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ABSTRACT

Technology of DNA a&nalysis, including restriction
fregment length polymorphism (RFLP) end rendomly aemplified
polymerphic ODNA (RAPD), were explored fcor use in rice
improvement ., We alsc +tried to used RFLP assay for detecting
senetic loci for fragrance and photoperind sensitivity in Thai
rice genomic DNA. Genomic DNA of KDML105 and [R36 was singly
digested by 5 restriction enzymesi BamHI, EcoRly, EcoRV,
ninaiil, and Xbal, fractionsted on sv¥arose gl electhrophnresic,
blotted and later hybridized to RFLP prohbes. Polymorphic RFLP
tound were then tested for co—csedradation with our two fraits

of interest by representative genomic DNAs of Fa plants.

From 3! DNA probes examined, 7 of them chowed RFLFs
hetween KDMLI1OS5 end IR36 Fenomic DNA. Among the polymorphic

RFLP probes, RG28, which wes reportedly linked to fgr locus on



the rice chromosome 8, revealed DNA varistion in our two
parenteal DNA disgested by EcoRV, and RG445, which was mapped
near Se-j locus on +the rice chromosome 6, also displayed
polymorphism with +two parentel DNA didested by Xbal or EcoRl.
With 25 representetive aromstic/non-aromatic F3 glantes, 83% Gf
Fa genomic URA Trom aromatic piants hed the same DNA pattern es
aromatic KIMLLIOS DNA and all of non-grometic F3 genomic DNA
possessed 8 restrction fraegment of 1R36 DONa&, Thie indiceted
association between the 1locus of RGZB and fragrsnce trait in
Thei rice. However, RG445/ Xbal combination could not verify
polymorphism between photoperiod sensitive and photoperiod
insensitive cheracters smong 14 F= DNA samples equsily selected

from both photoperiod sensitive and photoperiod insensitive F.

iines. Additionally, RAFD assay wes also explored by
investigeticn for reaction conditions, ADOuT 153 RAFD primers
wes examiniec with KDKMLIOS DRA. ATter stendardizstion of RAFD

reaction, &8n optimized RAFD conditiom for rice found was 20 ng

—r

8]

fal il
L9

KN4 templizte, Jv o Al primer, 100 nM of each dKTP, 10U mM Tris-

HC1 pH 8.3, 50 mM KC1, Z mM MgClz, G.001% gelaetin end 2.0 units

=]

fag DNA poivmerase and a PCR pro¥rame of 45 cycles of S4 O DNaA
densturation for ! min, 36 °C primer-DNA annealstion for ! min,
and 72°C primer extension for 2 min. By the condition, 46% of
133 random RAFU primers examined could produce discrete

amplified fragments with KDML105 &enomic DNA.
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CHAPTER I

INTRODUCTION

Rice 1is the stesple crop of Thailand. It alsc has the
highest a¢ricultural export value (1), With the rapid increase
of twhe World's populstion. food demands, especislly thet of
rice demsnd, 1is thus correspondingly high. Overproduction of
rice ¢rein is attained =&t gresent by meny countrices with
verious advance technologies (2,3}, This hes caused a lot of
cost competition in the World's rice markets. Increasing rice

grain yield per plenting ereas has been an important problem

tfor internstionel and Thaei breeders alike.,

Increasing rice &rain production could ke attained Ly
eipanding rice srowing areas. However, frowing areas wolrdwide
are currently iimitved and becoming less availshble. Moreover,
cuitivated &areas may be rendered ineffective by environmental
effecvs in some years. Therefore, 1ncreasing the rice €rain
yieid is & premium problem for Theilend while its ability
o2  low S3s5t investivations with limitterd pudeets is stili ha g
perpetual problem for Thai rice in the World's market. For
this reason, good high-quality rice varieties which can better
responsed to commercisl demands and having higher vield 15 s

ma jor key for this solutien (2, 4),.



lurrentiy, crop end rice improvement programs of most
countries have depended heavily on ceonventicnal hreseding end
traditiongl selections (5, &), This is not currently regarded
as an effective mean for producine bhetter new crop varieties,
Crossing end selections of plants 1s 8 time—-consuming process
and this process can not quarantee reguired results (7). To
expadite vea¥e aof current techrncoclcocgies +5  generate more
sfTective rice improvement Prosrams. MUMErous genstic markers,
such as morphological, physiolo<dical, ar bicchemical
characters, which can identify desired trait of s desirable
rice veriety from others have been applied into rice breeding
and subsequential select ion step 5, 5, 9, 110, 111,
infortuenately, despite +the gvailability of tradition markers,
they heve reached their limits to benefitial plant selection
process., Expression of physiologicai merkers in plants is
strongly influenced by environments (8) while morphoicgical and
bicchemical markers, like recessive characters end isozyme cor

nsufficient for cr ection

—t
-

z2llczyme assays, is numsrically &

[u]
i

o

applicetion (8).



Table 1.

rice (J,.C.Glaszmannl.

Some of 14

isozymes surveyed

in Asian

cultivated

Enzyme No. of No. of
polymorphic loci alleles

Phosphogluninse isomerace 2 24,4
Giutemate cxaloscetate tranaminate 1 A
Shikimate dehydrogenase t 4

Alcohol dehydrogenase 1 4
Isocitic dehydrogenase 1 4
Phospho¥luconate dehydrogenase 2 3,2

Maiic enzyme 1 2

Leucine aminopeptidase 2 T+0
Alanine aminopeptidase 1 5
Argenine aminopeptidase 1 3
Estersase 4 2y3:2,3
Acid pheosrchatase 2 3,2
Catelase 1 3

‘11
m
b |
Ll
-
[
11}
n
W




BIOTECHNOLOGY HAVE BEEN USED TO IMPROVE CROP PLANTS

Meny modern methods have been searched for appling to
the Crop improvement process (12). Bictechnolo<gies have
evidently been found to pawerfully support in plant improvement
in many directions (13) such as for veristal identifications,
for selection of plants contasining interesting treit. for
studying of how to improve interested plant produchks, for plant
selection and breeding, or even for creating novel transgenic

plants vig DNA menipulation.

DHA ANALYSIS IS A USEFUL APPROUCH TO IMPROVE PLANT AND RICE

-

ODNA enslysis cen be epplied et = variety detgrminator

to rice variety identificetion in the same fashion &s
treditional sssays (5, 6, 7, 14, 15, 16, 17}, DHA enalysis
however. provides more adventaves in s short time-frame, end

with reliable genetic qualsty of & novel varie ty. DNA asnalysis

allews mwonittoring of meny DONA Ipci durin

ug,

rlent breeding, with

Inttle environmentel and epistetic effects 181,

There are meny methods of DN& anslysie which can ke
gapplied into plant systems (6, ts. 20, 21, 22). Three well

established methods are DNA ringerprinting 6, 191, KEFLP



analysis (5) and RAPD snslysis (23),

1. DNA finv¥erprintinyg

DNA s&nalysis wmethod dependiny on specific digestion
with SOme restriction ETMZYMES , Sodbhern bilotted, and
nybridizavion with nonspecific liocus DNA probes, In this
methods, different genomes, or DNA of different €roups of =&
species, can reveal theirlunique DNA petterns when certain DNA

probes were used to anslyse, either singly o in group (15,19},

2. RFLP

RFLP is an acronyme for restriction fragment lenv¥th

nolymorphism. Although methodclogical similar to DHA finger-
printinsg, KFLF requires fewer locus-specific DNA markers for
detection of DNA variations in en individual spescies. Thus,

DN& varistions detected by RBFLP anesiysis represent Lthe variskble

sizes of one or few restricticn fra¥ments in the digested DNA

thet contain the same sequence homologous +to the clone
sequences which were used as DNA probes (5, 1§, 221},
3. RAPD

Eandomly amplified polymorphic DNA, on the other hand,



is besed on in vitro amplifications of genomic DNA with sindgle,
or wmultiple, oligonucleotide primers of arbitrary sequence.
After gel electrophoresis, DNA varistions detected are in the
the form of ahsence or presence of amplificzd DNA fragments

{

[}

3. 4y,

DNA MARKERS

1. RFLP markers

A set of DNA clones from a livinyg organism is called s
iibrary, Thres common series of libraries can he cepstructed
for supplying DNA markers for RFLP anelysis, A genomic DNA
library could be constructed from a touel senomic DNA isoiated
from 8 plant tissue whnereas an organeiiar iibrary was attained
from &n organellar genome such a&s mitochondrial or chloroplast
¥enome. On the other hend, a8 complemenitrary DNA (cDNA) library
couid be prepared from mENA isolated from plant tissues. This
is such the case for most of the rice DNA clones used as

markers in this study (&).

In order to do RFLP mappindg, sinele corpy DNA sequences
are the most useful ({BY, A ¥eood source faor sindle copy clanes

sre cONA clones, however, +they are limited by their lendths



‘they tend to be cnly few kb in length). In practical tLerm,
the lendth limitetion is more serious than the second since the
exrposure time durinyg esutoradiography will diminish in case the
clone length 1incresses {(the amount of radiosctivity that can
tncorporated 1n w0 & clone sequence 1s proportionsl Lo its
length}. Although genomic DMA can provide a lzarege supply of s
long insert library., but, the majority of random genomic clones
are likely +tgo «cerry repeated DNA seguences in most pleant
species which 8sre wunsuitable for RFLP mapping. 50, 8 way to
select for clones free of repeated DNA is neccessary. There
are two publicized methods hed been used for resclving this
problemiy post-cloning selection via colony hybridization snd
pre-selection of clones by wusing restriction endonucleases
gspecially C-methylation sensitive restriction endonucleases

such as FPstf (18),

2. RAPD markers

UNA markers of RAPD type are short (3-10 mers) oclivo-
nuctienoride primers which agre synthesized chemiecsliy 233,
Uisvinct from +the other PCR procedures, which required a pair
of caerefully desi¥gned and fairly lon¥ oligonucleotide primers
te amplify & specific terget segquence, BAPD primers used are
single, short oligonucleotides of arbitrery sequences which can

bind +to thousand sites of DNA sequences in & complexed ONA



template, such as a sukaryotic EETIOME, Fractically, the lensth
of each of those arhitrery rnuclectide sequences is commonly

10-mer, comprising of 50% G+C content, as well as having =

non-paiindomic sequence (Z4),

HOW CAN DNA MARKERS ACT AS A POTENTIAL TOOL IN RICE

IMPROVEMANT PROGRAM

An important tool in DNA marker-essisted rice
improvement and studies of the rice fenome is & rice sgenetic
map (189, 25}. A map constructed from DNA wmarkers is slso
called rice moiecuiar senetic Wap. infoermation from a ¥enetic
mep especialiy a detailed molecular’ map is very useful for
plant breeding in many esspects, including for gene tsgging (5,
6, 14). DNA merkers such ss RFLP probes or RAPD primers have
high potentiel for constructing of +he rice wenetic map
especially a high density rice map (25) due +to +heir
unlimitting number for detecting of large number of Ioci snd

their ahility *o nrohs in e:th

11}

r nznccoding or coding regions



Fidure 1. Rice molecular genetic map
(35.D. Tanksley et af 1832}

Numbers 8t tops of 12 linkede +«roups indicats

ecssigned chromosome numbers. This mep composed of 571 RFLP
markers, 5 isczyme markers, and 27 known genes as cof 1932,

8411 <genevic merkers and known €enes are shown on the ridgth
side of each chromosome manp. RFLF mwarkers are shown,
csuch &8s RIZIS556 on the thamosome 1. isczyme TmWArk=srs are
shown by bold and italic letters, such as #a&f{ 7 on the
chromosome 1, while known genes are shown by bold letters,
for example Jlax on the chromosoms 1. Distance between a

peir of two adjacent genetic markers are designated by
genstical unit of centiMordan =M} snd is placed on the left

side of an individual chromosome map.
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GENE TAGGING

Gene tagging is a process based on finding a tight
linkage between any DNA markers and traits of interest (§).
This applicetion has been wused =2 1ot for plant breeding,
including rice, since such linkesves permit breeders to infer
une npresence of desirable DNA or ¢enotype inherited from one
genetvic backs¥round %o another durind plant crossin€ and
selection (15, 227. For tag¥ing & ¢ene of interest, there are
two essential requirements, sexual reproduction of the

organisms and availapility of merkers (5)3

1. Sexual reproduction

(48]
-
q

Exua reproguction, cbkviodsly & property of higher
gukaryctes, is required for producing effective isclines or any
versgtile se¥regating populaticns for genetic studies.
Commeniy, the eavaitlabkilty of plant isclines is uwsefull in
Lagging single «enes, such &s those confering diseese and
i ei-T-Tokd resistance, whenn the sed¥redsting population that
segregate for several traits allow fer simultaneously taggine
of denes for each of the charecters, whether mono¥enic or

poiysgenic +6).

To detect tight linkaves hetween markers and genes of
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interest, sexual reproduction should ke produced from the
parents which sare ¥enetically divergent encu¥h to express
sufficient number of RFLP loci, but not so far distant as to bhe
uncrosseble or cause sterility of progenies (15), Furthermore,
selecting a cross 1in which some desirshle <€enetic traits are
segregated wiil facilitate a successful EFLF te¥¥ing

praoject (61},

2. Availability of abundent DNA markers

Tegging will be more reliable when the genetic distance
between & merker or two and the terget gene is smell beceuse
the probebiliity o¢f crossover evente ceparsting & marker from
the locus governing the +trait diminishes with decreasing
chromosomel distance., Therefore, copiocous DNA markers have to
be exemined to enhance the opportunity for uncovering s useful
DNA marker which 1is closely linking to the 1leoci of the

interesting character (15),

KDML105 POSSESSES DESIRABLE GRAIN RICE QUALITY BUT IS

PHOTOPERIOD SENSITIVE

As earier mentinned, newly improved rice varieties

should cerry meny desirable features extra from their higher



vield cepscity. Those required cheracters should response for
all commercial demands such as pleasant aroma, pelatehle starch
texture or should fecilitste other applicetions fer indusirial
food production, etc. 5o, rice varieties which possess higher
gsrein yield capacity end having additionel desirabie features
have been used as parents fer crossing in recent Thai rice
improvement prosrans. Lt example of Theil rice varisky which

hes a very €ood €rain quality is Khao Dawk Mali 105.

