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imported CW 3 proach inguish tobacco cultivars are

nree  primer-pairs (B, o/Mca,.
yments, of which 103 (74.1%)
\ Thc ‘primer gave both highest

0\

cultivars. This culvar- ______, ouldBbe useful in identification and
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itivar-specific band of Virginia

confirmation of Vtrglns denotype B ©¥trade. Genetic relationship trees based
on NJ and UPGMA te -._j es revea ings similar to each other. Almost all
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CHAPTER |
INTRODUCTION

Tobacco has been culli dgl for thousands of years and has served

as a raw material for cigareite any countries. Almost all of the
commercial tobaccos«eéi }-in tabacum It is also one of the

cultivar group i ofsomeiffert Vg - ting and crop-growing

leaves from @ Wo |, they could not be
-' Aie of the local or imported
cultivars.

From such robll , SO w,:- ,;,r:{‘f rkers *J. d béen introduced to determine
genetic differences bgtwean -.,r‘:f 4C00 -cul r eXxample, Del Piano et al., 2000;
Rossi et al., 2001; Zhangﬁ markers, or genetic markers, have

become useful too)s > a relativ 8atio genetic diversity in

plants (Cled, 98 =Even-though-rany-cilieren-iobaceo-eutiyars have been grown in
L 1

Thailand, there 1g,n0 ei\ﬁi_\oT:)ing molecular marker
1]

for genetic reIé{dnship studies of Thai tobacco cultivars i erefore very important.

Recently, Denduaﬁ ant et al. (2008) uccessfully developed ISSR (Inter-

fusamamingnng.

SR markers were suitable o‘/ for fresh leaf matggials, not for dry- cured

ARIANTIUN #INEIAY

which has been successfully used in polymorphism analysis, crop cultivar identification,
and phylogenetic evaluation. The AFLP technique would be a better method for a

narrow-genetic basis of cultivated crops like tobacco than other molecular marker



techniques. Generally, AFLP produced more polymorphic loci per primer in any diversity
study than RFLP, SSR or RAPD techniques (Bogani et al., 1997). Previously, Rossi et al.

(2001) studied AFLP markers of tobg nd found that AFLP appeared to be an

appropriate technique for gen . f i both fresh and processed tobacco

leaves. In addition, AFLRRgBRBLEE _ a g flue-cured tobacco (Virginia
cultivar-group) revea (Fatthe t s lams commonly grown in
e ——

China have narrW' :___:-1,‘__,_ ranselZhang et al., 2006). In 2008,

egetic relationship analysis of
Thai tobacco culfi e Peen'done before, in this thesis |
arkers O xamine genetic differences

\

between local and impo "': / own in Bhailand.

then introduced AF ; .c Hevele nu lecular

Research objective

To deVelog rs for determining

iyars from cured-leaf

ﬂNEl’)?/IEWI‘iWEI']ﬂi
QW’]NT’IWJN‘WTJVI&I’]&EJ



CHAPTER I
BACKGROUND

2.1 Characteristics of tobacc
Most cultivated
natural amph|d|p|0|d ved‘om

(Gerstel, 1 30:-Gerste 63). Tobacco originated in

Nicotiana tabacum L. It is a

f wild progenitor species: N.

sylvestris and N. to

the tropical Amer[c_a‘ i Ilor: -,' ;_:‘_ from about 60°N to 45°S
(Akehurst, 198 baceous plant and it is found

of flerbs and shrubs of the

family Solanacea goc is alsoe [ i D tunia, potato and tomato

i i - ! \
and has been divide - ubgene d§ticen 7abgcum and Pentuniodes). The

genus Nicotiana ¢ "‘-,. odspeed, 1954; Narayan 1987).

At the present time, alm ost I'of-ihe: com _- pacC@s produced in the world are N.

tabacum and it has been or orces in at least 97 industrial and

developing eeuntrigs

21.1

i
al crop (Figu@Fﬂ A). The plant-height

ranges from 100 tofO cm. Its stems are stron ect, 3 to 6 cm thick, and terminate in

anEj:ﬂ ganunIneIng

cm b (Figure 2.1 B) Brucher 1989). The Ieaves and stems are covered with

q Wﬁﬁ NSUIMIINEINY

5 cm long (Figure 2.1 C). The flower has five stamens which are attached to the base of

'i'H) acco is an u

a corolla tube. Calyxs are green and cover its fruits. The fruil is a capsule containing



numerous very small seeds (estimation 1 million seeds per plant). The colour of seed

varies from dark brown to light brown.

0 wqm MSUANIINYa e



2.1.2 History of growing
Tobacco is the most widely-grown, commercially non-food crop in the

world (Capehart and Grice, 1994). co has grown natively in North and South

bacco originated with the American

Indians around 3000 B Wid 2 - - acco is used in many different
ways, such as inhaling dici d& i _E{ant had spread over North

one of the idtlly. i rte ) | in the international
- \

temperate regions | by -appr flion farmers. An example of
] 5 T o ¥

tobacco plants growing i 1|6 attion field own iR Bigure 2.2.
r = - -

o

Figure 2.2 Tobacco plants growing in a cultivation field in Sukhuthai province of Thailand.




2.2 Tobacco cultivars grown in Thailand

In Thailand, tobacco is believed to be introduced into the country since the 16"

century. From Annals of Monsieur Degl g Loubare, both Thai men and women were seen

i , China and inland of Thailand. In

' T inglre northern and the northeastern
ish . n Tobacco (B.A.T) company

introduced VirgW ivar§ intgsdlieteRgdeehereafter, the Royal Thai

inhaling tobaccos which w

Sukhothai era, Thai tob I
regions of the count .In 1
government bought_all ' _ ) “"-«‘.;; Tobacco Monopoly in
1939 under Ministry, i > (115 L .I 57, In addition, during 1958-
1959, Burley I L : Sukhothai and Roi Et

provinces, respe

At present, Tghi fafmefs ulti "'é Yo regions of Thailand such as

in the North, theg8out thr Northg as ‘i;’__ "-.*' all Thefe are two major types of
k:f 3 1

commercial tobacc uIt| r obacco cultivars and local

cultivars.

2.2.1 Imported tob

.«)Sm e

E DR SO e XD e b-aRc=tevelopmen @fZigpacco cultivation in

il [k
¢ Ceg
|
H e country and also provides knowledg

farmers (339%¢€] LLZ‘% 2549). Maejo TobawExpenment Station was also set in

fwﬂ MENINEINT

separated to three groups: V|rg|n|a.§urley and Turk|sh ese three cultivar gr

AWIRNNIU NIINBINY

a iE@rted tobacco seeds
from foreig
Thailand. Thai 0 its regional tobacco

stations aroun d financial support to



2.2.1.1 Virginia cultivar group (or flue-cured tobacco)

Cured leaves of Virginia tobacco cultivars are the major

component of most blended cigar

Collins and Hawks, 1993). Virginia cultivar

(Figure 2.3 A) is mostly culti Jortpern region (for example, Chiang Rai,

Lamphun, Phrae and PR " astern region (Nong Khai and
Nakhon Phanom) o - sed for tobacco leaves of

sugar and the greg ; ' . Sorr ioh hcolalis, with aromatic smell and
fine leaf texture. Thi c ethodl alse - A ndeth s oking properties with
medium to high icBtine. S irgini .1‘. /ars @@pularly grown in Thailand

are Coker-187 hick, G 7 and Ko326 (@50 .. AnlE R549).

ﬂNEl’JVIEWIﬁﬂEI']ﬂﬁ
RIAINTU UM INYIAY



Figure 2.3 Virginia totﬂ:ﬁ;lnvar A) Virginia tobacujlnvar growing in Lumphun province. (B) A

“Uﬁ‘ﬂﬁf@%&lﬂﬁ’ﬂil’] N3

2.2.1.2 Burley cultlva‘group or light alr-cured tobacco)

AWIRNTIE AN

Thailand (for example, in Sukhothai and Phetchabun provinces). Burley cultivars usually
cullivated in Thailand are B1 special, KY14, TN86 and TNSO (qﬁmﬁmz AU, 2549).

Burley tobaccos (Figure 2.4 A) are lightly air cured. In the light air-curing method, the



source of energy is an atmospheric heat carried through air. This method requires an
open barn in which tobacco leaves are hung and protected from direct wind and sun

light (Figure 2.4 B). After cured, tob af colour are changed from green to yellow

and then to medium brown (i 1 ilgfle es and stems are dried solely. Light

air-cured tobacco is o

AU EHMEM? WEINT -

prow B) An air-curing barn (C) Dried Burley tobacco after air-curing process.

ammmmumqﬂmaﬂ
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2.2.1.3 Turkish cultivar group (or sun-cured tobacco)
Turkish cultivars are a very short plant with small-sized leaves

(Figure 2.5 A). Their leaves are 2 or 34nghgs wide. Turkish cultivars are used in blended

. . \ I .
cigarettes and have uniquesa ) ow sugar and nicotine. Its unique

aromatic and other propesticss > 2 jon of the plants to poor soil and

is completely a bamboo pole at either end

of the pole and, B). The heat of the sun

directly changes th J i fron 1'"2*‘ q iquke 2.5 C).

ﬂNEl’JVIEWIﬁﬂEI']ﬂﬁ
RIAINTU UM INYIAY
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AUt ANINTNEINT.

Phano rovince. (B) Leaves drying in the sun. (C) Dried Ieaves of Turkish cultivar after sun- cunng

W’immmum'mmaﬂ
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2.2.2 Local cultivar group (or air- and sun-cured tobacco)
Local tobacco cultivars (Figure 2.6 A) of Thailand are similar to Virginia

and Burley imported cultivars in high stalks and large leaves (99Ne LAz ALY, 2549).

Local cultivars are cultivate

region (for example, R fNai ovinces), the southern region
(Nakhon Si Thamma 5 g@anom and Nong Khai) and
the central regiow uri.a eBusi) of Thailand. The terminal

to keep the leaf stn gth. b N ed to make a “roll-your-own”
(RYO) cigaret I f hich locall . i c8Mioba product. The air- and
sun-curing metho'- : ' DS t ‘the tobacco leaves are air-
cured about f :Jr—to-' ) J econdly, & ) ’ cut into 1 to 2 inches
7 ded racks and sun-dried
for about two days: ' 6 O)ES ’ S s cd cultivars are E-dum (in

Phetchabun province), gsink (Sukt ) n (Suphan Buri).

ﬂNEl’JVIEWIﬁﬂEI']ﬂﬁ
ﬂW']Mﬂ’iﬂJﬂJW]’JVIEI’]ﬂEJ



13

////.m\ N

:r“' i k! \

WY

L] L] L} ) L] : H
Figure 2.6™o€al toba€co® cultvar®™(A) *Hangkar lo€al®cultivar growing i Crop fieldi

province. (B) Roll-your-own (RYO) tobacco. (C) Local tobacco was sun-dried on wooden racks.
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2.4 Plant DNA markers
Molecular markers have played a major role in genetic characterisation

and improvement of many plant Crp. DNA-based markers are powerful tools for

unbiased estimation of genetighak reeding, identification of cultivars,

|ver3|ty (Souframanien and

Gopalakrishna, 2004)."THe=g ;-? st a%nta r marker techniques is their

e — =
capability to dw rsity at @

conventional methods

of resolution than other
accurate and speedy.
Furthermore, molec ' ah B ' ~ litle amounts of plant
materials, and. € _' nmentalco né and Gianni, 2005).

d. . is Restriction Fragment
Length Polymdfphis s ba IODNA Which is digested with
restriction enzy 2 . 2] 5 eetkopho H a'gél. The gel is then blotted
onto a membrane .-' ‘_ ragments /are l"'lin-l-"'—‘ ible by hybridisation with a
labeled probe (Welsin 5) RELF been h"v.,_ basis method for most works in
plant genetic studies ft or mag his RFLP marker is rather difficult to
prepare.

in 1985 to amplify

markers. The Pﬂ— “ﬂﬁ
sequence with=specific or arbitrary primers. PCR basicall l

sequence by pnm‘smmplementary DNA suds to thousand copies. The amplified

AUBINERTNEART -

reactﬂ consists of three basic steps (Figure 2

pensive PCR-based
on of a particular DNA

mplifies DNA template

) Denaturing step: ‘ double-stranded A template is denatfiggh

9 wwmmmmmm :

template at lower temperature.
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3) Extension step: DNA polymerase syntheses new DNA strands which

are complementary to the DNA template strands by adding dNTPs.

Figure 2.7 Three step?)f a Polymerase Chain Reaction

ﬁwﬁﬂwi’wmm

CR based DNA technlques have been very useful in assessment of

QRN ANEIAY

DNA (RAPD), Inter-Simple Sequence Repeat (ISSR) and Amplified Fragment Length
Polymorphism (AFLP). The comparison of these three PCR-based techniques that relate

to their characteristics are summarised in Table 2.1.
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Table 2.1 Comparison of RAPD, ISSR and AFLP PCR-based marker systems in plants.

Marker RAP ISSR AFLP
Characteristics ll ,I
Principle ons between Endonuclease
m primers - mplify restriction,
———— ! | wi red adapter ligation,
— T PCR
Cause of polymorphj m B atipn Point mutations,
| ions, i Insertions,
letions ti Deletions
Level of template Low
Quality of DNA : J s ; Medium
Level of amplifieddpr uct &  WMediui High
Level of polymorphism N Me o High
Reliability y Lowiy, ¥ 43 Me High
Information of DNA seq : e s = 0 No
Type of marker minant Dominant
Radioactivity F- 7 b Yes/No
Developme t High
Cost per analy - Medium

i

= -
ﬁuj RAPD (Random Amplified Polymorphic I@\)

PD marker is a domn”marker system which is simple, rapid

ﬂ UHINENINGINT

W|Il|a et al. (1990). DNA segme‘ls are amplified W|th short random pr|mer -12

QmRﬁﬁﬂmﬁﬁﬂﬂﬁﬂﬁﬁﬂ

sequence information of the target gene is required because the RAPD-primers would
bind anywhere in the sequence (Figure 2.8 A). RAPD polymorphism results from

changes in primer-binding sites in the DNA sequence. The polymorphic PCR products
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can be separated by gel electrophoresis (Figure 2.8 B). In theory, the total number of

PCR products per primer depends on size of template, PCR conditions, primer

sequences and base-mismatchin n primers and the template (Bussell et al.,
2005). \ \ l7

hmque make this method very

popular in plant gene natys '-Itho;.h ba PD can not be interpreted

' JI‘

| dénat
'
l anneal, 4

a
— r

-

a I s 4
LT% polymetdsa /1
 fugeze RO

W

—— a

G

Figure 2.8 Random A‘pﬁ Polymorphic DNA RAFuechnlque A) A principle of RAPD. (B) An

AUBINETENEINS.
ARAITIINTINGINY

markers were first studied by Zietkiewicz et al. in 1994. This method has been reported

to produce more complex marker patterns than the RAPD approach (Parsons et al.,

1997; Chowdhury et al., 2002). The ISSR technique exploits abundant distribution of
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simple sequence repeats (SSRs) or microsatellietes in plant genomes (Figure 2.12 A).
The SSR regions are commonly distributed throughout the genomes and have been

utilised in numerous ways to scree ic variability (Weising et al., 1995). ISSR

. [AC] ) to amplify regions between

n

their target SSR sequenges B1): fﬂére designed to be longer than
RAPD primers which.za __'her aneah@ to be used. This marker
technique normaW 1 the=RCR. products which could be

visualised in either..at ( 5 s, (Figure, .9 B). Nowadays, ISSR

analysis has been wj fo (Y Ierous plant species.

Figure 2.9 Inter Simple Sequence Repeat (ISSR) technique. (A) A principle of ISSR. (B) An example
of an ISSR band pattern.

(Source: http://210.212.212.7:9999/PHP/SILKSAT/index.php?f=protocol_issr)
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2.4.3 AFLP (Amplified Fragment Length Polymophism)
AFLP, another DNA fingerprinting technique, was developed by

Vos et al. in 1995. AFLP is essentiallgajgcgmbination of RFLP and PCR techniques. This

method is based on a PC stgiction fragments digested from total

genomic DNA. The AF % Genomic DNA is first digested
with two restriction i &com with a six-cut-bases

recognition seque € u fheelVisel: four-bases recognition

sequence). A ligations oo g a ifiC | the ends of the restriction
fragments provides 4

fragments (Fi yments are selectively

amplified using lective amplification is

achieved by using s | 3 -.' thction sites of the fragments.

And thirdly, the > anal "‘sl*o-'_ln a'flanual polyacrylamide gel

electrophoresis wit

AFLP analysis ighalike JOMRAPDN no «"'-., seqguence information of the

, A
genome is needed. THerefd 161t Can’be 3 any DNA sample. In general, AFLP
detects a greater number of{o€ P, RAPD and ISSR (Bogani, 1997).

-

e P

AFLP method¥arog ' 5 @

sensitive me‘

d it is also a highly

powerful molecular

marker techniquor er—ﬁisted breeding, genetic
|

distance analysig; molecular typing and genetic fingerprinti' “ AFLP is being used in

genetic diversity gﬁ of crop plants beue of its maximum coverage of the

AUBINENINEINT
QRN IUNRIINYIAY
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Reasiriction Enzyme 1 Rastiriclinn Enzyme =

Restriction

N

s-an ARLR adapters are ligated to the sticky

3-Jpg)

o
"'!

