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Citrus in Bhutan has not been identified and classified and often considered as a single
variety. This has hindered the pace of development of citrus industry in Bhutan. To address this, a
total of 69 accessions of mandarin (Citrus reticulata Blanco) from Bhutan were characterized by
evaluation of morphological characteristics. Of these, 30 were unknown accessions from six
major mandarin growing regions and 39 were from germplasm collection maintained at
Renewable Natural Resources Research and Development Center (RNRRDC), Wengkhar, under
Mongar district of Bhutan. One way ANOVA and Duncan Multiple Range Test were used
separately for analysis of morphological characters. The statistical analysis of physicochemical
parameters showed a highly significant difference among the groups of accessions for the
characters of leaves and fruits (p<0.001). Among the accessions from the field, accession from
Dagana was observed with desired horticulture traits. The accessions from Shumar, Kengkhar and
Sodrung were superior to accessions from germplasm accessions. Further, 23 out of 30 accessions
from the field were analyzed, and verified for genetic variation and diversity through AFLP
marker analysis. The five primers combinations discriminated 22 accessions. A total of 126 bands
were polymorphic (51.64%) out of 244 total bands generated. E-ACA+M-CAG primer
combination generated the highest number of total bands of which 38 percent were polymorphic.
The UPGMA dendrogram obtained categorized 23 accessions to two broad groups containing 14
and 9 accessions respectively. The similarity coefficient among the accessions ranged from 0.48
to 0.91. Accessions Samtse4 and Daganal emerged very similar with similarity coefficient of
0.91. The accessions from Zhemgang formed a separate cluster. The AFLP analysis indicates that

the mandarins in Bhutan are uniquely diverse as against the assumption of single variety.
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IDENTIFICATION OF MANDARIN ( Citrusreticulata Blanco) IN
BHUTAN BY USING MORPHOLOGICAL CHARACTERISTICS
AND AFLP ANALYSIS

INTRODUCTION

Citrus is the most popular and economically importantit focoop worldwide.
The production and consumption of citrus has irsedavigorously since 1980s. The
total world citrus production in 2007 was above 1liflion tons (FAOSTAT,
201010). The growth has been mainly attributechtmaase in area under cultivation,
improved transportation and packaging while risendome and consumer preference
for healthy foods also played a role in it.

It is one of the highest valued fruits in the imt&tional market. About 10% of
total citrus production is exported as fresh frfitwhich 62% of the total exports
occur in northern Hemisphere. Mediterranean regiag prominent role in fresh fruit
export providing nearly 60% of global fresh frukperts. In addition, the production
and trade of citrus juice have also improved owveet(UNCTAD, 2010).

Generally citrus is grown in countries betweentude of 35° north to 35°
south. Currently more than 140 countries in thelavgrow citrus. About 70% of the
global citrus production comes from Northern Herhexe particularly Brazil, US and
countries around Mediterranean region. Brazil i World’'s leading citrus growing
country followed by China with a contribution of .18 and 17.2% to the world
production respectively while United States rankdtlUNCTAD, 2010). These three
countries combined turn out almost 50% of worldustproduction. However, the
relative importance of citrus irrespective of th@iroportion to the global citrus

production is of significance to national economy.



Geographic Description of Bhutan

Bhutan is a small landlocked country situated leetwChina to the north and
India to the south. It falls between latitudé 26°40° and 28°15'N and longitude
88°45’ and 92°10’E along the southern slopes ofteeasHimalaya which is
considered as the major centre of diversity for ¢chétivated citrus (Sharmat al.
2004; Daset al., 2005). The total country’s area is about 38,394«mgwith a total
population of over 670,000 of which about 69% ot thopulation is directly
dependant on agriculture for their livelihood (Matal Statistical Bureau, 2010).

The elevation starts from about less than 150 inmrtee south to about 7300
m msl in the north giving rise to a wide range dajraaclimatic conditions.
Climatologically, the country is divided into sigm@-ecological zones. South-west
monsoon is the key factor for rain fed agricult@ed constitutes about 75% of
country’s annual precipitation. Mean daily tempera ranges from 15-30°C in the
southern foothills and 5-25 °C in warm inner valefyhe wide variation in climatic
conditions within location has favoured citrus pwotion in the country. The
southern foothills and other low lying areas of tdoantry present a very congenial

environment for citrus cultivation. .