¥heo Dawk Mali 105 (KDML10S) is s famous indics rice
variety of Theiland and worldwide. In 1990, 1991, and 1382,
demsnd of +this Thai rice raised up 17.8%, 20.5%, and 22.91%,
respectively (258}, According Lo the increesing internaticnal
demand, KDMLIGS act as a powerful economic commodity of
Thai1liand. Unluckily, KDML15S5 production 1s still inadequape
production since KDMLtOS itself is a8 tall veriety and can not
produce hi¥h encugh grain yield. KDML105 is also photoperiod
sensitive which restrict its multiple cropping per vear.
Moreover, KDMLIOUO3 1s susceptible +o0 many insect pests and
diseases. s8lthough this varietv can resist 4o c=veral adversad
planting conditions such as moderate degrce of drought, salted

soil, or acid soil (28, 29,

Therefore, in recent Thai rice improvement programs,

breeding have been performed between KDML1I0OS5 and other
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varieties of which properties cen complement with KDMLIOE's
defects, for ¥generating an innovative rice varieties which may
possess 8 number of desirable properties. In our study, [R36,
one of +the best Jiadica rice varieties improved by IRRI, was
chesen as the other perent plent in the hope thst their
anticipeted hybrids migth have improved properties over
KDML1DS. Since not only is [R36 a photoperiocd insensitive
variety, Lut IR3IE itself is also a high yielding variety which
can promise breeders for successful required progenies although
quality of rice ¥rein of this veriety is considered interfere
and does not possess any scent phenotype. Furthermore, IR36
verieby wss chosen &8s 8 parent in this breeding due to its

ebility to resist many insect pests snd diseases (4},
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Figure 2. Ancestry of rice variety [R36

[IR36 15 one of the bLest human end widely planted rice
varieties improved by the Internetional Kice Research Institute
{IRRI1). From this complicaeted pededgree disdrem. it can be seen
that +there is mno Thai rice KDMLIOS as ancestors involved in
this variety construction. This information susv¥ested Lhat
whey might have guite a €eneticaiiy diverYent backsround

between K36 and KDMLLIOS.
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RESTRICT!ON FRAGMENT LENGTH POLYMORPH!SM AND RICE

IMPROVEMENT

Apart from the fect thet RFLP eccay can directly detect
ngtural variations &t DNA level, +his technique can ke
effectiveiy performed at all stades of plant develiopment, no

metter thess plants sre mot mature (5, 77. tdditionally. this

wechnigque cen potentisliy reduc

ir}

p—t

compliex or poly

entic traits Lo

(L

their individual and combined effects in selected genetic
backgrounds (18)., Undoubtedly, recent acchivements of t+he RFLP
assey have been continuously publicized 4o emphasize an elegant

conquest of +this +technology in verious plents, for example:

-

tomato {20). bkarley 31, 132, 13', wheat (34}, and cowpeg (328},

2hLC.,

In case of rice, rice molecuiar genetic mep has been
constructed by McCouch et a! since 1988 (25) and has been

COMLINUOUSlY improved 0Dy many recearchers espec1ally those in

the laborstory of 5.D0. Tanksley +(Tanksiey e# al in 15924
rerseoal communicaticn) =and in  1apan. The mreserve of hivh
resoliution molscylar map stimpulaeted genetic studies of
importence charecters of rice. There were various genes

reportedly teg¥ed hy RFLP anelysis, such as bBlast resistant
€ene (in 1991} by Yu. Z.H. (40}, baterial blight resistant

gene (in 1993} by P.¥. GRanjeksr (4!), blast recistant and
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semidwarf €enes fin 1983 by Linuang Zhu ed al {421,
However, when RFLF project in our leborastory was commenced in
early 1991, +there was no one studyinyg asbout tagsging fragrance

anid photoperiod sensitive characiers in indfca rice.

In our project. KDMLIOS and IR36 were chosen as parents
for studyine spplicstion of BFLP in indics rice bhresding as
well as Lo study akout fradrance and photoperiod sensitivity in
Thai rice (previous mentioned}. Prior to the work in this
thesis, wesbout 48 RFLP probes has been initially investidated
for monitoring polymorphism between the two perentel genomes in
18991 by br. B. Sonthayanon (unpublished data). The result from

that expe

-

iment wes &also included with wmy result in thkis

thesis,



Table 2. Polymorphism screening between EKEDML105 and [R36 by

48 RFLP probes

{studied by Dr. B, Sonthayencen, unpublished)

tn this table, mcnomorphism (the sams DHA psttern)
was recorded as M 8nd polymorphism (dissimiiar DNA pattern)
was recorded as P. Lbbhreviation "chr#" wes used +to

designate rice chromsosome numrbers of the tested RFLP prohes.

During +he previous survey by Dr. B. Sonthaysnon in
1991, +total 49 RFLP probe/restriction enzyme combinations
were examined. Out of 49 combinstions, nine of them could
uncover variaticns hetween KDML1OS5 and IR35 DNA. These nine
combinaeticns are with RZI154/EcoRV  i{chr#1}, RZIS836/EcoRY

= —

vcnr®ly, EKZOD437ECcORI (cnr®z). RZ403FEcoRi ichr®3), KZI516/

EcoRV (chr®ty, nioddsEcolVichr®t), RIlzZ/5cal (chr#%%), RZIZ06/

Scaeil (chr#%;, snd EZ&!6/Xbal {(chr#!1z:,

21



probes

Restriction

Endotiucleases

t¥]
[n]
0

(¥ ]
g

chral
KEZi154
RZ274
RZZ88
R7485
RZ543
RZ783

RIBZS

M

ja sl
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RZ630
chr#4

RIB56

——— =

EG716
RZ140
RZ516
RZ588
RiG61Z
RZIBBz
RZ1003

—-

chr#7

RG108

RG136

Table 2 {continuced)

hE
i

ham]

M

LY ]
n
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Table 2 (comtinuced)}.

RZI5B62

RZ952

CDN464

chr#3

RilZ

RZIZ206

chr&tf)

RZI561

RZ625

chr#tt

RZidl

RZ537

RZIB38

chrsia

RZ26l

RZB1G

sl

24
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RAPD markers

Since late 1990s, an innovative procedure called

25

RAPD

analvsis was developed as another genetic t2ol besed on PCR

technigus by John G.K. William ei = (24), This

considered & more effective way +o screen largs number of

genetic markers which <¢an te a&applying for various ¥enome

studies as well as usind in plent improvement programs !

233,

Recently, meny modifications of the original RAPD procedure

have heen suggested and used in several plants, such Bs tomato

(43, 44), lettuce (45), Arasbidopsis (26), and common bean (45},

This tecnique 1is very interesting, simple, and promisiny a

short time consuming of variety selection propose if this

vechnique is really practiced in geme L2gginy programs.

in favour of really effective usage (23).

Thus

Thus there should suLiLempuiy 8pprove this technique consequentiy

in =whis thesis, RAPD assay has been preliminarily

giplored optimization of proper reaction conditions

scresning of random primers usin¥ cne narent oKNA: KOML1GS,

and

was

aimed to find RAFD primere which zould be used 1n all species

of €rass plants.,
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ATM OF THE THESIS

The fundeamental aim of this study was Lo investigate
usefullnecse of DNA wmerkers in rice breedind. There are three

specific aims of this thesisi

11} to detect RFLP markers which could wuncover
genetic veriations betwegn Ltwo supposedly diverwent parental
genome of indica rice, KDMLI0OS and IR36. A numbers of ONA
markers hed to be investigested for identifying 4hose which were

polymorphic RFLP markers.

f2) tc monitor co-segredation of putative polymorgphic
EFLF markers with the two economically important trait in Thai

rice} fragance and phovoperiod sensitivity. )

td}) o standardize a8 proper resction condition for

stuayine rice RAFUD,
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CHAPTER 1]

MATERIAL AND METHOD

MATERIAL

1. PLANT MATERIAL

Kice plents {(QOryzs salfva L.) were grown from seed
stock of Theiland's HNstional PRice %Storage Lebkeoratory for
genebic reserves, A denietic population used in this study was
constructed hkhy 5. Chitrakon &and B. Sonthayanorn during 1989-
1992 (personal comm, unpublished) using two varieties of indica
rice, Khao Dawk Mal:1 105 (KDML105); and [IR35 (I) e&s parents.
The KDMLI10OS5 is &8 local Thei variety whereas IR2E is e hybrid
ling released from IRRl in 1376, The 1E36 variety does not
contein any Thei rice as ARncesuors. Piant of Fz and Fa lines
ogbteined from & single pair of the above psrent plants were
grown &t Pathum Thani Rice Reserch Center, Thanys Buri, Pathum

Thani, Thailand.

Leaves were harvested from mature rice plants and kept

-9 s - — -
frozen at -20 C pricr Lo DNA extraction. Phenotypes of rice
of fsprings were evaluasted at Pathum btLheni Rice Reseerch Center

by 5. Chitrakon and N. Kongseree,
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2. DNA MARKERS

2.1 RFLP MARKERS

Lhout 50 RFLP probes (DRA clones of defined genstic

locii used in this lahoratory were kindly provided by Dr. 5.D.
Tanksley of Cornell University, USA. Amon¥ the DHRA probes
used, most were short rice gencmic DNA clones and some were
cDNA clones. Genomic DNA clones were constructed by McCouch

(1988} from +total rice DNA (cv, "1R36") digested with Pstl
(25). Size seperstion of those digested rice DNA was performed
on 10-40% sucrose ¥redient. The 1-2 kb size fraction was then
selected for ligeting into pUCE plasmid whose near-restriction-
site region conteained DNA sequence is compatibie for 2
universal primers of M13 phage wvectery StGTAAAACGACGGCCAGTB'
tdown stream primer) and 5'AACAGCTATGACCATG3® (up stream
primer). For cDNA clones, complementrery DNAs were cloned from
mKNA isclated from rice snd cet. Similar to rendom senomic DNA
clones (RG series), those cDNAs were ligated into bacterial
plasmid scsueh &g plUCH, pREM, Thnse DNA cleones tried used as
RFLF prokes in this thesis have elready been mapped alon¥ the

twelve linka¥e sroups of rice genome hy Tenksley and his

colleadues,
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2.2 RAPD PRIMERS

In this study, two hundred arbitrery ID-oligonucleotide
primers were purchesed from the University of British Columbis
Biotechnoley Laborstory (primer numbers 151-350). Their
sequences hed been published and were reproduced in the tahble
2, From +the menufecturer, each primer had =&already been
purified by eluted with Tris/ EDTA buffer though NAP-5 drips
columns, then, 10 A of esch primer were aliquoted and

lyophilized.

Table 3. DRA sequence and melting temperature of studied
10-Mer RAPD primers (from the University of

British Columbia, Canada)

of an 1ndividual primer, DNA sequence reported in this

table was ordered from 5'-phosphate end +o 3'-0H end and

melting temperavure of a ¥iven primer (ij wgs bpbtained from
o

7 = — ]
calcuiation o f 2C for A or T and 4 C for G or (i

T = (A+TIx2 +(G+Crx4 (511,

™



primer DNA T_ primer DNA T_
nunber sequence (°c) number sequence "o
101 GCGGUTGGAG a5 157 CTGTCCCTIT 30
toz2 GGTHGGGACT 34 108 GTATTGCCCT 30
103 GTGACGCCGC a4 109 TGTACGTGAC 30
104 GGGCAATGAT a0 110 TAGCCCGCTT 30
105 CTCGGGTGGG 36 111 AGTAGACGGG 30
106 CGTCTGCCCG 36 112 GCTTGTGAAC 30
113 ATCCCAAGAG 30 137 GGTCTCTCCC 34
114 TGACCGAGAC Jza 138 GCTTECCCTT 32
t15 TTCCGCGGEC a6 133 CCCAATCTTC 30
ile TACGATGACG 30 140 GTCGCATTTC 30
1y TTAGCGGTCT d0 141 ATCCTGTTCG 30
118 CCCGTTTTGT 30 142 ATCTGTTCGG 30
118 ATTGGGCGAT 30 143 TCGCAGAACG A
120 GAATTTCCCC 30 144 AGAGGGTTCT 30
121 ATACAGGGAG 30 145 TGTCGGTTGC 3z
122 GTAGACGAGC E 32 146 ATGTGTTGEG 3z
123 GTCTTTCAGG 30 147 GTGCGTGCTC 34
124 ACTCGAAGTC 30 148 TGTCCACCAG 32
125 GCGGTTGAGG 32 149 AGCAGCGTGG 34
126 CTTTCGTGCT 30 150 GAAGGCTCTG 3z
127 ATCTGGCAGC 32 151 GCTGTAGTGT 30

30



Table 3.

{continuced)

126

129

130

131

i3z

i33

134

135

136

161

162

163

175

GCATATTCCG

GCGGTATAGT

GGTTATCCTC

GAAACAGCGT

AGGGATCTCC

GGAAACCTCT

AACACACGAG

AAGCTGCGAG

TACGTCTTGC

CGTTATCTCG

AACTTACCGC

CCCCCCAGAT

CCAAGATGCT

CAAGGCACTG

LCTGCTACAD

CCAATTCACG

CTAGATGTGC

ACGACGTAGG

ATCTCTCCTG

TGACCCCTCC

ACCGTCGTAG

CaGGCGGCAET

AACGGGCAGC

TGGTGCTGAT

152

153

154

t55

159

160

185

186

187

,_.
)
£

195

196

198

199

CGTACCGCAC

GAGTCACGAG

TCCATGCCGT

CTGGCGGCTG

GCCTGGTTGC

CGTGGGTAGG

TAGUCGTGGC

GAGCCCGTAG

CGATTCAGAG

GTGTCTTCAC

GTGCGTCGCT

AACGGGGGAG

GCTGGACATC

TCCTAGCCTO

AGALTCCGCC

CGATGGCTTT

GCAAGTCACT

GATCTCAGCA

CTCCTCCCCC

- ———— oy

GCAGGACTGC

GCTCCCCCAC

36

a2

32

36

d4

34

30

30

34

34

82

46

d4

34

46

31



Table 3. (continuced)
176 CAAGGGAGGT
177 TCAGGCAGTC
178 CCGTCATTGS

IR TCACTA  TATS

| 180 i GGBCCACGCT

BCT i ATGACGACGG
182 | GTTCTGHTGT
183 CGTGATTGCT
184 CAAACGGCAC
209 TGCACTGGAG
210 GCACCGAGAG
Z11 GAAGCGCHAT
212 GCTGCGTGAC
213 CAGCGAACTA
214 CATGTGCTTG
215 TCACACGETGC
216 GATAGAGTGC
21T | ACAGGTAGAC
218 | CTCAGCCCAG
219 | GTBACOTCAG
220 GTCGATGTCG

} Z21 CCCGTCAATA
222 AAGCCTCCCC
223 GATCCATTGC

32

30

A

42

32

34

32

Gl
[

1l
c

[/
a

Gl
ll

[P
(&)

[#%]
F-

200

201

[4n]
[
[F% ]

[ah]
]
F

fJ
o
wm

TCGGGATATG
CTGGRGGATTT
GAGCACTTAC

DACGGCGAGRT

ddddd

CATATCAGGG

ACGGCCGACC

CTATGCUGCGC

TCCACGGACG

CACTCTTTGS

GGGTGALCTG

CAGCCAACCG

CGCGTRECOAG

TATGGTCCGG

TACCGACGGA

32

36

34

oo
E-

32



Table 3. (continuced)

224 | rertenasTat | oan 2245 GAGTAAGCSG | 32
225 CGACTCACAG | 32 249 GCATCTACCG | 32
226 GGGCCTCTAT | 32 250 CGACAGTERC | 24
227 CTAGAGATCC | 32 251 CTTGACGRGE | 34
228 | GCTGGSCCGA | 36 252 CTGGTGATGT | 30
220 | eeacccras | as 253 conTanaGTa | 32
| 230 | CGTRGCCCAT | 34 254 CGOORECATT | 34
231 AGGGAGTTCC | 32 255 TTCCTCCGGA | 32
232 CGGTGACATC | 32 256 TGCAGTCGAA | 30
257 CGTCACCGTT | 32 279 AGACATTAGA | 26
258 CAGGATACCA | 30 280 CTRGRAGTSG | 34
{259 GGTACGTACT | 20 g1 GAGASTGGAA | 30
260 TCTCAGCTAC | 30 282 GGGCCACCGT | 30
261 | CGCCCCCAGT | 34 263 CGGCCACCGT | 36
262 E TTABGAGACSG | 30 284 CAGGCGCACA | 34
253 ! TCCACCGAGS | 34 285 BGGTECOTAG | 26
nes i CASCTGTTCA | 30 286 CGGAGCCGGE ; 33
265 | CAGCTGTTCA | 30 287 | CGAACSGCGE | a6
L. S S U R B
' T - Co- 3 bR 1 i L A -
| |
267 CCATCTTGTG | 30 289 ATCAAGCTGE | 30
268 | AGGCCSCTTA | a2 290 CCGOBAGCAT | 36
265 | CCAGTTCGCC | 34 251 AGCTGAAGAG { 30
270 TRCGCGCGGG | 38 292 LAACAGCCCG | 32
271 GCCATCAAGA | 30 293 TC6TGTTGCT | 30
i .
<061 L | o1 4L 1



Teble 3.

