that was expected to be cloned

microsatellite region of (AG/CT) or (GA/TC) motif in the genome of B. campestris.

2) Algta AR % 24 3 sub-cloning

Z29 9 microsatellite A 9<S 3 Aoz JUEHE = MY ATFEAA

L

H

71 918 BamHl, EcoRl, Hindlll, Kpnl, Pstl, Sacl, Sall, Sphl ¥ Xbal® & Htt

o
Eu)

& 0.8% agarose gel JolA H71dE FozH Asdai gl EAE AT
a8 A AHE el He zEvt gdeE g4ETS o] 831o] DNA gel blot analysis

S-S 3t (Figure 5-2).
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Figure 5-2. DNA gel blot
analysis of plasmid DNA that
was digested with £cARl with
ngal39 probe. pGEM 3Zf(+)
vector was used as a negative

control.

Figure 5-3. DNA gel blot
analysis of plasmid DNA that
was digested with BasHl with
ngal39 probe. pGEM 3Zf(+)
vector was used as a negative

control.

Figure 5-4. DNA gel blot
analysis of plasmid DNA that
was digested with AHindlll
with  ngal39 probe. pGEM
37f(+) vector was used as a

negative control.
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Figure 5-5. DONA gel bDlot
analysis of plasmid DNA that
was digested with Apnl with
ngal39 probe. pGEM 3Zf(+)
vector was used as a negative

control.

Figure 56. ONA gel Dlot
analysis of plasmid DNA that
was digested with APstl with
ngal39 probe. pGEM 3Zf(+)
vector was used as a negative

control.

Figure 5-7. DNA gel blot
analysis of plasmid DNA that
was digested with Sacl with
ngal39 probe. pGEM 3Zf(+)
vector was used as a negative

control.



Figure 5-8. DNA gel blot
analysis of plasmid DNA that
was digested with Sa/l with
ngal39 probe. pGEM 3Zf(+)
vector was used as a negative

control.

Figure 5-9. ONA gel bDlot
analysis of plasmid DNA that
was digested with Sphl with
ngal39 probe. pGEM 3Zf(+)
vector was used as a negative

control.

Figure 5-10. DNA gel blot
analysis of plasmid DNA that
was digested with Xbal with
ngal39 probe. pGEM 3Zf(+)

vector was used as a negative

control.

ol Fg3slH 1B F229 A9+ sty el BamHl, EcoRl, Hindlll, ¥ Sacl, 2H
o] AS ¥ EcoRl, Hindlll, 7Sce 4% 3stu® <9 Sacl, 9Be] 4% sty 9
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BamHlI, Pstl, & F /09 Hindlll, 10E ¢ 7% U2 EcoRl, Hindlll, Sphl, 11Sc¥]
45 st o Sacl, Sall % Xbal, 12H®] 4% st e EcoRl, Hindlll, ZL2]iL 13E€] 7
S stu# el BamHI, EcoRl, Sacl ¥ F /W] Hindlll7}F S-S & 4 UAAT. o 34
oA 8E¢} 9BoAME wl$  9FE signal EE signale] Yo A ol o] FEE
microsatellite region®] EA3H4] ZoS & & AU

e 7 F2AA A &aol 93] vrolxl dyAbolelA DNA gel blot
analysisg T3t 4 AHRE FTFst] o= A microsatellite A S-S 2F 3= A

¢+ 4= 2t} Hybridization 23 1BE BamHI 3 EcoRI Aol €] 1.8kb d#H 3} EcoRI

Table 5-1. The size of fragments cut with various restriction enzymes. Bold italic
figures mean the sizes of DNA fragments which show positive signals by DNA gel blot

analysis with nga139 microsatellite probe. (unit : kbp)

1Bam 9Bam 10Eco 13Eco 7Sac 11Sac 2Hind 12Hind

Sphl no cut no cut ?—g no cut no cut no cut no cut 38

Kpnl nocut nocut nocut nocut no cut no cut no cut ;12,

Sall nocut nocut no cut no cut no cut ?9 no cut no cut
3.3

Xbal no cut no cut no cut no cut no cut 1.8 no cut no cut

Pstl no cut ‘gz no cut no cut no cut no cut no cut no cut
Hinam 39 41 66 55 . . 32 32

m 2.8 3.0 1.2 05 nocH o cut 12 2.8

Sacl gg no cut no cut ‘gg :13% ?g no cut no cut
BamHI ‘gg ‘gg no cut ?g no cut no cut no cut no cut

4.3
4.6 3.2 4.0
EcoRI é(g no cut 39 25 no cut no cut 0.4 no cut

3} HindllI®] 1.1kb&#A A, 2H+= EcoRI¥ Hindlll®] 0.8kb&d el A, 7Sce= Sacls Aol
o] 1.0kb&H A, 9B= Pstl ¥ Hindllle] 0.7kbd¥H A, 10E= EcoRIZ} Sphle] 2.7kb
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Ao A, 11Sc+ Sall 7 Sacle] 1.1kb Aol A, 12H+ Hindlll ¢ Kpnle] 1.8kb A3 o
A, 283l 13EE Hindll ¢ BamHI9] 1.1kb ZH|A positive signalS geld 4+ A
th o]E& F3dl microsatellite A2 o] FEo] EAT Aoz o ¢ ATt o F
| Z+zte] AdHEA AS @il o ZEHZ dole} DNA gel blot analysis® 23 &=
th3 2t (Table 5-1).

g o] A¥E E3lo] wjFo] £A3= microsatellite A1 99 sequenceE A H

>

of

gol3t7] s pGEM3Zf(+)2] multi-cloning siteo] &A3t= o2l 71x A7 L9
microsatellite A9 ol EA3t= o8 AFITALES ] 83t9 sub-cloningS 43 3}

Attt (Figure 5-11~17). &4 o ¥+ plasmid DNA°] ngal39E probe® Ato}

DNA gel blot 402 #Hd3gtt. o]g A sub-cloningl & @749 A4S o
Ad= AAe Zdolx F£H3F DNA fragmentE> Z+7Z 1BH, 1BSc, 2HE, 3H, 4Xb,

6Sc, 7Sc, 10ESph, 11Sc, 12HK, 18] 13EB# % 9 33 th.(Figure 5-11~17).