History and Geographic Distribution

Citrus cultivation is believed to be as old as Bimaise culture although there
is no authentic history. Citrus cultivation gainetbmentum in past few decades.
Unlike elsewhere, the citrus industry in Bhutancensidered pro-poor. The citrus
growers are identified as large farmers, mediumméas, small and backyard farmers
based on size of the orchards (Dorgteal, 2007). Dagana district had the highest
production with 17, 445 MT followed by Sarpang with,746 during 2007. Trongsa
district topped the yield of citrus in the countvith 56kg per tree (DoA, 2008).

Citrus is grown in 17 out of 20 districts and momemmercially in districts of

subtropical region. Citrus is the major fruit crapd important source of income for



rural subsistent farmers. There exists enormousnpiat to enhance the livelihood
through increase in yield and productivity. Thepci® a major source of income for
most of the subsistent farmers. Citrus is growrwben the altitude ranges of 300
meters and 1650 meters mean sea level (msl) inaBhdthe annual production is
over 72000 metric tons covering an approximate afeéD00 hectares (DoA, 2008).
Over 66% of the total production is exported asshrdruits annually besides
processed products (Connellahal, 2008). It has a substantial contribution to the
income of subsistent farm economy apart from geimgramployments in various
corporative and processing industries. It is edwohathat at least 60% of the

population are involved in citrus industry (Dorjeteal.,, 2007).

Trend and Socio-economic Importance

The steady increase in overall production overytbars could be due to an
increase in average Yield of citrus 32kg /tree(04£2to 36kg/tree in 2007. However, a
survey on age composition of citrus trees (Connedtaal, 2008) reported 46% of the
trees in age range of 10-20 years, 32% above 2@ yalaout 5% between age of 7-9
years. And the rest (17%) of the trees were belowysars of age. The lower
proportion of younger tree composition indicateattthe increase would continue
only for some time and the citrus industry in Bmuteould be at stake in near future.
The decline of citrus in Himalayan region was aigported (Dast al, 2005) as a

result of inapplicability of production technologynd narrowing of genetic variability.

Bhutanese mandarin is mainly exported to Bangladeshindia. About 85%
of the country’s total export goes to Bangladeshngwo a relatively higher market
price over India. The average annual export pric®angladesh during the period
1999-2004 was 0.26 USD/kg while it was 0.19 USDuikdndia (Dorjeeet al, 2007).

The top export commodities of Bhutan are shownwefoFigure 3.



Top Export- Bhutan-2008
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Figure 1 Top export commodities of Bhutan in the year 2008

Source: FAOSTAT, 2010.

Citrus Research and Cultivars in Bhutan

Citrus in Bhutan is predominantly local mandar@itfus reticulataBlanco)
while lime (Citrus aurantifolig and lemonsitrus limon are also produced in very
small quantities (Connellaet al, 2008). About 66% of the total mandarin produttio
is being exported to neighboring countries annualdy fresh fruit. Rest of the
production is absorbed in domestic market eithea dsesh fruits or as processed
products (Dorjeet al, 2007). Other citrus such as lime and lemon aresgmed in
domestic market and the processing industry wittiencountry.

Ever since the inception of a plan for strategitrusi development for
sustainable citrus production in the country, then®vable Natural Resource
Development Center (RNRDCYVengkhar,has collected local mandarin accessions
from across the country. So far, RNRDC has a geasmplcollection of more than 140

local mandarin accessions. The center has alsdifidentwo superior accessions



based on yield performance evaluation. Similarly, the West Central Region,
RNRDC, Bajo, Wangduephodrang also maintains aamesdrom different parts of

region. In addition, the centre also has many duoed accessions under evaluation.

The Renewable Natural Resource Development CeRtRDC), Wengkhay
conducts a number of performance evaluation stumhiesitrus. The centre maintains
a germplasm of local mandarins to save from detiagtaitrus greening disease. Two
superior lines have been identified based on ypddormance evaluation for the
accessions at germplasm collection. However, thienglasm is still in its infancy.
The actual genetic diversity and genetic relatigmsis not understood as
morphological analysis is not conducted exceptyietd parameters. As such, no
variety has been registered or released so faBliotanese mandarin. Although, the
mandarin differs both in quality and market valone,study has been carried out yet

for varietal identification and characterization.

Mandarin Production and Classification

Mandarin cultivation gained momentum in the lasv fdecades. The total
annual production was over 72 thousand metric torZ)07 (DoA, 2008). However,
the average vyield is 36 kg per tree which is betatronal production benchmark set
at 47 kg per tree (Connellat al, 2008). This is mainly due to poor citrus orchard
management, unfavorable landscape, poor soil dondipest and diseases. The lack
of nursery for certified disease free seedlings wegsorted as another constraint.
Above all, there is lack of commercial and locatgpecific varieties identified for
rejuvenation and promotion (National Plant ProtaciCenter, 2007).