{cont inuced)

272 AGCGGGCCAA J4 254 TGATTGGCCA 30
273 GTTGTCGCCA 30 295 CGCGTTCCTG 34
274 GTTCCCGAGT 3z 296 CCGCTGGGAG 36
2758 CCGGSCAAGC 36 297 CRCATTAGA 30
g l AGGATCAAGE 30 238 CCGTACGGAC d4
277 i AGGAAGGTGC l a2 | 2949 t TGTCAGCGST 32
278 i GGTTCCAGCT ! a2 300 E GGCTAGGGLG 40
j |
3. CHEMICALS
Absolute ethenol Merck (E. Merch, Darmsladt. F.R.
Germany)
Agarnose ftype V) Sigma (Sigme chenicel Comp., 5t
- Louisy Vi3.4A4)
Ampiciliin Sigma
Bacto agar Difco (Difco l1asboratories,
Michigan, U.5.4A.)
Eecto tryptone Difco
Boric acid Merck
Bovine serum albumin Sigms
vfraction vV}
Brompheno! blue Sigma
t-Butseno! Fisher t(Fisher Scientieic Comp.,



Cesium chloride
Chioroform
Chloramphenical
Decxyadenosine 5'-

triphospeste (dATP)

- -

v\g~ Pldeoxyedenosine

triphospate 6000u4Ci/mmol

New Jersev,
Sigma
Merck
Siema

51i<ma

Lmersham.

in triethylemmonium eslt,

20uCi/ul
Deoxycytosine 5'-
triphosphate (dCTP}
Deoxydguanidine 5'-
triphosocate (dTTP)
Developer (Kodak Gohx)
JEXLran sulpnate
Dialysis membrancs
Diethyl ether
Disodiumhydrogen-
phosphate-Z2-hydrate
Ethidium bromide
Ethylene diemine
tetrascetic acid

Ficoll 400

Flxer

(EDTA?

Sigme

Sigme

Kodak

21igma

Union Carbide,
Chicago,
Merck

Merck

Sigma

Siema

Fhermacis

Kodak

‘(}'S‘AC]

Unipn carbide Comp.,

iilinois

35



GF/A filter
GeneScreen Plus
membranes

Glucose

HEPES
Hexadeoxynucleotides

Hydrochloric acid

lscemyl alcohol
Lambde DNA/KindIf!-
digested
N-Lsuryl ssrcosine
Levryl suylfate (5D5)
Low melting point
aderose
(ultra pureTM)
Lysozyme
tgrede Vi)
Masgnesium Chloride
Z-Mercaptoethanol
Mineral o1l
Phencol
Folymerases
DNA polymerase [,
Large fragment

(Klenow enzyme)

36

Whetman (Whetman International Ltd.
Maidstone England>

Dupont

Merck

S1gma

Phamecia

Caerlo Erba (Farmitslia carlo erba
S,P.A.. Milano)

Cerlo Erba

New England Biolsabs

Sidma
Sigma
BRL (Betheesds Research laborstory,

Gai1therbury West germeny)

Si<ma

Sigma

Carlo Erhba

New England Biolabs



\l’em:.'FM

Folyvinylpyrolidone

{PVP)

Kestriction Endo-
nucleasass
(Bemi ],

Ecokl, EcoflV,

Kinditf, Xbeli

{ibonucicase A
type X11 (RNaseh)
Salimon sperm DNA
{type I}
Sephadex, G-50 (fine)
Sigms 7-8
Sodium acetate

Sodium bisu}fite

Sedium chloride
Sodium hvdroxide

Sodium Phosphate

Spermidine

Trichloro acetic ecid
(TCa)

Trisodium citrate
dihydraue

Trisme bese

[INA polymerasse

New Ensland Biolabs

Calbiochem <(Celbiocchem-bekring

division of smerican Hneschst

Gorp. C.A.)

Quedrant (Quadrent Holing Cembridee

Limited, Merisland, Trumpinston.

Cambris€e CBR 25Y, England) end

New En<land Biolabs

JiEma

Sigms

Phemacia

5idms

Sigma

Mallinckrodt (Mallinckrodt Inc. ST,
Louis,; Missouri U.5.A.)

Cario Erba

Merck

J.T. Baker «J.T. Baker chemicel
Cooy PRiTlinshure, ¥, VY,

Sigma

Carlo Erbs

Merck

Sigma

37



Urea (Puriss}
Whetman 3 MM pepers

Yeast extrect

Fluka (Switzerland:
Whatman

Difeo

38
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METHODS

1. PREPARATION OF DNA PROBES

1.1 By PCR procedure

For RFLF anslysis, sufficient amcunt of various RFLF
proheg ic 2 preregquisivte. Due to its simplicity and repidity.
PCR technique was also appiied to prepare our DNA probes, as

modified from the methed of Jenenm and Ladley (52).

Freparetion of DNA inserts were performed in 50 Al
reactions in cepped 0.5 mwl pelypropylens microcentifuge tubes.
Every 50 ul rescticn composed of G.44 uAM of two M!3 universal
primers .see Meteriail, 1XFCK buffer (50 mM KCL, 11.5 mM MECIE,
t0 mM Tristv-Ci pH8.0, 0.01% <elatint, 2.5 units of untrade Tsqg
DNA poiymerase. around 1 ng of plesmid DNA templete, and
sveriie aistiliea water. 'The reaction mixture was also

overliaid with 30 ul of minersl o0il to prevent evaporaetion.

<

Each reection miiture was preheated gt 100 O far

fa)

-% min priaor

to

[i{]

dding of the Teqg DNA polymerase to produce single stand
templete for the PCR reaction. A PCR prosrem used for DNA
emplificatien sterted with 22 repestine® cycles of 24°C DNA
densturation for | min, 55 C primer-DNA enneslstion for 1 min.

and 72°C primer extensicocn for 3 win. After that, & modified



]

T¥yC.E G a iong T

{8

r minutes sextension sisp was agded Lo
increase officiency of amplification (from Tag polymerass
protocolt Perkin Elmer Cetust. Finally, samplified inserts were

quantified by running in agarose ¥el eiecirophoresis and then

kept at -20 C refrideration before use.

1.2 Transformation end raepid alkali iysis

For some DNA probes, trsnsformetions were wused to
prepare large emount of plasmid DNAs followed by rapid slkeli

extraction 1¢53),

For transformation, 2 wul of plasmids insertin¥ RFLP
probe UNA (8t I=sast 10 ng) was aliquoted into 3 15 ml steriie,
rcunﬁ-bottom test tube end was pleced o ice. Competsnt cells
(Ecoli JM107) were rapidly thawed by warming between hends and
100 a1l were dispended immediately into test tubes conterining

plasmids with rice inserts. Those tybes were dentiy swirled to

thoroughtly mix, then placed on ice for 10 min before
*rarsferr'ng  into = an"r witerbhath for 2 mir T-r hegt-shocking
cells. Then. 800 wl LB broth was added into each tube, dfter
that, each tube was 1left at 37 C for 1| hour. Finally,

fLransformed culture was eliguoted apd plated on LB azger
. - = ~ - - ol —
containing smpicillin. Flates were 1ncubated st 37 C for 12-16

hours when plates were dry.
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One colony of esch trensformant in E coli JM1O7 was
innoculated into 5 ml LB broth, comprising of 1% tryptone,
0.5% veast extract, 0.5% NaClL, and 100 u¢/ml ampiciilin,
After incubating overnight et BTQC, esach culture was divided
inte three aliquots in 1.5 ml microtubes and centrifuged at
10,000 rpm for { minute,. After decanting their supernatant,
each pellet wes added with 100 ul of lysozyme solution,
consisting of 50 mM glucose, 25 mM Tris-HC] pH 8,0, 10 mM EDTa,
end 5 mg/ml lysozyme. Following the mixing of suspensions
thoroughly, they were placed on ice for 10 min. Then, 200 ual
lysis solution containing 0.2 N NeQH, 1% SDS5 wes added and the
tube was gentlely mixed agsin, before placing on ice for
another 5 minutes. After that, 150 ul of 3 M NaOAc pH4.5 was
added in order to neutalize the solutiom, The neutalized

soiution was mix repidiy &nd then placed on ice for 1 hour.,

Consequently, suspensions were centrifuged st 10,000 rpm for 1
min and their pelletis were removed. Two volumes of asbsclute
ethsnol was added +o0o those supernstants. They were mixed

L=}

thoroughly s8nd left at -20

-

fer et least 1 hour. Esch
suspension was then centrifuged at 10.00C rpm for 10 min.
Each final pellet was washed twice with 70% ethanol before

dissolving with 20 4l of TE pH 7.4, then storing at -20°C.

Concentration of DNA probes, either prepsring by DNA

ampiificetion or transformetions following by repid elkaeli



42

lysis, were estimated by compsring Lheir Etfr-ctained beand
intensity with =a known concentration of stendsrd Lambda

phage DNA digested with Hind [1]l restpriction EnZYyme.

Z. i50LATIiON GF RICE GENOMIC DHA

Genomic ©DONA wes isolsted from youne rice lesves using

extraction buffer with esteblished procedure (54},

Approximately, 10 grems of young leaf tissue was ground
to fine powder in liquid nitrogen using mortar and pestle. The
powdered tissue was subsequently mixed with 25 mi of extraction
buffer, conteining 500 mM Nall, 100 mM Tris HCI pHE.D, 50 mM
EDTA, [.23%wsv; 5D5, end O.odhiws/v!) sodium bisulfive \freshly
prepered end sdded when extraction buffer ned keen wearmed up to
65 C before mingling with rice fine powder.. The mixture was

5°C end the twube mixed gentiy at 5-10

[»)]

vhen 1ncdbested at

minytes intervai for 20-30 wminutes in a 500 ml Elenmenyer

flask. o removed plent nigments, 2/4 volumes =»f chloroformd

isoamyl alcohol 1241!1) were add

[11]

d and mixed Lthcroudhly., The
mixture was fractionsted by & centrifuvation at 6,000 rpm for
15 min in &8 bench top centifude. Then, upper aqueocus phase
conbaininy <enomic DNA wes <gently fractioned out throudh a

steri1le wide-mouth pasture pipette, I[f rice pigments still



sxcich in Lthe supernatant carrying gencmic DHA, the extraction
stex was repesated, After that, supernstant from each sanmple
was subsequently transferred to a 50 w]! polypropylene tube and
gencmic DNA was ©precipitated by an addition of Z volumes of
absolute ethanocl. The precipitation was allowed to proceed &t
least 1 kour. or gvernight at A%, Geznomic DNA was carefully
scooped ocubt by & sterile bent pasiure pinette. The DNA pellet

w2t later wached gently in 70% etharnci, +thern oissocived in ! ml

i

ocf TE buffer. To etiminete RNA, +he DNA solution was treated
with RNaseh and precipitaeted with absolute ethancl.,
Centrifuged and dried DNA pellet was consequently dissolved in

TE buffer at 55—65°C. up to | hour if neccessary.

For further purification, +he DNA scluvion was sdded
w1t@ en equal volume =2f =& 11! phenol: chiporcform mixture then
centrifused at 1,000 rpm  for | minute, and the upper aguecus
phase with the DNA was transferred intoc a new tube. This step
was repeated once. After that, extracted DNA wzcs oxtracted
with &n equal volume of diethyli ether for eliminating sny
remaining  nhennlschigrrform, The extrz-ses? TNE g3z lafb gb
room temperature for a few minuies vo evaporste tLhe remaining
diethyl ether before edding with /10 volume of 3 mNM Ne(QAc
nH4.5, and 2 volume of ghksolute ethansl, This DN& csuspencicon

WEE kept at 3°¢C  for at T=ast I hour and after which

precipitated DONA clumps were scooped cut ang washed with 70%



ethanol. Finally, purified genomic DONA wees dissclved in 1 ml

of TE buffer.

Concentration of these extracted DNA was estimated hy

measuring gbsorbency at, 267 nm and by ggarnose gel
electrophoresis, Furity of +these Eenomic UhA was estimatec
from the ravi1o wpetween Tnhe absorbance at 260 nm and 280nm
(oD /QU J. By this estimation. pure preparation of DNA

i=1=]

M

ra-ae

have 8 retic of approximate 1.8. (54)

Although absorbsnce measurement =&t 280 1m can hbe
applied for genomic DNA concentration assay, DNA concentration
from +his method was found much hi¢her than other one obhteined
from ¥el electrophoresis. 50, these extracted DHNA wes stilled
estimated +their concentration by gel elecircphcresis comparing
to staderd Hind [ll-disested Lambda DHNA ma;ker. About 10 Erams
nf frozen lesve tissues of rice could yisld an average of 147
MY ¥enomic DNA by this pracedure, L ratic cf D Fashy! af

1.7 for extiracted genomic DHA was mostly chtained .
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3. DNA POLYMORPHISM SCREENING BETWEEN EDML105 AND |R36 DNA

BY USING RFLP PROBES

3.1 Digestion of ricé parental genomic DNAs

Genomic DNA of KDMLI0OS5 and 1R36 rice wss digested with
up o Tfive selected type 1l restriction endonucleases; BamHI,

FcoR], EcoRV, Hind!Ill, and Y¥b=l.

Lyophilized type 1] restiriction endonuclease (Quedrant)

which regquired only 30 Al reaction for 25 units endonuclesse

was used in this study.

To minimize pipetting step, one dilutiion of each
parentat UNA was prepared for gll resctions ?f the 5§
restriction endonuclease digestions. Two reactions of one
enzyme were performed for obteining an sdequete DNA emount fTor
southern Blotting. S5ince 4 u¥ of each dJenocmic DNA was
sufficient for digesting 1n one reaction of 8 preset 25 uynits
ST the endonuclease. Eacn stock of pmarenta] [NA was warmed in
§5°C waterbath, then diluted with sterile distiiled water, to
give a 4 A€/30 41 final concentration before beinyg aliquoted to
=ach reaction. Later, these reactions were mixed by slightly

pipetting up and down then incubasted at 37 C for 3-4 hours.

Finglly, assembling and precipitating each parental genomic DNA



divested with +the same endonuclesgse was z=lso perfeormsd to
adjust DNA wveolume +to around 20-30 al in TE prior to final

eletrophoresis.,.