HindIIl EcoR1 BamH1
BamHI1 EcoRl1 Sacl

S N

Hindlll enzyme digestion
and
E ?c ITp ﬁm )fb ﬁl 1) TI self - ligation

T7 primer SP6 primer

A
7

Sacl enzyme digestion

pGEM3ZA{(+) and

self - ligation

BamH1 Hindlll Sacl BamH]1
.7 .5
or
e e G O o O s O
T7 primer SP6 primer T7 primer SP6 primer
I1BH 1Bsc

Figure 5-11. The restriction map of 1Bam-DNA fragment and strategy for sequencing.
The gray box means expected region in which microsatelite exist and bold letter of
primer is used for sequencing. The scale of DNA size is in kbp.
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FcoRI1

HindlIll Hinzdlll

EcoRl enzyme digestion

and
E § Kp §m B %b ﬁl r }I{ self - ligation -
T7 primer SP6 primer ~

EocoRI H‘nfllll
Sequencing

with
}E SIC Klp Slm }? le SII ?p I-I[ T7 primer or SP6 primer\
T7 primer SP6 primer -

2HE

Figure 5-12. The restriction map of 2 Hindl || fragment and strategy for sequencing.
The gray box means expected region in which microsatelite exist and bold letter of

primer is used for sequencing. The scale of DNA size is in kbp.

Sacl Sacl

.8

Direct sequencing
with
T7 and SP6 primer set
|E ISc f(p FmIB F(b ISl |P4|H p >
T7 primer SP6 primer
7Sc

Figure 5-13. The restriction map of 7Sac-DNA fragment and strategy for sequencing.
The gray box means expected region in which microsatelite exist and bold letter of

primer is used for sequencing. The scale of DNA size is kbp.
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EcoRl Sp h}ffnéchgRI

Sphl enzyme digestion
and

E fcKppm B ¥Xb §I P H self - ligation

T7 primer SP6 primer

EcoRl Sphl
.7
/ AN Sequencing
with

E S KpSmBXp§ $oi — Tprimer

T7 primer SP6 primer

10ESph

Figure 5-14. The restriction map of 10Eco-DNA fragment and strategy for sequencing.
The gray box means expected region in which microsatelite exist and bold letter of

primer is used for sequencing. The scale of DNA size is in kbp.

Xbal Sacl
Sacl Sall
00.1 0.8 1.9
Direct sequencing
with
SP6 primer
E Sc Kp Sm B Xb SI P H
[ 1 >
T7 primer SP6 primer e
11Sc

Figure 5-15. The restriction map of 11Sac-ONA fragment and strategy for sequencing.
The gray box means expected region in which microsatelite exist and bold letter of

primer is used for seqguencing. The scale of DNA size is in kbp.
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Kpnl Hindll
Hindll Sphl
10 1.82.0 2.8

Direct sequencing

with
S b sl T7 primer
N G S O A >
T7 primer SP6 primer [
pGEM3Zf(+)
12H

Figure 5-16. The restriction map of 12Hind-ONA fragment and strategy for
sequencing. The gray box means expected region in which microsatelite exist and

bold letter of primer is used for sequencing. The scale of DNA size is in kbp.

Hindlll Sacl
EcoRI1 BamH1 EcoR1
0.4 1.5 1 2.5

Hindlll & Bam HI enzyme digestion

and
ligation
£ f°fr 3™ p ¥ 3 f I >
T7 primer SP6 primer -~
BamH]1 Hindlll
4
Sequencing
with
SP6 primer
A L O e A B | >
T7 primer SP6 primer
13EB

Figure 5-17. The restriction map of 13 Eco-ONA fragment and strategy for
sequencing. The gray box means expected region in which microsatellite exists and

bold letter of primer is used for sequencing. The scale of DNA size is in kbp.
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3) i ¥ microsatellite DNAS] 971A4<d Z2A

AR FGrIME AAHL  dideoxynucleotide chain termination HH
(Sanger et al, 1977)°] 93l F3stAct. A7IAME S AAHS A s plasmid DNA
+ 2 M NaOH + 2 mM EDTA= denaturationdt § &3t 2m™ (Mierendorf and
Pfeffer, 1987), o] W& o] &3] sub-cloning®] ¥ U= pGEMS3Z{(+) vector ligation
S A pGEM3Zf(+) vectord] &A)8t+= SP6 primer Y} T7 primerE o83t G744

S AA A H(Figure 5-18).

1BH

CGAGTCTCAGGCAGGGTAACTTATAAAAAGACATAACGACCATAGATAGT TAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAG
AGAGAGAGAGAGAGAGAGAGAGAGAGCAAACAGCAGTCCAGTGAATGAATTTAACTACAAGATAGTACATCGAGAAGACGCAC
CCTCAATCTATTCCCTTGGCATATTAGGATTCCGACAATCACCACGGCCGAAGCTATTAGGATTCCGACAACTACCAGAGAGA
GAGAGAGATAGATAGAAAGAGCGAAGAGAGAGGCTGCCGCCTGATTATATGTAAAGTTCTTGTTTGACCTACCGATCCGGTCT
GCGGTTAAGTAATCTTTTTTTACAATGTTACTTGAAAGAATAACTTTTTTTTTCCAGTTACTTCTTGTCCCTGTATTTTTTTT
TTTTTTTTTTTTTGTTAACAAAGCCTTTATTTACATAAATGTAAATTTCAAAATGGGATATTTTTTTCCCATGGTCACGAGTA
AATAAATAAAAAACTGTGAGGATAAGTAACATGTAAAATATTTAGTAACAACAACACGGTCGATGCT