Given the country’s long history of cultivation,etlwide spread presence of
mandarin, even in some of the most remote and yp@mtessible parts of country
strongly suggests that mandarin in Bhutan are @nigpd diverse. The evidence is
that morphological differences in fruit quality chaters have emerged over the

period of time in different parts of the countrihelconsumers in the local market are



able to differentiate between produce of differémtations. Perhaps, Bhutanese

mandarin might have independent evolutionary sicgifce.

Mandarin is one of the single most important groap€itrus that constitute
more than 50% of total citrus production in the Mo€China is the leading producer
of mandarin in the world contributing to more thhalf of the world’s mandarin
production. Generally, mandarin is considered gsoaip even though it consists of
several different species and biotypes. Indeed aramdjyroup consists of about 13
groups including its relatives and hybrids (Anonys02009).

The mandarin in Himalayan range is claimed to haxeellent quality (Ghosh,
1993) and their high quality and distinct ecotypese been reported by Das al.
(2005). Particularly, the excellence about qualdly Bhutanese mandarin was
described by Connellaet al (2008). However, cross-pollinating nature of the
mandarin coupled with zygotic twins (Dasal, 2005) has resulted in wide variations
in the plant types and non-uniformity of fruit gyl Such non-uniformity has a
disadvantage in export of Bhutanese mandarin actidse a lower price.

The present germplasm repositories over world halkected most of the
commercial local cultivars, varieties and wild gpsc A link between the present
commercial local cultivars and the wild speciessa&d to be in backyard farm
orchards.) The presence of backyard orchards wih than 50 mandarin trees and
small-farm orchards with number of mandarin treeswieen 50-120 owners’
accounted to 75% of total citrus growers in thentou In contrast, 50% of the total
production comes from 10% of large farm orchardeni@llanet al, 2008). Thus,
majority of citrus growers own citrus orchards eckyard or in small farm orchards

this might possess diverse genetic resources.

Despite the several different types of mandarinseoled in Bhutan, it is
collectively known as “local mandarin”Cftrus reticulata Blanco) which is
considered as single variety (Dorjeeal, 2007; National Plant Protection Center,

2007). They also mention that Bhutanese mandarm®fatwo typesKhasi (type in



Khasi hills of Meghalaya state in India) aikkim (Indian state towards east of
Bhutan). In fact, there is dearth of information e number of varieties or types

about mandarin in Bhutan

The present germplasm repositories over world halected most of the
commercial local cultivars, varieties and wild spsc A link between the present
commercial local cultivars and the wild speciess&d to be in backyard farm
orchards.) The presence of backyard orchards wigh than 50 mandarin trees and
small-farm orchards with number of mandarin treeswieen 50-120 owners’
accounted to 75% of total citrus growers in thentou In contrast, 50% of the total
production comes from 10% of large farm orchardeni@llanet al, 2008). Thus,
majority of citrus growers own citrus orchards eckyard or in small farm orchards

this might possess diverse genetic resources.

The lack of proper documentation and understandingvarietal types,
diversity and also the differences among mandaamfdifferent localities questions
the diverse mandarin in Bhutan. The poor understgndn varieties and genetic
diversity has been the greatest hurdle for theigitmprovement program and citrus
industry in Bhutan. Thus, identification has becam@easingly important to extend
the export of products gradually beyond neighborioguntries and also for

maintenance of uniformity in fruit quality.

Therefore, this study was aimed at identifying artthracterizing local
mandarin accessions in the field and the germpkstassions. The identification was
based on morphology and AFLP marker analysis. Theyswas expected to reveal
some basic information about the diversity of maimdaccessions and further
provides a genetic relationship among Bhutanesedaranaccessions. The outcome
of this study is expected to be useful for inibatiof citrus breeding programs and

registration of promising cultivars for uniformiof fruit quality.



OBJECTIVES

The objectives of this study were:

1. To characterize the mandarin cultiva@ (eticulata Blanco) in Bhutan
using morphological characteristics.

2. To elucidate and identify mandarin cultivas. (reticulata Blanco) in

Bhutan by Amplified Length Fragment Polymorphisni(4) technique.