Figure 2.11 AFLP-PCR with primer-matching adapters and an example of AFLP band pattern.
(Source: http://insilico.ehu.es/AFLP/aflp3.jpg)
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2.5 Molecular marker studies of tobaccos

During the last two decades, molecular markers such as RAPD, ISSR

efic improvement in different fields of
agricultural research. Re ¥ / s have also been employed to
study evolutionary gemeties a0, i @D markers have been used in
cos. Filippis, Hoffman and
i hybrids of tobaccos. Two
parental tobacco spegi ati rds. cessfully analysed for their
genetic relatior . 3 is a versatile, precise,
sensitive and cos i or afSlife i@haccos. In 2000, Del Piano
: Wy ultivars of N. tabacum
using three rand _ JRe it [ ". . red tobacco cultivars in

China were also det APE “7" e, !I‘-.I their genetic diversity was

or tObacco variety identification and

found that tobacco cultivars=appge i* evel of genetic diversity. Similarly,
i‘%gr ol sms ed gHttivars (FCV) in Turkey

using RAPD jtegl nique were found having smallest genetic disiarc among cultivated

tobaccos stuef:l.; A

recently examim

|
genetic diversity in Indian flue-cured or'ﬁ;!i\/) and Burley tobacco

genetic an

2 S,@a a and Rao (2008) have

cultivars based on Thelr result showed @ar pattern of division among the flue-

FUBINBNINEING:

tobacco cultivars has been performﬁ by Zhang et a/ . However, their re It did

ARIRNIEN SRINEINY

of Nicotiana species (Del Piano et al., 2004). Their result showed that the technique is a
useful tool to develop molecular markers to characterise all Nicotiana species. Yang et

al. (2005) studied genetic diversity of 24 flue-cured tobaccos and found low genetic
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diversity among the flue-cured cultivars and also indicated that ISSR analysis was

suitable for cultivar identification. In 2008, Denduangboripant et al. have recently

'*¢

cultivars of tobacco grown in Thailand. Their
result showed that two of 1 //)Nere distantly separated from some

developed ISSR markers to determin

other imported cultivar ‘& 7
AFLP is a te rular vrker@used to analyse tobacco

cultivars. In 2001 3 rphism and evolutionary

relationships amongge® i il Wy SPX using AFLP technique. The

amount of genetic 0 lines presenting in their
study was i & species of Nicotiana
species was foy : _ ultivated tobaccos were
grouped based up .r 'f‘if aNd : - quality traits. In addition,
Rossi et al. (200 , I Jthe g?i;!‘:_ e be 5"'@1- APBand AFLP techniques for
tobacco cultivar i ificaiio "'ﬁ?.; f 'I'l'n"" ears to be an appropriate
technology for a gen' -....'..:E.‘:E;*'..". gree II"._ d cured tobacco leaves. The

f .-f_.f__’:’r iF .
AFLP research of Zhahg et "-En:‘--x:"?;e'f g ersity among flue-cured tobacco in

China revealed that the oﬁ; t ay. yn flue-cured tobacco has narrow

genetic diver g i ere also based on

-
geographic ‘r

In Ind'!'. Siv gmtic polymorphism of 54
Indian tobacco™pes belonging to two cultivated species of M€otiana (N. tabacum and

N. rustjca). Geneti orphism presenting Mng Indian cultivars was low and their
clu r fHd on th sElfw:ies iaanHt%ﬂlity iaits of the

cultim. They also found that the cultivated flue-cured cultivars were clustered

separately from other air-cured tpr Furthermore, Zhallghet al. (2008) assessdllMrLP

q reported that AFLP generated larger number of bands than and the flue-cure

tobacco cultivars were grouped together suggesting their shared common ancestry.
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From these reviewed literatures and the fact that genetic analysis of Thai

tobacco cultivars using AFLP molecular marker has never been done before, the AFLP

r\§ \h;? to examine genetic differences between

nstru’on

technique was then introduced i

local and imported tobacco

2.6 Phylogen
2.6.1«

metics and it is a field of
biology concerning wtf i ifyi Ind ) Jathe evolutionary relationships
- es, the most convenient
way of visually pr ' I NEGG shi . group of organisms is
through an illu fratio ; & oon 4a ogefy”. A phylogenetic tree
describes a pattegff of rgfatighshipsiaih ng e >3\ understand the history of
all life, gigal £ 7"_ N !I‘ entation  of  hypothesised
ancestor/descend i ol Va2 ylot > arefifi@con tructed using all kinds of
data such as morphol6gical |

itherliving or fossillised organisms,

molecular data, metabollc ﬁ.;;-n- gl geological data (Swofford et al.,

J_g‘;-
1996). Rec l?xu ' Oom r operations. Many

phylogenetil o 981), NTSYS (Rohlf,
L

1994) and PAURZ(SWE

I

relationships amor‘ us biological speC| at are believed to have a common

AU ?izﬂ’ﬂsiﬂ BIna

nodes are generally called hypot@mal taxonomic u (HTUs), as they ca

dct a.ﬁ)hylogenetlc tree.

A phylogenetic tree is a tree dlag&pk showing evolutionary

WIRINTUUNIINEIRY

of descent and ancestry. A pattern of all branches on the tree is called a topology. A
branch length represents a number of changes that have occurred in the tree branch.

The branches can be unscaled if the branch length is not proportional to the number of
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changes that has occurred. Phylogenetic trees may also be either rooted or unrooted. In

a rooted tree (Figures 2.12 A), there is a unique node called a root. The tree root is a

common ancestor of all taxa from q? nique path leads to any other node. An
*&I

unrooted tree (Figure 2.12 / lationships among species without
identifying a common a //}

Jome  commonly JaLS marker methods,

especially RMROL _-&. ern obtained from a
1 |ﬁi!
particular DNA Huh terial. Fingerp g pa originated frdﬂ. different samples have

to be compared f?m one pattern to anotheﬁﬂtern. Evaluation and comparison of

ma te I 380 different
AUINHITINYTNT =

Polynmphisms between the fing%printing patterns of individuals are scored as

WIS nYIaY

digestion of genomic DNA, electrophoretic conditions and means of signal detection
(Weising et al., 1995). Molecular weight markers are typically used to estimate size of

bands and also serve as standards.
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Only unambiguously scorable DNA bands should be considered for a

phylogenetic analysis. Moreover, DNA bands that cannot be scored accurately
throughout all lanes should be excl om the analysis. The fingerprinting patterns
can be evaluated by eye-a \ ated method. Fragment sizing and

rophore5|s gel with help of a

matching can be sco

multilocus band-patterns
are applied imilarity of genotypes

represented in t i i : it e o

calculated fro 0 %o ea \ in@8kprints (Weising et al., 2005).

poRly, a similarity index is

J‘

These similarity i _ e use -'_. tify the t @ffgenetic variation between

s—f‘!
pairs of samples dir ! '“'- —‘& ) the origin of the compared
samples and depicted ine frequiés f' e ofte \ matrix of pairwise similarity (or

L . y ol o
genetic distance) is used *:_H__..:.gglr‘ ent multivariate analyses.
There are many:: iilaity, oc used in molecular marker analysis.
1 ‘,;‘,#’7’ y
The Coefﬁoi@or 0 bfinds in common) and 1

(= pattern is&' a$ follow:
J I; N

|
Here, a m the number of 1-1 matches, b = the numb't“;]‘)f 1-0 matches and ¢ =

the number of 0-1 ‘é (1 = band present, and absent).

e INERINEING. -

the numberofO 1 matches (1 = bar)‘present 0= band sent).

AR IRLUNIINGTAY

1908; Nei and Li, 1979). However, coefficient of Nei and Li puts more weight on positive

matches. An advantage of these two methods is that the band absence can be
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excluded from the analysis and there are no assumptions of Hardy-Weinberg

equilibrium.

Dice’s coefficient as in For (Dice, 1945) is similar to Nei and Li's
coefficient but gives twice th %\’f/\ n to mismatches. It also has a direct
biological meaning: it i port|on of amplified fragments
shared by two sa&mher’nce

Jaccard’s, Nei a ice’ icie @ieconsider the number of 0-0

n ancestor (Soltis, 2000).

matches.

Here, . 9 . 1-0 matches and ¢ =

In the Case ula'4) (Sneath and Sokal
1973) is similar t his \‘\n.' coggorates band absence (d)
in the formula .

akd)/ (a+b+c+d) (4)

1',--;- £ he

Here, a = the AUMbel o= mber of 1-0 matches, ¢ = the

number of 0-1 matches and

absent). Q

patches (1 = band present, 0 = band

[ ‘flculated based on

LN

presente/absenjra ness One of most commonly
11

used similarity=lfadices is Nei and Li's coefficient, whicFMvoid including shared

absences of fragnﬁ the calculation of si ty, and often yield closely correlated

ﬂHH"%’ﬂ HRINGINT

2.6.4 Tree construction tﬁng distance matri ethod

ARIBAIUUNIINAIRS

positions, with gaps either ignored or counted as mismatches. The distance matrix uses
evaluated distances in a matrix from between all pairs of species (or genes) in a data

set to reconstruct a phylogenetic tree. This method is computationally fast; however,
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before a distance matrix can be analysed, any data set of nucleic acid or fingerprinting
data must first be converted into estimated distances in a matrix form. The main

distance matrix method is a clust

F nglysis and minimum evolution (Peer, 2000).

Moreover, this method may ngfan unrooted tree, depending on the

algorithm used to calc ’Kw of distance-matrix methods is
simple method to i 1d thg are@mputer—intensive, which is
important for COW | Howg e of this method is their

SRalzasiation regions that appear

y,

inability to efficient
across multiple subtgg wlMethod of Arithmatic Mean

(UPGMA) an Seéé: distance methods for

od of Arithmatic Mean)
method
deve 1‘-. ed for constructing taxonomic

phenograms which are tree *..' Y Similarities between operational

pic

taxonomic units (OTUs) (Spea v—ﬂnrsnr;. This method involves clustering of
e l_‘I,I

closely specias. A fbelng built and the

branch len tionary rate, and so

the two speciesdn a ngﬂrom the node. UPGMA
|
employs a seqmltial clustering algorithm in which local togological relationships are

identified in order c‘s rity, and the phyloge” tree is build in a stepwise manner. It

relali rate ! Iu , itroften ; l ! rrect tOp ogas when an

assumption is not met. An example ‘UPGMA tree is sh in Figure 2.13.

ammnmum'mmaﬂ
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Figure 2.13 An example#f a UP A\ Jdlendrogre miof | [ \écUrelltobacCo cultivars based on data

from RAPD and AFLBXZhag ct@!.,

Y¥aitou and Nei (1987) is a

A
‘h "

wildely used meth forg@onstrugting phyl efic tre " ItTs a distance-based method
and does not require tHe datd 'ff':"f ran  rawddata is provided as a distance

matrix and the tree is ;i‘f,.a'f?"'..r’ﬂ""' 1 east distant pair of nodes in this

[ '4-"1.-"
modified matrix. Th peigftour species that are

= o

joined togethial by-one-node; - Neighbor-joining meihod app % eral data-clustering
]

il

guen as clustering metric. The
Ja
1' ining method produces unrooted trees, it does not assume a

constant rate of e‘l (i.e., a molecular ow across lineages. Rooted trees (for

AUHINENINEN o

connects. Furthermore, nelghborJo‘ng is statistically c&stent under many m

FRIAINIUANINET of

techniques to

simple neighb
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Figure 2.14 An exg Nicotiana species (Qu et

al., 2004)

§ computer-based technique
is one of tree evaluation
method with provi . Y, r:‘ .‘I' '!\ dfanch in phylogenetic tree.
Felsenstein (1985) first i ithe use Melelo) 1‘~. ap analysis in the estimation of
confidence intervals for ph *f,f.:'..’:. ee rom Sequence data. This technique

has been widely used and-€am

be basically applig
.

original matrix

2. Moreover, bootstrap analysis can

a column from the
enerated by randomly

re fﬂf
sampling the original character matrix to create new matrices*of the same size as the

original. The Whog ness is repeated m”enden a large number of times
n each branch presents in the resampled trees. For each new tree, numbers of

branch points which correspond to‘he original tree aﬂ)unted If all trees swthe

on the phylogenetic trees and proportions of the boots ap lrees at agree with

original tree are calculated. These proportions or bootstrap confidence values can be

considered as a reasonable assessment of errors for the estimated tree.



CHAPTER 1ll
MATERIALS AND METHODS

3.1 Materials
3.1.1 Plant materi

Fresh tobacco qured leaves of 24 cultivars

———

were used in thV EIM Cultigrs ofe ifferent groups of tobacco

defined by methods of .
curing; and T imported and 15 local
tobacco cultivar, erent provinces around
Thailand (Table 3. i 7 fd —_:: | a'"- o -. O '-‘ : poly, Ministry of Finance.
The fresh leaf 7 ' t to Sma AT atel 3x3 cm’) and put into
I jve local tobacco cultivars
were obtained rom eghhigus ; VE | Station, Chiang Mai

gight Blltivars were sampled from
1'I

mported and 14 local tobacco cultivars
were coll aves of three more imported

eoi:S from-10 “différent” proyin '
tobacco ¢ 3 io-Tobaceco-Experiment Station (Table 3.2).

Collecting lotafities g e 5.2. Fresh and cured
et '

tobacco Ieaves_MI re kept separately a gel bags and sli d at room temperature

until used for geno?c NA preparation.

ﬂNEl’)?/IEWI‘iWEI']ﬂi
QW’]NT’IWJN‘WTJVI&I’]&EJ
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Table 3.1 Fresh leaf samples of tobacco cultivars used in this study.

Cultivar name

Cultivar group

Area of collection (province)

K187
K326
PVHO3
PV09
Coker326
B1 special
KY14
Samsun
Xantiyaka
K190
HBOO04P
HBO1
TN9O
TN97

Imported (V|rg|n|a

Yamueang
K326-phuenmueang
Kariang

Kan

Kan-kiw

Kan-kiw Dok-chg
Kan-kiw Dok-igat

_ph

——

Hangkai H|
E-dam "
Phu [
Yah
Petk

Laodong

Meao

sing

Petmakhuea

18N “'a'ﬂ.lll

Linchang
Chorlare1

Nisan

sﬁma

Local

| ocal

Local

Local

Local

Nakhon Phanom

amphun

ent Station, Chiang Mai
Experiment Station, Chiang Mai
3 ment Station, Chiang Mai
|Bxperiment Station, Chiang Mai

eriment Station, Chiang Mai

Phayao

§'Nﬂ'1ﬂ§

ukhothai
Sukhothai

BIINTIRY

Maejo Tobacco Experiment Station, Chiang Mai
Maejo Tobacco Experiment Station, Chiang Mai

Maejo Tobacco Experiment Station, Chiang Mai
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Table 3.2 Cured leaf tobacco cultivars used in AFLP analysis.

Cultivar name Cultivar group Area of collection (province)

K187 Imported (Virginia) Nakhon Phanom

K326 Imported
PV09

PVHO3

KY14

Samsun

Xantiyaka
TN86 Yol _ periment Station, Chiang Mai
TN9O ent Station, Chiang Mai

TNO97 N xperiment Station, Chang Mai

Whitegold

K326-phuenmueang |
E-dum ’
E-lueang
Kariang
Yamueang

Kan

Kan-kiw
Laodong [ |- Suphan-Buri

Hangkai

s

Phu . gKRal I

Ya-glai Nakorn Si Thammarat

Bai-lia LopBUri

Bia ﬁ' , 7 LO Bu l i

RIAN TN INY 1Y
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tobacco leaf samples. (A) Young tobacco leaves were sampled from a

mwgwgwﬂﬁswawns

tobacco crop and put into a plastic bagﬁ ) Young tobacco pI in seed beds at Maejo

amﬁwmmummmaﬂ



34

...........

BAINYAY

1
~

ARaINTAS

=2

Figure 3.2 Collecting localities of tobacco cultivars in 12 different provinces around Thailand.
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3.1.2 Equipments

- Autoclave: model Conbraco (Conbraco Ind. Inc., USA)

cientific, Inc., USA.)
5iC ),D-37520 Osterode

.3_._-; ; (Sharp, Thailand)
9700 (Applied
Biosystemll Sing

- pH er: modelrCybersee tech Cybernatics, Singapore)
- Pipette tips ﬂpj?‘w Axygen Scientific, Inc., USA.)
Cgmera DS 34 H-34

A

\f .
il Y

ﬁ)/ G VD ﬁ'(E—C Apparatus
|
' poration USA) ' l

-S nmo ml)

AU % EWW NS

3 1.3 Chemicals

9 AN IRiNNT Ny

- 37% formaldehyde solution, analysis grade (Merck, Germany)

- 6x loading dye (glycerol 4 ml, bromophenal blue 25 mg and 1x TBE
buffer upto 100 ml)
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- 98% formamide loading dye (98% formamide, 0.5 M EDTA, 0.25%
bromophenol blue and 0.25% xylene cyanol)

- 99.5% (v/v) glycerol M.W. = 92.10 (Research Organics,USA)

- Absolute Ethz ol fo . = 46.07 (Merck, Germany)

- Acetic agie.(9lacial) QS (e H) (Merck, Germany)
SMite~(6. H.NQ) (Bio Bastten )

MBie,Basic, Inc., USA.)