Specific activity of restictiscn =sndonuciesse  for
echievindg complete digestion depended upon what +the  kind
roectrict1on endonuclescse was such es for EcoRV digestioni both
two parental DNA and their F'a ONA had +he same maximum specific
activity of 5 units enzyme per | A¥ ¥enomic DKA, whereas for
Xbe! didestiont specific sctivity were in the range of 5 to 10

units enzyme per ! A¥ rice genomic DNA.
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Fidure 3. Rice ¢enomic DHA

(a) Gencmic uncut DNA of the two parent DHAY ML105

-
=1
o

(b} BFenomic UNA

fa|
—
-
L.\
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-
o
-
o
w
i
b= w)
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N
t

=

5

m
oot

A Ler cultins
with ocne of five restiction endonucleasest BamH!l, EccRI, ECoRV,
Hind!ll., and Xba!l (from left to right).

in this picture, digested DNA were fractioneted on 1%

agerose in 1x TBE buffer under 30 volts per {ix17.

o
=
=]
3
—
Lag

Cm

hours and Hindlll-disested Lambde DNA wes used ss size markers

(M) for each penel. After +that, the DHA fregments were
& o o o ® 1 = L3 T P T -
trasferred to GreenScreen Flus membrsnes by Scuthern blottinsg.

kb
23.1

9.4

6.5

4.3

BamH 1 EcoR1 EcoRV HindI11 Xbal

23
2.2
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3.2 Electrophoresis of digested DNA

Complete digested DNA were fractionsted 1n 1.0% agarose
gel electrophoresits, using 44,95 mM Tris, 44.5 mM boric acid snd
1O mM EDTA pHB.O (D.5x TBE buffer). About 2% -30 41l of each

L= «1th a loadins

Qye CUnNLaInIng A T LICTLL =, Lo ome NazEDTA pre ., el sun.
e ws Rromopnenol Liuwe, and L.025% Aylene cCyanol. To

determine sizes of DNA fragments, bacteriophage Lambda DNA
digested with Hindli]l which €enersting 7 DNA fragments eof 23,1,
5.4, 6.6, 4.4, 2,3. 2.0, and 0.5 kb in sizes were also run in
the same gel. The ususl running time for eiscircphoresis was

i% hours 8% 2,7 volt/cm.

For Southern rtrsnsfarring, G170 ¥ ¥omomis  DNA wss

1z2t  for  cErtziqind siznzl of hebRridizaticn in LRIz shuiv,
3.3 Southern bloth tLransfer

sJodwnern bicin technigus  used 1T LNlS EXDErITENt was

&lkaline biotting as described 1n & manuel of GeneScreen

Plus Membrane (Duponti.

ODNA 1n esch gel was partielly depurinated with 250 mi

of 2,25 N NaCl for 1% minutes. Sgriomic DNA was denatured with
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()
F
=
=
18]
[l
I
h
o]
e

30 minutes with gentli=s shaking. Then denatured
geriomic DNA was ftransferred ontec nylon membrane with the same
alkal1 soluti1oni 0.4 N NaOH, for 18-24 hours. Afver
trensfering, this membrane was weshed in excess 2x535L0 solution
tS.3 mM Hall, 5,0d M sodium cinrate) for |-2 min for removing
alkeline end some a2¥srose adhering on the membranes. Then, this

mewmbrane wes Dbaked for

[

- - . .
hours at 80 C 11 8 het air oven to

[y}

vl

]

emn complete immooiilzavion of DRA,

psked membrenes
were stored at 4 C between each blotting. Blotued %el was alsn
checked for efficiency of DNA transferring by steinind the ¥el

in 0.1 ug/ml EitBr for 5-10 minutes and visualized with UV

light.

3.4 labelling of DNA probes

3.4.1 DNA fregment preparstion

= reEmOve coms  coniLeamingting meterigls fpem

Tt

[
v
-

fredment, prepared by bDoth processes, further purificetion wes

Ay =]

D

red, For RELE —r=lk

£l
1]

rrersred By FTR o smnlifiecgtor
contaminants were removed hy passind throudh a3 mini g€el column

\5ephedex 3-50) and separated by centrifuestion at 2500 rpm for

mingtes with 3 hench-top centrifage, For BFLP nprokes

ia]
- e

.

orepered by transformation following with a rapid alkali lysis,

plasmid were divested with Fst] and fractionated in {.0% LM
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a¥arose €z] =lectrophaolssts, asing 0.5x

-
[£3]

BE buffer. Tompietliy-
did¢ested insert fravments of DNA clones were then exciced and

undergone phenol/chlorcform extraction to moeve any eccompanyindg

LM avaross.,

Lftenr nassing throudsh mini g2l column and  were

ok
a
L&)
o
-
m
ot
—
]
=
b
e
[y

entrifugation, most DNA were eluted out with =n

fri

b

1

T3
vt

ol
o
kal
b }
[0}
™)
=]
(11}
Wt
T
(4]
o
ae
in

ncy, Gthouvh their ccoucentration was

te

reduced. Ar. example of purified DNA probes are also present in
pansl D of fidure 4. By restriction digestion of recombinent
plesmids, rice 1inserted DNA and their cloning vector were
separeted from one angther by gel elctrophoresis in LM agaraose

then by phenol/chlerciarm exnirs

[q]

Lion for attaining purifisd

products {dzta noh showni.

3.4.2 Labellin¥ by random priming using (uzlP]-dATP

About 50-207 n¥ of esch DNA probes was first denatured
invto single stands Ly heating in e 1007°¢ waterbath for 5

mintues and tren auickliy cond

n ice, Singdle standed DNA were

incubated for § minutes at room tempersture with 11,4 4l of-a

m

LS mixture, conteining HEFESt DTMt QL solution in a retio 25
25t 7 (HEPES = 1M HEPES titeted to pHE,H5 with NzOH, DTM= 100 M
dCTP, dTTP, dGTP each im 250 mM Trie-HC1 pK7.O, 25 mM Ngtln 50

mM C-mercaptoethsnolt QL= 30 units per mil hexadeoxynucleotide,
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=z L ad 9 : ° . B
Fharmeci1s in TE buffer: 15 minutes et 25-55 C for anmealing.

Reection mixture was then esdded with I al ~f 10 mg/ml BSA, 2.5

units of large fregment DNA polymerase (Klenow enzyme, Bioiah!

- . 32 i . . . .

and 50 MCi va- PIi-dATPF ‘tspecific sctivity 6000 mCi/mmbple,
Amersham}, respectiveliy. Distilled water was edded to make up
volume to 25 M1 of rescticn mixture. Incubation of the

mixture was performed st room tvemperature for 1-2 hours after
. e 4 . - , 32 b . .

getermination of incorperated P nuclectides intc
the probe was accomplished by wusing 1liquid scintilation

counting. Specific sctivity of each lsbelled probe was found

to be around 1-10x105 Cpm/ M.,

3.5 Prehybridizetion, Hybridization, and Washing of

membranes

TH .
fGenebcreenn Plus 's menual, dupont)

Each seiected PRFLP probes were hybridized +to both

perent UNAs, WDMLI1OS5 and 1R3G5, divected by every presiricticn
type i endonuclesse wutilizing in +his ezxperiment f(es in
Swzor--mus mot ol In +3b5ls 3, & Z2tzil of recuriction snoyvrs.

KFLF probe combinations 1s presented.

Y|
F
]
et

SRt
H

ybridizat{ion, nylon membranes were put into a
plastic box which <couid hold more than two membranes.

Prenybridization of membrane was carried out st 65 C for 18
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hours for new membranes or 2-3 hours for reprebing-membrane in
a solution conteinind 5Hx SSC (0,75 M NWaCl/0.075 M sodium
citrete), 50 mM sodium phosphate buffer pH 7.3, 5x Denhardt's
solution {100x Denherdts'solution esquals to & srems cof ficoll,
5 grams of polyvinyipyrelidone, 5 grems of bovine serum albumin
fractien 5, 2.5 mM EDTA pH7.5, G.6% 5D5, 5% dextran sulfate
and O.! mg,ml heated denetured salmon sperm DNA, For eech
crehvbridizaticn, about &S0 ml of +this solution cen totally
spread over two pieces of 11x17.5 cmz of nylon membrene f(and if
more than two membrenes sre hybridized in the same box, this

solution should be increesed proporticnally).

Hybridization wes continuously performed in the same
solution 8s prehybridization buffer, but with the presence of

genatured radio-lsbelled probes st 65°C for 18-24 hours.

Hybridized membraenes were non-strindently waeshed twice
with Zx58C &t room tempersiure for 19 minutes each. Leter,
medium sirinfent wesh was performed twice with 2x55C, 1%5DS at
at 6% C far F0 minuytes each Aand carefuliy monitored with 23
Gei1¥er counter., Finally, high stringent wash was complete
twice with O.1x 55C et room temperature for 30 minutes eech.
During =all steps of washing, ¥entle aditaions were neccesary.

The membranes were monitored again before beiny put in sesled

plastic bags. Then, these membranes were placed in & X-ray
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film cassette (Okamoto), either 14x17 or 8x10 Inch in si1ze
with Kodex X-0 Mat film using two Dupont's Cronex intensifyiny
screens s8nd autoradiographed at-80°C, After 2-4 days, films
were developed for | minuite in Kodax GObx developer and fixed

for 1 minute, accordiny to the recommended PTrOCESS.,

3.6 Reprobing of hybridized membranes

For stripping old hybridized DNA probes, membranes were
immersed +twice 1in boiling solution of 10 mM Tris-HC1 pH 7.5-
8,0, 1 mM EDTA, 1%5D5 for 10-15 minutes each. Membranes were
meinteined with 8 Geiger counter +to essure ell probes were
entirely remcved. With this procedure, blotted membranes could

1 b i ) ; ™
ke reused up %o 6-8 times., (Gene Screen Flus 's manuel. )

Kestriction fregment sizes were determined baesed on
mobiiitvies of Lembde Hindl!] bsnds shown in X-ray fiilm snd was
calicuiated into sizes t(kb! by wusing a comoubtor program

deveioped in our iaboratory.

4. TAGGING GENE BY USING RFLP ANALYSIS

As mentioned in Lhe previous section Fa population was

used as & genetic populstion for & dene tegging. In studied
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seEresating popuistiony three distinctive fragrance charecuers

of =ach ¥_ planty hieh s8roms. little arowa. and nocn aroma
]

were scored with numerical symbolsy 2, 1. and 0. Amonyg 100 F_

=

pro¥enies, frasrance cheracter inherited which obevyed 113

Mendeiien ratio of (nomozysous'! recessive genotypetl dominant
senotype. One F3 piant of esch F: line correiatine to either
high-arometicity (2% ~r non-zromaticity (o) wac priorily choeen
€0 tnet “heir DRA could e Eenetic representatives for checkins
linkage frasfrance ¥ene and DNA markers. Thus, 10 DNA samples
from wverious high-eromsetic Fa lines snd 16 DNA semplies from

severel non-aromatic Fu lines were chosen for +this DNA

analysis.,

in the same se¥regating population, =ach Fa Progeny was
8lso classified into one of the twoc uncompsatible sroupsi photo-
period sensitive or photoperiod insensitive. depending on its
flowering date. F3 progenies which could flower within four
menths (130 days) were desidnated as phoitcpericd insensitive

rice while Fﬁ pro¥enies which f{lowered sfter 130 days were

- =z L it =i =< ZhRstcpericzd szneinicz rile, AT T oS
sams Fa ascendenty, eech individusl F! Pro¥eny may nNot S8XEress
identical character as other progeniss. Therefore

representative UNA sampies were seiscited from r line of which
gll F3 progenies expressed en uni'form phenctvype) photeperiod

sensitive or photoperiod insensitive, Ly restricion thet
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sttandard devigtion amon¥y these F! progenies ‘13 plents) must
not more than 5. This limitetion ellowed 14 0ONA samples which

equaelly noptted from both classes of rice +to be genetic

representatives in this study.

5. INITIAL RAPD INVESTIGATION !N RICE GEKOME

In the preliminary study, 200 primers tNo. 101-300 of
university of British Columbis, Cenads) were studied if they
could provide RAPD markers for mornitoring of polymorphism
between the two perentsel DNA of KDML105 and 1R36. By following
e crigirnal protocol of John G.K. Willium et &f «24Y t(hoth for
reaction components and PCR prosgram ) with e littie

modificetion of house-hoid made Tag DNA polymersse utilization.

5.1 Amplification conditions

{An original PRAFD protocol of John G.K. William

et s, 1990

tmplificastion reacticons were performed 1n volume of 25
Al conteining 1O mM Tris-HC1 pH 8.3, 50 mM KC1, 2 mM MgCi_,
0.001% «gelstin, 100 uM each of dRTPF, 0.2 uM primer, 25 n¥ of
genomic DNA, and 0.5 unit of Teq DNA polymerase (Ferkin Elmer

Cetus?. Amplificetion was performed for 45 cycles of | min at
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94°C, 1 min st 36°C, 2 min st 72°C.

Then, amplification precducts wenre analysed by
etectrophoresis in 1,2% agerose gel and detected by stesining
with EtEBr.

5.2 Optimization of reaction components Tor RAPD analysis

5,2.1 Variation of DNA templete concentretiom

Purified parental DNA (method 111) was warmed in 65 C
weterbeth for 30 minutes before successiveily diluted to 80, 40,
gnd 20 nE€sal with sterile di=tilled water (HFLD drede!.
Aliquots of them were stored in 4 C refrigerator for octher
usgage. When &8en initial observetion of this experiment was
performed with primer No,{27 snd KEMLIOS DRA, snother primer
Neo.237 wss also wused with JR36 DNA simulteneocusly, with

repeatea examinsetion of the previous primer No.127 and KDML105

DNA. After that, cther 6 RAPD orimerst No.146, 1

tn

5. 156, 1R7T.

o - T e wEI'E LESLESL TOI TEaILICN CONLEITIlnE oY 0I§ 07 &8

m

[ ] =Y
gencmic DKA template for considering ability of emplifibility

i those representaetive primers..

For ome 25 aul resction, ! ml of each 80, 40, or 20

ng/xl stock perental DNA was diluted with sterile distilied
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water vamount used depended on the enzyme amount in esach
reaction). Then, Ioal of idx FCR bufTer .comprising 100 mM
Tris~HC1 pH8.3, 500 mM KCi. Z0 mM MgClz. end 0.01% gelatin, 0,4
AM  primer, and 100 nM of each dNTP were sdded continuously
before overleid the reasction mix with 25-30 4l minersl oil
{215me) to prevent evaporation (In two reacttions of the fircet

exsmination of primer No,127-KDML1OS ONA and primerNo,237-iR3

(27}

DNA, DNA templste was denstured with 100°C for 10 minutes end
meinteined &t 75°C before adding with 1. 2. or 3 unit Tag DNA
polymerase. Whereas for other examinations, including the
secound one of primer No.127-KDML105 DNA, this step was omitted
as well as Teg DNA polymerese was added Before covering the
regcrtion  with mineral oill, Each PAPD resciion mixture was
was centrifuged at 1500 rpm for 30 sec and then undergone with
45 cycles of 954°C DNa denaturation for | min, BGgC-primer~DNA

- . < - - -
anneslation for 1| wmin, and 72 C primer extensicn for 2 min.

5.2,2 Variations of primpr and enzyme concentratbions

4
]
wur
i
i}

-

4

4

hi
i

1

s
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n

al| cteay o7 hA tempizt

m
m

varistion, the reaction primer concentraetion used was 0.4 MM
which weas expected for primers excess in the reaction V2 times
OvEr primer concentretion in an ori1ginal protoacol), in this
experiment, two primer concentrstions, 0.2 and 0.4 uM, were

examined %o <compare for one snother. With the same PUrpose,



noE amd 7 ;
T.5y Ly =znd L ounits

varigtion of 4hree enzyme concentraticns,
enzyme per reaction, were simultanecusly performed with primer
concentretion variation. Primerily, four primers, Noc.127, 155,
156, and 237 were investivetesd for +the study of both
pErameLsrc.