LITERATURE REVIEW

Citrus production has flourished across the globe for alntbree decade
now. The increase in production was tremendouashfew decades with an aver:
increase of about 2.5% annually until 2003 front over 20,000 MT in 1961 to
little less than 1,20,000 MT in 2003. However, th&e of increase in production F
slowed down over the years (UNCTAL2010. Mandarin is veryimportant
commodity of citrus. Mandarins with orange consé&tunore than 50% of tot
world’s citrus production. The share of mandaringiobal citrus is shown belo
(Figure 1).
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Figure 2 Share of mandarin in worcitrus production 2007

Source FAOSTAT 010

Genetic systems in citru

Citrus in general is a cross pollinated, howeveaity dew varieties oiCitrus

are usually selfertile (requiring only a bee to move pollenthin the same flower)



10

parthenocarpic (not requiring pollination and ttiere seedless, such as the Satsuma).
‘Blossoms from the Dancy’ cultivar is one such extam. They are self-sterile, and
therefore must have a pollenizer variety to sugalen, and a high bee population to
make a good crop. Citrus species are highly heygmzrs and hybrids produced by
inter or intra-specific crosses reveal huge vasiaiin characters iniFjeneration
(Fatima, 2004).

Most of the varieties under this genus are usuadllyembryonic in nature.
This is due to development of embryos from nucetlelis in addition to zygotic
embryos. It is known that pollination triggers ttevelopment of nucellar embryo and
develops prior to zygotic embryos by almost 4 weikaset al, 2007). Therefore
nucellar seedlings are more vigorous. Thus polygory has enormous significance
in breeding of citrus rootstock as it retains p#akcharacters. On the other hand,

polyembryony is nuisance as it serves as barrieotwentional breeding.

Within polyembryony, some species of citrus areo atsonoembryonic for
example Pummelo, Tangelo and Clementine varietiemandarin. Therefore the
monembryonic nature of citrus like any other speqeoduces only hybrid seeds.

Other monoembryonic citrus types include:

Citrus indica
Citrus japonica

Citrus maxima

w0 N PR

Citrus medica

Thus these citrus species provide scope for dewedop of hybrids which is
acted upon by evolutionary forces in the processpetiation. These citrus types are
highly variable. Thus this complex genetic systenthe genus has not only resulted
in many different systems of classification butoalampered the progress in citrus
improvement in general. The impediment of reseamwhcitrus genetics was also
reported by Guo and Deng (2001).
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Origin of Citrus and Route of Cispersal

Citrus taxonomists base their conclusions on mdggical and geographic
data which might have lead to differences in vie@grus is known to exist befol
recorded history therefore center of origin andedsity cannot be ascertaine
However, Southast Asia, especially east India, north Burma andhseest China i:
considered as center of origin. The exact routeslispersal from its origin ai
unknown. Howeveraccording to Webb and his friends, théistory of spread c
citrus was compared to omance. In fact the citron was first member ofgheup to
be known for European civilization which dates back310 BC by Theophrast
(Webber et al, 1967). The detail of subsequent spread and possible route
presented by Natural History Museum, Londc reproduced irfrigure 2.

I Citrus praductian
IFpartant in
[ wditarrariean
since Arab tmes

B Speets -
grapafrult after 17040

mendarin aftar 1300 -
ugli after 1w

Figure 3 The probable origin and routes of dispersal faue

Source Natural History Museur(2010)
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Taxonomy of Citrus

The taxonomy and systematic of citrus is compled grecise number of
natural species are unclear as most of named spa@eclonally propagated hybrids.
Evidence suggests that some of the wild true brgedpecies are of hybrid origin
(Nicolosi et al., 2000). The cultivated species are believed to ltereved from as

few as four ancestral species.

The term Citrus refers to a memberRiitaceadamily. It consists of several
different species such as mandari@s reticulataBlanco), orangesdjtrus sinensig..
Osbeck, grapefruit C. paradisiMacf.), lemons C. limonL. Burmf.) and limes .
aurantifolia Swingle). There are also some minor categoriastofs like tangerines,
pummelos C. grandisLinn.), tangelos (mandarin X grapefruit) and sosneall fruit
distant relatives of citrus such as calamondiitrs madurensig.oureiro), kumquat

(Fortunellaspp.).

There are two main systems of Citrus taxonomy d@natwidely used; Swingle
1943 (revised by Reece in 1967) and Tanaka (1EWingle systems recognized up
to 16 species within two subgene@itfus containingten specie anBapedawith six
species) while Tanaka (1977) systems included I®&tiss under two subgenera
Archicitrus and Metacitrus. The two systems differed in their basic concepts in
assigning of species level. The subsequent cleasdins of Citrus by various authors

were based on these two systems of classificatiathslittie modifications.