1BSc
GGAAGCAGCGTCCAAGTAAGACTCTCCTCCTCCATAGATCCTTTATTGTTTTTGCTTAAGACTCTCTCTCTCTCTCTCTCTCT
CTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTTACTTGTTTGC
TAGGGATGGCTCGACCCTGGTTGTAAATGCATATCGTATAAAGGTAGGAGGAGATGACTCGACTCCAATATCCAAGTAGGCCT
TGACCTAAANGNTTTTTTTATTTGATGTGTTCTGTTTTGCCTCTGTGCTTACTGTTGGNCTTTCTCTCTCTCTCTCTCTCTAG
GGTCCNCCTTGATAGATGTTGACCCCATGTAAGACNCGCCTNCNNCCATAGANCNGGATCCNNTTATTTTACCNNGGCTTNCC
CTCTTGCCTTGATTGNATCTGTNCCNCTTCTTACCTGGNCNNNNCGNTAATTANGGGGCCGCATNTTCCCTTNTGTCCNGTAA
NGAGNTTCTCCCTATTGNNCACCTATNGNTNTGANANTNTNNNNACTTAAGATCTCTCNNTTNNNNTNNANNACNTCANNNAG
TGCGTGCGNTATNGGAGTGTGTCNCNNNTGTGTGTAAGNNAGTTGTATCNCACACNNGTNTANTNAGTACGNATGTGNAGNNT
CGA

1BE
AAAGAGTTATATATATATATATATAACCAAATAAAGAAATAGCAAATGGAAGAAGAGTGATTACATAAAAACGAGATAAGGAG
CTGGCAGCCTTGGTATTGAAGGAGAGCTCAGGGACACACTATCATACAATCAAGGAATGCATCAGGAAACAAGGATCTAGGAA
GCAGACAACTCCTCCTTGCAAGTTCTATGGAGTCTTACTTGGAAAAGTCGTAATCTCCTATTGCTCTGATGATCAATAGAAAC
CTAGCAAAAGATTAAGACAAAACTGAGCAAAGANGCATAAANNACNCTCAAAACNATANCNNCNAGGCTTACNTGGATATTGG
AGTCCNGTCATCTCCTCCTTCCNCTATACNGGTNGCATCTACNCCNTCCACANTNGAGACANACCCNAGNNAGNNAGCGCAGA
GAGAGAGAGNAGAGAGCAGAGANTTN

2HE

TAAATAAATAAAACAACAAAACCCCGATTCTTGCACAACTCCATAAATCAAGTTTATTTTCAGTATATGATAAGAAGGCAATA
TTTAGAATATAATTATCGAGTTAATTTCATGAACGGGATGATTGCCCATGTGATGTTGAGAAAGCACAAATATTATTGAACAA
GATAAAATAAGAGTGTAATCAACCACCAAGGATATCAGAGGAGTGGTTTTGAACTCGTTACCAGATTGGCTATGCCTCTCTCT
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CTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTTTTGGCCAA
ACACAAAAATCCACTG

3H
CGACCCCTAATGGATCTTCGAACAGGATTACCACGAAGGTCAACAGTTCCATCTTTTGTGTAATCATCTCCTACCTCTTCTAC
TGTCATTTCTCTCTCTCCTCTATATCTTTTCTCTCTATATTTTTTTTCTTTGTTTGGTAGTTTCTGTGTATTCTAATAATGTG
GATATTTGTGTGAAGAGAGTCGGCACTTTTGTCTCATATATATACAAAAGAGATGCTGGCTCATTTAGATAAAGAGAATCTTT
TGACTGTACATAAAATAATTACTGACTGAAAACTAACTAAATTAATTATTGAAAATTTATATAGATAGTCCAATTAGGAGATG
TTTTAGAAAATTCGACTATCTAACTACCTTGATTAGCAAATAACTATTATCTGCTAGCTCAGCACCATGACTTGTCTTCTCAT
AATACACCTCGCTTGACCATATGAAACGATCTATATACTGTTTAAAAATATGCAAAGAGAGTGAATGTTTCTACAATTAAAAA
GATCCCGAGATTGAATGCTCGACATGTAATACTAGTCCAGAAATAAATATAAAACACTCGTCCATGGAGTCGTCACATAAAAG
AAAAGTAAACTGTAGATTTAATATACAAAATTTTACTATAATAAGAAAATAAAGTATTAGGGAACGTGAAAGCTACTAAACTA
AATATTTTGCATGCTTTGATAATAATAATGAAACGAAAATANCACTAGTAAAAAAAACCCCCCAGCCACACTATTTTTCGTGG
CTATAACCCAATTTCGTGGGTATAGAGAGAGGAAGCCACGAATGCTACGAAATTAATCGTCGTATACATCGTAGCAAAATNGC
CGTGTCAAAAACGTAN