=y

ince 3 retli

.
ull
w
il
w

tandard RAFD resaction was
required for g8ll RAPD primers Lo he studied, 20 representrative
orimers HNo.l1C01, 103, 127, 152, 155, 156. 157, 173, 181, 208,

219, 222, 230, 237, 241, 283, =nd 29% were lazter L

e}
fir)
n
ct+
D
jw

as
well as 4two and +three repestin¥ reactions of each cendition
{different primer-enzymes concenhration) wes also performed to
check reproducibility within +the same erperiment of an

experiment of an individual primer.

Im each experiment, 1 ul of 20 ng perental DHA was
diivuted with a&appropigte amount of st=rile distillied water 4o
gdjust reaction volume +to 25 ul. Then, 0.2 or 0.4 UM primer
and (00 ng of each dNTP were sdded continuously. After thsat
9.9, 1.0, or 2.0 units of Tag polymerss=s (from cne cocktail nof
each enzyme concentretion prepered with ix PCE buffer) was

altncared "niwidusi  resctinn beforas centrifgest ion under

-+
[n}

[#%]

1200 rpm for a0 s=c. Those reactions were .atter amplifiesd
under 45 cycles PCR pro¥ram of | min 94“0, 1 min BGEC, 2 min
720 and their nroducts were finally dstested by ge!l
electropheoresis of 1.2% s¥arcse, .5x TBE. Distinctively, one

diluti1on of DNA template was preset for all reections in the

tastt wverificetion of 1| and 2 units enzyme tested with 0.2 mM
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primers itable Ti.

5.2.3 Variation between 30°C and 36 C annealing

temperature in rice RAPD reactiom

For common: FCE procedures. a pair of carefully desisened
primere were normally used 4o amplify 8t 2 sp=cific region of
a OUNA template and increasing annesaling iLesmpersture will
enhence discriminete against incorrectly annealed amplification
(55}). On the other hand, common KAFD primers can randomly bind
to aimost anywhere in a DNA template and the chance of getiing
amplified products depended on the chance of hsving close
distance between =zach wwo primeres hinding. Thus, there would
bhe poesible thet more two RAFD primers would bind to their DNA
tempiate with an appregpiate distance 4o produce amplified
fradments if decreasine &annealing tempersture involved with

opportunity of primer-ODNA templete combinstion.

In order to test this assumphtion. RAPD reactions of

I
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rn
i
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wn

157, 173, ist, 208, 21&, 222, 230, 237, 241, 244, 289, end 295,

a

C

=

were uyeed uynder two similar PCR progrems of 30°C end 3
aTinesling vemperasture. All primers had two sets of triplicated
resctions composing 20 ne DHA templste, 0.2 uM primers, 100 nM

of esch dNTP, and 2.0 wunits 7Tag DNA polymerase (from one



cocktail with 1x PCR buffery. Experimentaliiy, each step of
this investigation was performed es in the twg previous
studies. Then, one triplicated resction set of those primers
waes underdone through the 45 cycles PCR prceram of 94°C DNA
densturstion for | min, 30 ¢ primer-DNA enneslstion for 1| min,
72°C primer extension for 2 min when another was amplified with
tthe 45 cvcles PCE prodgram of 94°C DNA denaturaticn for 1 min,
36 C primer-ONA a&annealation for | min, 7z2°C primer extLension
for Z min. Reaction products were resolved by gel
electrophoresis of 1.2% s¥arcse, 0.5x TBE, were stained in 1.0
Ag/ml EtBr, and were detected wunder UV light. Then, the
amplifiability and the reproducibility from differrrent
triplicated resaction set of individusil primers were compered

for esch other.

6, PRIMARY OBSERVATION FOR PRODUCT AMPLIFYABLE RAPD PRIMERS

WITH THA! RICE DNA (KDMLi05)

From observation +hat common RAFD primers cen uswally
develope the number of PCR products in each amplification; an
averade 2-10 amplified products are predicted Lo gewnerate by 5-
10 nucleotide primers, and polymorphisms result from absent or

or present o©of some specific amplified fragment in different
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gencme investigated (2d). Thus, other |78 primers \from two
sets of primer No., 101-200 and 2N01-300) were primarily <creened
with 8 sample of rice genomic DNA (of KDML105) to preview a

putative product-amplifyeble RAFD primer.

wWith +the optimized reaction of 20 ng ONA templste,
0,2 uM primer. 1350 nM  »of each ANTP, 10 mM Tris-HC1 pHR.3,
50 mM KCLl, 2 mM MgClx. 0.,001% gelatin, &and Z.0 uniss of Teg
polymerase, duplicates were performed for measuring
reproducibility within each primer. All experimental processes
in this examination were succsessively executsd 85 in previous
studies and a&all RAPD reactions were amplified under 45 cycles
FCE prosram of i min 94°C. 1 min ESGC, 2 min 72°C, Finally,
regaction products were fractinﬁated hy el electrophoresis of
1.2% sgarcse, in 0.5x TBE. The pousitive product-smplifyabie
primer was determined to RAPD primers whose products could be

unicovered in at least one of duplicate reactions.
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CHAPTER 1!

RESULT

1. PREPARATION OF DNA PROBES BY PCR METHOD

Sufficient amounh supply of +the DNA probes was
neccessary for grimary polymorphism screenine in parental [NAs

and the following wverification aof e

~ =
PLwEL

1

W

21

1Live FLF

W
n

PO
clones. For rapid replicetion of DNA probe supply, meny of
them WErE emplified by polymersse chain resction with
two M13 universel primers {(meterial). After checking on 1%
a¥arose, mwost rice DNA clones showed that they were smplified
gt their incert site since twheir major amplifisd fragments (vhe
highest intensity bandi pcscsessed sizes which coresponded to
vheir renorted sizes as documented by Tenksley's laboratory.
such replalty promoted RFLP probe preparation with PCR wo be
more prachticel for routine preparsetion ef DNA prokes than the

convent:12nal transformation procedure. [n this thesis., some of

ampiified KFLF probes prepered are presented in figure 4 snd

the'r ampiifisd siz=zs cowppsrabkiz 1o their renorted

v,
N
|
(]
1]
1]
1
H]



Figure 4. Some of
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amplified RFLP probes amplified by

purified by mini-¥el columns

RFLP probes were checked by running in 1.0%
€el electrophoresis, then stained by 0.1 ug/
DNA digested bhy +*two restriction enzymes

were placed at the

for comparing these amplified fragment sizes.

amplified products
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Table 4, Size of selected amplified DRA probe {ragsments
by PCR
For HFLPY  probes prepared by PoR, +he temperature

profile used 1nn the PCR programe compesea of 2 sets of similar

. - - - '—-'-. —_— - -
repeating steps; one  wes 29 cyclies of 34 C _KA denaturation

for 1 mim, 55 C DNA-primer annealstion for ! win, 720 orimer
exteEnisicon Tor 3 mim, snd the cther wegs 1 cycie of as°¢ DNA
denatursetion for { min, 55 C DNA-primer enneaslstion for 1 min,
72°¢C primer extension for 7 min. After seperating on 1%

a¥arose, sizes of those mejor amplified oroducts were compered
to standerd marker scsizes of BctEll-digestesd Lambda DNA and

anc Hindlii-digested Lambda ONA ©hen weps cg

icuizted by 3
computer pro¥rem improved in our labhoratcry. Those celculated
sized of most amplified RFLPE inserts (23 of 25 reportued
emplified EFLP inserts) were correlated with their reported
size documented by Tanksley's lehoratcry. Such resuli,
confirmed reliabhility of this +techrnigque for ONA  proke

preparsti1on.



Size (kb) Size (kb)
probes probes
reported amplified reported amplified
i
RG1L ied 1e73 AbGo50 1.5 1.64
RG30 i 1.3 .35 RG574 1.1 1.256
RGE4 % 1.5 t.45 RGo34 IFR! 1.17
RG108 1.0 Z.3 RG716 2.4 2.52
RG109 2.0 1.88 RG788 o1 1.29
RG140 1.5 1.42 EGEB11 1.0 1.2t
RG167 1.6 1.43 RG10Z2 1.1 1.35
RG433 o1 1,17 RIZ8 1.4 1.41
RG445 1.3 1.6 RZ2B4 1.8 1.92
Rf3421 1.1 1.12 RZItga 1.0 1.16
EG4T 0 2.3 e CDhUZ4 t.o 1.B82
HG5Z8 1,3 1,38 CDo353 1.2 1.23
cpesz4a 1.0 1.03




2, SCREENING OF POLYMORPHI%SM RETWEEN KOMLIOS AND iR3G DNA

Subsequence from a preceeding experiment investigated
by Dr. B. Sonthayanon In 1991, RFLP-type DNA probes spreaded
about 30 oM ar  1ese  arsund  Lhe position of frasrence locus
(fgr)  and phovopericd Sénsitivity locus in the chromosome 8
anda o were surveyed in order to find RFLP markers which i(ink
t0 the €gnetic locus. Some evample of Lhoce RBFLD prokes asre
RG28 locus which reportedly linked to a fragrance locus (rgr)
on the chromosome 8 (Rice molecular map, from the lsboretory
of S.D. Taksiey, Cornell University), RG64, KG123 and RG445
which are close to one photoperiod sensitive iocus (Se-1) on

an the rice chromosome & (Rice moleculer mep in figure 5),

Many RFLP probes In sthepr regions were also examined {(figure §

w

and takle

v
FANY

Since the chance for uncovering DNA SequUence

divergsnce between the L+35 parsntal DNAs depended on t¥ypes of
restriction endonucisasss  uzed and numbers of EFLP markers
uttliized for polymorphism s-rzenine,. 96 EFLP prope- restryct i=n
enzyme combinaticns were invest ivates by 3} addit1onal RFLP

probes with nearly all 5 molected resbriction enrymes tmethod).

Dat

L)

ot what 3t RFLF probes., - Arobes could unegvar nolymorphism
between KDML 105 and IR36 DNA (22.5% polvmorphicsm?. Among such

7Y polymorphiz RFLF probes, one probe has 28rlisr been located



oL the rice chromosome 6 and thres prokes

chromosome §.

located

oni Lhe rice

67



Figure 5. Llocation of 5e-1 and fgr loci on &

rice molecular genetic map

Photoperiod sensitive locus (Se—7) an iragrence locus

L

T fgr: of rics gsnome ere reporisdly wmapped on the chromosome ©
end B. respectively. From recently report, 5e—-1 locus wes
mapped neer to RGE4 locus 5.0 cM above the S5e-i locusi and fgr

locus wes linked to RG22 =24 2 distance Sf 4.5 oM,
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Figure 6. Location of RFLP probes selected for

polymorphism screening between KDMLI105 and

IR36 DNAs

A11 positiens of 31 EFLP probes in this pictiure were
correlaned with uwheir iocatioh in rice linkese map constructed
by 5.0 Tenksliley si gf in 1932 in figure 1. From the diagram,
nther 19 FFLP probes were alsa surveyed gside frem t+he 17 RFLP

probes locating on the Gth and the Bth chromosome.
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Table 5. List of RFLP probes surveyed between ocur

parental KDMLIOS and [R36 genomic DNAs

A total of t=14] restriction enzyme/ RFLP prohe

combineticns were examined for detechineg genetic divergence

between EKDMLIU5 and IR3E IJNA. M or F in the ieble cannotes 4o
the monomorpnism +s1aentical DNA  patterns: or polymorphism
i(disimiiar DNA patterns) bhetween +1hese two DNAs. From the

teble, eigth of 36 restriction RFLP probe/enzyme combinaetions
exhibited RFLPs between our parental -DNA. In the 8 polymorphic
probe/enzyme ceombinations, two of them belonged to RGA45/EcoRkI,
EGA45/Xbal, while other 6 combinstions were RGE34/HindlII, RGL/

Xbel, RGZ28/EcoRV, RISS52/EcoRV, RGA5t/EcoRV and RG167/EcoRl,



Restriction Endonucleases
probes
BamK ] EcoRi EcoRV [Hind[f[) Xbal
|
RG105 M | i
Ri3140 M | M | M
RGEI1 M M M M M
chr#2
RGE3 M M M
BEG810 M M
RZZ281 M M
Chr#é
RGY 35 M it It
chr#b
KG403 M M
RG47C M M M M | M
E555R ; g . i M ; M
chr#G |
PG54 M M M
KGLZ3 M M M M M
RGle2 M M
RG424 M M M




Table 5.

(cont inuced)

£G433

EG445

RG716

EzRe8

(M

Chr#7

M

M

M

L
bt

M

M

"l

M

M

73
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3. POLYMORPH!SM SCREEN!NG BETWEEN EDMLIOS5 AND ;R3C DHA

NEAR A FRAGRANCE LOCUS ON RICE CHROMOSOME &

A tolal of 20 restriction enzymes nFLP probe

combinetions Rzl been gxamined during the DNA polymorphism

SCPEETIITIY . Onily 14 rectriction enzyme/ RELP crehe
Zombinat ions, however, wZre sShown on the twabie 5. Jther
“omihinatizos were  conducshted Ly Dr. Be ZTonthavanon. These §

unlisted RE/EFLF probe combinaticons were Hindl[I!/RGL, EcoRV /S
EG136, ¥Xbal/REG!08, HindlII/BEZS562, 5cals/RZ952, and Bindlll/

CDO464. All of them reveeled monomorphism between KOMLI1OS and

Out o©f 14 restricticn enzyms/ RFLP marker combinations
in vhe vapie 5, Z combinaeticnst EcnRV/ RG2B and Xhkal/s EGL, were
found to reveai polymorphism beiween the two rice varieties,
As mentioned, KG2B was recentiy reported =s s RFLP marker
it1nkin¥ tvo the {gr locus on the chromosome 8. Therefore EcoRV/
KEGZs combination wes selected for further szperiment to confirm

marker 2no th

4}
1]

gromst 1o (meye nocon

[
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Figure 7. DHA patterns of the two parental KDMLI05 and
[R36 DNA digested by five restriction
endonucleases} BamHI, EcoRIl, EcoRV, HindlII,
and Xbal (rigth to left) and hybridized with
RGZ8 probe

in uhis autoraedicsram, =ach panel beionEesed Lo only one

restriction endonuclease digestion of KDMLIOS snd i1R30 DNA and
their detecteble RFLP sizes were determined by comparing with
HindllI-digested Lampda DNA (M), Among the 5 selected
restriction endonucleases, only EcckRV could reveal DNA
varistion of +the B.0 kb restriction fregment from KDML10S DNA
and 10.4 kb restriction frasment from [R36 DNA while other 3
restriction endonuclessesiy Ecokl, Hindlil, and Xhel revealed

monomorphism which were uninformetive.