The natural and commercially cultivated citrus utg orange, grapefruit,
lemon, lime and tangerine. It is now understood thare are as few as three true or
basal species for edible citrus (Abkemdral, 2004; Jenat al, 2009; Uzunet al,
2009). They are citrond. medical), Pummelo C. maximaBurm.) and mandarirQ
reticulata Blanco). Among which mandarin group is the mostetrmgeneous with

many species hybrids and subtypes.
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Classification of Mandarins

Mandarin together with its hybrids and relativesriadhe largest group in the
genus. Mandarin group consists of numerous intaege species and inter-specific
hybrids making it phenotypically the most heterogmus of the three true species. In
fact, this genus includes some of the most comiglicapecies to improve genetically
(Camposet al, 2005). The compatibility across the genus andted genera is a
major drawback. Thus relationship and classificatih these species are difficult to
assign based on morphological characters aloneeder, the phenotypic characters
are affected largely by environmental factors. Hswalso reported that grafting of
scion on rootstock in citrus produce graft-inducediants (Ebtissanet al, 2003).
Overall, the classification of mandarin is more @hicated than other citrus species.

Grouping of all mandarins into three groups as tfafmerican taxonomist
Swingle 1967 was too arbitrary while regroupingaffmandarins into 36 species and
subtypes by Tanaka was too elaborate. However Rétmgsons has grouped the
mandarins into four species based on their origstribution and characteristics was
widely used for long time (Webbet al, 1967). They ar€. deliciosa(Mediterranean
mandarin),C. nobilis (King type), C. unshiu(Satsumas) an@. reticulata (common
mandarin). Species reticulata also included aleotigpes and hybrids. This method

was widely used over a time in the past (Weldiel, 1967).

Later mandarin was divided into 13 groups congistihseven mandarin types
and its hybrid into six types (Anonymous, 2009)isT$ystem divided. nobilis into
two subgroups of mandarin and common mandarin. rQjtaips were Clementines,

Tangerines, Satsumas, Mediterranean willow leafdaan and King mandarin.

The most common mandarin groups include Ponkainus reticulataBlanco)
which is cultivated extensively in China, Indiahet South Asian countries and
Southeast Asian countries under different names. fiits of this mandarin group
are seeded, easy peeler and have good eatingyquBe fruit do not orange
coloration in tropical regions and puff when oveatored. The acidity of the fruit was
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observed to decrease both on tree and under stofagefruit shape and quality
varies with soil types and climate. The fruits agovate, collared with neck in
tropical conditions while the fruit develop orang®or in subtropical conditions with
ovate to globose fruit shape in cooler dry climgtesdayina, 2008c).

Markers for Identification and Diversity Study

Broadly, the markers are of two types: morphatagimarker and non
morphological markers. Non morphological markanes molecular markers (Bhet
al., 2010). Morphological marker refers to those cbimas that can be visually
scored. Otherwise, morphological markers are gemeéirkers whose inheritance can
be followed with naked eye. However, Cammisal. (2005) commented that such
markers are environmentally affected and liablesubjective evaluation. Dominant

recessive interactions often pose difficulty inithéentification.

Characterization of any species has traditionaflgrbrelied on evaluation of
morphological characteristics. In fact, morpholegi@and geographical evaluations
serve as initial step in gene bank collection aspimalogical characters are reliable,
easy to study, relatively cost effective to evatuahd are visually observed. Also,
morphological descriptors are potentially usefulcional propagation and genetic
distance estimation. On the other hand, the phemotylasticity of the genotypes

makes phenotypic characterization a complex process

Morphological Markers

In many situations, the most easily obtained assestof genetic variation is
by measuring the morphological or phenotypic vasratThe sharing of phenotypic
characters is interpreted as a clue of relatedié®sever, morphological characters
are often influenced by environmental conditionsl dhis in turn may affect the
estimation of genetic variation, relatedness arghtification (Bhatet al, 2010).
Consequently, morphological measurements are daotg on plant material that is

grown in comparative trials. Such trails besidasdpe expensive and time consuming
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are impossible to accomplish for some species #nat very difficult to grow.
However, when the morphological characters are shdw be heritable, they

invariably reflect the genetic structure within mianaterial (Perrson, 2001)

In general these mandarins are small tree with itront thorns. Leaves are
unifoliate, alternate or spiral, most often withtipee wings. Flowers are either
solitary or cymose inflorescence with two to folowers at axial or in terminal. The
flower consists of five sepals and petals with B8s2amens fascicle or connate
filament. The fruits are berry withesperidiuntype. The number of seeds varies from
being seedless to as high as 30 seeds per fraitfRpakdee, 2002).