4Xb
CTATTTGGGGGGCATTCCTTAAACTATCCCCCCCTANCTTTAATCACAAACCACTCATGGGACTACACATCCAAACATACAAG
CATAAATCACCAATCAATCATCACTACCACAATTCCATTTCAGTTTACTAAGTCCCATTTAACAATATGAGGGTTCTTATGCA
TCGTGTTCCATTCATCTAACATCCTAGCAATAATCATGTTCTATCAACCTAGCTTTCAAACAGGGTCTAATCAACCCTAACTC
CAACAAAAAGGAGTATACAGTACATGGGAACAAGATGGGTTCAAGACACTCCACCTTAGCCTAGATCTGGATCCGGATCTGGA
AACAAGAGACAATGGAGAGGAGATCTGAACAGATCTGGAACAAGGAAACAAGAGAGCTGCGAGATCTGACCACAACCACCAAT
CAGCTGCAACCACCACCACCACACGGCACCGGCGAGGAGGAGGGAGAGAGGAGAGAGATCACGGAGAGAGAGAGAGAGAGAGA
GAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGA. . . GAGAGAGAGAGAGAGAGAGAGAGAGAGAGAAAGAGAGGCGTGAG
AGAAGAAGAGAGAAAAGGAAAAGAGAAGCT TGACGGCTAGGGTTTCCTAGTCTCTCTAAATCTCTGCAGAGCTTCGCCCAAGT
TTCAGAAATGAGAAAAAAGAAGGGGCGGCATCTCTTTTTATAGGAAAGGGTGAAGGGAACCCTAGGTTTTTGTCAAATGGGCC
GTAGAGAAGCCCAATCTTTTATGAGAATTTTTTGGGCCAGGAACCGGGCCGTTACAGTCTTGTTGCCATTATTAAAAGAAGAG
CCAATTTGTATGCAATGTAATCTTGGACTG

7S¢
GCGGTACGAGCTCTTCATCTTTGCGGTGCCTTTCTCTCTCTCTCTCTCTCTCTCTCTCTTGAGTTCATTCTTCTATGCTATTC
TGGAACTAATAGATTATATATGAGCAGGTGGGTGGAGGCGTTGTTGTTTTTGAGGTTCAGAGAAGTTCACGCTCAGAAACTAG
AAAAGAGGAAGCACGTAAGCAGGAACTAGAGGTAACGTCACTTTCTGGTTAGGAT

10E
ACGGCCATAAACGGAATACAAAGCCGAAATTTTTGAACAAAGCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTC
AATCGCTTAGGGTTTNCTTTTGTTCTGAGTCTCGGATCTGATTGTGTATTTGGGGGAAAATTTCAAAATCGTAGATCTCTCTT
ATTCAATCGTTGCGTGTTCCATCTGGTAATCATGACTTACGTTTTATCTTCTTTT

11Sc

TNCGNCTTGCATGCCTGCAGGTCGACTCTAGAGGATCCCCGGGTACCGAGCTCAACTTTGTTTGTCTTGGGGCTTGGTAT
ACATGGGATTGGATTCTTCTAACAAGTCTGGAAAGTAAAGTCGTGTGTAGATATATCACCCTCTCTCTCTCTCTCTATTT
CAAAATTTAGATTACATATATACATATATATATATATTATAATTATAGATAATAATTTAGGAAAAGAATTGGAACACGAC
TTAATGGCTACAACCATTAAGGCTTGATTCATAATAATTCTATAGGTAAAGGATTTGACAGGACGTAGTGGCTACAATCA
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TTAACACTTGATTCACAAAAATCCTAGGATATAGGTTAAAAAGAAGTGAACAGGATTTGGTTGCTAAAACCATTAAAGCT
TGATTCATGGNAGTATGTCCNATCTTGGTCAATGATCTTGCNATAAAACCNACTTTGACTTAGAGAAAATTNNTTGAGAG
AGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGGGAATTNNNTCCTATTTACNTTCNGGGCNAANACNTTTGNTTGG
GCNTNCCTGCNTCATGTGANCNATACNTNCNAGGGAAANCNCCNCTTTTTTTATNCCAAAANGAAGGT GGNNAAGGGAAT

12HK
CGAGGCTCCCTACCGCCACCATCTTCACCACCGACCCCTCCGGATACTACGCCTGAAGCGGCGACTCGATTTGTTTCTGGAGC
CACCGGTGGTGTTATGGATGAAGCGATTCACGCCTCCTCCGCCGTCACGCTTCTTCTTATCTTCAATCTTTAAGCCGGCTCAG
CTCATGAGTCACCGCCTCTGCTACCTCCTCCTCCATCAATCTGCTCTGCCTCCTCCAGCTTCCTTTACCAAAATAAATAAACT
CAGATTCAACGCACAGAAGAGAGAAGGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGACGCTACCGGTG
ATGGTGGTGAAGAGCGTGACGGTGGTGGTGGTGAAGAGCGTGACGGTTGTTGTTAAACTTCGTTGTTGTAGATGGAGAAGAAG
AGGGCTGTGAGTGATTGTGAGAGATTAAGACAGAGTTGTGTTGNTGAAGAGATAGAGNTCTGGA

13EB
ACATAAGCTTCATTGCCACAAACTACTTTAGTACTTACACATTACTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTC
TCTCTCTCTGATACCTAAAACTCCTACNGCCGAGGGTTGTTGCTGCTGCTACTTTTACATTGTGTTAGGAACTGGTTTTGATG
TONCTTTTTTTCACTTCGAGTCTTTGTAGGAATCAGCCTTTGTCTCTGCGACGCC

Figure 5-18. The nucleotide sequences of microsatellite region in B. campestris
subsp. pekinensis. Bold letters represent the microsatellite region, and
under | ined sequenses represent the location of primers for the amplification of the
microsatel lite region.