101
¢ &

[ F
@

RG 28
Xbal ™  Hindm = EcoR v 9 EcoR 7@  BamHl W™

»
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4. POLYMORPHISM SCREENIRG BETWEEN KDMLI0O5 AND !R36 DNA

NEAR A PHOTOPERIOD SENSITIVE LOCUS (Se-7) ON

THE RICE CHROMOSOME 6©

imil

'l
(4]

r %o an earier pelymorphism screening, 30 RE/
EFLF probe combinsticons were investigated for uncovering DNA

level differences heitween +the two psrent DNAs but B of them

11}

re reccrded  in the tah;e s Emong those § combinstions,
EccﬂV!RZSiE and EcoRV/RZIEBZ could display DNA wvariastions
between the parent DNA while cther six combinstionsy EcoRI/
RG64, EcoRV/RG140, EcoRKV/RZI588, EccRV/ RI61Z2, EcoRV/RZI1003,
and Xbai/RG716 revealed monomorphic DNA patterns. For RGG4,
wvhich ‘reportedly linked to'photoperiod sengitive controlling
iocus (Se=-1) in rice chromosome ©y, could not discriminste
peliween our two parentsi DUNAs, after digested by Ecckli, EcokV,
Hindlil, and. Xbal. However, & neerby merker KEG4435, on the
chromcsome © seemed to reveal RFLP with both EcoRl snd Xbsl.

So, KG445 was consequentliy chosen for further study.



Figure 8.

This
restriction

DNAO lrl

markers

DNA variation between KDML10O5

digesting

distinct

(M) for comparing detectable RFLP sizes.

DNA pattern of the two parent DNAy KDMLIOG(K)

and [R36(1) DNA, digested by five restriction

endonuclieasesy BamHI, EcoRI, EcoRV, HindlII,

and Xbal (left ot right) and hybridized with
RG445 rice genomic clone.
compeses of 5

sutoradiogram

endonucless

0

digestion of KDML10S5 and

each psnel, Hind

and

with either

of 3.0 kb restriction fragment from KDMLIOS snd

panels of

17

oTiE
IR36 genomic
[l]-digested DNA wes used ss DNA
For RG445,
IR36 could be revealed when
Ecokl of Xbali EcoRl digestion reveals

3.0,

4,5 kb restriction fragments from [R3%6 DNA while Xhal digestion

revealed

distinct of

restriction fragment from IR36 DNA.

M KM K1 om Ko K 1M
: i kb
) : 9.4
- "! ! !“__5.5
- - _ 4.3
- - - 2.3
- - -5
- B .
RG 445

Hind1l Xbal

BamHI EcoR I

5.0 kb fraegmemt fTrom AKDHMLiIOD and i9.

kb




5. CO-SEGREGATION OF THE RG28B LOCUS WITH THE AROMATIC TRAIT

LOCUSy rgr

As earier mentioned. DNAs for this study were F3 DNAs
derived from F2 lines whose parentzal FE were glso scored for
their phenctypes as either highiy eromsatic (Z) or non-aromatic
{0)., Linkege between the EGZ3 end the scent phenotype was
obtzined through wusage of 10 highly aromstic s8nd 16 non-
srometic F3 DNA samples, then following with +the second
verification of the octher 12 non-asromsatic F3 DNA samples {(data
nnot shown). in the former experiment, out of 10 sromatic F3
DNA samples, mnine of them possessed en identical restriction
fragments.as cbhtaining from their aromstic plenty XKDML1IOS5 while
ell cf non-aromatic Fa DNA samples carried a uniform

restriction  fresment as occuring in their mon-aromatic donori

iRGG. Moreover, heteroczygous DRA patiern coulid be detected in
some non-aromatic Fa DNA sample 8s in lane 13, 14, 26, and 18
in figure S. In later experiment, many non-arcmatic F3 DNA

samples expressed heteroczysous DNA pattern {(when the others
coﬁid not reveal any visualized restriction fragment). This
evidence indicated +that there was co-segregation between RGZ8
and aromatic’ controlling loci among these tested Fa DNA

samples.
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Figure 9. Hybridization of rice genomic clone RG28 to EcoRV
digested DNA from the two parent DNAj KDML105 (K)
and [R36(1) DNA and their 26 msromatic (A) or
non-aromatic (NA) Fa progenies (2 lanes with too
low DNA concentration to detect any signal are not

shown) .

In this investigation, 8% nf aromatic Fa DNA
possessed identicel restriction fragment of 8.0 kb 8s in
KDML105 <{(arometic psrent) while 100% of non-sromstic F3 DNA
exhibit +the seme restriction fregment of 10.4 kb &s in IR3&E
{non-eromstic parent). Moreover, some mon-arometic Fa DNA elso
expressed heterozygous DNA pettern ss in lanes 13, 14, 16, and

18, In this picture, molecular weight marker at left hand

margin is Hind Ili-digested Lambda DNA.




6. ANALYSIS OF RG445 LOCUS IN Fa DNA SAMPLES

In Fz lines of which all Fa progenies sxpressed either
photopericd sensitive or photoperiod insensitive phenctype with
standard deviation among these Fa plant maximizing at 5, only

one F3 plant was chosen &8s a repressntetive DNA ssmple for

monitoring =2ssooizticn between putative positiv

U]

EFLP marker
and the photoperiod sensitive genctype in Thai rice DNA, With
this limitation, 14 Fa DNA samples equally seslected from Loth
photoperiod sensitive and photoperiod insensitiv? Fz lines hsve
been digested with Xbal then hybridized with putaiive positive
RG445., Unfortunstely, elthough KG445 could uncover DRNA
veristion between KDML105 and IR36 with discrete restriction

fragment of &§5.0 sand 19,02 kb during polymerphism screening

as in Tfigure 8y Xbai/RG445 combinstion couid not reveal any
poiymorphism among investigated Fa DNA samples in this
verification. From this examinaticn, =&ll F3 DNA samples

(&3]

exhibit wuniform Tregment of 4.1, +4, &and 11.6 kb. This

cbservation implied & false positive RKFLP marker of RG445

after testing with these representative F_ DNA.
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7. A PRELIMIRARY IRVESTIGATION ON USIKG RAPD IR ARALYSIS

OF RICE GENOME

From my preliminaery HFEAPD primers screening using 200

AT

RAFD primers, +ithe percentase of primers originating amplified

most, of +the 200 primers were recently repcorted Lo present =a
satifying zmpiificeticn efficisncy in cther plant genocme (E55)
and lster c©n rice in our laborstory. Thus some reaction

components were varied for sn only one standsrd RAPD resction
of rice ¢genome studied by using all 200 primers end Teg DNA
polymerese (Perkin Elmer Cetus). Informations from these

preliminary RAFD

o

aq

riments such as effective of primer snd
and template DNA were usefull for the subsegquent investigsticn

in our laboratory.

Optimization of RAPD reaction

(i) Variastion of DKA templste comncentration

Three concentrations of DNA template were usedy 20, 40,
or 80 n¢g. Among them the best that gave products in RAFD
reaction was +the use of 22 ng DHA templete. The result in

figure 10 showed an experiment usineg primer KNo.127-KDML10Q5

DNA, but 8 similar examination of primer No.237 using 1R36 DNA
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was unreported. From result of both experiments, increasing
of DNA templiste <concentrstion tended to reduce semount of
amplification products in all enzyme concentrations tested (2,
3, or 4 units per 25 ul resction) es shown in fidure 10, lanes

1-3, 4-6, 7-3. The more Tag polymersse used, the more discrete

eamplificaticn products were okserved among reactions which used
either 20 a&and 40U ns LURA tvempliate., Whereas this detsa was not
confirmed in 80 n¥ DNA vemplatei the higher emount of Tag DNA

polymerese could not improve the emplificetion sbility. Thus,
the 20 n¢Y templete DNA concentrstion wes then tested with other

6 addition rendom primersy numbers 149, 155, 156, 157, 230, and

ae

289, in confirm suiteble concentirstion of the 20 ng DNA
DNA templste usage. All © primers esxesmined could present their

amplified products with the RAPD reaction contsining ! unit Teg

rolymersse f{(data unpubliched}. For thisg rezson, 20 ng DHEA
Yol = ~ ; g 2l T ol TR W, T, | ki A - PR = =

template wasthus/decided UpCT 2S5 ST LpLimel Uhka amouni Tor gur

2 S o - & ¥ .

RAPD resction. In this repcort, an exemple of these result was

shown by RAPD rescticns of primer KNo,!Z7-KDMLIOE DRNA

.
e

sl

figure 10.
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Figure 10, Effect of DHA templste concentration

on RAPD patterns of rice genome

In an initisl experiment, 8 selected RAPD primer No.

127 =and KDML!1O5 DNA was tested for evaluating =ffect of amount

of genomic DNA templiate. Three different amounts of DNA
template, 20, 40, and 80 ng, were examined with varying amount
of T=sg DNA polymerase, from 2, 3, and 4 units,. Nine
combinations of enzyme-target DNA concentrations were performed
in 25 a1l reaction easch composing of 10 mM Tris-HCl pH 8.3,
50 mM KC1, 2 mM MgCIi, 0.001% geletin, 0.4 MM primer, and

-

. After 45 cycles of S0 C DNA denaturation

2 o |

100 nM of each dRT

ity

. e . - *
for 1 min, 36 C primer-DNA &annesls

ot
s

on for 1 nin, and 72 C

primer extension for 2 min, amplified products were
iractionated by asg&rcse geli eiectrophoresis of i1.2% agerose,
U.5x TBE. Moleculer marker (M) used in this experiment wsas

Hind 1]l]1-digested Lambdas DNA.

20 ng DNA 40 ng DNA 80 ng DNA
- o NiFs——==—=—"""="""="71 [~ B

M 2u 3y 4u 2u au U 3y 4
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(ii1) Variation of primer and enzyme concentration

After an optimum amount of DNA templste was determined,
other two additional parametersy primer and enzyme
concentrations, were later optimized +o prcviée a2 standard
reaction condition for both high emplificetion sbility and

reproducibiiity, concurrently.

From a primary examinetion of 4 primers}y No.l127, 155,
157, &nd 234, there wss higher bhance for four investigated
primers to eamplify in RAPD reactions conteining 0.2 MM primer
than 1in HKAFD reactions containing .4 uM primer (figure 11},
4t the same timey when reackions of threes enzyme concentrations
{method) were compared, reactions contzining 2 units of Tzg DNA
polymerase showed the highest amount of ampliried products from
coth U.Z2 and U.4 M primer reactions. in 8 confirmatory
experiment {takle 5J, 1% representetive RAFD primers, No.l101,

s 143, 152, Loby 00y L BT ¢ 208 =20 By 222,288 288,

amplification. Two additional repesting reactions of the same
primer-emzyme concentration were later perfcrmed for each

individuel primer to evaluate their reproducikbility as affected

by varied primer concentration (0.2 or 0.4 AM) and snzyme (1.0,

2.0, or 3.0 units per reaction) concentration. When the result

)

rom this experiment confirmed that usage of 0.2 AM primer in =
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RAPD reacticn was still more preferahle than znother of 0.4 M
primer espectially when amplification resction contained 1.0
and 2.0 units of Teg polymerase, usage of 2.0 units enzyme gave
highest reproducible result hetween duplicete reations of an

individuel primer =smond  three studied enzyme concenirsticns.

in the last experiment {(table &}, 12 representative EAFPD
orimers No,101, 103, i e, 155, 156k 157, 208, 218,
222, and 230 were re-examined %o compars e f

amplification between 0.2 MM primer reactions containing 1.0 or
2.0 units of Teg polymerase. This study, triplicate reections
of an ipdividual primer were performed for evaluasting their
reproducibiiity. From the Ilast result, ussge of 2.0 units
enzyme also gave both more productive and more reproducible
results than usage of 1.0 unit enzyme. From three correlated

resuiis, 4bthe selecied amount of primer and enzvme for further

amplification resctions in this study was, therefore, 0.2 uM

primer and 2 unit Tag polymerase.
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" Figure 11. Variation of primer and enzyme concentration
in reactions studied by four investigated

RAPD primers (No. 127, 155, 156, and 237)

Reactions, composing with 20 ng DNA, 0.2 or 0.4 uM

primer, 100 n¥ of _each: dNTP, and 1.0, 240, or 3.0 units of Tag

preparesed By 1x FCH bufferi, off our “Spvegd 'gated RAPD pr
{No.127, 1 B5% 158, and AZET) were amplified by 45 cycies PCR
program of | min 94 G, 1 min 36 C, and 2 min 72°C. Then
ampiified products were seperated on sgarose gel
electrophoresis of 1.2% agrarose, 0.5x TBE by using HindIlI-
digested Lambda DNA &8s a8 marker (M)-for size comparisicn and

were detected by staining with O.1 ug/mi ELBr. Comparing

L > S

between +two studied primer concentrastions, there were six o

of +twelve rsact

et
J
3
u
s

bl

contbeining 0.2 MM primer which cou

produce amplified fragments but there was only one of twelve
reactions containing 0.4 MM primer which could ampiify fwith
usage of 3.0 units Teg DNA polymerase of [R3E-primer No.155).

productive reaciions of 0.2 uM primer usasge, h2if o

15

i

it g

1,
n

LA

"

-ty

them belon¥ed +o resacticns containing 2.0 units of Tag DNA
polymerase, two of them belonged to reactions containing 3.0
units of Tag DNA polivmerase, and the another cne helonged to
reection containing 1.0 units of Tag DNA polymerase. From this

result, reactions comprising with 0.2 uM primer and 2.0 units
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of Tag DNA polymerase presented more productivity than cther

primer and enzyme ccncentrations studied by RAPD primer No.127,

™~

155, 156, and 237.

0.2 pM primer 0.4 pM primer
IR 36 KDML 105 IR 36 KDML 105
Primer 155 Primer 127 Primer 155  Primer 127
W 20 3V w2 3 M

W 20 3u M W a3

. kb

IR 36 IR 36 IR 36 IR36
Primer 157 Primer 237 Primer 157 Primer 237
w2 N W w3 M

W I MW W M




Table 6. Amplification ability value from 15 RAPD

primers studying about the effect of primer

and enzyme concentration variation

In this experiment, 15 repres

[}
e}
oF
w
o+
-
<
D
ox1
™
Re}
1

nrimers wep

)

setected Lo study on effecht of primer

Q
et
O
[y
o
ct
=
m
ct
-
Q
jor}
m
jm]
a.
m
=}
N
«
3
1]

concentration to amplify discretve DNA bend as well =25 to cherck
Tor reproducibility, every primer wss done in duplicates, Tn
check effect of Tag DNA polymerasse concentration, three

different enzyme amounts of 0.5, 1.0, and 2.0 units were used.
As in the previous result (figure 10), increasiny smount of Tag
DNA& pclymersse could betier produce amplified fragments
(bands)., In +this table, amplificaticn of each primer was

ranked in three dedree by scale of plus symboi. For the effect

w
~h

Iy
m
c+
Ct
o
Iy
£i.
U]
i
-t
fu]

cucibiiity of

enn individual primer were simultanecus

—t

¥y considered within each
enzyme concentraticn. In resction containing .5 units of Tag

DN& pol

«

-

merase, though more amplification could be presented at

,
i

b

2.4 AM cf primer of 15 itested primersi, more reproducibility

[l
g
ot
—
L
o

= shown &t

W)

AM

rim

W
—_
=

)

r. ¥herees hoth mors

[AR]

amplification and wmor

hil

reproducibility could be presented at
0.2 AM of primer in reactions containing 1.0 unit of Tag DNA
polymerase; cul of 15 investigated primers, L2 were productive
and 3 of them were reproducible at reaction of 0.2 AM primer

concentration when 5 of 15 investigated primers were productive



and only ! of them wes reproducihle at reaction of D.4 AM
primer concentration. For reaction of 2.0 units enzyme, 0.2 uM
primer concentration could present fewer amplification and
fewer reproducibility +han 0.4 uM primer concentration {3
reproducible, 11 preductive primers and § reproducinie, 12
productive primers respectively). However, inconsistent
amplified fregments could;be more detectable from reacticn of
0.4 AM primer concentratién than reaction of 5.2 AM primer
concentration &8s in primer No.222 and 230). Thus, 0.2 AM
primer c;ncentration was considered to present more relisble
reaction (containing 2.0 units enzyme) than 0.4 MM primer
concentration. When reaction of 0.2 uM primer concentration
were compared between iwo concentretions for Tag polymerese,
1.0 and 2.0 units, although nearly equal amplification and
reproducibility were cobtained. Not only could more amplified
fragments be generated but alsc more constant products were
revealed in the reaction contesining 2.0 units enzyme. For this
reason, reaction containing 0.2 MM primer and 2.0 units of Tag

ODNA polymerese thus seem to be more advantage rsaction than

gnother resction contsining 1.0 unit of Tag DNA polymerass.