Morphological analysis was applied for identificatiand study of diversity of
Korean and Turkish watermelon germplasm (Huital,2008), study of phenotypic
diversity in sweet potato (Elameen al, 2010; Karuriet al, 2010), identification of
potential rootstocks (Jaskaet al, 2008) and variation in kinnow and rough lemon
(Altaf and Khan, 2008). The characterization ofustin north-eastern India was
surveyed and reported using morphology uncovergllyhwaluable genetic resources
of citrus (Sharmat al, 2004).

Molecular Markers

Molecular markers are also known as non-morpho#gitarkers. Any kind
of molecules that indicate the presence of a chanoicphysical process is known as
molecular markers. These include biochemical ctrestis (secondary metabolites in
plant) and macromolecules (proteins and deoxyribdeic acids) which easily
express differences in form of polymorphism. Thetfmolecular markers used were
protein based markers. The concept is central dogimare protein synthesis is
directed by genes. In other words, protein is prinpeoduct of structural genes.

Isozymes were one such earliest protein based msailkezymes analysis was
found to be unequivocal markers in fingerprintingdamolecular characterization.
Thus it was widely used in study of citrus in recpast. The genetic analysis with
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Isozymes was conducted for citron cultivars (Rahetaal., 1994, 2001; Protopadakis
and Papanikolaou, 1998; Elisiagbal., 1999). Similarly, leaf isozymes of citrus were
used to distinguish nucellar seedlings from zygotigin depending on genotypes of
particular parents with different level of efficen(Torreset al, 1982). However, a
relative low number limits isozyme discriminatioovper (Cabritaet al, 2001) in

addition its phenological variations and environtaémfluence.

Several molecular marker systems have been useddéottification of
cultivars in last few decades. With the advent olymerase chain reaction (PCR)
technology (Williamset al, 1990), several new markers have been identiflér:
choice of molecular marker depends on its suitgititi answer a particular ecological
qguestion. For this purpose, the main difference ragnmolecular markers is their
degree of dominancy. Co-dominant markers enabley esdimation of allelic
frequencies (Bhatt al, 2010).

Consequently, co-dominant markers are suitable stmate gene flow
between populations or in study of dispersal. Gnather hand, dominant markers are
used as fingerprints and are useful in identifaatiof clones or closely related
species. More increasingly, citrus phylogeny andegje origin of important species
are being investigated using molecular markersdlggi et al, 2000).

Different Types of Molecular Markers

Molecular markers are either DNA sequences at fpepbpsitions on a
chromosome, or their immediate products like enzymadecules. These markers are
inherited in a Mendelian manner and are used admarks for genome analysis.
Biochemical markers like isozymes reveal polymaspis at the protein level and
have been used for studying genetic variationrgdaumber of species.

Isozyme markers are generally codominant, i.e.roeygous individuals can
be distinguished from homozygotes. But since theagkers only detect variation in

protein coding loci, they may reveal only a smaticaint of the variation present in
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the individual or population. Moreover, the expressof isozyme markers is
dependent on the developmental stage of the ptahtheeir expression is influenced
by the environment. DNA markers are numerous aeg ttover the entire genome.
They are not influenced by developmental stagensirenment, and allow selection
of individuals as early as seedling stage duringclvithe plants are large enough to
yield sufficient DNA.

Among the molecular techniques available for charamation of the
variation, RFLP (restriction fragment length polymleism) is one such techniques of
hybridization-based methodology which use locusgjge probes. The PCR
(polymerase chain reaction) based DNA markers a#d’R (random amplified
polymorphic DNA), AFLP (amplified fragment length olgmorphism) and

microsatellite markers.

RFLP (restriction fragment length polymorphism)gesnerally considered to
be a reliable method although the technique isrlaiiensive, time-consuming and
requires large amounts of DNA. On the other handtrobthe PCR-based techniques
are easy to perform and require only small amoah@®NA. PCR based techniques
are able to reveal a virtually unlimited number ofarkers. Under certain
circumstances, RAPD or AFLP is suitable than STBE)j(ence tagged microsatellite
sites) analysis as it requires no prior knowledgehe DNA sequence. Unspecific

primers are used to amplify non-coding as well@dirgg regions of the DNA.

RAPD marker technique was popular for identificafiagenetic linkage
mapping and in diversity studies. Genetic linkaggprof rose was constructed using
RAPD (Debeneret al, 1999). Another study (Dehesdtagi al, 2007) assessed
genetic diversity of navel sweet orange cultivassng RADP markers. RAPD was
deployed in study of segregation patterns of séva@phological characters for

interspecific hybrids oDianthus giganteuandD. carthusianorun{Leeet al, 2005).