8,0 (Research

9Bl ab Inc.)

zy I!"-. Russia)

.__.:_ ..... ' fe, Mg -free (Finnzyme, Finland)

- EcoRI (1297 "I‘,'".‘ JJV?" Promaga, USA)
O,Na,.H,0), M.W. =

sm,ﬂc , USA.)
= ormamlde (CH,NO) (Bio Basic, Inc., USA.)

- Ge cﬂDNA M|n| Kit (Plant) ea|d B|otech Ltd., Taiwan)

- Multi-core’ 10x buffer (250 mM Trls acetate pH 7.8 at25 C)
potassmm acetate, 80 mu magnesium #&&iate and 10 mM DTT)utem

q " ﬂipe. IRAN AN

- Silver nitrate, analysis grade (Merck, Germany)
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- Sodium carbonate (anhydrous), analsis grade (Na,CO,) (Merck,
Germany)

- Sodium hydroxid L 8 nalsis grade (NaOH) (Merck, Germany)

CS) (Na,S,0,.5H,0) (Polskie

adapter were synthesised by Bio

Basic, Inc., USA.

3.2 Methods

AFLP-garks ent startec NA efsction from fresh and
cured leaf MratthalomrheRymanctabimok B -HNA was tested and
os et al. (1995) with

AFLP-PCR amp, ocgt
|
some modificaLMI The PCR condition was further optimisedioli higher PCR specificity.

AFLP profiles wereﬁe ated from various prlwomblnanons Genetic relationship of

“’bﬁﬂaﬂﬂﬂﬂﬂﬁ“ﬁﬂﬁﬂﬁ

2 1 Genomic DNA extractlf

qWIANT I MIANYIY

Taiwan) following an instruction of the manufacturer. The leaf powder was transferred to
a 1.5 mi microcentrifuge tube. 400 pi of GP1 buffer and 5 pl of RNase A solution were

added into the sample tube and mixed by vortex. The mixture was incubated at 65°C for
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10 minutes. During incubation, the mixture tube was inverted every 5 minutes. 100 pl of

GP2 buffer were added to the mixture tube, mixed and incubated on ice for 3 minutes.

tube. 1.5 volumes of DUffer we e : nely€ate and the tube was vortexed
immediately for 5 se ONCE =700 " ixtar ferred to a GD column and
the column wasW was discarded from a

MeRBE, column and centrifuged.

The flow-through was D, n Bublaced back in the collection

tube. 400 pl 1 buffer wergl a ,.:'-rr:?- t ged for 1 minute. The

column was washg@ with"60@ | lof 35N minute and centrifuged

again for 3 minutes i dngfthg cole \ 1 2t Sglute ethanol were added to

the column and#¥cen 1g€C " 4 indte. T .I""i_ e hrofigh was discarded and
centrifuged again t I.t'r lUrn matrix £8 Ao was transferred to a clean
1.5 ml microcentrifug' be. _1 t...i;;'-_':%i; 1-«1". ution buffer were added to the
center of the column fatri "'f::j';:'ri:---r-" E or 3-5 minutes at room temperature

and then centrifuged for 1.1% f:‘:L :f"ﬂli';?

was mainta@i
L\

DNA. The extracted genomic DNA

3.2.2 Aﬁse ﬂL
|
; extracted genomic DNA was electropho' d through 1% agarose

gel. Agarose gel r!'vxnwas weighted and M with 1x TBE buffer. An agarose-gel

so u ?mwﬂM§WHq & at oo

tempqlture until warm (aroun before poured into a gel mould. The gel was left

at room temperature for 30 minutes‘o be completely sghiglified. When used, a

MARINTUNATINEIGE
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5 ul of the DNA sample were mixed with 2 pl of a loading dye solution
and then loaded into each well of the gel. 100 bp DNA ladder was used as standard

DNA marker. An electrophoresis r e out at 100 voltages for 45 minutes. After

electrophoresed, the gel was,'s g/ml ethidium bromide (EtBr) for 5
minutes. The gel was thg el 1 for 15 minutes to remove EtBr.

umlnator

@gtiapter ligation
A(2pBEdiimately 250 ng) was

completely digest: i itg SREID 2 25, e jEtioMgiaixture containing 1x Multi-

',

core™ buffer re Was agitated every hour

during the inculglion At fﬂ'ﬂ: incub « pOE8d, 3 units of Tru9l (an
. i ,,,,‘1 \ 'I.II
isochizomeric enzym@' of s&x e f}-‘_ , e "..‘ ln mixture. The mixture was
o 4 J L
incubated at 65 C"for 3¥hours4ancagil ery I'"«,I r. Oligonucleotide adapters of

EcoRI (5-CTC GTA TE&C GTA -AAT TGG TAC GCA GTC TAC-3)

were subsequently ligate "{qrqw-eﬁr' agments in a total volume of 20 pl

S22

reaction. ‘]O%ﬁf ap ot

n buffer, 1.5 pl each

of EcoRI and M8 jon was incubated at
L

4°C for approxinaately

I

3. 2‘ -selective ampllflcatl

@umnamm {1 i

volume was 25 pl containing 1x PCRfouffer, 2 uM of d 1.5 mM MgCl,, 50 ngyo E+A

RIRINTBIAMINYINY

GeneAmp PCR system 9700 thermocycler. The pre-selective amplification condition
used following cyclic parameters: 20 cycles of denaturing at 94°C for 30 seconds,

annealing at 56°C for 60 seconds and extension at 72°C for 60 seconds.
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3.2.3.3 Selective amplification

For a preliminary AFLP study on fresh leaf samples of 30 tobacco

cultivars (12 imported and 18 local cyltiyags),

32 selective AFLP primer-pairs (Table 3.3)
i ) 0, < / i pre-selectively amplified DNA was

diluted in a ratio of ._;‘" thes \ / te for a selective ampilification
step. This amplification we n @coRl and Msel adapters in
' ' ff | NP5 MM MgCl,, 30 ng of E,,

and 30 ng of M, prig Na x‘“‘-ﬂ-,,:_:_ merase (Finnzymes) and

5 ul of the pre-selecli ' I - C s, performed in a GeneAmp®

step were: one cycle

of denaturing at 9 _ ezl ) & \ > 3( hseconds and extension at
72°C for 60 sécond ey ‘:_f ' : I W phase with decreasing of
the annealing te 0 0.7°Glin‘ev 3%lcles of extension at 94°C

for 30 seconds, 561 3 r ds-a afe .“x cBOldis. The selective AFLP-PCR

||

products were electrop esed rough-21C h2i ,:I"«,_ 2| as described previously.
fter Seres ,_,FEF_- e AFLP primers, four (E o/Mcan

Eane/Mear: Epae/Moge @nd.s ,f'_., ,,;# ”[ selected to use. Genomic DNA

extracted fr w Ring”imported and 14 local

cultivars) wi . The pre-selectively

amplified prod LT| w eInmphﬂed using the four
|
rsand following these cyclic parameters: o l ycle of 30 seconds at

94°C, 30 seconds ‘ﬁ and 60 seconds at u Iowenng the anneallng temperature

seco or O seconds an for 6:; secon oreover he AFLP-PCR was

optimised for higher PCR specn‘lcﬁ and clearer fragggnt profile by increaind

selected prim

mmmamamm YR
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Table 3.3 Names and nucleotide sequences of AFLP primers used in this study.

Primer name Sequence
Preselective ampilification primer
E, _ 1 'f J Jp-GAC TGA GTA CCA ATT CA-3
Mq 1 ﬁ GAG TCC TGA GTA AC-3
Selective amplificatio Q e ™

Eanc /"J CCA ATT CAAC-3
Epnc CCA ATT CAAG-3'
Epca _ TA CCA ATT CACA-3
Erer _ A\ 50A A ATT CACT-3
Mg : ' TGA GTA ACAA-3'
Meac _ A GTA ACAC-3’
Mere _ : ©hG TOC TGA GTA ACAG3'
Moy s 2 b as -GAMGAGTCON GA GTA ACAT-3'
Mo | ' ' ) MbC TGA GTA ACCA-3
Mece GAT GAS TCC TGA GTA ACCC-3'
Meca GAS TCC TGA GTA ACCG-3'
Mger AT GAG TCC TGA GTA ACCT-3’
Mgon C TGAGTA ACGA-3’
Mgee ] TA ACGC-3'
Moo T8ALTA ACGG3
Mear m BAC TCjﬁA GTA ACCT-3
Mgra ' 5-GAT GAG TCCBA GTA ACTA-3
Mgre 89T GAG TCC TGA GTA ACTC-3'

q W’] Nﬂim m:t:mm@@

cleaned many times with tap water and detergent, and rinsed with distilled water. The
inner side of both glass plates was thoroughly cleaned with 1 ml of 95% ethanol on Kim-

wipe tissue paper for 3 times. Afterwards, the inner side of the long glass plate was
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coated with freshly-prepared bind-silane solution (5 pl of bind-silane, 1000 pl 95%
ethanol and 5 pl of glacial acetic acid, mixed by inverting). For the notched glass plate,

its inner side was cleaned and coate

i!t repel-silane in the same manner. Both glass
plates were let standing for % N _ 'f%/ air. Excessive silane was removed
with 95% ethanol on Kigg : {/y The two cleaned glass plates
were assembled tog - _' - pace within the plates was
: ith plastic tape and spring
clips.

of acrylamide rea in 1X TBE buffer)

with 100 pl of TE 9041 of frest Behdd B> aigonium persulphate. The
acrylamide solution gVas gen %x stirring r u poured into the gel room
i g ! b
using a bottle w mg@derate 3,‘:"?" -\L &% oO0Ml was left in a horizontal
. [ ! . W 4!

position. An electropfioresie c?r% was F d ifto thé gelsoom with its teeth facing up

(approximately 5 mm g@eep). e gel n\' to be polymerised at room
y e .

temperature for at least 4 houts torovernigt

e carefully removed before running

eﬁ?ﬂ‘er tank against the

=
20C (Beijing Liuyi,

The off__"j.::}#
eleotrophor@
main tank pﬁ

China) followin

LN
-

ﬁn —sh@e spacer block was put
L
into the lower t and all of the screws were then screwed

gel unif was fixed%m”—shape spacer bIM at the left and right sides and the

UHINERTHEANT

buffe“olution was poured into the lower tank until the surface of buffer solution was

safety. The assembled

approximately 1 cm above the bott& of the gel room. Tili@&iop buffer chamber wWiashso

q WQh@ﬁ e u@mn&g ve %tcﬁg rﬂ. cﬁ
1 was removed from the gel room and the gel surface was flushed with 1x TBE buffer
using a needled syringe. The sharktooth side of the comb was reinserted into the gel

until the teeth were just sided down approximately 1 mm into the gel. 6 pl of a 98%



q
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formamide loading dye was loaded into each well. The gel was pre-run at 800 voltages

for 30 minutes. After pre-run, 6 pl of the amplified products were mixed with 3 pl of the
loading dye. The sample was carefully joaded into each well. 50 bp and 100 bp DNA
ladder markers were also JJea - | !&zes of the AFLP fragments. The
. 7 / rs and 30 minutes.
K@ glass plates were carefully

mep.the long glass plate. The gel

was fixed with 2. |ifk [ ‘ sacetigracid) in a plastic tray and

minutes. The gel wa€ sudme @1_{ % itpe ~"H,I o- ater and shaken by hand

\

around 10 secong@s (fopWarg .guv_, areheitalie o ) tes). This step is important

placed in a plastic tray on....."éf'f.‘f:;. olHL veloping solution. The gel was

i B l.
and too much rinsing’ tir AH?# ’. aining. il ocl was then immediately

shaken until the first band (usually 1-2 minutes). After that, the

gel was transferred to ri__ﬂ';iv developing solution. The gel was

agitated until C - inutes). 2 litres of a
gt un( Py (£}

fix/stop solu@ ontinued shaking for
= =
approximately mwinu timﬁ with distilled water for
L]
about 5 minuteS™The gel was left drying at room temperature.

‘o | Vv
“ ; e AFLP bands were treated as dominant markers. Only bright, clearly-
resolved AFLP fragments were scorﬁ for presence (1) gEgpsence (0) of the ban@ig#The
band-similarity values of the samples using a program PAUP* 4.0b10 (swofford, 2002).

A cluster analysis was performed to construct a dendrogram using Unweighted Pair
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Group Method of Arithmatric Mean (UPGMA) (Sneath and Sokal, 1973) and Neighbor-
Joining (NJ) (Saitou and Nei, 1987) methods. Reliability of the clusters was estimated by

bootstrap analysis with 1,000 replicatigng tg show the degree of confidence of each

mmerised with a 50% maijority-rule

ﬂ re considered significant and
' e diagram were compared

ﬂUEJ’JVIEWIﬁWEI’mﬁ
RIAINTU NN INY8 Y



CHAPTER IV
RESULTS

2

NA of f ___W 34 tobacco cultivars was

AM|k|t

4.1 DNA extraction
4.1.1 Fre

extracted using Plan xtracted genomic DNA was in

high yield, but COH’EQ.I_DJ ' L ob: gelas fainted smear (Figure 4.1).
Some extracte F - '

and Pasak as

9 20,24, 22 23%4 25 26 27 28 29 30 31 32 33 34 M

1500 bp =2

500 bp=>

i
- -

== i
|
Figure 4.1 GenowDNA bands from fresh leaf samples of 34 impon@'and local tobacco cultivars

compared with 1.5 k?# iii bp DNA marker (M= D arker, no. 1-34= Coker326, K187, K190,

AU INININEINT

Yaha -dum, K326 phuen-mueang, Kan, Kan-kiw, Kan-kiw dok-khao, Kan-kiw dok-chom- phu,

Karlang Laodong and Meao, respeotlvelg

RIANNTUUNIINYIAY
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4.1.2 Cured tobacco leaf samples
An electrophoretic analysis of the genomic DNA extraction from

cured tobacco leaves (Figures 4.2 al ) revealed low quantity of the total extracted

il tlon of the extracted genomic DNA
pl Almost all of the extracted

ave fainted DNA (cultivars

u, Hangkai and Bai-lai as

of the imported tobacco

ﬂ”ﬂﬁ NENTNYANT

TN86, TN90, TN97, Samsun and Xanthwa? respectively).

ammnsmumwmaﬂ

with
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M1 2 3 4 65 6 7 8 9 10 11 12 13 14 M

1500 bp —

500 bp —

Figure 4.3 Genomic @NA bagls @f spme cured flsampl . "'-r.‘_ obacco cultivars compared
with 1.5 kb + 100 bp DY makegIMEBNA e i % Whits, gold, K382 phuen-mueang, E-
dum, E-lueang, PhugFiangk@i, Y&muEan gsetasg ian '.H L".\' i~ k Bai-lai, Loadong and Kan-

kiw, respectively).

4.2 AFLP- Poif wrﬁ,( )
ADp I|m| ary AR ui-_-“ esh |8 ‘.H es '©f 30 tobacco cultivars (12
imported cultivars and#s Io -al ;_ Jars | me@jusing E,/M. primers in the pre-
selective amplification step siis_ranged in size from 100 to 1000 bp

and the majqr Size sn 300 re 4e4). The pre-selective

and Iigated. T 'Vi re=e |I}jia% 0 1:10 ratio and were
further applie L" the selective amplification step With‘ﬂﬁ'ﬁ AFLP primers. The
amplification resulf\& visualised using a rose gel electrophoresis. Totally 32

f‘;ﬁmﬂﬂ:’ﬁ!ﬁ WeY ﬂ?”;;:.?;z:

CTA?

products while six pnmer-oombmat‘hs generated sme d DNA patterns of |

qRIANI UTINYINY

). Only the four primer-pairs left (E,o/Mcan: Exne/Mear EancMoae @Nd EyorMg,e) could

be suitably used as +3 primers for the selective AFLP-PCR step.



48

I

12

13 14 15 16

M
1000 bp "l
500 bp —fs

M
1000 bp R

500 bp — e

7o o & oepaiin: 2 Ne-Noo Nel 28 20 30 N

:-f.-f - d' H
e L
Figure 4.4 Pre-selective amplifica .’.._.......!--‘ P¥tobacco cultivar samples using E,/M. pre-

selective primers (lanes no..4=380

HBOO4P, Tth

Petkhangsink, IE

6, PVHO3, PV09, B1 special, KY14,
11 @ an, Pasak, Padang,
- -i.)s

('S}Jhun-mueang, Kariang,
Maeo,

|
L]

Kan, Kan-kiw d k=dho respectively, and N =

Negative control)mo bp DNA ladder marker (lane M) was used.

ﬂUEl'JVIEIVIﬂ\IEI’]ﬂ‘i
ama\mmum'mmaﬂ
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Table 4.1 Amplification results of the preliminary screening for suitable AFLP selective

primers.