71—71—g Z‘ji

=)
Al

of dig dAVNALEs AR A dTuE B Ao
(GA/TC)e] EE]ZEZE 7}A = microsatellite A9 (bold letter)o] &AgS &g 4 YA
o} 3 AdAEAE (GA/TC)Y dinucleotide repeat Wk ofyel ¥ FQolA (A/T),
(AT/TA), 18122 (TAAA/TTTA) 59 motifE 7}2 repeat region®™ UlE&Eo] #elg 4
k. Microsatellite DNA®] #3k o] AFEANA ¢ %S 9] nucleotide repeat motif
oA © polymorphism< #&d 4 Qtjy HE A gloervZ o5 I 1 {8 JeAS

B Uk

4) microsatellite A9 S35 913t primer A7
microsatellite 29 nucleotide® TAE WFE G A7} v}t F2 AL o
2 ZE218la &= DNA (variable number of tandem repeats)=4] (Litt and Luty, 1989),

microsatellite &9 FwHA Aol Zzte] BRERE 1H3 F7Ado] &Rt uala]



=

=z

daf-Aste] A So g o]&¥ vt (Bruford and Wayne, 1993). o] 2] &F

microsatellite Aol  EAA FRAFe HEH {3 FVIALES o]l &35

SSR

rlo

=i

microsatellite A9 =& ¢33 primerE A A tHTable 5-2). ©] primer 59 A&

WS 70 I YHE FEA A (Figure 5-18).

Table 5-2. The primer sequences for amplifying microsatellite regions of B&.

campestris subsp. pekinensis.

(repent #) sequences IR FRR S
\BH CGAGTCTCAGGCAGGGTAAC 5987 60
(28) TTCACTGGACTGCTGTTTGC 6003 50 2
IBSc GGAAGCAGCGTCCAAGTAAG 6002 55
(47) GAGCCATCCCTAGCAAACAA 6021 50 e
SH CACGAAGGTCAACAGTTCCA 5972 50 ]
(?) GTGCCGACTCTCTTCACACA 6003 55 '
AXb AAGGAAACAAGAGAGCTGCG 5976 50 ]
(?) TAGGAAACCCTAGCCGTCAA 5970 50 '
SHE TCGTTACCAGATTGGCTATGC 600 476
(41) CAGTGGATTTTTGTGTTTGGC 03 a8
7Se GCGGTACGAGCTCTTCATCT 56 55
(13) CTCCACCCACCTGCTCATA so6a 5718
10E TCAGATCCGAGACTCAGAACAA 59.99 45
(20) ACGGCCATAAACGGAATACA 6021 45 A
11Se GTTTGTCTTGGGGCTTGGTA 5997 50
(8) AGCCATTAAGTCGTGTTCCA 506l 5238
L9HK TCCTCCAGCTTCCTTTACCA 5981 50
(23) TAACAACAACCGTCACGCTC 5976 50 100
13EB CATAAGCTTCATTGCCACAAA 58.83 38.10
(24) AGTAGCAGCAGCAACAACCC 6046 55 1
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o]9} zro] HiF9 Ao EHE microsatellite A9 H=Z& 93 PCR € primes

S AAER oW, o] Sigma Gynosis 28 GENESET| 2] 3le] sHAl 53

2) &F WFE A eE SSR w4 9

v 5=¢] A=DNAE F3 o= 4ol PCRE a8t 2™, PCR Ab=o gk 4]
<2 non-isotopic methodE 7§123}l7] ¢35t BMAAIA A5 = Meta-phore agaroses
AHESFATE SRR o] AlFe] A9 H]&o] Wol 57| wiiel 7hest dRkA o ALE 5
= agaroseS 4% % WEo] EAEtt. WA AAWE primer & AFEE] 13F 9 Al S ol A

T4 i+ AEDNAE TIPS = 5to] PCRE T3t th(Figure 5-19~5-24).

A 17)
7 & PN %
& DECE P2 B8

300 bp—>

200 bp—>»
Figure 5-19. The  PCR

product using 1BH primer

set is analyzed in 3.5%

100 bp—>»

Meta—-phore agarose gel .
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) 7
i N \/;/> >\7/‘:<‘/0 & N ng%

el
% DK 00 KRR
ARG e

300 bp—>

200 bp—> Figure 5-20. The PCR

product using 1BSc primer
set is analyzed in 3.5%

100 b
> Meta—-phore agarose gel .

300 bp—>

200 bp—>
Figure 5-21. The  PCR

product using Z2HE primer
set is analyzed in 3.5%

100 bp—>
Meta—phore agarose gel.

300 bp—>

200 bp—> Figure 5-22. The  PCR
product using 7Sc primer

set is analyzed in 3.5%

100 bp—> Meta-phore agarose of gel.
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A 17)

& A% 2 S 2

AV N X MK S KX 0 KR
SO AR AR R

300 bp—>»

200 bp—> Figure 5-23. The PCR

product using 10E primer
set is analyzed in 3.5%

100 bp—>
Meta—-phore agarose of gel.

300 bp—>
200 bp—>
Figure 5-24. The  PCR
product using 13EB primer
set is analyzed in 3.5%

100 bp—> Meta—phore agarose of gel.

PCR &9l =717} 5 300bp Et} #7] wfio] durAel agarose gelS A&
A= L AolE B FUF glo] v st ddel gk £40] ErsEtth olg S53H7] ¢
) BT oo FAEHAY AFEo A= polyacrylamide gelS AF-&38Fth 18y o] ®F
ME ALY 9 A4S AE3Sle] PCR primer?d o] FAE slojof &= wilo] )

YA o] Ao A= polyacrylamide gelS thA|E wHF 2L size?] DNAEHE E4

sk 4= 91+ high resolution gel 21 BMAA}o] A A ALE = Meta-phore agaroseS AlM-83}$3
th. microsatellite A 9o ThgAS g FHAA WO repeat motif ol ©]gh Aol
gy agla & QoA EAEE A2 2 Zolo] microsatellite A 9o F2EE 7]
ettt 1 A3 & Alsol EA15HE microsatellite X 9ol Ao thekd gEAS B 4 Q)

t}. T3 primer’t YO E TE genomic libraryoll A AAEer g PSS FHoR

O

32
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Figure 5-25. The PCR product using
1BH primer set is analyzed in 3.5%

Meta-phore agarose gel .

Figure 5-26. The PCR product using
1BSc primer set is analyzed in 3.5%

Metaphore agarose of gel.