The RAPD analysis method is fast and easy to parftirwas used in study of

phylogenetic relationships among citrus and relggtera in combination with RFLP
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technique (Federicet al., 1998). Furthermore, mandarin hybrid was also asskes
using RAPD (Elisiaricet al, 1999). RAPD marker has a problem with reprodiityb

and competitive is reported remains more serioablpm (Hallderet al. 1996).

Subsequently, many such PCR-based marker systawes been developed.
This includes microsatellite-based markers and ARURlike the Isozymes marker,
RAPDs or RFLPs, AFLPs provide rapid and reliablsags of more than 50
potentially polymorphic sites in a single experimebhus, AFLP is found superior
over SSRs (Simple Sequence Repeats or other mielidsamarkers) in this study for

diversity and identification.

AFLP Markers

AFLP markers (Vost al.,1995) are extensively used in study of wide range
of fields: from population genetics to phylogeodrggo phylogenetics. Amplified
Length Fragment Polymorphism (AFLP) is accepte@féisient molecular tool as it
provides large amount of information with high dagiof stability and reproducibility
(Liang et al, 2007). AFLPs have been used for assessing gewatiability and
constructing genetic maps in many species. As awodedf multilocus fingerprinting,

Arnauet al. (2001) found AFLP to be very promising in plantiesy identification.

A comparing study conducted to assess suitabilitygsozyme, RAPD and
AFLP markers to assess genetic differences antedelass among fig-(cus carica
L.) clones (Cabriteet al, 2001) reported that Isozymes as well as RAPD AdrdP
markers distinguished the clones genetically witlleent level of discrimination
power. They also suggested that AFLP techniquem@s powerful tools that should
be considered for discrimination of closely relatsgecies (between clones or
varieties). A similar study (Garciat al, 2004) on comparison of RAPD, RFLP,
AFLP and SSR markers in tropical inbred lines oizeasupported the suitability of
AFLP markers for fingerprinting and assessment ariggic relationships with high

accuracy.
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Further, a study on the utility of AFLP in phylogeits: a comparison of
homology within and between genomes (Altheff al, 2007) revealed that the
method is remarkably reliable and consistent. He@rique is adaptable to new taxas
and has wide applicability as it does not requmevus information. Besides, AFLP
also surveys whole genomes and generate many @bgmglogenetic markers. Thus,
AFLP is the most common technique in phylogenetttaough it is limited by
assumption of size homology (anonymous fragmentssarhe size with similar

sequence) (Simmoret al, 2007).

AFLP was used for characterization and identifmatof many crop species.
The technique was also exploited to study inhecgaand genetic diversity analysis in
wild and domesticated pawpawdgimina trilobal.) by Wanget al. (2005) and in
characterization of white sapot€gsimorea edulidglave and Lex.) by Yonemotet
al. (2007) and in genetic mapping Binus radiataD. Don (Catcet al, 1999). AFLP
was also used for fingerprinting in hop plant faralysis of genetic variability
(Fleischeret al, 2004) and preliminary study of diversity in cu#ited Laminaria
japonicaSporophyte (Yet al, n. d. ), and analysis for opium poppy (Saunéeral.,
2001). Further, AFLP was found to distinguish analdthe genetic relation between
apricot Prunus armeniacgand related species (Hagenal, 2001). Based on AFLP
and microsatellite markers, genetic linkage mapstvad apple cultivars (Malus

domestica Borkh.) were constructed by (Kenis andl&®aans, 2005).

In citrus, AFLP marker was used in determination plfiylogenetic
relationships withinCitrus and its related genera: 29 genotypes belongingitias,
Poncirus, Eremocitrus, Atlantiand Severinia.The findings were in line with three
basic species concept (Paagal, 2007). AFLP analysis was employed in citrus
taxonomical classification (Liangt al, 2007) and in survey of plant diversity (Méa
al., 2005). The inheritance of major gene which sely linked and essential for
nucellar embryony in cross @itrus maximaand Poncirus trifoliatawas explored
(Kepiro and Roose, 2009). In addition, SSR and freiAFLP markers were used to
identify zygotic plantlets in backcrosses of lenmeybrids (2n and 4n) and a diploid

clone of lemonCitrus limonL. Burm. F.).
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Identification of Mandarin

The word “mandarin” is synonymously referred toTamgerines. Specifically
reddish-orange mandarin cultivars are known asetamgs while all mandarin types
and its hybrids are referred as Tangerine in Ndktherica. The mandarin is a
small citrus tree Qitrus reticulataBlanco) with fruit resembling other oranges. The
tree is more drought-tolerant while the fruit iseeptible to cold. It can be grown in
tropical and subtropical areas. The fruit is ratbbtate than spherical. Mandarin

oranges are usually eaten plain or in fruit salads.