Taq polymerase

U of

British 0.5 unit 1.0 wunit 2.0 unit

columbia

primer 0. 2uM O.4uM 0.2uM O.4aM o.ZxM 0.4uM

number | primer primeri primer| primer! primer| primer

1 T T
!

101 0 0 + + + 1 ++ 0 0 0 0 + +
103 0 o 0 0 0 + 0 0 0 0 0 |++
127 0 0 0 + + 0 0 0 j++ |++ + +
1459 0 0 ¢] 0 |+~ 0O |+++] O 0 + 0 0
i52 0 0 0 0 0 0 0 0 + 0 + 0
155 0 0 0 0 + 0 0 0 |++ 0 |++ 0
i56 ++ + 0 0 |++ + j+++y O j++ |+ j++ 0
157 0 0 0 o 0 0 + + 0O j++ |(+++{ O
208 + + 0 0 |++ 0 0 0 + + [++ [++
218 0 0 0 + {++ | ++ 4] 0 0 + + +
222 + 0 0 0 + 0 0 0 +++i 0 [++ +
230 ! 0 0 0 0 §++ 0|+ i o 0 §+++ ++ +
237 0 0 0 0 i++ 0 + 0 0 0 0 0
241 |ololol+lol+|olololol+]s+
289 0 0 0 0 0 0 Q 0 0 + 0 0
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Table 7. Differentietion between 1.0 and 2.0 units of Tag

polymerase in the studied reaction containing

0.2 MM of each RAPD primer

To confirm-that usege of Z units Tag pclymerase provide
better result +than wusage of | unit Teg polymerase, 12 RAFD
primers were tested, Form this study, 1.0 or 2.0 unit of
enzyme wes used in triplicates. As seen in this tabhle, all of
tested primers could amplify in reaction contasining 2.0 units
of Tsg DNA polymerese and seven of them could reproduce those

amplified fragments amony +the +triplicates of an individual

primer. Wherees there were gigth of |2 tested primers which
were productive inm resction containing 1.0 unit of Tag

polymerase and there was none of those 8 productive primers
could reproduce their products in all of triplicate resctions.
There were 3 of B preoductive primers, No.127, 148, snd 222,
which could reproduce smplified fragments in only itwo of
triplicete rescticns. In eddition, when an effective RAFD
primer which could amplify 1in both reactions contsining 1.0
unit or 2.0 units Tsg polymerase was considered, more amount of
ampliified fragments could be produced hy 5 tested primers No.
157, 208, 2i8, 222, and 230 in rescticn containing 2.0 units of

Teg DNA polymerase.



U of

British

columbia

Teg polymerase

primer 1.0 wunit 2.0 unit
number i
i
101 '0 0 0 0 + +
103 0 0 + + + +
127 + + 0 + 0 0
149 ++ 0 [++4+ |4++ j++ +
152 0 0 0 + + +
155 + 0 0 + 0 0
156 0 0 0 + 0 +
157 0 0 + {4+ |++ [+
208 0 + 0 + |++ i++
218 0 + 0 + 4+ 4+
222 0 + X + 0 {++ |++
230 0 0 o + + +

92
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(iii) Variation between 30°C and 36°C anneal ing
temperature in rice RAPD reaction

To study +the effect of annesling temperature on
amplification of RAPD primer, {8 representative primers HNo.
101, 108, 1127, 152, 55, 156, 157, 173, 181, 208, 218, 222,
230, 241, 244, 289, and 285 were Iinvestigated by two FCR
progrems different from each other only 8t 30°C or SGQQ
annealing temperature. Every primer investigsted weas alsé
performed in triplicste for evelustion of their reproducibility
in esch PCR program. Amplification used in this experiment
composed with 20 ng DNA template, 0.2 uM primers, 100 nM of
each dNTF, end 2.0 units Taegq DNA polymeraese (from one cocktail

with IxPCR buffer). In this experiment,

gvera¥e percentsde

of
reprocducibility =100 x IZ(reproducibility cof esch primer)
N
when N = numbers of investiigsted primers,

reproducibility of primer which could amplify in all
triplicsted resctions = 100,

reproducibility of primer which could amplify in two of
tripiicseted reactions = &7,

reproducibility of primer which could emplify in one of

triplicated resctions = 33.



¥rom this experiment, while all of 1§ investigated
primers could develope +their products with an averase of §7%
reproducibility by PCR program with 36°C gnnesling tempersture,
13 of the 18 investiwgated primers could creste their products
with around 78% reproducibkbility by another FCR prosgram which
primer-DNA anneesiaticn cccurred at 30°C vtable 713, in
addition, there were more amplified fragments uncovered by
various primers tested {such es primer No.127, 156, 157, and
181 in fidure 12) when their resctions weres used at 8 3¢ C
enneeling tempersture PCR prodgram. For this resson, s
preferable snnealing temperature of +he FCR program in this

study was at 36 C.
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Table 8. Variation of amplification ability and

reproducibility between 30°C and 36°C

anneal ing teméerature detected by 18

representative RAPD primers

In cese cf eannesliny temperature effect, though

gttenuated snnesliny temperature setting should theoreticaelly
promoée eampiification ebility of & !10-mer RAPD primer, after
examiﬁation not only could amplified products be developed but
aiso some more number of amplified products could be detected
et the higer annesling temperature. From this table, ell 17
investigated primers which primer-DNA anneslstion occurred sat

L . - . .
£ T were productive and 14 of +them could reprcduce their

[#3]

products in all +4riplicate reactions. But 1B investigated
primere from 320°C primer-DNA &nneslation event expressed a
iower productity and only little of those productive primers
could reproduced their products in all triplicete reactions.
Additionally, when the two conditions was compered, some primer
displaid a8 more gmplificetion ebility with 36 ¢ enneeling event
than with 30°C ernmealing event since some additive products
were found in that condition. Among triplicate reactions of
each primer, a futile reacticn was scored hy zeroc scsle (0}, on
the other hand a productive reaction was recorded by plus scale
(+) and additive plus (++ or +++) represent a more pumber of

ampiified products detectad,



primer anneal ing temperature
number 36 “C 30 °
101 + 0 + 0 0 )
103 + + + + 0 +
127 + 0 0 0 0 0
149 + ++ ++4 0 ] 0
152 + + _+ h 0 0 0
165 0 0 + 0 + 0
156 + ++ ++ + + )
157 ++ ++ ++ + + 7]
173 + ++ +4- + + 0
181 ++ ++ ++ + ++4 ++
208 + ++ ++ + 0 0
218 + ++ ++ 0 0 +
2272 + ++ ++ f] ] +
230 -+ + + + + 0
237 ND ND ND 0 + +
241 + + + 0 0 0
244 + + + + + +
289 + + + 0 0 0
295 ++ 4+ ++ + . +
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Figure 12, Effect of annealing temperature (36°C vs 30°C)
in amplification reactions of rice genome

This picture presented six samples of |8 representative
RAPD primers examined in this study. All of the reactions
compose of 20 ng DNA template, 10O mM Tris-Cl pHB.3, 50 mM KCI,
2 mM MgClz. 0.,001% gelatin, 0.2 MM primer, 100 n¥ of sach dNTP,
and 2 units Teg polymerase and were undergone throudh 45 cycles
of either 94°C DNA denaturation for | min, 30°¢ primer-DNA
annealation for | min, 72°C primer extension for 2 min, or 94°C
DNA densturation for 1| min, 36 C primer-DNA anneslation for |
min, 72°C primer extension for Z min. Their amplified products
were identified by gel electrophoresis of 1.2% agarose, 0.5x
TBE. In each gel, BstEll—digested Lampda DNA was loaded in
the farthest leftt or right lane‘as a molecular marker (M).
Amplified products of 4riplicate RAPD reactions amplified by
a6 ¢ annealing temperature program were loaded in three lanes
of the left hand side and Amplified products nof Lriplicate RAPD
reactions amplified hy 30°¢ annealinyg tempersture program were

Iloaded in three lanes of the right hand side.
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8. PRIMARY OBSERVATION FOR PRODUC-AMPLIFYABLE RAPD PRIMERS

WiTH THAI RICE DNA (KDML10b5)

Finally, an optimized RAPD reaction for rice was set to
20 ng DNA templete, 0.2 MM primer, 190 nM of each dNTP, 10 mM
Tris~-HCly pHB.3, 5HO mM KCI, 2 mM MgClz, 0.001% gelatin and 2
units Tagq DNA polymerase and a basic PCR program of 45 cycles
of 94°C DNA denaturation for | min, 36°C primer-DNA annealation
for | mwmin, and 72°¢C primer extension for 2 min. In this
condibtion, ot her 175 primers (from two sets of primer No.!Ol-
200 and 201-300) were primarily tested with KDMLI0ObS denomic DNA
as template. Those were also performed with Ltwo repeating
reaections to evaluate their reproducibility. Productive
primers were recorded when they could produce their amplified

products in at least one of duplicate reactions.

Among additional 175 RAPD primersl invest igated, 70
primers were found productive with an averade of 73%
reproducibility (formular for calculation was reported earier).
Those productive primers could ¥eneraete around 1-10 amplified
fragments from each amplification and such amplified products
were in the size range of 0.5-3.6 kh. After adding to the 19
representative primers previously studied during optimization
for RAPD condition, therefore, there would be at least about 58
oligonucleotide primers (46%) which could be useful for

genetic study in rice,



Table 9, Primary observation for putative productive

RAPD primers with Thai rice DNA (KDML105)

After a standard RAPD reaction for this study was
determined, other 175 RAPD primers were examined for previewing
some RAPD primer which could generate PCR products with KDMLIOS
DNA. In this table, there were 70 produclLive RAPD primers. It
should he note that, DNA sequences (Material) of most effective
primers which could produce amplified fradments in hoth
duplicate react ions contained asbout 60-90% G+C conbent.
However, bthe base percentage were nol, exachly restricted

r

reproducibility of those all RAPD primers investigated. 5ince
there were some primer whose products could not reproduce

between two repeating reactions containing 60% or more G+C

content in their DNA sequence.



U of U of U of

British PCR British PCR British PCR

columbia columbia columbia

primer product | primer product ‘primer product

number number number
102 0 + 123 0 0 144 0 0
104 0 0 124 o 0 145 + 0
105 + + 125 + + 146 0 0
106 0 0 126 0 0 147 + +
107 0 0 128 0 + 148 0 0
108 0 0 129 0 + 150 0 0
109 0 0 130 0 0 151 0 0
110 0 0 131 + 0 153 + 0
111 0 0 132 + + 154 0 0
112 0 0 133 0 0 158 0 +
i3 0 0 134 + o 159 0 0
114 0 0 135 + + 160 0 0
115 0 0 136 0 0 161 0] 0
it16 0 0 137 + + 162 + 0
117 0 0 138 0 0 163 0 0
118 0 0 139 0 0] 164 P 0
119 0 0 140 0 0 165 ; 0 +
120 0 0 141 0 0 166 i 0 0
121 0 0 142 0 0 167 i 0 +
122 ! 0 0 143 0 0 168 § 0 ‘ +

{ ! l |
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Table 9.

(cont inuce).

U of U of ; U of

British PCR British ; PCR British PCR

columbia columbia! columbia

primer product| primer product|{ primer product

number number number
169 A 191 ool 212 + 1+
170 0 0 192 + 0 213 0 0
171 + + 193 0 0 214 0 0
172 + 0 194 + + 215 + ¢]
174 + + 195 0 0 216 0 0
175 + + 196 + + 217 0 0
176 + + 187 + 0 218 + 0
177 + + 198 + 0 220 + +
178 + + 199 0 + 221 0 0
179 0 0 200 0 + 223 0 0
180 0 + 201 o 0 224 0 0
182 + + 202 + + 225 + +
183 0 0 203 0 + 226 + +
184 + + 204 0 + 227 + 0
185 0 + 205 0 0 228 ND ND
186 + 4] 206 0 0 228 ND ND
187 | ) 0 207 0 0 231 ND ND
188 + + 209 + + 232 KD ND
189 0 + 210 + + 233 + -
190 0 + 211 + + 234 0 0
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Table 9.

(cont inuce).

U of ] U of U of

British PCR British PCR British PCR
columbia columbia columbia

primer product| primer product|{ primer product

number number number

235 + O 258 0 0 278 0 0
236 0 0 259 0 0 280 :0 0
238 0 0 260 0 0 281 + +
239 0 0 261 0 0 282 0 0
240 0 0 262 + 0 283 + +
242 0 0 263 0 0 284 0 0
243 + + 264 0 0 285 0 0
244 0 + 265 0 0 286 + +
245 0 0 266 0 0 287 0 0
246 0 0 267 0 + 288 0 0
247 0 0 268 + + 290 o 0
248 0 0 268 0 0 291 0 0
249 0 o 270 + + 292 0 0
250 0 0 271 0 0 293 0 0
251 0 o 272 0 0 294 0 0
252 0 0 273 0 0 296 0 0
253 + + 274 0 0 297 0 +
254 0 0 275 0 0 298 0 +
255 ND |ND 276 0 + 299 + +
256 0 0 277 0 0 300 ND |ND
257 0 0 278 0 0

103
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CHAPTER [V

DISCUSSION

In this initial EFLF survey, seven of 3t probhes (22.5%)
could revesl FHEFLP between KDOML105 (indica) arnd I1R36 (indica)
DNA (table 5). The 2Z2.5 percent polymerese loci was found from
this investigation was sccepteble for genetic variastion within
indics subspecies of rice though it wes much lower to the 58%
observed between 1R34583 &nd Bulu Dalam (which one of indica
and Jjaponica subspecies, respectively, (25)) or the 42%
observed between [R39352 and Kuan¥ Lu Ai4 <(both indics
subspecies recived from Philippines and China, respectively,
(251). Our lower rate was resonabie since the genetic
structure of cultivated rice correspeonded to their
"Continental” and *"Insular"” dissimilatien (58); Thai rice
{KDML10O5) is more closely reliated with rice from Scuth and
and Southeast Asia (IE36) then China rice. The seven RFLP
probes detecting polymorphism between KDMLIGS and IR36 DNA
encompcsed with one clone located on the chromosome 6. three
clones located on the chromosome &, and three ciones iocated on

the other chromosomes.