Figure 5-27. The PCR product using
2HE primer set is analyzed in 3.5%

Meta—-phore agarose of gel.

Figure 5-28. The PCR product using

7Sc primer set is analyzed in 3.5%

Meta—phore agarose of gel.
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Figure 5-29. The PCR product using
10E primer set is analyzed in 3.5%

Meta—-phore agarose of gel.

Figure 5-30. The PCR product using

13EB primer set is analyzed in 3.5%

-‘_--ﬂ-u- .

Meta-phore agarose of gel.

91 A= Hol Zb Az Wol= Holx] skt 2HE, 13EB, 183l 7Sce] 7
Aol Ao A microsatellite X 9Jo] ZFo]E Holx ¢ror}t 1BH, 1BSc, L8]
10E ¢ microsatellite A& & x}o]E& Ho|EZ o]Z o]&3le] Fl hybridE #AAYL 4 <

3] W microsatellite X9 o]&35tH, 1 X go] BA 9 A A
5

o
rir
-z

S o]&3& Fl hybrid® #AAE 4 Yoz &
THEEY S48 02 F.rA oA FE3 genomic DNAE 322 PCRS

icrosatellite A o] 713 2 vdAS Ho|E=x LolH gk

4 bo
o2
_O|_J
f
©
iind
o
i
off
:‘uDL_‘;
L
r
3

tH(Figure 5-31~5-50).
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=283 S UANH=Z g3 08 -d0l g4 CRSZ
M FM

FM F M F M F M F

Figure
300 bp—> 5-31. The
200 bp—> PCR

product
100 bp—> using 1BH

primer set is analyzed in 3.5% Meta-phore agarose of gel.

300 bp—>
200 bp—>|

100 bp—>|

Figure 5-32. The PCR product using 1BSc primer set is analyzed in 3.5% Meta—phore

agarose of gel.

FMF M F MV F M F MF MFI FMFl FMFI

300 bp—>»
200 bp—>»

100 bp—>

Figure 5-33. The PCR product using 2HE primer set is analyzed in 3.5% Meta-phore

agarose of gel.
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300 bp>
200 bp—>

100 bp—>|

FMFM F MV FMVF MFMF FM FI FMFI

Figure
5-34. The
PCR
product
using 7Sc
primer
set is
analyzed
in 3.5%
Meta—-phor
e agarose
gel.

Figure 5-35. The PCR product using 10E primer set is analyzed in 3.5% Meta—-phore

agarose gel.
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Figure
5-36.

The PCR
product

using
13EB
primer
set is
analyzed

in 3.5% Meta-phore agarose of gel.
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300 bp—>
200 bp—>

100 bp—>

Figure 5-37. The PCR product using 3H primer set is analyzed in 3.5% Meta—phore

agarose gel.

100 bp—>

Figure 5-38. The PCR product using 4Xb primer set is analyzed in 3.5% Meta-phore

agarose gel.
2 SE UAHE S22 LEHEE S 0| L2HEA (REY
FM FIFMFMT FMFM FMFl FMFl FMFI
300 bp—>»
200 bp—>»
100 bp—>

Figure 5-39. The PCR product using 11Sc primer set is analyzed in 3.5% Meta—-phore

agarose gel .
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=2g3 ST UWANHEZ €3 H0HS ™0 =¥

F MFI FMF M FM F MF

300 bp—>»
200 bp—>

100 bp—>

Figure 5-40. The PCR product using 12HK primer set is analyzed in 3.5% Meta—phore
agarose gel.

8 10 16 26 30
FI. F M FI F M Fl F M Fl

F M Fl F M
300 bp—>

200 bp—>

100 bp—>

Figure 5-41. The PCR product using 1BH primer set is analyzed in 3.5% Meta-phore
agarose gel.

8 10 16 26 30
FI. F M FIl F M FIl F M FI F M FI F M

Figure 5-42. The PCR product using 1BSc primer set is analyzed in 3.5% Meta—-phore
agarose gel .
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Figure 5-43. The PCR product using 2HE primer set is analyzed in 3.5% Meta—phore

agarose gel.

8 10 16 26 30

FI F M F1 FMF FMVF FMF F M

200 bp

100 bp

Figure 5-44. The PCR product using 7Sc primer set is analyzed in 3.5% Meta-phore

agarose gel.
8 10 16 26 30
FI F M Fl F M F1 F M FI F M FI F M
300 bp—>
200 bp—>
100 bp—>

Figure 5-45. The PCR product using 10E primer set is analyzed in 3.5% Meta—-phore

agarose gel .
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300 bp—>

200 bp—>

100 bp—>

Figure 5-46. The PCR product using 13EB primer set is analyzed in 3.5% Meta—phore

agarose gel.
8 10 16 26 30
Fl F M FIl FMFl FMT F FMTF F M
300[q}——)>
2001no——)>
100 bp ;’

Figure 5-47. The PCR product using 3H primer set is analyzed in 3.5% Meta-phore

agarose gel.

8 10 16 26 30

Fl FMF FMFVFMF FMF FM

Figure 5-48. The PCR product using 4Xb primer set is analyzed in 3.5% Meta—-phore

agarose gel .
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8 10 16 26 30

F1 F M F1 F M FI1 F M F1 F M Fl1 F M

300 bp—y
200 bp—>

100 bp—>

Figure 9-49. The PCR product using 11Sc primer set is analyzed in 3.5% Meta—phore
agarose gel.

8 10 16 26 30
FIl. F M FIl F M FI F M FI F M FI F M

Figure 5-50. The PCR product using 12HK primer set is analyzed in 3.5% Meta—phore
agarose gel.