Primer Result
Eanc/Menc Very smeared
EAAC/MCAG

Very fainted
Eanc/Mear é Very smeared
e '_a-#f-smeared

Eand/ tern <300 bp

attern <300 bp

smeared
Smiar pattern <300 bp
Eanc/Mere _:‘ fraf o | Smear pattern <300 bp

Very fainted

+++

£

i
eared

.l. =

asabdlcc STy smieared
EAj WMo Very gmgared
Eanc/M Very smeared
e Q/

m A CAG
EACA/ MCAT

EACT CAC

EACT/ MCAG
EACT/ MCTA -

Tm? 9 um@;g;;m Ny

HINYNINEINT

— = negative amplification, +++ = positive amplification suitable for further use.
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The four chosen selective primer-pairs produced only 13, 34, 50 and 27
clear AFLP bands, respectively, on smeary backgrounds (Table 4.2). These DNA

fingerprinting results gave a total

f 124 scorable AFLP fragments. Sizes of all
. '7 nged from 150 to 700 bp with an
2giTTents o : e rimer-pair E,,s/Mg; could yield
the highest number ofihe amp '7 @@nd also give less smeared
&TF| 1 Thedey @bemof the amplified fragments
was by the E,,/Mag el ' ¢ "__;I- ar “Afmeng the total 124 amplified
bands, 69 amplifieds : TohiCMeEmds and 55 bands (44.3%)
were monom 7 . l it nic Io per primer-combination
was 17 bands p [ ¢ 3 s\'t dercentage was 55%. The
primer-combination | . '7 '> 3 the ) . hism across all cultivars
(84.6%) wherea ) i e MorPAllc percentage (40%).
Table 4.2 The number; _, ......;‘-_ an s degreeskof polymorphism revealed from

-I".:-‘r-ir 3
AFLP analyses on the fresh *.:‘.::.f..-=:*“

Primer Total = : ( pPolyr pnomorphic Polymorphic
combinatior - \ percentage (%)

Enc/Mean t ! 84.6
Enc/Mear ‘..l ' A 67.8
Eanc/Meac N| i |I 40.0
EciMens 27 18 9 66.7
Total , , : 55.7

al :
Avefage A" : 5

ad : :

RIAN TN INY 1Y
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M

700 bp —> =

1234 567 8 9101 : 1617 18 1920 212223 242526 272928 30 M, M,
jod y [ b

1

500 bp —»

300 bp —»

200 bp —»

150 bp —»

o
Figure 4.5 An AFgﬂprofile 0 ing EAAC:&GC selective primers (lanes
L
no. 1-30 = tobaccO cultivars K187, K326, PVH03, PV09, B1special, KY14, HBO04P, TN9O, TN97,
Samsun Xanthiyaka‘(ﬁSZG Chorlare, Nisan, uak Padang, Petkhangsink, Petmakhua,

P11 &amﬁmmz}m:s::::;;

(lane M"and M,) were used.

ammn‘smum'mmaﬂ
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From the AFLP study on cured leaf samples, totally 23 tobacco cultivars
(nine imported and 14 local cultivars) were pre-selectively amplified with 1:20 diluted

DNA templates and E,/M pre-selectiv

|.I

imers. An electrophoretic analysis revealed

smeared PCR products withzsiz - ra oximately from 200 to 1000 bp (Figure
4.6). Results of some tof Uit : )/(ﬁinted smear. The four selective
primer-pairs from the | soreging e@erated AFLP products with
sizes ranged fro t o : 2 2 FLP-PCR products were

eu1:20 diluted templates
showed clearer agd i Num L'llo"-,__ _. than those of the

previous results 1: ildtiop e 'he ombination gave 51 AFLP

fragments with @Phic bands. H"'i_“ GOy cUltlyars, TN97, K326 phun-

mueang and E-lue la To=and 199 u."“.k 19 Mespectively) could produce
\

only some faint bands "f m thistpfim .-f.t; even II"_ P bands (with 22 polymorphic

1ol e ;
bands) and 92 AFLP rag ents-(with 67 1 ic bands) were produced from the

primer-pairs  E /M., angk : R ly. The last primer-combination
E,i/M v @c bands. The cured
leaf sampleg A ﬁ were found giving

only faint bandﬁ ers ﬁ/r\/rCAT (lanes 5, 11 and
18 of Figure 4 respectively) and also on those of the primefs E,, /M. (lanes 5, 11
9

AAG
and 1;01‘ Fljure !ﬁpectlv ? and E C% lanes 6, 13 and 1

The ﬂngerprrntrng results gave a total number of 214 scorable AFLP-

of Figure 4.14,

fragments from the four primer- B binations with ani@lyerage of 54 fragme”per

W ﬂ ﬁ esjjfwr uc oft e ﬂer- a
q from approximately 100 to 900 bp. The highest number of the amplified fragments per

primer-pair was 92 bands by the E,,,/M.s. With less smeared background than the

others (Figure 4.13). The lowest number of the amplified fragments (34 bands) was by
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the E,../M_,c Primer pair. There were totally 151 amplified polymorphic bands (70.6% of

total 214 bands) and the average polymorphism degree was 38 polymorphic loci per-

primer. The average polymorphic ;t ge was 70.4% (Table 4.3). The primer-

Xﬂ’/phlsm (76.5%) across all cultivars

——— - —k—.

;

Table 4.3 The nuw baflds a morphism revealed from

AFLP analyses on.t re I
Primer IS Ji a olymior, 0 hic Polymorphic
combination A d & n percentage (%)
Epnc/Monn 51 1 76.5
Enc/Mear 59.5
Enc™ece 9 .. 2. 72.8
EciMens . | s < 67.6
Total 14 % J 70.6
Average ol . - y 16 70.4
!!{'_r
A7
1 18 ff9 20 21 22 23 N
1500 bp —
500 bp ,

ARIANNIUNATINEIRE

selective primers (lanes no. 1-23 = tobacco cultivars K326, PV09, PVHO03, KY 14, TN86, TN90, TN97,
Samsun, Xanthiyaka, White gold, K326 phun-mueang, E-dum E-lueang, Phu, Hangkai, Ya-glai, Bai-
lai, Kariang, Yamuang, Kan, Bai-tang, Laodong and Kan-kiw, respectively, and N = Negative

control). 100 bp DNA ladder marker (lane M) was used.
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? 1314 1516 1718 19 20 21 22 23 N

mxmﬁmmm. =

Figure 4.7 Selectivegmplifigatioff pg¥ducis,of 238 bacc Gl "L*_ a ""\ 5 Using E, /M., selective
“ r
primers (lanes no. 1-23 g'tobafco Lﬂu.ar @,

(g, TNG6. TNOO, TN97, Samsun,
.,
Xanthiyaka, White ggiff, K32 p r_w—mue d B

E-lues angkai, Ya-glai, Bai-lai,

m
Kariang, Yamuang, Kan Bai-tallg, um ﬁ' i S , and N = Negative control).

P

100 bp DNA ladder maftker (ihe M) wes ds€ct

6,17 18 19 202122 23N

1500 bp —*
| 3
500 bp — g

fl 1)
0 WIS wm% it

Xanthiyaka, White gold, K326 phun-mueang, E-dum E-lueang, Phu, Hangkai, Ya-glai, Bai-lai,
Kariang, Yamuang, Kan, Bai-tang, Laodong and Kan-kiw, respectively, and N = Negative control).

100 bp DNA ladder marker (lane M) was used.
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M 1 23 4 5 6 7 89 10 1112 13 14 15 16 17 1819 20 21 22 23 N

v a8 !p_\\_.!

1500 bp — e
500 bp —* b=gf

=

Figure 4.9 Selective amgificaibn gFrofld s-of 28 toba ultivamsamples using Ene/Mcgc Selective
primers (lanes no. = t@bacfo Itiv: K ) "'u,. k"‘n 86, TN90, TN97, Samsun,
Xanthiyaka, White golgf K ohun I '_F E ,,';_-. Phu, Hangkai, Ya-glai, Bai-lai,

i e lgt W ) i .!" = i
Kariang, Yamuang an, f long -an and N = Negative control).
100 bp DNA ladder mark@'" (lafe

1500 bpt

500 bp — e

u - .

Figure 910 Selective amplification produ of 23 tobacco cultivar samples using E,.,/M_,. selective

Kariang, Yamuang, Kan, Bai-tang, Laodong and Kan-kiw, respectively, and N = Negative control).

ARV IWANII YN

100 bp DNA ladder marker (lane M) was used.



56

14945 1617 18 19 2021 22 23 M, M,

750 bp —

600 bp —
500 bp —

400 bp —

300 bp —

200 bp —

AUNINENINGINT

primers (lanes no. 1-23 = tobacco cuWars PV09, PVHO3, ﬁ! 4, TN86, TN9O, TN97

AWITANT I NATINE 5y

DNA ladder markers (lane M, and M,, respectively) were used.
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1617181920 2122 23 M,

900 bp —

500 bp —

300 bp —

200 bp —

M
i
=
Figure 4,12 An AFLP((Af cured leaf samples oﬂobacco cultivars usms anc/Mcar Selective

la ﬂ mj i ﬂ a, ‘ mueang, Kariang,
Bia- [ U, =E- 26 ang, te®goldy Xanthiyaka,

Samsun, TN97, TN9O, TN86, KY14, PVO?PVHOS and K326, re ectlvely) 100 bp and 50 p NA

QW’]&*‘ITTTW?W’]’JVIH']& d
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M 123456 7 8 91011121314151617181920212223 M, M

a0 bp e B B B =

700 bp —

500 bp —

300 bp —

200 bp —

q meﬁﬁoﬁﬂiﬂ%ﬂ INYIRY

Bia-lai, Ya-glai, Hangkai, Phu, E-lueang, E-dum, K326 phun-mueang, White gold, Xanthiyaka,
Samsun, TN97, TN9O, TN86, KY14, PV09, PVHO3 and K326, respectively). 50 bp and 100 bp DNA

ladder markers (lane M, and M,, respectively) were used.
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900 bp —

750 bp

£l ULINENTNENT .

pnmer anes no. 1-23 = tobacco cu|t|v? K326, PV09, PVHOS KY14, TN86, TN9O, TN9I7, Samsun

RIS URIINE IR

ladder markers (lane M, and M., respectively) were used
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To optimise the selective amplification step, an annealing temperature of
the selective amplification step was raised from 65°C to 67°C. The optimisation

experiment was performed on nine i ed and 14 local tobacco cultivars using the

same four chosen AFLP primgsSWE s Eanc/Mcge @and E,/Mc,0)- The pre-

selective amplification res N0 'R%)ve smear PCR products ranged
from 100 to 1000 bp.sAl sélecti @pt that of Eyue/Mgur primer-

; pairs showed that the
PCR optimisationglfsing#f6 7 ing Nolearer AFLP profiles than
those using 65 C. Fg@m 1 E-lueang, Hangkai

and Yamueang |g€al clftiva Hi ; H". urel4.19, respectively) could

give only some faint @rod _;.f,:' W .. primer-pair showed that

Yamueang also gave faiift O--.:.-:;ﬂ'f:g- aeng cultivars did not show any
{ o e ]

amplified bands. ThIS was "dimitar to the the E,./M.,s primer-pair which E-

igure 4.21, respectively) produced

_A&- m
ppr o

scorable bandjgﬁ a ﬁciﬁc band for Virginia
tobacco cultiv (for example K326, PV09 and PVHO3 as laries 1, 2 and 3 in Figure

A Ha’% NHRINHANT

with tﬂe primer-pairs (Exo/Moaar Eana/Mcee @Nd Eoi/Mcas). The amplified bands of each

lueang and Yamueang cultiye *' (!

faint PCR ;{_o} i

in Figure 4.21) was

ers could give one

primer-pair were 35, 45 and 59 fragi‘ents respectively,dlitlh an average of 46 erntS
YRAMINFUYRAINHINY
1 from the primer-combination A Whereas the lowest number of fragments was
from E,,o/Mcas (35 fragments). Sizes of the AFLP fragments amplified with the three

primer-pairs ranged from 100 to 750 bp. Among 139 scorable AFLP bands, the numbers
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of polymorphic bands found from these cured-leaf tobacco samples with the primer-

PaIrs E,,o/Maan Eane/Moge @nd E,./M, Were 19, 35 and 49 bands, respectively (Table 4.4).

The highest degree of polymorphis was generated by the E,.;/M.,; primer-
pair while the E,,s/Maaa pnm%‘ ‘}/ ee of polymorphism (54.3%).

Table 4.4 The numbe f|f|ed‘and

of polymorphism revealed

from AFLP analysesopsee ‘o pafsamp Sles.
Primer band : ~--Mdnem Orp] i Polymorphic
combination / Jﬁ K\\ 1%, “Ban percentage (%)

Epn/Mopn ' | 54.3
Epne/Moce 77.8
Epci/Mons 83.1
Total 741
Average 73.9

= 1"

P A

ﬂUEJ’JVIEIVIﬁWEI'Iﬂﬁ
RIAINTU NN INY8 Y
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8 9 10 11 12 M

1500 bp —
500 bp —

£/ NSy

1500 b e
500 bp —

Figure 4.15 Pre-selective .an-@?

selective prm@l >

co cultivar samples using E,/M. pre-

i KY{14, TN86, TN9O, TNO7,
—r]

t:, Hangkai, Ya-glai, Bai-

o ng, espectwely and N = Negative
| l |
control). 100 bp DL\I ladder marker (lane M) was used. u

ﬂUEl’JﬂEIVIiWEI’]ﬂ?
qmmmmumwmaﬂ

lai, Kariang, Ya
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1500 bp

500 bp

jsing E,uo/Mca, Selective
iy
14=8N86, TN90, TN97, Samsun,

primers (lanes Now=ki23
|| 1)
Xanthiyaka, Whiti | old, K326 phun-mueang, E-dum, E-lueang, PIJ Hangkai, Ya-glai, Bai-lai,

Kariang, Yamuang, Pw\&tang Laodong and Ka respectively, and N = Negative control).

ﬁﬁdﬂ”}mﬁﬂﬁwm N3

ammnsmumfmmaﬂ
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1500 bp —

500 bp —

1500 bp

500 bp —

é;j'wples using E,uo/Meac

KJ/M TN86, TN9O, TN97,

Samsun, Xanthiyaﬁ! i ’ ng,|Phu, Hangkai, Ya-glai, Bai-
lai, Kariang, Ya ng, Kan, Bai-tang, Laodong and Kan-kiw, resiltwely, and N = Negative
control). 100 bp DNA‘dﬁarker lane M) was use il

ﬂﬂEl’JVIEWI?WEI’]ﬂ?

ammmmumfmmaﬂ
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1500 bp —

500 bp

£ 4 52T NN 22 23

1500 bp .

500 bp

Figure 4.18 Sefelt ,;f—»*'“"‘l“m’!'-‘?’-"""’“mgf—v‘ samp -img E.ci/Mcac S€lective

primers (lanes _5- .
e ¥

Xanthiyaka, Whitﬂold, K326 phun-mteang; dt -lueang, PM Hangkai, Ya-glai, Bai-lai,

Kariang, Yamuang, K , Bai-tang, Laodong and Kan-kiw, respectively, and N = Negative control).