With 22.5% of FEFLP probes detecting DNA pciymorphisms

in the initial survev. EFLP assay could promise largsr

gxtention of ri

[
M

tal determination over +traditiconsl means
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includindg isozyme snelysis, At present, more then 571 loci in

0

B

12 chromosomes of rice had alresdy been mapped Ey EFLF probes

feas in figure 1:. According to ocur percentaege be

o

ween, KDML1IOS
and I#38. we might predict that approximately 128 ilocci in the
12 chromosomes wculd bs sssayabie in fndics rice. Thet number
of expected polymorphic loci were around twice &8s  much

over 3% ‘'loci detectable with 24 isczymes acsavable in rice

(Lable 1. Moreover, mnot a&all 59 isczyme loci could be
examined, it alsc depended on genetic diversity between
individual wvarieties of +the plants investigated, This is

beceuse most isczymes in rice snd other plants represent
primary products of structurel genes which appeared to be welil
conserved .among species, compared Lo other classes of DNA (6G).

For +this resson, end other =sdvantades of DNA snalysis

n

2

4]

introduction), RFLP sssay has been considered =ffective ¥ene

ot
-
)

markers in this study.
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Table 10. Summary of polymorphism among five selected
restriction endonucleases, BamH!, EcoRi, EcoRV,

HinDI!]l, and Xbal, observed in KDML105 and IR36

DNA
Enzymes Fecognition EFLP prohes % poly
sequence moﬁphism
polymorphic | total -
BanH I G#GATCC 0 it o
EcoR{! ) G¥ALTTC 2 18 ; 11.1
i
i
EcoRV GAT*ATC 3 25 12.0
Hindi{]! A¥AGCTT 1 23 4,3
Xbal THCTAGA 2 19 ! 10.5
i
!
|
Total g 95 } 8.3

In table 10, the percentage of RFLP prches detecting
polymorphism in our studies was shown with each restriction
enzyme investigsted. EcoRV was found to wive the hidest
percentacge of EFLP BMCT:E five seliected restriction
endonucleases when Ecof!., ¥bal showned iower percentage whereas
Hind!II and BamHl could detesct iittle or nons polymorphism,.

This informstieon =supported previous Tinding in ris

e 10, 25,

[q]
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tometo (61), which sugdgested that = probability of detectiny
genetic wvariations by BRFLP correlated with restriction ENZYyme
used. In contrast, thouvh each restriction endonuclease could

still generate averagly larde polymorphic restriction

-t

fregments, +there were no reietionship between the number of
pclymorphism detected by an enzyme (for example polymorphism
recived by RG!, RG28, EKG45!, snd REG634). This data slidghiy was
contradicted to an assumption that if RFLPs were arisen largely
by base substitutions, &8s cpposed to insertions/ deletions, cne
would predict o correlation between the emount of
polymorphisms detected bky an enzyme and the avers¥e size of
restriction fravments genersted by the enzyme {which recognized
the seame number of base pesirs) (25}, However, this chbservetion
could ezxplein that significant poriions of RFLP veriastions in
rice is due to deletions, insertions, or other DNA
rearrangements (10), at +the same time hase substituticne can
cause the RFLP varietion in clesely relsted rice such as
KDML105 @&nd [IR36 (the same subspecies and related gErowing

areas).

<3
Q
I
(]
]
[F.4]
"
1]
b,
fe:]
pes
Q
]
r
4]
o+
%
(4}
th
)
2a]
(7]

(9 %]

(v

marker snd scented ¥enchype

among¥ highly aromatic or non-aromstic F_DNA&A in this study
=4

pointed to & linkege between RG28 marker and fraegrance

centrolling locus in Thai rice ¢enome. This information

confirmed an earlier study in rice Nils of Lemnent and aromaetic
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Lemnent by 53.N. &4hn et i (€27 which repcrited that the srometic
gene (f¢gr) was connected to 8 sigle-copy DNA cloney RG28, on
chromosome 8 at 8 distence of 4.5 cM. In addition.
heterczydgous DNA pattern uncovered in many non-aromatic F3 DNA
could be @& clue of dominent-recessive reletionship of the two
alleles 8t the frsersnce locus. Thus, our ghility for
detecting arometic gene by linking codominent RG2S msrker may

provide an effective selection process to Thai rice breeding

program .

In the cese of photoperiod locus in rice. recent RFLP
study hed reported tighly linkage of EG64 and this locus on the
chromosome 6 between Puene RaiZ and IRZETE(-27-1-3-2-1 (53,

64). Unfortunately, +this merker could not reveaied RF

[

P
veriation between KDML10S5 and !R36. in spite of the fact that
PR2 was originsted from Theiland. This observation might
assume to be an multiple allelism affect (34, Though there is
no present RFLF document inferring this presumticn in rice.

this notion can be =sdvccated by EFLP reports studied in

in other plants. For example. in wheat when Ywhksi7S msrker can
detect 8 resiriction fradment of Pm3 locus conferring powdery
mildew resistance, cther alleles (Pmi. FPmrZ. Pm3a2 and Fm4)

can express different or null restricticon fraegment with this

markesr (34),
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AN INITIAL RAPD INVESTIGATION !N RICE GENOME

In our initial study of DNA template cocncentration. the

.

higher amount of 7Tag DNA polymeraese used couid improve the
emplificetien ability 1in reactions containing Z0 znd 40 nyg of
DNRA, However, this finding wes not true at DNA template of 80
ng per resction., This phenomenonicouid be explsined if one
consider interesctions between a RAPD p;imer and terget DNA. By
random binding of primer molecuies to the terget sites, too
much amount of complex DNA templste used could reduce snnealing
probebility of esch binding site when &8 constant primer
concentration was mainteined in the reaction. Even increassing
enzyme amount feailed to improve DNA smplificstion. This notion
wes experimentslly supported when the lower smplified product
intensity was detected 'at the 4 unit Tseg polymerase reaction
of both 20 and 40 ng DNA templste (figure 10),.

For applilicebie annesiing tempersature, it was wildly

m

. - - e . - . -
belived +thet it should be 5 C below 8 true T of the ennesl ing
™
primer (5353, For the RAFD primers used in this study, they had

5%~
[

U s¢ the sugy¥ested annesliny tempersture of

-+
[$%]

8T avergfe T o

those primer shculd be 27°C. In this experiment. a higher
annesling tempersture (36°C) cculd develope their products with
more reproducibility than the lower temperature (30°C) could.

This could be =xplsined by a hypothesis on termina. hairpin
D
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formuisticn as proposed by Gustovo Caeteno-Anolles et 8! in

1982 (65).,

From the hypothesis, DNRA amplification was
postulated +to comprise of +two levels t (i) the selecticn of
target sites for amplificetion, which was determined by primer
sequence end conditioned by the resction environment and (ii)
the product amplification, which was initieted by 8 single
primer. Following Lhe first template "screening” phase, & set
of DNA fragments 1is synthesized. In the first round
amplificetion products are initielly sinvle-stranded and have
palindromic termini which allow the formetion cf hasirpin loops.
After that, the product cen bhe in the form of template-templsate
and primer-tempieie duplexes, &8s well as sin<gle strand and
hairpin loop in the subsequent round of emplificetion. &t this
cstage, tempersture can affect +the fermaticn, stabkiiity, and
equilibium between primer-template duplexes, hairpin loops, and
other possible formular DNA moliecular species formed during
amplificet.icny the incressed tempersture can unstabilize LReoth

duplex constructions. However +those rare primer-templsts
b

L

duplexes are guickly stabilized by enzyme snchorin¥ and primer

extension. Finally, there 1s thus more accumuliator

Q
-

amplificetion product at higher annealing temperaturzs then st
tthe 1lower annesgliing tempersture Gustovo Castsno-Anolles et al

in 139892 (857,
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kecently, the same set of RAPD primers investidgated in
this study f(primer numbers 101-300 from +the University of
British Columbkia Binotechnoloygy laboratory) have been
documentedly tested for amplificeticn shility with ¥genomic DNA
of +three flowerine plants, Desiisce glomerstitas, Yuccs bacceta,

and Y. schidigera, by Feter Fritsch et

[
—
(%
o
(O]
[
[l
o

experiment sudgested that the ability of a particulsr primer to
produce differential degree of amplified products 1is nohb
depended the scurce of DNA examined f(eccording to the desgree of
amplification of esch of +the 480 primers investigated wes
strongly similar among +those of three geners and was highly

significent}. Therefore, this sssumption was anticipated to be

generally amon¥ other plant €roups including rice as well,

In this study, ocur {33 primers examined during
screening for produchtive FRAPD primers for rice, a8 lot of them
presented no amplified product (0) in the initial attempts
while some 85 preoductive primers could 2lwey ssnerste discrete
products in only one of dupliceted reactions (+ =and 0.

Explenetion for dissimilarity seen in emplificstion akility and

reproducikility within an individual primer cculd ke ceperste

pont

-

v
considered from +two factorsy base seguence variation in an
individual primer and DNA sequence wvariation in the genome

studied f6E1,
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i, Bbese seqguence varistion in an individual primer.

Normally, arbitrary sequence oligonucleotide primers
like RAPD primers do not need to perfectly annesl to the tardget
sequence (Z24). Thet means asmplified products may result fromw
either abscluitely or partislly bindind between primer and
target DNA. For promcoting emplificstion, most =zciive arbitrary
sequence primers appiied

for FRAPD rescticn developin¥g under

i
'
i
y

- . . , . - 2 N . N
modulete ennesling temperature <(ie, 36 C), thus, contsin &t
ieast 50% G+C content. The result from +this study eliso
conformed by the ideaj most primers which successfully

genersted PCR products in dupliceted reactions comprised meinly
of primers with 60-90% G+C content. Therefore, base segquence
variation within individual primer investigated could sffect
on both amplification =&bility end reproducibility of RAPD

reections in this study (66},

2. DRA sequence varistion in the genome studied,

Similer to bese sequence veriations in vaerious primers,
amplificetion &ability and reproducibility of 8 RAPD primer can
be infiuenced by both evsi:ability and overall distribution of

n
~

'3
=)
D
.

compliementrary sequences in ths genomse,. Whereesg
eveilebility of primer binding sequences would sllow primers to
bind, distribution of the sites wouid infiuence probasbility of
each primer %o develope FPCR products. Thue, 8 denome

containing a8 1ot cof binding sites could improve amplification
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and genome comprising of many clonly spread hbinding wouid

incresse number of amplified products.

From our - preliminary ckservation for product-
ampiifiabie KAPD primers, experimental chiective was served for
further application of DNA polymorphism identification although
enly KDMLICS (an isndica rice) DNA was exemined. The result
from that experiment shown st least 46% of primers investigated

to be avsilable for monitoring genetic variation between DNA of

rice and other ceresl crops.

Normaliy, sgenetic variation detected by DNA merkers can

caused by either nuciectide sequence elternstion of primer

binding site for example by pocint mutation or size
differentistion for example by deletion. insertion, or
inversion (24}, For RAPD markers, nuclectide segquence

alteration, even by a single bese change in s binding site, may
also prevent amplificetion of certain DN& locus by
unstabilizing association between the primer and tLarget DNA
site, inciuding a8 mismatch at just one end of = primer
template duplex. Apparently, size differences target DNA
regions can salsc affect on the size of amplified products
ideletion, smalil insertion, or inversion?} or absent of

specific smplified fredments {

ot

arges inserticn, or inversicn)
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In the rice €enoms, recent EFLF report sugeested L hat
major RFLPs in cultivated rice were resulted from insertions,
or deletions of some nucléotide sequences (25). Compering
this to a8 <€eneral belief that size variations are rarely
detected by EALPD primers, since common RAFD resctions tend t@
produce PCR products of limitted site (rniormally asbout <3 kb
length). Thus, RAFD reaction migth seem to be less effective
than an alternative approch of EFLP probes which cover ionger
stretch of ODNA regions. But if each discrete amplification
product of FHEAPD represented one allele per DNA locus and any
8-10 cligonucleotide primers are predicted +to averagly
originate 2-10 amplified fragments, RAPD primers wiil be
promising rapid gernetic markers +o0 essay DNA variations in
genome (23). In encther aspects, when 8 lar¥e number RAFD
primers can unlimitted survey to whole denome; even to low- or
various repesting-copy region, most KFLP oprobes generelly
uncover low-copy region of +the <genome (23).° Additionally,
while KFLF rprobes ‘are co-dominapt merker faor mornitoring
Mendelian inheritance, neerly =811 RAPD primers sre dominent
dominant merkers. ss a DNA freement might he empiified from ore

-
}

individusal bkuit nct from rl. dominant markers, howsver,

it}

noth

fu)

are a8accepteble for <denetic mapping using homczyeous parents

so RAPD markers should be usefuill to study 8 N&turdai homMozZVEoUS

{a self-fertilization) plants. including rice. For
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reasons, bocth EFLF probes snd RAPD primers, thus, cen be used
en &8lternative ONA markers to complement =sach oither to study

genetics in various eukaryotic crdaenisms.

Recently, G.B. Martin et a!{ (43} hzd reported used RAFD
technique to identify a linkege of 8 FPseudomones resistance/

sensitive sene iin t.omato. The co-dominant RAFD primery
/5 120, could; identify <«€enetic wvariations oridinated by
insertion Letween +two smell size amplified fragments) one was
1.2 kb and another was 1.4 kb in length. That result had shown
efficiency of RAFD primers 4o unceover both kKind of polymorphism
exsisting in an individual or<ganism studied, despite only some
size-limitted PCR products could be analysed. In my study,

gzach of 85 caendidate primers could reveal arcund 1-10 discrete

FCR products and they were in the size range of D.5-3.5 kk.



116

CHAPTER V

SUMMARY

i. In +this studv on KDML105 and 1R3G5 rice LONA, RFLP
probes wWETrE shown Lo be beitter <enetic markers than

conventicnal markers, From 3! investigeted DNA probes, seven

)
)

of them f{or +5%) could disclose FKFLPs between the two

two perental DNas. :

2., & FEFLF merker, RG2B, could uncover REFLPs between
KDML105 end IR36 genomic DNA digested hy EcoREV during primerily
polymorphiem screening and waes confirmed 4o be linked to e
fregrance locus in Thai rice when studied in representative

genomic DNA of arometic and non-aromstic F3 plants,

3. RG445/ Xbs! combination revealed DNA varistion in
KD¥L105 and 1IR3 genomic DNA during primerily polymorphism
screening but +this RFLP oprobes enzyme combination could not
displey RFLPs smong {4 genomic DNA samples of FE plents equally

selected from photoperiod sensitive or photopsriod insensitive

F_ iines.
2z

4, In an initiel investigetion of RAPD analysis for
rice genome, an optimized resction consisted of 20 ny DNA

template, 0.2 uM primer., 2.0 units 7ag DNA pcivmerase (Perkin
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Elmer Cetus), 100 nM of =ach dNTPE, 10 mM Tris-iCi pHE. 3, 50 mM
KC1, 2 mM MgClz, 0.001% gelatin and 45 cvciss consisting of
94°C  DNA denaturseticon for ! min, 36 C primer-DNA emnealeation

- - - : - 3
for | min, and 72 C primer extension for Z min.

8. From 153 rendom primers, 85 RAFPD primers were
found to be of wuse in enslysis of rice DNA. These BS
productive KAFD primers revealed sround 1-10 PCR products from
esch amplificetion and +those products were in the renge of

0.5-3.6kb in len¥th.
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