9ol Axz ®ol E<33 i+ IBH, 1BSc, 10EAA, %2 1Bsc, 2HE, 10E° A
A2+ 1BH, 1BSc, 2HE, 10E, 13EBeA =& 352 1BSc, 2HE, 10Ee| A 1831 »&7
F2 2HEO A x#@ol& 2HEA A w3342 2HE, 10E, 13EBelA CRE Y2 1BHIA
PCR 2t=9] HolE 28 = gloemz Fl hybrid #Ao] 71sd Aoz A=, 7t
Zyo] primer setS 7|Fo 2 H|usE W, SEFHEEREH ESWS wFE] 4§ 7ScE
ol g3t IS #EE F A %!
A4S 6%F, 10E9] A$ 5%F, 283l 13EBY A% 2%F <] F1 hybridel

o

A oAbl E E o AT A TEREFHE 94] 8 10, 16, 26, 30 o= oAl F9
5

PCRS 33ttt = 23 1BH primerZ+% 16, 26°] 1BSc primerZ+ 8, 16, 26, 30°]
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10E primer=Z+% 8, 10, 16°] 8] 13EB primer=% 8, 16, 26, 30¢] =% A A
Zhssttta #AEEAY ¥ F vjFoA] B2 10 F/F 9 microsatellite A ¥ F o= 3}t

oz EE AuFolAM Wels B e gAY, 2 Add AMSE wiF 13F9] Fl

i)
o
e
o

i

hybrid= @A) A¥E3 10 £7F9 primer set2 Z%35to] PCRE 33td ZE Fl hybrid
o AU
Aag7tA e AReEs T3

A, 28] 1 Fl hybrid&9 A=

o 79 2 BAel s

o

HENYH 248 A9 2

o 2
ol
off
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ACGGCCATAAACGGAATACAAAGCCGAAATTTTTGAACAAAGCTCTCTCTCTCTCTCTCT 60
61 CTCTCTCTCTCTCTCTCTCTCAATCGCTTAGGGTTTNCTTTTGTTCTGAGTCTCGGATCT 120
121 GA 122

—_

ACGGCCATAAACGGAATACAAAGCCGAAATTTTTGAACAAAGCTCTCTCTCTCTCTCAAT - 60
CGCTTAGGGTTTNCTTITGTTCTGAGTCTCGGATCTGA 98

(e}

—_

ACGGCCATAAACGGAATACAAAGCCGAAATTTTTGAACAAAGCTCTCTCTCTCTCTCTCT 60
CTCTCTCTCTCTCTCTCTCAATCGCTTAGGGTTTNCTTITGTTCTGAGTCTCGGATCTGA 120

»

—_

ACGGCCATAAACGGAATACAAAGCCGAAATTTTTGAACAAAGCTCTCTCTCTCTCTCTCT 60
CTCTCTCTCTCTCTCTCTCAATCGCTTAGGGTTTNCTTITGTTCTGAGTCTCGGATCTGA 120

(e}

1 CATAAGCTTCATTGCCACAAACTACTTTAGTACTTACACATTACTCTCTCTCTCTCTCTC 60
61 TCTCTCTCTCTCTCTCTCTCTCTCTCTCTGATACCTAAAACTCCTACNGCCGAGGGTTGT 120
121TGCTGCTGCTACT 133

1 CATAAGCTTCATTGCCACAAACTACTTTAGTACTTACACATTACTCTCTCTCTCTCTCTC 60
61 TCTGATACCTAAAACTCCTACNGCCGAGGGTTGTTGCTGCTGCTACT 107

Figure 5-51. PCR products and their nucleotide sequences of

microsatellite locus.

e

e A dAz ATl AE¥E PCR primers< HF29] & A5l A
microsatellite S FZd|W gon, T3+ o] PCR AHE 9] Zo] Aol w2 whEA Y

o »2HE 7198 folg: AL & 4 At

1
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SSR =& STEMS #4123 ofF &2 QA7IAdo] vtz ow EAste A ol A

o] ¥ AYS PCRS Esto] 48t W olth Microsatellite H91ell= 1-5719 A7]7}k
ke o5 A5t Q=d o] SSR (simple sequence repeat) 22 SSLP (simple
sequence length polymorphism)2tx HEt} (Bell and Ecker, 1994). o] &2 T & 9AH o
frasre] A4 Tl dg o]

<53 9t} (Bruford and Wayne, 1993). o]2]3gt o 24 wjF9} 22 o) ol o7
e A9 Am A7 2s] AgEo] dA AA Am @7IALe]l LA A= ol
BB oeFsk HFo microsatellite sequence’t R Eol k. ofr] Fdel AH$-
microsatellite®] ¥ o]& #Ast= SSRE o] &2 71 e el (ecotype)® Fdwol
E ENsleE 8% 7|Fo] H Yt (Konieczny and Ausubel, 1993; Innan et al,
1997). © Yolrta olE& olgste] ofr|guiet FAB/AIE 2 Arabis petraea 2

Arabis lyrata 719 Ast#AAE 1ottt (van Treuren et al, 1997). 2822 o 2

2§45 PCRE ol&3te] Gol% AFol bsstnz ga

ol A= wlS=(B. camppestris subsp. pekinensis) ¢} 32 4 A8} 7} (cruciferae)oll &3}
= &5 (B rapa) ¢ FWF(B. oleracea) ¢F°] FAR/AE HAAE + A=A GotET] 9§
& o]E9 @ A DNAE FE38t9] o] A|x3d w52l SSR primerES ©] 83}
PCRE 3838 th(Figure 5-52~5-61). %uj3=9o A <$

winterhunt @l 5=, 1231 =59 A5 dEd5F, HEF, FIy, 55, &7 Fl
hybrid¢} =2 A Z1gjar BAS FAE v ol Aajgk 5 <z

1 pgs ArEet9 . ZH7te]  primerE< 200 ngS AF&3loe] 95TCoA 5%
denaturationA| A th. 71 & 95T A 15%, 59Co| A 156% 28] 72CA 30%=4 40
3 «3IANZ F 72CAA 10870 F3 4TE soakingA At 242+ primerd] wz}
] 3=2] genomic DNAE F38 o2 Add wel A3 2719 annealing temperature
2 ZALS &k, 53] 1BSce AF WA 67C<2 annealing temperature® 73] <3}
A 713 61T annealing temperature® 333 <3HA|Z Tl o2 A4 & PCR ALE S

BMAA}o| Al AAFE] = Meta-phore agaroseE Ab&3fo] 221319t}
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CHEF winterhunt 2tS01S 943

Figure 5-52. The PCR product using 1BH primer set is analyzed in 3.5% Meta-phore

agarose gel.