ﬁﬁﬂﬁ%ﬁwiWﬂwns

4. , TN90, TN97, Samsun,

qmmnmummmaﬂ
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M, 1234 56 7891011121314 1516 171819 20212223 M, M,

—

74/, W\ ¥
o L

¥ s

\
§

ﬂ‘LIﬂ’JVlEJVIiWEJ’]ﬂﬁ
q RIINTUHRIVINHIAY

Xanthiyaka, White gold, K326 phun-mueang, E-dum, E-lueang, Phu, Hangkai, Ya-glai, Bai-lai,

Kariang, Yamuang, Kan, Bai-tang, Laodong and Kan-kiw, respectively). 50 bp and 100 bp DNA

ladder markers (lane M, and M,, respectively) were used.
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2345 67 8 9101112 13141516 171819 2021 2223 M, M,

LAY

|
1

i

r

i

200 bp —

——dir T\

\
¥

q Wﬂﬂ‘iﬁ@ MANIINBINY

Xanthiyaka, White gold, K326 phun-mueang, E-dum, E-lueang, Phu, Hangkai, Ya-glai, Bai-lai,
Kariang, Yamuang, Kan, Bai-tang, Laodong and Kan-kiw, respectively). 50 bp and 100 bp DNA

ladder markers (lane M, and M, respectively) were used.
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700 bp —

500 bp —

s~

300 bp —

200 bp
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Xanthiyaka, White gold, K326 phun-mueang, E-dum, E-lueang, Phu, Hangkai, Ya-glai, Bai-lai,

Kariang, Yamuang, Kan, Bai-tang, Laodong and Kan-kiw, respectively). 50 bp and 100 bp DNA
ladder markers (lane M, and M, respectively) were used. The arrow mark the specific bands AFLP

fragment in Virginia cultivars.
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4.3 Phylogenetic relationship analyses of tobacco cultivars in Thailand

From the AFLP-PCR experiments of 23 cured-leaf samples, three tobacco

cultivars (Yamueang, E-lueang and RN O were found giving only fainted bands on all

polyacrylamide gels and wese ¥ | _ phylogenetic relationship analyses.
Both neighbor-joining (N nd™ e similar groupings of the 20
@IreiSise "‘ i I

The NJ tree: i _. ). Feveatedud ine of 12 local tobacco

cultivars (Bai-lai, Baiz ‘ x‘,“'-'«s.‘;_- Laodong and Phu)
were grouped toget ga . \ d - However, the group of
the other thre te : ¢ -mueang) was placed
- local cultivars, some

subgroupings or . For example, most of the

local cultivars frog#the n I regi “a‘”‘-’ land \‘n g, Kan, Bai-tang and Kan-kiw)

s—f‘!
were clustered togejlfer ¢ ff-- &* group ""'. i-tafg and Kan-kiw were paired

together with 60% boots uppoTting ve Appa Il"‘ ly, Hangkai cultivar was rather

Among the eight i

based mos@n

Burley, and ;
iﬁd
Two Burley cultivars

high bootstrap pﬁ:ﬂge (99%). The OthuNO Turkish cultivars (Samsun and

INEART -

TN qltiVarof urley group joined within their Cluster

sterings on the NJ tree were not only
g fﬁ‘rar groups (Virginia,
=

;6, PVHO3 and PV09)

vare with 100% bootstrap

were distingu

|
Weruso paired together with

supporting val (KY14 and TN86)

Xanthiyak e losely g

The UPGMA dendro‘ram (Figure 4.23) Sheyved some similar gr

RIRINTUHNIINHGY

cultivars from the central region were also clustered together. For example, Kan, Bai-

tang, Kan-kiw and Laodong cultivars were grouped together with 62% bootstrap support
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and Bai-tang and Kan-kiw cultivars were paired together with 67% bootstrap, similar to

their positions on the NJ tree (Figure 4.22). Moreover, K326 phuen-mueang and E-dum

local cultivars were also clustered
cultivar was found rather i

support.

t er, Like the result in the NJ tree, Hangkai

/h/ local cultivars with 87% bootstrap

clustermgs of the imported

In the case

cultivars were fo based on the imported

very high bootstrap J ( ) L 280 had Y jocal cultivar placed beside
them with 60% _' ) -; he' 6 Prki cultivars (Samsun and
tle 0 percentage, even though

this pair was positioned glosel ....'.'....;.' ; or of th& local cultivars.

o ..-J!i:‘l-f""

T R R
P

ﬂNEl’JVIEWIﬁﬂEI']ﬂﬁ
ﬂW']Mﬂ’iﬂJﬂJW]’JVIEI’]ﬂEJ
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K326 (Virginia): Lumphun

PVHO3 (Virginia): Phayao Virginia
= 094fVirginia): Chiang Rai

: o
A ' §

; TN84urIey)W § Burley
T . Ny
- N

Turkish

Local

J
60 Bai-tang (Local): Lop Buri

Kan—ﬁ/“): Suphan Buri

o1 Il o

Ya-glai (Local Nakhon Si Thammarat

— 0.01 changes

AN nmu #IANUAY

Neighbour-joining (NJ) technique based on Nei and Li's similarity coefficient. Numbers along

branches are bootstrap-supporting values generated after 1,000 replications. The bootsirap values

less than 50% are not shown on the tree.
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— K326 (Virginia): Lumphun

97 o
100 —— PVHO3 (Virginia): Phayao Virginia
ja): Chiang Rai
] ]
N
% Burley
N\
I Local
g Turkish
g (Local)ilep BUT
. Local
| al): Suphan Buri
. Kanchanaburi
87 g Khai
i
. Il
Sy E-dum (Local): Phetchabul
)
TN97 ): Maejo, Chiang Mai % Burle

%%Pﬂ%ﬂﬁwwﬁlﬂﬂ

4 Hangkai (Local): Phayao

——0.01 changes

q Figure ] 23;§enetc re atIOﬂShIp: treeEfrom! tota 2|4 jFLl bands o;;!o tobacco Cultlvar using UP

technique based on Nei and Li's similarity coefficient. Numbers along branches are bootstrap-

supporting values generated after 1,000 replications. The bootstrap values less than 50% are not

shown on the tree.
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After performing on optimisation of the AFLP-PCR reactions of 23 cured leaf
samples (nine imported and 14 local cultivars), the results found that eight imported and

11 local cultivars could give higher

: t!> rs.of AFLP-fragments and suitable for further
[

: a , Kan-kiw, E-lueang and Yamueang)
[ )/J)ed products were too faint from
all three primer-pairs : — : merefore these four cultivars

were not used for eticelati' hip amalysess. The NJ and UPGMA tree
. Seefee, from the three primer-

combinations. The g 4. S| : of the tobacco cultivars

SOMANJ and UPGMA trees

"

were slightly dliff , the P ua , although some minor
differences appeare Cié ygpaigth ‘z‘, - ow cultivars.

Based o Jy Jalysi all o.\. ... cultivars were grouped
together, except K ph -—” .,;,‘ 2T AwWhict v -:"‘ aced near Virginia imported
cultivars. Five local cultiy@rs fromithe Gentr aila (Bai-lai, Bai-tang, Kan, Kariang
and Laodong) were cl "-*’;'.'f.:;._.=:=- vith Otstrap supporting value. This cluster

of the cultivars from thes :__"_,;’L" ~gion ar to that found in the previous

experiment@or @and Kariang were

<
tang and Laodong

h €

cultivars strongm‘ Sup a\s@o found. K326 phuen-
L]

mueang was pla€ed near the group of Virginia cultivars as . White gold and E-dum

local cyltivars Wel’&“ together and Ya—gIaMtivarﬂfrom Nakhon Si Thammarat was

plage nﬂtﬂ @ aﬂ(%laﬂa@lw H ayﬂr@ong Khai
provi“as,' respectively, were paired tpgéthér with 84% bootstrap support.

Among the imported tobacc‘cultivars analysediifilinis optimised experiru, all

Y WANATUURIIRYIAE

1 bootstrap value. This Virginia group was separated from the other imported tobacco

cultivars. However, the other five imported cultivars did not form clusters based on their

subgrouping of imported cultivars. Two Burley cultivars (TN86 and TN90) were paired
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together with 61% bootstrap value, but also had Xantiyaka (Turkish) cultivar and then a
mixed pair of TN97 (Burley) and Samsun (Turkish) cultivars with 61% bootstrap values,

placed close to them.

On the UPGMA tregn 5), almost all local cultivars were

2\ cal tobacco cultivars sampled

from the central region-o ital @ as well as their grouping
found on the NJW 7 at-Bal’ d Kariang cultivars were

grouped with 54% k@@ s0ortihalvalue, Wi tels : BRORBai-tang and Laodong was
supported with hig irapfve hgKai Cllivar was rather different from

the other local-e#ftivars - \\

In the ca' of tive i p. ed tobaego cliVarsy Blicley cultivars (TN86 and
TN90) were paired ge ep' B ek, plE f'; Al the 'Ic Wiltivars. TN97 (Burley) and

*,g

Samsun (Turkish) uI_ti r? lere péiree ether 1 bootstrap value (95%)
. . Y | <4 (GLL ), AW —
while Xanthiyaka (- |+ cultive "ﬁ"r ’f- ateo cdr them. Last, all three Virginia

| PV :..."_:e.f.“-.' | toge & on the tree with 100% otstrap

o ..-J!i:‘l-f""
support. W e

cultivars (K326, PV09 a

ﬂNEl’JVIEWIﬁﬂEI']ﬂﬁ
ﬂW']Mﬂ’iﬂJﬂJW]’JVIEI’]ﬂEJ



75

K326 (Virginia): Lumphun

PV09 (Virginia): Phayao Virginia
- y%"
(Localy: I Local
| -__-' 2|0, Chiang Mai §
% Burley
| \
io, Chiang Mai N
¥ Turkish
] N
§ Burley
—jfanifun (Turlgish): Nakho % Turkish
.'I' r " /
I { hlte |de oal) ‘;*“ L
J 4 ‘1 4 f‘!fi'
E-dum (Lg@al): Riietchabun v;fF'g
/ K~y
- VYa- oc ! El
3 7 :‘:if f - -
Local
Kariang (Local): Suphan Buri
): Suphan Buri
m Laodong (Local): anabun

— 0.005 changes

W mmmumm NyIaY

using Neighbour-joining (NJ) technique based on Nei and Li's similarity coefficient. Numbers along
branches are bootstrap-supporting values generated after 1,000 replications. The bootstrap values

less than 50% are not shown on the tree.
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K326 (Virginia): Lumphum
100 T

PV09 (Virginia): Phayao 2 Virginia

|rg|n|a) Chiang Rai

Burley

s

Maejo Chiang Mai

akhon Phanom
Turkish

: Nakhon Phanom

enh Khai

8ahg (Local): Nonh Kha

etchabe

WakhepiSi Thammarat

56 f ] . \
Y oy \ Local

al): han Buri

ocal): Suphan Buri

gl

-t

RUri

"
-

i
|
Phu (Local): Nong Khﬂ'

urley Maejo, Chiang Mai

INBINT

I Locm

R

Hangkai (Local): Phayao

— 0.005 changes

. AdATRIURIINYIAY

using UPGMA technique based on Nei and Li's similarity coefficient. Numbers along branches are

bootstrap-supporting values generated after 1,000 replications. The bootstrap values less than 50%

are not shown on the tree.
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CHAPTER V

DISCUSSIONS
5.1 Sample collection /
In this study, m / ollected from crop fields in the
upper-northern regior Lumphu £ rovinces) of Thailand were in
" - — :;,
Virginia cultivar-grou g-histo he tobaccos were given by

1at the regional officers

annually germina irgihiag s by 1 ‘ N d distribute 30-day old

y | | ‘ L1
seedlings to the locaiifarnirssupponted et ompalyl However, | was not so sure
L F A\ 5 - . |'I i
about the name of®Cokef626, apoi her - tob ultiv ollécted in the upper-northern-

region. There was a ',.r_;fi-ﬁﬂ—r‘ﬁ‘” ionalofficers whether this Coker326

was of Burley or Virginia ¢ . P iged to describe Coker326 as Virginia
- ﬁ""_u#ﬁ

cultivars because th ( i iniﬁﬁlants than to Burley.

Haine=Coker=Wwas-tstally-tsecoVitginiasemtars, in other publications

7

Upper North, ther@v also some other Vlrgq?cultlvars such as PV09 and PVHO3,

q HANANINHING

plants have hired some local farme‘ to grow tobacco&emally for them. Th r ate

Moreover, t

LN
,_

(159e hazALI

K326 and! Coker326 cultivars were not the only Vlrg‘% cultivars grown in the

RIRIAIUURIINARY

cultivars directly and also planted the seed in seed-beds before sending the seedlings

to their contract farmers. By the information given from the regional officers, | was also
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sure about the names of PV09 and PVHO3 cultivars and their status as another
representatives of Virginia cultivar group.

Not only the samplings of fo rl_

eleven tobacco cultivars wergs i eajo Experiment Station, Chiang Mai
province. At the time ofSa '_; ggathie % g cultured in seed beds were

one-to-two weeks olckForT ed t@cco@lected one Virginia (K190)

i) acco cultivars by myself in crop fields, but

and five Burley W BO@4P, TN

about the origin higtony off cultivationof theseyl0cal Clltiars, except Chorelarel.

They suggested thaifthisgcul %a cul o\ , Mai province since a
i g ! b

long time ago apd thegefor@ Cho ;{:: ivar, m R t 8lbest representative local

g & W i
cultivars grown in Cllang a?" ther re f ehtatiie offecal cultivars, Hangkai, was

collected in the collecting trip ;.."..‘2.?: 30 Pr e, |t \ cultivated in the field near local
J i e .
farmers’ houses. They did 1of know abou gin of this cultivar but believed that

Hangkai cultivar also had: ;__‘{'}T -:.t# ,.'

et £
expected t@c

characteristi&

g in Phayao province. | therefore

2 éa e different genetic
=
%ther they should be

I
—

-

called “true” Ioﬂ ulti

|
L]
About the sample collection in Sukhothai and PetchLJLn provinces, the lower

northern region, th!';ﬂnce was supported ailand Tobacco Monopoly to be the
OO U EL TG T T

am, ﬂ?)} Most of Burley 'Cultiv'arsr promoted by the company were KY14 and B1
special. In the case of local cultﬁrs in this area, |@&llected about two—wyold
RARNIUNRTINE TR e
1 Sukhothai tobacco station commented that Pechmakhuea cultivar was originally grown

in Phetchabun, a nearby province of Sukhothai, and Petkhangsing cultivar was simply

known to be descended from Pechmakhuea. Petkhangsing cultivar got its named from
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its stem which is similar to the shin of a lion by having many stipules around the main

stem. These two local cultivars may have different genetic characteristics from other

tobacco cultivars, which made the : ? such unique morphology.
| |
Unlike the distributigm, %KOC re fis ith Virginia cultivars in the upper-
northern region, the region ;_' Hin )”Ot grow and distribute Burley

seedlings to local fa 7--- thafarm germinate Burley seed by

procedure may cause
problem to a certai esiin lieve that some of Burley
seed may have bee . Wiethai and surrounding areas.
Were probably named in
Thai and incorre S L NTSN Tbeing a confusing to the
casa of row-your-o / -340r08ues WhiCHA Uslymake from cured leaves of

local cultivars only® P b o \ .

rérd collectedhonly from the northeastern

region of Thailand, and § msumand Xant ulti \ were cultivated the most in the
J e s
region. Turkish cultivars ha :‘-‘f—"-fa'éam» y in the Northeast because Thailand

od  strona /orient: i i
Tobacco Monopoly need f:_,r :5‘}#“ these cultivars and such oriental

=
[OF
smell WOUI@ 2 nﬁa
; A~
e
S

climate of tti
f[ﬁ'.!won rphﬁiical characteristics of
L]
Turkish cultiva ere in fact influenced mainly from stress cofiditions of the cultivating

area. Some re io‘aﬁcers in No KhaMd Nakhon Phanom provinces also

AUNIRENANEART

tobac“? cultivars, particularly Burley cultivars.

r soil and stressful

lants and easily to

recognise, |

Some of local tobacco cultivairs were also founddiiie Northeastern regidilguch
RANINIUERIINEIRY
1 that these northeastern local cultivars may not originally be local cultivars of the area
because their morphological characteristics were very similar to those of Burley and

Virginia, especially the leaf shape. Moreover, the names of Whitegold and K326-
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phuenmueang also suggested their similarity to Virginia plants. If their hypothesis is true,

| assumed that these local cultivars would actually have descended from some imported

e

/ tiyars were usually grown in the North
and Northeast of Thail 5] é;}'cultivars were cultivated in the
central region. Six lo ~— Kariag, Ka@i—lai, Kan-kiw and Laodong

- were collected |

cultivars in Thailand.

While most of the i

in Mueang di ri, province; et \ Karkiang cultivar was firstly
cultivated in the [ rgb LI~ ige. ThiSkvas similar to the believe

of some regional on, that all local tobaccos in

Thailand were fi Wprovinces though without

i

any evidence of thi ;ﬁf' eir 31'*. thék proposed that most of the
\

; Wm0 : -

local tobacco cultivars #grow .._4ix£~,._. of Th Il"u_ d may have unique genetic
AT

characteristics from long hisiofy-ofcultivati such, could also be pronounced as

“true” local cultivars.

fi m ﬂerent fresh leaf samples
|
B

In this eTr
of 34 tobacco ivars (14 imported and 20 local cultivars) wing the experiment on

the fresh leaf sanﬁ@enomic DNA of 24 'ued Ieaf materials was extracted (10
sampﬂ were In high quantity (Figure 4.7). wever, large amount of smear

background also appeared on the ‘el electrophoresis g@8illts. This smear baclwmd

ATNOIRIRIINEARE
the degradation of the tobaCco may ha ome from to ch humidity StilFle
(

the leaf tissue before DNA extraction. Such humidity may have activated DNase (DNA

endonuclease) within the plant cells to digest the genomic DNA. For example, four
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tobacco cultivars of fresh leaf meterial, K326, TN90, TN97 and Chorlare1 (lanes 4, 11,
12 and 15 in Figure 4.1, respectively), gave higher quantity of total DNA than the other

30 cultivars and this may be becaus a samples of these four cultivars seemed to

be perfectly dried comparedsio, lly, quality and yields of plant DNA
preparations are mostlyeit tartmg materials. The quality of
the isolated DNA wil Era :‘ fthe desiccation process.
Moreover, waterW [ [ ii_wounding cells induce the
accumulation of pheg 3 ichymay” \ Bregseyerely with the isolation of
high quality (Savolai A9 Tl S ~ tissues can be done with
the help of de ' usually icallg \ as .' suggested by Liston et

Although fresf to@cgl as\f S u"‘ S WE I'I g in silica gel bags, | had to
wait for 2-3 days#befo | . N be €lds to the laboratory. The
samples were alsq @tore i 3% %ﬁ; ; ' |
desiccating facility ex a fewlamol nt of gel i

J s .
led to the low quality” of sefme=af my-exi DNA."In fact, Weising et al. (2005)

Perature without any special

gach sample bag. This may have

suggested that DNA |soI |t g from fresh or young plant tissue
harvested |@d

ed Jlo be completely dried

c@mmendation to cut a

tobacco leaf |nt a- gﬁag with the weight ratio

of silica gel to nt tissue exceed 10:1 is advisable for my er work. Moreover, the

sampl should berdedssed as soon as osMupon return to the laboratory and the
silicas repllc ﬁone h %our |> ﬁ? silica gel
chanw from blue to pinkish-purple or colourless.

In the case of RNA Contan‘anon it may havﬁulted from my first Msmn

1 0 l extraction. prewously thought that RNA contam|nat|on Would not have any

effect on the AFLP amplification. However, after finished the DNA extraction of the fresh

leaf samples, | found that a contamination of RNA in the DNA extract had been reported



82

to possibly alter the enzyme digestion levels of DNA template with two restriction
enzymes (Incirli et al., 2001). The level of restriction enzyme digestion may reduce when
having too much RNA in the reactio a|.

thus RNase should be added to prevent the
RNA contamination. Therefgre ad %
extraction from the curegdled epBe]int

into the reaction tubes of the DNA
rther work adding RNase in the

ommended. Moreover, the

af materials, the quantity
from the fresh leaf samples.
That would be eve f; g—process. Both heat and

humidity from a ' dar H'"-.r_ jUGS th ality and quantity of the

’rﬂ \ 6 \ adti@n problem of the cured leaf

samples probably havegnot .-m'..: only 2 imp II"._ er desiccation of the materials
1ol e ;
(discussed before), bu o-*f.',.:.r:m pal of the curing-methods such as heat,

humidity and period of the/g r“d ",.-’J"'EC" yuality and quantity of the extracted

h

genomic D@f v%

an that of Virginia

n Turkish and local

cultivars. This ﬁy b Brﬁy cultivars takes much
L]
longer time thar™he other three curing methods. The humidity ®f‘the air-curing method is

also higher than sun-curing methoMTurKrsh cultivars. Therefore, DNase

AUBINERITREARS

the oq’rs On the other hand, Virginia tobacco cultivars gave the highest quantity of the
total extracted genom|c DNA Alth(‘gh a flue-curing rﬂod of V|rg|n|a cuI’uvaUses

and the perrod 0 curlng process iS rather short (on days compared o the other

methods (30-40 days for air curing, 13-15 days for sun curing and 8-10 days for air-and-
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sun curing). This would have reduced the chance of the flue-cured Virginia genomic

DNA being damaged by DNase.

Nevertheless, though with lo unt of DNA in some samples, the quality of
‘1"/ or the further experiment. The AFLP
products even in the case of

the extracted DNA. Their

DNA extractio at a om using the kit should

be pure enoug i 8 | Southern bloting and

5.3 AFLP-PCR ampllfl ationt,

9, cultivars using fresh leaf samples

rirﬁ*(only 31 bands per

e mple in Figure 4.5).

The preliminary AELPZSH

revealed or{ﬁ Sh

primer) whilg R

L
Ren and kaojo udghof 46 cultivated tobacco
accessions su H ssfully detected as high as 92 bands peﬂ.hrlmer which is almost

three-time more th‘ esult. In addition, Zhgiglet al. (2006) produced 82 AFLP-PCR

AUHINANINNG -

amplified AFLP-PCR products in the‘aho of 84 fragmenmer primer (Siva et a/

RIBINTAUMANIINGY

the optimisation experiment which an annealing temperature was raised up and a
concentration of the DNA template was adjusted possibly to give a clearer fragment

profile.
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After diluting the DNA template concentration to 1:10 and 1:20 ratios to optimise

the AFLP profile, the amplifications of all four selective primers gave clearer fragment
profiles with a higher number of scorghb F
smear background was also,el ase ﬂ
DNA template could be )

which was on the. cls i sdetided,to keep using the dilution

P fragments than the previous result. The

s 4.11-4.14). Actually, the dilution of
milar to the concentration used
o 2001; Siva et al., 2008)

terials unlike my AFLP study

Mplate, but the starting
_ 1 SO increased to achieve
a better AFLP-PC J t=ah #007), ‘Shgdesied that higher annealing

afloutligown PCR amplification.
- r*’f ) A Y
They recommended g6 dgtodchde 3 igh aliing temperature which was

able to overcome the'r ’CR b -..'_’zn.. ler -:II'H_ e increment of the annealing

T

temperature from 65° to 6 f.:.-:.:.;:_ @ave much clearer AFLP profiles with

sharper amplified bands a :ﬁi‘:"; £0 "': ound in almost all AFLP selective

ampllflcatlog ures 4.19-4.21), excey iqé?v

hich still produced

-
hat in this case the

/ﬂ? tem or ﬁner binding than 65°C.
L]
SMmising the AFLP-PCR reactions by diluting template concentration

and increasing th‘“alin temperature, yaverage number of scorable AFLP

fra ts aselt li e er Pri gh efoptimised AFLP

expeﬂents gave a higher number of AFLP bands, it was still lower than the previous

starting anneali

After o

AFLP results of Ren and T|mko 251 ), Zhang et al. {EB86) and Slva et al. (2008). |

El 1Epe eﬁﬁs Fa %i FLIF an h
resulted from low yield of the genomic A extracted from the cured leaf materials,

whereas those three studies used young fresh-leaf materials.
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From the AFLP profiles after increasing the annealing temperature, the amplified
band patterns (Figures 4.19-4.21) were somewhat similar to those of the previously

), but clearer and sharper. Furthermore, the

AFLP patterns of most local toka ) )\ cultiva fsimilar to those of Burley and Turkish

ﬂe primer-pair could give one

cultivar-specific band,-a ;.'!.tely 30 bp;=v specific band to the three

Jagthe*etheiimported and local cultivars.
Although Siva et alg aleg . 34 Seepies-specific markers of the
species N. tabacu juld nofy fin sbitiVagBRecific band. Likewise, Ren

| no™Be cffective in analysing

B

and Timko (2

polymorphism at supspecies level in gy therefo@yproposed that the single

150 bp AFLP band pgwlygou %m 1‘ Y M i o."-,, seful for implementing as a
I, )
f x

novel specific ma#Rer folf Vinginia culivars:

i &\ ki

\

5.4 Phylogenetic relationShip ané o cultivars in Thailand
After performing w’jm e CR reactions, NJ and UPGMA tree

analyses of genetic relations ), cultivars from cured-leaf samples

B[S E Thailand were closely
—

(Figures 4.24 8pd 4

ultivars. Both NJ and

related with &

UPGMA trees \jje 3 oﬂstructed from the AFLP
|

results before the’ PCR optimisation (Figures 4.22 and 4.23).' bgroupings of the local

cultivars tend to f‘oﬁeir cultivated areas.%wise, the imported cultivars formed

Sevel Curﬂsed lh%ﬁeﬁltlvs ﬂsﬂgini], ﬂey ;d Turkish
grougsk There are some previous AFLP studies on tobacco cultivars reporting similar

results to mine. For example, Ren Jd Timko (2001) reg@iied that 46 tobacco d@@liivars

RISNNIUHRTINE IR

cultivars grown in the United States were contained in the same group and all cigar-

types from Central America were grouped together, supporting to my results that
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genetic relationships of tobacco cultivars tend to be based on their geographic origin
and cultivating areas.

In the AFLP study of Zhang & &.(2006), 51 flue-cured (Virginia) cultivars with

resistance to various disgas BISQ '. )/(ﬁa%d on their geographic origin.
Moreover, Siva et al. 200, _' @Cured cultivars, which were

data did not indicat . . 2rs e mo o- flue-cured tobacco based

on geographic gpigin. Tis disagre ‘_ t be \" AU Mkl numbers of 125 RAPD

4 ¥ '|_.
ysesfcomipa e\ with a much higher number

J
amplified bands werguse in%é,
of 561 AFLP-PCR bands ma 1sed -:\_ AFLP results should be more

preferable than RAPD ata a'a constructiol bgenetic tree.
Following the "i.-t u 's'_, ed genetic relationships among

i q@

=
tﬂgf CU",;I-‘-aI’S was possibly due to
dﬁ!in of cultivation. From the interview with M@'Ang Siwaprapa, a local

tobacco farmer in (aﬁnaburi province, KaM local cultivar was first grown in that

proy ro nEj}O years ) offi@er. t gioflalftoBacch station of

Chiar“l\/léi province suggested that the local tobaccos cultivated in Kanchanaburi and

tobacco CU@/ S | cultivars from the

d UPGMA trees. |

Central of T&a

proposed that

their common

Lop Buri provinces may have beenﬁrown there for a |@flgy time. From these reus, I
RIRINIM IR INE QY

1 from the same parentage and they have been cultivated in the area Tor a long time.
Unlike those five local cultivars which were closely grouped together, White

gold, K326 phuen-mueang, E-dum, Phu and Ya-glai cultivars were placed near the
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groups of Turkish and Burley imported cultivars. This result was like the previous finding
of Setaphan (2007) using ISSR analysis to study genetic relationship of 40 tobacco

cultivars grown in Thailand. In her st st of all 13 local cultivars were grouped with

ected that these four local cultivars

some Burley and Turkish imperedi L #Bu
may have been originatggs ﬂ E either Burley or Turkish. This

s have been imported by

Thailand Tobaccw ¥ ) their contact farmers for

growing. The officers ' i3 , "“--\:,_« also mentioned that

if any promoted tob [ -- farmers might have kept

the tobacco’s i i e Next ol 216 SBgsolM&ihe genetic relationship
— LR A » )

result was also s another StiggeSHoMoMoificegSithat some local cultivars

were morphologicallyfsi / ., ek Tiky Hlen assumed that some local

esis is true, some local

" Vs,

. , - | -.
cultivars should be gifon d ":_;l‘:,.i_ Y /cUltivalinSt8ed, although they have Thai
names and have been clitivated4me -5:... I QU \ long time.

*' g .
Interestingly, ang &= other It ar left in this study, was found on
both NJ and UPGMA treegatos

__.-f*_n ’_.! v 3
means that @c

The tobaccc‘

em the other ten local cultivars. It
ée ther local cultivars.
=
t so sure about the
origin of Hangk

j:juln I 2re for a very long time. |
L]

ed that Hangkai local cultivar may have history of growing in

therefore sugg

Thailand and the ronounced as a tylocal cultivar of Thailand.
! le Hﬂq: pa teWn’H aarﬂ Iocil cultivars,

6“\/09 and PVHO3 Virginia cu|t|vars were even distantly separated from all eleven
local cultivars and the other mporte‘cultlvar groups (Biifley and Turkish). Furth”ore
Y WIRINFIU RN NEIaY
1 band on the AFLP profile produced by E,../M.,; primer-pair (Figure 4.24). | assume
that Virginia cultivars should have very different genetic characteristics from other

cultivar groups grown in Thailand. This hypothesis agrees well with the results of Siva et
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al. (2008) in which their cultivated flue-cured (Virginia) cultivars were clustered

separately from air-cured (Burley) cultivars. My result was also supported by the RAPD
nalysis clearly distinguished two Burley

Tiheir
ﬂl |
|
é{ywith the previous ISSR marker

'resul@ugg@, Coker319, Coker371 and

analysis of Sarala and Rao (2008
cultivars from eight flue-cure '
However, this i
analysis of Setapha ‘
Burley cultivars with low
bootstrap support. Lhi € “ 184l SSF results may be because
of the fact that ISS ' 56 gments than AFLP method.
Moreover, 1S e iljty : e Pmorphic bands from a
tobacco genom g eth : Spome is large and then
require the use of / g ] n Wea : provides a more realistic
measure of gen iersi i . 3 3 ] pP@ted with ISSR and AFLP
analyses on Nicotial#e 2 * ar Bt % )4) showing that the AFLP
analysis gave higher pe entagesior f: locittiien the ISSR analysis. For these

. . . -I e r b . . .
reasons, Virginia cullivars’¥saat 2 to have a very distinct genetic

P marker technique should be the

- fhfr cultivars grown in

isti tobacco’ cultivar.
characteristics among all _'_,_.e;:, ,;,,};,aﬁ

most powe@o

Thailand. &

-t

h

Further g"'e,

l r from E.../Mcas AFLP profile
may be further‘HLveloped to be a Sequence Charecterisedim‘nplified Region (SCAR)
marker, Normally, £“1arker is developed ManyﬂDNA fragment of interest, which
is ﬁfiu\/ %ti%ﬂ %iﬁ%riw agési ﬂr%h specific
DNA“gment. A previous study of Jrulio' et al. (2006) using AFLP markers successfully
developed seven SCAR markers Iﬁ(ed to three disc@@@yresistant genes (bluafold,

q Wato maﬁ ﬂ ro§ rmas S W“N. baclmwog’ thal pad%j
1 the 150 bp Virginia-specific AFLP-PCR fragment could be converted to a SCAR marker

for Virginia cultivars. If successfully developed, this marker should be easily used to

identify any unknown tobacco plant or germplasm whether it is a Virginia cultivar.
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Additionally, such Virginia-specific marker could be applied to investigate an illegal

mixing of Virginia cultivars into roll-your-own (RYO) products, which legally must be

made only from cured leaves of loca |' l!ti ars. If any RYO sample is sent to investigate
in a laboratory and then proaue '-_ ‘ ﬂ oduct similar in-size to that 150 bp
Virginia-specific fragmegts el ﬁ RYO sample may have been

[ginia-specific marker, there

was still some weaks s stuc xample, not all of local cultivars

36rceRindWOE other selective-primer

combinations shoul ] o fild ‘IH‘-.':"-. 01 which can vyield a
sufficient numb pPhiC POR BandS@ Using more specifically

Shoul beBonsidered. Furthermore, the

i - ; e g
acrylamide-gel electropfi@resis €onditions's ] be Opi

s

result scoring for absence oip! / ds. To have clearer visualised AFLP

ised since they can affect the

bands on the acrylamid.* ther fa fic 5 the gel staining and developing
methods shpul a = ing method could cause a
oy (o
visual probl igitation. Thus, the gel
A

akei,rl' ger time than 5 minutes

—

developing steﬂ

L]
because it coul@result in too strong background. Furthermorefultrapure water must be

1y
| thi

used in all steps o‘ha/er staining method tuoid any unexpected reaction of silver
AU INERINENING -
stainq Though very expensive, 'anrau'tom'ated florescence dye method may be used

instead of the silver staining to 5ve clear backgrglilig staining and the &dous
RNATUENIINEA Y
1 Last but not least, my genetic relationship analysis of tobacco cultivars grown in
Thailand using AFLP results could be a fundamental information for other tobacco

genetic researches in the future. The results from this research would be an important
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source for improvement of tobacco germplasm, population genetics and genotyping of
tobacco cultivars and parental choice for breeding purposes. In addition, the Virginia

cultivar-specific marker identified irw
= 9

y should be useful for identification and

merce, such as being a simple, but

fyTobacco Monopoly from seed

e —

AUINENINYINS
RIAINTUNRIINYIAY



CHAPTER VI
CONCLUSION

1. In this thesis, the prelimingky & i t to select suitable AFLP primers was

performed with thesextracted | leaf materials of 12 imported

cultivars and ol —-f.e-" ars. 1sjur | anc/Means Eane/Mears Eane/ece
- é

and E,.; ’ £3 primers for the selective

AFLP-PCR st - imer further to study genetic
rom nine imported and 14

local ¢ rs. glireg’ Igafl sa }:“1"'. -PCR reactions were

optimised yfraisifg thefanneating*te mg éyanaiadjusting the concentration

of the e latéS. Almagtiall of thelsclgb iy - ‘teactions, except that of
P PR {é' AR p

Eanc/Mear @Mmegoal Werdh un fully d@pe e Jave clearer AFLP profiles

than the resuli of ' W ﬁ’f / 3 with a higher number of

AF band *g:‘

L | -

2. After the NJ and UP ﬁ., ”""Fﬂy ucted from the AFLP-PCR results of

JJ‘;
eleven /0Ca ingief the local cultivars

the scorablé

ings of the imported

L/ f |
cultivarszyyere g=greas, but also on their
CuItivarﬁ
local cultlvfs Thailand were closel rglated with each other and also with

q umm mmm ﬁ;f:g:;:

|mported cultivars, suggesﬁg that this AFLP.g chmque could be e

QW'] KNI UMIINYIAY

The AFLP-PCR result also revealed that the selective ampilification with E, /Mg

11
ups (Virginia, Burley, and Turkish groups).luiterestingly, most of the

primer gave one clear band (approximately 150 bp) which could be the specific

marker for Virginia cultivars. This Virginia-specific amplified fragment would be
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further developed as a Sequence Charecterised Amplified Region (SCAR)

marker to identify any unknown tobacco plant or germplasm whether it is a

W

erm.atlon

Virginia cultivar. Additionall rker could be applied to investigate an

illegal mixing of Virgi l-your-own (RYO) products, and to

identify and C uallty control of the tobacco

production I| uying.