0z
H0

=
=

0ge
02

CHE2F  winterhunt 2SS Y= &t

FMFl FMFI FMFl FM Fl

FMFIFMFI FMFI

300 bp—>»
200 bp—>

100 bp—>

Figure 5-53. The PCR product using 2HE is analyzed in 3.5% Meta-phore

primer set

agarose gel .
CHEF winterhunt 2SS 94 =3 asg A2

FMFIFMF FMFI

Figure 5-54. The PCR product using 7Sc primer set is analyzed in 3.5% Meta—-phore

agarose gel.
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&2 winterhunt 250HE

F1 F MFI F MFI F M Fl

FMFIFMTFl FMFl FM

300 bp—>

200 bp—>
-‘--FH-H—---

100 bp—>

Figure 5-55. The PCR product using 10E primer set is analyzed in 3.5% Meta—-phore

agarose gel.
ELES gl

2t winterhunt 2HS0{S  BH
FMFlL FMFl FMFI FM FI

FMFIFMFlFMFI

300 bp—>» - -'!'!
200 bp—>

100 bp—>

Figure 5-56. The PCR product using 13EB primer set is analyzed in 3.5% Meta—-phore

agarose gel.

CHE2 winerhunt RISOIS

FMFIFMFFMF FMF FMFI FMFI FM Fl

bp—> ™ _.__:.:=!_g "I~ It ﬁ_

| je—————

Z(K)bp—) "'--" T

100 bp—>»

Figure 5-57. The PCR product using 1BSc primer set is analyzed in 3.5% Meta—phore

agarose gel.
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I8 winterhunt 2S0HE = Pg=s =

FMFl FMFl FMFI FMFI

FMFIFMFl FMFI

300 bp—>»
200 bp—>

100 bp—>

Figure 5-58. The PCR product using 3H primer set is analyzed in 3.5% Meta-phore

agarose gel.
2 winterhunt 2S0{E s P g P 32
FMFIFMF FMFL FMFIL FMFIL FMFlI FM FI
300 bp—>»
200 bp—>»
100 bp—>

Figure 5-59. The PCR product using 4Xb primer set is analyzed in 3.5% Meta-phore

agarose gel.
2 winterhunt 2Fs0HE 2= = 3= 32
FMFIFMFFMEFI FMZEFI FMFI FMFI F M Fl
30011r—)’

200 bp—>»

100 bp—>

Figure 5-60. The PCR product using 11Sc primer set is analyzed in 3.5% Meta—phore

agarose gel .
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b ok AEA Awel MolAel Bl 2e W Pz A%

s AEA AEY WolxY BAS 93 rpsl6 intron, rpsl6-trn@Q, psaA-tmnS,
trnT-trnL, accD-psal, pasl-petA, % rpll6 intron ¥#<& PCR £Z& 530 ZASI 2
PCR/RFLPS &3dte] 1 Wo| e dAAL F2Y 3sto] A7AEe AAs A ®=3
AFLP W& Fsto]l d54 Awe WolA S T8t od ddWHE St =
W oets3t =59 AuF vhsE AbololA o] WolE XA A3 T HAntsolA B

TZ24 ztolE eSS & F AT sHARE s mtEE Aloldl A 2H
A YEbA ek,

|
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H

orhs mEEEel Ak WolAd wA, ¥l 9 px A4
s MEZE ol Aol WolA e e coxl, coxll, coxIl % nad3 # <ol df
g PCR $%& &dto] L FxAQ ®olE AT WA AL o5 A oA 9
inverse PCR $Z& %3] 1 HHE pBluscriptll vectordll 24 391, 1 97144
= AT o] d7IAEe AH olF wiE MEZE=ol AlnS FTe] wEZE=gof
Awe] A= 9 FAS 25 7HAA Ao, vks Als Aels Wolef ol o]
ARk T3 AFLP 2@l 1289 primerdol Al Wolx S wAg 4 Ak 19
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Mo Eao] o] Awel WolE AGAT AFLP A% & 3249 Zebolu AolA 12
Aol metoln AolA Ful it dl9l i AWE AtelelA] Ty AHe] BT
O sl ek AEE Abelel e T Abelzh 2l YEbA shelkeh elA SETMS A3
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om U AME s el AME phEE Al f94 FAEE Bele] 1 o]
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st o gubise] AN WS AAeS & F ATk vk AAEe Wold gae
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AFLP¢ SETMS Admez & Al =ie] vks AE AleldlM g s &

gov EFL AT 4 Ut AR AND F 9e Ao g

2. W3 microsatellite DNA t}3& 3 Aol

B AFo = SSR(simple sequence repeat)S ©]-&3Fth. vlF 9 genomic
libraryE 443 A3 AG/CT %+ GA/TC motif ¢ wrEAqGo] &A= 13719
genomic clones FH 3T o]F HtEH AL A3t & gle] AFdas ARE A
3}7] 918l BamHI, EcoRl, Hindlll, Kpnl, Pstl, Sacl, Sall, Sphl ¥ Xbalo 2 A3l t}&
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