4. Finally, al 1y e '_ - damental information for
other tobace sea ‘ i future. Id be an important source
for im cge St ulatl ics and genotyping of

tobacco ngl p; 3| Cchoi Aoeedihg purRoses.
il J i ! , \

= 1"

P A

ﬂUEJ’JVIEIVIﬁWEI'Iﬂﬁ
RIAINTU NN INY8 Y
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A1. Scored fragments from AFLP-PCR amplification wi

of fresh tobacco cultivars.

1) Esne/Mcan Primer-pair

Cultivar

—_

© ® N O O A W N

. K187
. K326
. PVHO3
. PV09

. B1 special

KY14

. HBO04P
. TN9O
. TN97

1100010111
11000

000001?000010

YRTANNT

100

e RUEANYNINYINS

MUNIINYA Y

00l



10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.

Samsun
Xanthiyaka
Coker326
Chorelare1
Nisan

Pasak
Padang
Petkhangsink
Petmakhuea
Yamueang
Linchang
Hangka
Yahan

Phu

K326 phuen-mueang
Kariang

Kan

00010
00010
00010
00010
00010
00010
00010
00011
00010
00010
00010
00010
00000
00000
00000
00000

T
101111 1ol
10111144
10011 1400
100000
11111714
111117704
11oooo1ur'
111000117
11100011

1110008

AUEINENINYINS

10000010

1111

ARIEINTURIINYIaY

101

LOL



27. Kan-kiw Dok-khao

28. Meao

29. Laodong

30 Kan-kiw Dok-chom-phu

0000010000010

000001000001
00000100000 1.0 e
00000100000

2) Ejae/Mcar primer-pair

Cultivar

. K187

. K326

. PVHO3

. PV09

. B1 special
KY14

. HBOO04P

© N O oA W N

. TN9O

0110000011101 =S EL W 111101

011000101110110

r

01111010 @1 0 Ve

O11110101‘

ol iy
0111111011ﬂ1'ﬁo11 T118k 111
01111010111 Q1011111111451 11111111

o ARHINBNINEING

000000%011101100001101111111110011

ARIANTAUNNIINGIANY

102

col



9. TN97

10. Samsun

11. Xanthiyaka
12. Coker326

13. Chorelare1
14. Nisan

15. Pasak

16. Padang

17. Petkhangsink
18. Petmakhuea
19. Yamueang
20. Linchang

21. Hangka

22. Yahan

23. Phu

24. K326 phuen-mueang
25. Kariang

0001101011101 1 \“V?’ 11111111
000000001110 1101 110011

-
00011110111 104 St 1111
1111111111 144 R g 1111

00000010000 1 0

00000000114
000000007111 #

A 10001
0001000000100'0’33ﬂ_5; 119111111
0001001011111 LOZEAINAH 1111111
00010010 k A € e s e e e e e et e 0

000100001 111

0001101011ff;1011111111111111&1
AU TN NEIns

000000101110010110‘11111111&110011

111

103

€0l



26. Kan

27. Kan-kiw Dok-khao
28. Meao

29. Laodong

30 Kan-kiw Dok-chom-phu

000000101111]§Wf 11111111

000000001111 Y111 111111
— el

00000010111 1 1111 Sl 1111
0000001011 14 ' Il 111

3) Eane/Mcgc Primer-pair

00011111111 ti""

Cultivar
1. K187 1011001111111
2. K326 101100111111 14
3. PVHO3 1011001 1.‘ —————————————————
4. PV09 10110011 7Ly
5. B1 special 101100111”\
6. KY14
7. HBO04P
8. TN9O

1101001010111001111

11111111111101110”‘1’11101001010111011111

121]?114%1ﬁﬂﬂﬂfﬂmﬂﬁiilililI?Efilli

101100111111111111@1111001&11111010”010110001011

01001111101001010111011110
001111101001010111011010
Q1101001010111011110

104

0l
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9. TN97 1011001 101001010110011011

10. Samsun 1011001 101001100000001000
11. Xanthiyaka 1011001 101001110111011110
12. Coker326 1011001 101101110100011000
13. Chorleare1 1011001 1010171110111011111
14. Nisan 1011001 101011110111011110
15. Pasak 1011001 1010171100000000001
16. Padang 1011001 101011110100011000
17. Petkhangsink 1011001 101001110100011000
18. Petmakhuea 1011001 11710111710000000000

19. Yamueang 1011001 1010171110111011110

20. Linchang 1011001 NSttt O : 101011110111111110

21. Hangka 1011001 i 101011100000001000
22. Yahan 101100111411111111011111110 11101011110111111110
23. Phu 1011 ﬁ 011110110001 111
24. K326 phuen-mueang 1011 ﬂuﬂ ﬂﬂ%?wﬂjﬂﬁwmﬂomoommo
25. Kariang 101100111111111111@1111111&11111010“110011011110

S0l



26. Kan

27. Kan-kiw Dok-khao
28. Meao

29. Laodong

30 Kan-kiw Dok-chom-phu

f|

170110011111 111 W11101111101001110100001110
170110011111 11 1@01111111011111101011110
—'-a'

10110011111_’] 1 1711101001110111111010
I

10110011114 111101011110111111110

1111111111 1717101011100100000010

4) E /Mg Primer-pair

Cultivar Saéred AFL e
1. K187 000000010107 0 {EEEH
2. K326 000000000001
3. PVHO3 111111 400111111111
4. PV09 1111111
5. B1 special 11111111 111111111111011010
6. KY14 100 a %’
7. HBOO4P 100@”8 ?‘Hﬂ wzlf]ﬂi
8. TN9O 1000011101111011#1111101 et

Wﬁﬁﬂ‘iﬂiﬂmﬂﬂﬂ
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9. TN97

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24,
25.

Samsun
Xanthiyaka
Coker326
Chorelaret
Nisan

Pasak
Padang
Petkhangsink
Petmakhuea
Yamueang
Linchang
Hangka
Yahan

Phu

K326 phuen-mueang

Kariang

1000111111

100001110111 \“_’\y/ ;010

100011
100011
100011
000011
000011
000011
000011

000011 A 1104

1000111
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‘J
1

10001111

AU InEnineng
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26. Kan

27. Kan-kiw Dok-khao

28. Meao

29. Laodong

30 Kan-kiw Dok-chom-phu

100011110111 \“W 010

0000111101 11‘]

000011110
00001111 04e#

0000111100 1.8

S 1 00 0.
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of cured tobacco cultivars.

109

1
A2. Scored fragments from AFLP-PCR amplification with four pr@’@ Enc/Menr Epie/Mee and £, /Mg,s) in all 23 local and imported

1) Epac/MeasPrimer-pair

==

Cultivar

"«_:: nd

1.

2
3
4
5.
6
7
8
9

K326

. PV09
. PVHO3
. KY14

TN86

. TN90

. TN97

. Samsun

. Xanthiyaka
10. Whitegold

11. K326 phuen-mueang

l‘.‘ “\,\ -
1110100107090 0f #9060 0§ K004, 10001010000000100000000
o \ \

001000011 #0080 ﬁ;;‘;;"~ 1001010000000100000000
7 N BN \

0110000111000 11' 1 OOW10001010000000100000000
00111001110060 {0HH4 140440 00110001010000000100000000
0110110110000 QALG0/4 14 00110001010000000100000000
0110110 k5000010001110 1100 5@01010000000100111000

01001101@01111101100111111111
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001110010 00011011110110111%001010000000100100000
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12.
13.
14.
15.
16.
17.
18.
19.
20.

21

22.
23.

E-dum
E-luaeung
Phu
Hangkai
Ya-glai
Bai-lai
Kariang
Yamueang

Kan

. Bai-tang

Kan-kiw

Laodong

oo1o1o11oooooom '1H‘. 111011000000100000000
01000010001 210 111001000111100100000
000000110100 111010000000100000000
0010101101 111010000000100000000
1110101101 )\ 0%0.080 1 11010000000100000000
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2) Eane/Mcar Primer-pair

11. K326 phuen-mueang
12. E-dum

13. E-luaeung

14. Phu

Cultivar

1. K326 10111111 10 0l MO0 80 1111000110
2. PV09 10111111 ux“~o1111000110
3. PVHO3 101111111 *a'ngow 111000110
4. KY14 101000000081 EW;1 1111111110
5. TN86 10100000800 \hin 11111100110
6. TN9O 001010000 1 4 oax 110010111110
7. TN97 1010000001 171 1 4t 0% 00M1110010000110
8. Samsun 00111111111 14800004 011110010000110
9. Xanthiyaka 001111 %Pf1111111100 4521110000110
10. Whitegold 101000 1 '

00 1971110000110
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15. Hangkai
16. Ya-glai

17. Bai-lai

18. Kariang
19. Yamueang
20. Kan

21. Bai-tang
22. Kan-kiw
23. Laodong

10101111

10100001
00111111000 10100001
00111111 10100001
00111111 10101111
011111111 0110110001
0011110000 "ff A0 0k Q' 11110001
00111111 ' W 8111110001

001111110. 171110001

3) Ean/Megc Primer-pair

10
10
10
11
10
10
10
10
10

Scored-AFLP bé-wj

Cultivar
1. K326 01011110101011 ﬁoﬂ { 000000101011111100001010000000
2. PV09 010111101010110ﬁumm 0 E’Eﬂ wnﬁﬁ ﬁ000000101011011100001000000000
3. PVHO3 0000010000001 OOOOOOOOOO1 11000001101@00000111010 gl 11011010001009Q000101011011100001000000000
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4. KY14

5. TN86

6. TN9O

7. TN97

8. Samsun

9. Xanthiyaka
10. Whitegold
11. K326 phuen-
mueang

12. E-dum
13. E-luaeung
14. Phu

15. Hangkai
16. Ya-glai
17. Bai-lai

18. Kariang

19. Yamueang
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101111111001110. ﬁﬁﬁ1ﬂﬂﬂiﬂﬂlﬂ 1111110101111110110000010000000
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111111111111110001100001100110011110000111

1011 4#4,111110100111140001101111011110000000000000
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20. Kan

21. Bai-tang
22. Kan-kiw
23. Laodong

00011111111101010110100110

ng? 111111001000111100001000110111100010000000000

111010100111110110111111011100000010000000
00G011 1116444.444.11000100011110100100011011110001000000000

4) E,t/Mag Primer-pair
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. K326
. PV09
. PVHO3
. KY14
. TN86
. TN9SO
. TN97

. Samsun

© o N o o M~ w N

. Xanthiyaka
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11100000010Jo1oo111110011110004400100
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10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.

Whitegold

K326 phuen-mueang

E-dum
E-luaeung
Phu
Hangkai
Ya-glai
Bai-lai
Kariang
Yamueang
Kan
Bai-tang
Kan-kiw

Laodong

)4 449ﬂ 000000111
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100000111111 11111
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tobacco cultivars.
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\\‘"y/
A3. Scored fragments from AFLP-PCR amplification with t @aim %G/MCGC and E,../M.,.) in all 19 local and imported of cured

1) Esac/Mean Primer-pair

Cultivar ‘ \ \
1. K326 0101011000040 off Q .,.If'. A0 0001
‘ ,w }
2. PV09 01010110000 19000 T 1,554/ 10“\|f 10001
3. PVHO03 0101011000010 0 QEEAZLA 0 0110001
4. TN86 010111011001100.0QTHIVI 8100111101
5. TN9O 100101000@ Vi) 01
6. TNO7 011101010 001
7. Samsun 17111110110 001
8. Xanthiyaka 1111112110049 11 1 10114000
9. Whitegold 01110 (ﬁlm 1 1 1 1’] 015

10. K326 phuen-mueang 0111013’100011101111‘1111101%111111
JRIAINTUNTINEIAY
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11. E-dum
12. Phu

13. Hangkai
14. Ya-glai
15. Bai-lai
16. Kariang
17. Kan

18. Bai-tang
19. Kan-kiw

011101011001110

1111110111011

11110101

01110101000

11

01110101100

011101010001

01111100
01111110

011111100001

11
=L 1

2) Ejae/Maac primer-pair

Cultivar

1. K326
2. PV09

3. PVHO3

1110000

111000ﬂ0

1110000

__\

01111010”0100101111000000101

E BRI 1T o000 10

000100111.$O101001 010111100%00110
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4. TN86

5. TN9O

6. TN97

7. Samsun

8. Xanthiyaka

9. Whitegold

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.

K326 phuen-mueang
E-dum

Phu

Hangkai

Ya-glai

Bai-lai

Kariang

Kan

Bai-tang

Kan-kiw

1110010001010001{-"; ;/l 1011011110000011 1
1111100010100 0JeO- Ol 1111111101100111
— — -
1100010111100
11000101101 0000

111111011010 1

11111101000111
1111111100111
1111111110111
101110000010 /0 WO R 1110101101111
1110100000100 ' ‘:l N 10100100111
11111000001 1 ‘: 0110100100111
1100011000100/ A0S -'ooxvl1o11oo111ooo111

11111110001 1000 dif4a4oq pOoT1100011011111010

11101100001 10 0Q @4l 74 $00100010000111011
111110111 04300000+ 111 = - 10010100011

0111001110

k.l ok
111111111010‘!010011101101000101@
1111711 a f 0100101
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010100111110
1010000100110
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3) E oM g Primer-pair

119

' band

Cultivar
1. K326 0000011111111
2. PV09 00000111111114Q
3. PVHO3 00000111111
4. TN86
5. TN9O 00000000000014Q
6. TN97
7. Samsun
8. Xanthiyaka 0000011010@
9. Whitegold OOOOOOO100$‘

10. K326 phuen-mueang
11. E-dum

12. Phu

13. Hangkai

(41 1100000011100110111111111071
10000001110011011110111101
110000001110011011111111111
oooooooo1o1or.1130017:_
{aid ¥

OJ‘;FL ) 1110101110100011010000000000

111101001100011110100010100

0000000010111 11 ,,-f.-i'-ﬂﬁi- 111111101111110111010100011001
0000001110101 111, -v"*;*ﬂ 1111111101111110111010000111001
1@1001111000101010001000100

&J«H11000110111111101010100
00000011101Lﬁ111000100001011111&%11001011110111001101111111

0000000 1111171111011101010011
000011 ﬂ 101111111111001010111

000010001610111100000?11001111&0001001110001111000000010101
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14. Ya-glai
15. Bai-lai
16. Kariang
17. Kan
18. Bai-tang
19. Kan-kiw

0000000111111101 Wy// 1111111111001 111101010100010010
01001111111111 1717111111011111111010000010000

O111111111111 1111101011111101011100011011

1101111111111"-H 1171111111111111011000011111

000111111111 111111001111111011001111101

0001111111111 M 111110111111111101001110111
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B1. Distance metric using Nei and Li's similarity coefficient of

© ® N o o » w N o=

N = a8 A A A a
o © oo N o oo A w N =~ O

. K326
. PVHO3

PV09
Ky14
TN86
TNO7

. Samsun
. Xanthiyaka
. Whitegold

. K326 pkuen-mueang
. E-dum

. Phu

. Hangkai

. Ya-ghai

. Bia-lai

. Kariang

. Kan

. Bai-tang

. Laodong

. Kan-kiw

0.007
0.019
0.044
0.039
0.072
0.055
0.062
0.067
0.053
0.054
0.053
0.099
0.065
0.063
0.050
0.051
0.060
0.048
0.047

0.016
0.047
0.040
0.071
0.057
0.070
0.068
0.052
0.056
0.050
0.098
0.069
0.069
0.060
0.055
0.059
0.049
0.050

0.047
0.048
0.085
0.064
0.078
0.067
0.064
0.058
0.0671
0.098
0.065
0.080
0.066
0.064

M

15 16 17 18

0.021
0.050 0.053

0.052 0.058 0.045
0.067 0.069 0.058 0.034
0.061 0.060 0.064 0.067 0.060
0.061 0.063 0.054.0.054 040
0.056 0.060 0.0S&

0.081 0.073 0.073%9404

-
0.079 0.081 0.102 O% 0.083 0.

0.041 0.038 0.067 O. 065f) .065 0.058 0.063 0.050 O 058 0.062

zz:ommmmwm N3

0.066 006 .062 0.046 0.047 0.072 OO 7 0.046 0.035 0.064 0.048 0.039 0.027

ARSI INg I8y,

0.059

54 0.051 0.058 0.047 0.048 0.060 0.052 0.045 0.036 0.057 0.045 0.038 0.034 0.024 0.027 0.018
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B2. Distance metric using Nei and Li's similarity coefficient of 1

—_

. K326
PV09
PVHO3
TN86
TN9O
TN97

. Samsun

. Xanthiyaka

© ® N o o A ® D

. Whitegold

—_
o

. K326 pkuen-mueang

—_
—_

. Edum

N
N

. Phu

—_
w

. Hangkai

—_
N

. Ya-glai

-
[&)]

. Bia-lai

N
()

. Kariang

—_
~

. Kan

N
[o¢]

. Bai-tang

N
©

. Laodong

0.004
0.004
0.056
0.073
0.045
0.056
0.061
0.052
0.040
0.046
0.060
0.105
0.059
0.060
0.058
0.053
0.042
0.051

0.002
0.054
0.075
0.043
0.057
0.065
0.053
0.041
0.046
0.058
0.099
0.057
0.058
0.053
0.049

0.056
0.077
0.045
0.059
0.064
0.052
0.037
0.043
0.054
0.101
0.056
0.060
0.053
0.048

0.045 0.045

AR IR VIR Y TR Y-

0.052

0.054
0.040
0.051
0.056
0.049
0.049
0.049
0.066
0.096
0.063
0.063
0.074 0
0.068
0.059

0.052
0.051
0.054
0.053
0.067
0.055
0.073
0.073 0.078 0

gﬁ 0.06570¢
0.076 0.042 0.049 0.054 0.031 0.037 0.026 0.040 0.065

HuUInoniweang

OOGN 042 0.045 0.056 0.041 0.038 0.029 0.039 0.054 0.040 0.020 0.021
0.065 0.037 0.031 0.048 0.032 O£7 0.027 0.032 0.06M0.035 0.028 0033
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APPENDIX C

C. Manuscript presented in the ok

ical Conference of Thailand, 25"-27" March,
Department of Plant Science “ )/)ahdo University, Bangkok, Thailand.
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Abstract
Tobacco is one of important economic crops in Thailand, especially in

in Thailand are separated to 2 major groups:

pproaches to distinguish tobacco

-gured tobacco. In this study AFLP
'@ferences between tobacco
sl r primer pairs (E uo/Mcaas
ble primers for selective
. primer gave the highest
han the others. Genetic

- similar clusterings.
ever, 3 imported varieties
(Coker326, Sa _ e grou| -. ithglthe local varieties. This

g fes X __,_, SUgg .\-c."-. pat AFLP molecular marker

preliminary study u

e furthende -’-’5?;_ 00| \1 he study of genetic differences

“"‘"-f-iﬁlF.

between Thai local anél imJgked tobacos” the®moment, we are improving the

method has potential to

PCR condition which woulddges i_“' for eaf samples.

Keywords: @ty ilang’, Tobacco

-

el
Tobachas been cultivated for thousands of years'jL['d has served as a raw
material for mgarﬁﬂd cigar mdustrles wany countries. Almost all of the

SO acco was'first intro ed ilo haila®d in the 16"

century. By Thai law, all tobacco ﬁrletles cultivated ji Thalland are deﬂne

wﬁmmﬁ Dl inHEHy

and crop-growing regulations between the local and imported tobacco varieties.

Moreover, if tobacco leaves from either of the two variety groups are dry-cured, there

would not be any accurate approach to distinguish whether the leaves are of the local or
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imported varieties. From such problem, some molecular markers have been introduced
to determine genetic differences between tobacco varieties (for example, Del Piano et

al., 2000; Rossi et al., 2000; and. Z al., 2006). Molecular markers (or genetic

I
markers) have become usef { tively unbiased estimation of genetic
diversity in plants (Cl M ship studies of Thai tobacco
varieties are so im A (omma! such genetic information

available before; ereigl Varicties were developed in

Thailand. Recently; o R (Inter-Simple Sequence

Repeat) molecular 3@, varieties which might have
been cultivat | long_ tityegDenidtan b= al., 2008). However,

these ISSR make Unf@rtdhately su : L‘f.l= samples, not dry-cured

tobacco leaves. / 9\ fé

AFLP (AnBlified Fra Jmen f’(.; 0ly :"1 iS%@nother molecular marker
which has been sucg@ssft y?s'é, “ a-;'vj‘"_ ’e 1Sm aNal , crop cultivar identification,
and phylogenetic evaluation. _ ..".if: ique also a favourable method for
cultivated crops like tbac :;':.EE,';... N W genetic distances are too small for

o
some molecular marker f—*’”

(Polymeras@a

echnique is based on the PCR
The AFLP s;&

ric striction fragments.
==
tion steps: digestion of
DNA with restrig@sn e

ific E.mpters to the restriction
L]
fragments, pre-8elective PCR ampilification, and selective PC plification. The reason

es “Th
O

maxin m of the in afish engrally, IAFLR produced

why AELP has bee(ﬁ]sweli used in ZeneMveraty analyses of crop plants is its

more“slymorphlc loci per prlmer in any dlver5|ty study than RFLP, SSR or RAPD

techniques (Bogani et al., 1997).

1&! q a s |e sﬂd%%s* |5 %,s 1: EJ
AFLP appeared to be an appropriate technique for genetic fingerprinting of both fres

and processed tobacco leaves. Another AFLP analysis of genetic polymorplisms and

evolutionary relationships among cultivated and wild Nicotiana species showed that the
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genetic polymorphism presenting among cultivated tobacco lines (N. tabacum) was
limited (Ren and Timko, 2001). In addition, AFLP genetic-diversity study among flue-

cured tobacco (N. tabacum) revealedgt he flue-cured tobacco germplams commonly

varieties usin | fone b T i vesthen introduced AFLP

. - - = 1 'I h
molecular marker, ifueglo gxamine genetic @ifferent een local and imported

o8 r};r

A fg;
Plant materials
Fresh leaf spe fme '.7_—-' nine impc 13%ocal varieties were sampled in
|_Thailand (Table 1) with the help of

2 Iy,Eee imported and five

D AR nad o B a Al AT D S T A = Hse Of M ae J 0 T 0 b acco

the crop fields from 10 ltf
Thailand Tops £CO_J

local varietie

il ki
Experiment Statey, Gk Sd e
|

and 14 local v&hlties were collected from 10 different prov

varieties were obtz‘ om Maejo Tobacco erment Station, Chiang Mai province

quﬁfmﬁmﬁm na.

curing, Burley: light air curing, and@rhsh sun curing) he tobacco leaves w

qIIRSNIN SMIINYIRY

samples, six imported

es and three imported
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Genomic DNA Extraction
The leaf samples were ground to fine powder with liquid nitrogen and total

genomic DNA was extracted usinggPlant Genomic DNA Mini kit (Geneaid, Taiwan)

following an instruction of the- ifac [ cgncentration of the extracted DNA was

estimated on 0.8% agarQs j-' el-electr % bp ladder as a standard DNA
D A wagg maiffawmee =P90°C until used.

d on the protocol of Vos et
approximately 250 ng)
3y mes in a total volume of

& MseNdligonUcleotide adapters were

imers were 5'-GAC TGC

A g \
e fligestod DNANE=gments.
b TR \ \

BelfDIErs . we GAGWCC TGA GTA A-3'. The pre-

amplification step *was fifst cogligd=elia adap " specific primers with a single

selective nucleotide of l.i*-:"f:{ﬂ;‘_‘s._' (E,Mand Msel primer (M.). In pre-

selective amplification, th_.f g Fydn ,F siers were employed: 20 cycles of 30

s at 94°C, G@t . S at 72° BNA Was used as a template

for selectivet' ificati ing EcoRi : "'| primers with three

L I

selective nucleﬁ.‘fe [ ”,"tep, thirty-two selective
|
AFLP primer-p were screened whether any of them cmi produce polymorphic

band from “all” toﬁ(nsamples. The cyclinvrameters of this step were: the first

tem tu y 0.7 C pér cytlef other™11 €ycles, foll d by 28 cYcle® of 94°C for

30 s, 56°C for 30 s and 72°C for 60f. The AFLP amplifigg,products were separgiggl by

were estimated using 50 bp and 100 bp DNA ladder markers.



Table 1 Tobacco varieties used in this study

Fresh leaf samples

Variety name

Variety group

Cured leaf samples

Variety group

Area of collection (province)

Imported(Virginia)
Imported(Virginia)
Imported(Virginia)
Imported (Burley)
Imported(Turkish)
Imported(Turkish)
Imported (Burley)

Imported (Burley)

LLamphun

Phayao

Chiang Rai

Sukhothai

Nakhon Phanom

Nakhon Phanom

Maejo Tobacco Experiment Station, Chiang Mai

Maejo Tobacco Experiment Station, Chiang Mai

wﬂmmmmﬂmmaa

TN

K187 Imported(Virginia) Nakhon Phanom

K326 Imported(Virginia) Lamphun

PVHO3 Imported(Virginia) Phayao

PV09 Imported(Virginia) Chiang Rai

Coker326 Imported (Burley) Phrae

B1 special Imported (Burley) Sukhothai

KY14 Imported (Burley) Sukhothai

Samsun Imported (Turkish) Nakhon Phanom

Xantiyaka Imported(Turkish) Nakhon Phanom =
HBO04P Imported (Burley) Maejo Tobacco Experiment’Statio (fr W I
TN9O Imported (Burley) Maejo Tobacco Experiment Statl ju \Via ;
TN97 Imported (Burley) Maejo Tobacco Iix erim gMai |
Yamueang Local Phayao t'

K382-phuenmueang Local Nong Khai '

Kariang Local Kanchanaburi m ‘ Kariang
Kan Local Suphan Buri ‘ﬂ

Kan-kiw Dok-chom-phu Local Suphan u 8 q ﬂ ﬂ v
Kan-kiw Dok-khao Local Suphan : ‘

Laodong Local Kanchanaburi Hangkai
Meao Local

Hangkai Local

Local
Local
Local

Local

Local

Nong Khai
Phetchabun
Kanchanaburi
Suphan Buri
Suphan Buri
Suphan Buri
Phayao
Nong Khai

Nakorn Si Thammarat

8cl



Phu

Yahan
Petkhangsing
Petmakhuea
Padang
Pasak
Linchang
Chorlare

Nisan

Local
Local
Local
Local
Local
Local
Local
Local

Local

Nong Khai
Nakorn Phanom
Sukhothai

Sukhothai

AUt INENINEINg
RINNIUURINYIAY

Local

Local

Lop Buri
Lop Buri

6cl
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AFLP Data analysis

Only the bright, clearly-resolved AFLP fragments generated from each primer

combination were scored for presence (1) or absence (0) of the bands of the 30
tobacco varieties. Nei and Li's nalysis (1979) was used to calculate pairwise
band similarity values of PAUP* 4.0b10. Cluster analysis

|ghted Pair Group Method of

and dendrogram co

Arithmatric Mean methods. Reliability of the

clusters was estimated b

From ou imhany” A f' Shof 30 tobacco varieties,

thirty-two selective gFLP, r| nerspai jﬁi screent ~ all tobacco samples. Only
r J K r pf \

four pairs (E,.q Y, o/ i"‘.' AeMEoUMd be suitably used as +3

e/ LP P \3? |
ranged from 150 to 700 »‘:;-—-‘!f ----- e of

L a

primers in the seleg jegsizes ftbands amplified by each primer

ed leaf samples of 23 tobacco
F g S o

varieties, the fingerprinting resuitsjorovie o al number of 219 AFLP fragments from

r 1)

A%
the combination of thes ﬂ-:":‘.a'g.; it age of 54 fragments per primer

combinatior{ Q he average of AFLP

N re were totally 177

no@rphic bands (Table 2).

The average polyrr?rphm percentage was 81.5%. The highest number of the amplified

AUSINYNINYINT

by th aci/Meag Pair (37 bands). The primer combination E,,/M.,, gave the highest

Qﬁﬁmﬁﬁ*ﬁﬂﬂ‘ﬁﬁ%m%

polymorphisk
—
(80.2%) amplifiﬁ polymo
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Table 2 Number of bands and degrees of polymorphism revealed by combined AFLP

results of 23 cured-leaf samples.

Primer combinations

E.../M

AAG T 'CAA

E. ../M

AAG "7 CAT

E. ../M

AAG

/M

CGC

E

ACT " 'CAG

Total

Average

Tot oF: Polymorphic bands

% Polymorphism

80.3
74.4
86.9
67.6

80.2
81.5

9 20 212223 M, M,

e i
- —

—

AAIRNNT AHNIINHIRY

Bia-lai, Klai, Hangkai, Phu, E-lueang, E-dum, K326 phun-mueang, White gold, Xanthiyaka, Samsun,

TN97, TNQO, TN86, KY14, PV09, PVHO3 and K326, respectively. 50 bp and 100 bp DNA ladder

markers (lane M, and M.,

respectively) were used.
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Genetic relationship analyses
Since there were three tobacco varieties (Yamueang, E-lueang, and TN9O; lane

5, 11 and 18 in Fig. 1, respectively) which gave only fainted bands on all four AFLP

acrylamide gels of the cured:le ,4they were exclude from the genetic

relationship analyses. PGMA analyses gave similar
groupings of tobaccg: feties o iggrams. The NJ tree (Fig. 2)
revealed that mnem rieti 7 group ether, separating from the
imported varieties. i G I ', Nhite -dam, and K326 phuen-
mueang) were - . aported varieties. Within
the group of loc possibly following their
cultivated areas. Fqifexa ) : P8 i I i ! &Syfrom the central region of

Thailand (Bai-tg

o . Ky, THATEROtopgh Warc\BlusBd together while some

Northeastern local @arieties 'i‘* he cluste h-Hangkai local variety was
I i 7 I - ."_ . X . X
apparently distinguish@d fj }.!:»m er |l gt IMported varieties. This finding was

ke
the same as that in e Uj "ﬂf”"‘.if- f ""\

Among the im .z fetio ih cringg were based mostly on sub

groups (Virginia, Burley, and TUrkisSh)-anc IVated areas. All three Virginia varieties

(K326, PVHO3 and P\e9) distinguis her five imported varieties with
100% bootstrap-su } values. Two Burley varieties (KY14 TN86) were paired

together wit/#aigh rieties (Samsun and

——

.
Xanthiyaka) We*He closely grouped™og 1% bootsti% support, but also had

TN97 of Burley var?q ﬁaced near them.

ﬂﬂﬂ?ﬂﬂnﬁs?\lﬂ’mﬁ

Ithough tobacco is one of important economic orops in the world, only a few

RGN NSHARIINYINY

tabacum was done using three random RAPD primers (Del Piano et al., 2000). AFLP
technique has also been used to analyse genetic diversity of tobacco (Ren and Timko,

2001; Rossi et al., 2000; Zhang et al., 2006; and Siva et al., 2008).
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Our preliminary AFLP study using fresh leaf samples showed that four selective
primer pairs (E,uo/Means Eaac/Mears Eane/Mece @nd E, /M) gave clearer amplified

bands than the other tested primers. Nevertheless, this acrylamide gel results still

showed a lot of smeared backgs
to give a clearer fragmeniig IS j

the AFLP-PCR condition was improved

found that an optimization of the

template concentratiqggeodtegiye clearer ____wﬂles and higher number of
scorable AFLP fragmenfs 5 it desreas i ared background.

In this study, a.t Baiags, were obtained from cured leaf
¢ average number of AFLP
fragments per pri T ni LT 1 : higher number of bands
than the previ;)us = ko' \ flich were 92 bands from 46
cultivated toba . Jditic iva et & ‘ d Zhang et al. (2006)
: o varieties per primer,
respectively. These 4 i RAPD results and clearly
indicate a greater .

instan ‘\‘ RAPD study of Del Piano et al.

(2000) could detect o 3k (108 VAPD fragments in 20 tobacco

lines).

Our of thj—leaf samples of 20
tobacco va&at' s revealed genetic relationshi then t most of the local
varieties in .

afland e roupings of the local
varieties tend ollow their cultivated areas. Likewise, théJrhported varieties were

clustered together‘mﬁ y based on sup gr of varieties (Virginia, Burley and

ﬂﬁﬂﬂﬂﬂnﬁiﬁﬂ‘in v

base on geographic origins aid manufacturing ﬂahty traits. In their s dy,

AR IAUNIINGIAY

(TN97) were placed beside the pair of Turkish (Samsun and Xanthiyaka) on the NJ tree.
Moreover, three local varieties (E-dum, K326 phuen-mueang, and White gold) were

found closely related to this Turkish and Burley cluster. We suspect that these three
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local tobacco varieties somehow may have been originated from imported varieties,
either Burley or Turkish.

Interestingly, the three Virginia varieties were distantly separated from other

tobacco varieties especially all erefore, this finding has demonstrated

that AFLP marker techni owerful tool to separate Virginia

varieties from other i local va '_ i in Thailand. Our results also

agree well with the” lys| gSiva ¢ . Their cultivated flue-cured

(Virginia) varieties Wﬁjjﬂ et Separate d Burley) varieties. Therefore,

we suggest t #hlemant ARLE hn u

closely-related to@@Cco gliltivers ch as ho

ive POlymorphism analysis for

= 1"

P A

ﬂUEJ’JVIEIVIﬁWEI'Iﬂﬁ
RIAINTU NN INY8 Y
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K326 (Virginia): Lumphun

PVHO03 (Virginia): Phayao

PV09 (Virginia): Chiang Rai

A*(Burley): Sukhothai

. Maejo, Chiang Mai

97 (Burley): Maejo, Chiang Mai

Phanom

urkish): Nakhron Phanom

White gold (Local): Nong Khai

Local

Bal -tang (Local): Lop Buri

UHINNINGING

Hangkai (Local): Phayao

am;mm AngIs

and Li's similarity coefficient using Neighbour-Joining (NJ) methods. Numbers along branches are

%bootstrap-supporting values (only >50%) generated after 1,000 replications.
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