Most of the recent studies have combined both naqgical and molecular
study to obtain a complete information and accuiggatification. Mandarin in north-
eastern India was studied using morphological addPR technique (Da%t al,
2005). Koehler-Santost al (2003) in an attempt to characterize mandarirugit
germplasm from Southern Brazil by morphological aniblecular analyses
(microsatellite markers) grouped 37 mandarin cat8vinto three main groups in
dendrogram obtained from 18 quantitative and coptale characters. The
microsatellite findings were in agreement with poerg authors (Federiet al, 1998)
that mandarins constitute a single species witharans varieties and hybrids with

narrow genetic base.

In another related study, Satsuma manda@iiris unshi) cultivars were
identified using AFLP markers (Chast al, 2004). About 19 individual Satsuma
mandarins were identified as one major group wiitain group similarity values of
more than 83 percent. ldentification of Ponkan naamd(Citrus reticulataBlanco)
linked to seedlessness in and conversion to SCARRU&ce characterized amplified
region) markers was carried out using AFLP fragmédinPinget al, 2009). Further,
in characterization of mandari€i¢rus spp.) using morphological and AFLP analysis
revealed both morphological and molecular markershobw high degree of variation
among the mandarin accessions analyzed. They dedgekat morphological

diversity was independent from molecular divergi8amposet al, 2005) which
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implies that molecular analysis is not a replacemenmorphological analysis but

rather a complementary technique.

Thus, considering complexity of citrus biology aswaole and the wide
variability within the heterogeneous mandarin groupderstanding of the intra-
specific variations is all the more significant ittentify superior genotype(s). The
rough morphological characterization with due cdesation to desired horticulture
characters is elucidated with DNA fingerprintingings AFLP markers analysis for

possible improvement of promising and registratmnelease as new cultivars.
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MATERIALS AND METHODS

Sampling and Surve!

The first part of the study deals with morphologiicharacterization of th
sampled mandarin accesns. Survey and sampling of mandarin accessions
conducted in six districts of major citrus growinggions of Bhutan. In additic
accessions from local germplasm collection at Rebeand Development Cent
(RDC) Wengkhar in Mongar District in easteBhutan were included. The survey

districts and RDC Wengkhar are shown in Figu
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Figure 4 The sampling areas (Samtse, Sar|, Tsirang, Dagana, Trongs

Zhemgangnd Mongar) for the mandarin in Bhutan

The samples consisted of 30 mandarin accessiomsdpodistricts and 39 accessic
from the local mandarin germplasm maintained atRB&C Wengkha, The surveyed

areas represent diverse e-ecological conditions with an altitude ranging frdittie
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less than 400 to 1650 meters above msl with a yigldrying temperature,

temperature diurnal fluctuation and mean annuafa#i(DoE, 2010).

Agro-Ecological Condition of Surveyed Districts

Among the surveyed districts, Samtse is at a coatpaty lower in elevation,
Sarpang has the highest mean annual maximum tetape@ 27.3°C and highest
diurnal fluctuation in temperature is recorded norigsa (9.7°C) whereas it is lowest
(2.8°C) in case of Zhemgang. Diurnal temperatunetflation is also observed to be

highest in Mongar next only to Trongsa with 7.9°C.

About 80% of mean annual precipitation occurs imswer season (June to
August). Sarpang receives the highest mean anaumll of 4478.9 mm followed by
Samtse with while Mongar experience the lowest naarual rainfall of 922.3 mm.
Dagana also receive fairly high mean annual pretipn with 3369.7 mm whereas a
lesser annual precipitation range of 1133.9 to 1868 takes place in Tsirang,

Trongsa and Zhemgang (Table 1).

Table 1 Annual Mean Temperatures (Maximum and Minimung Annual Mean
Rainfall for different districts

Districts Temperature (°C) Rainfall
Maximum Minimum (mm)
Samtse 25.8 20.2 39914
Sarpang 27.3 19.3 4478.9
Tsirang 19.0 12.5 1369.0
Dagana 19.2 12.6 3369.7
Trongsa 21.7 12.0 1133.9
Zhemgang 14.0 11.2 1302.1

Mongaf 21.5 13.6 922.3
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Materials

Plant Materials

The sample material from each tree consisted ahatured leaves, five fully
opened flowers and 15 matured fruits, which weredoanly picked. The materials
were collected from six districts: Samtse, Sarpargjrang, Dagana, Trongsa and
Zhemgang. However the samples from germplasm d¢mlex in RDC Wengkhar
included 10 leaves, five flowers and 10 fruits @ecessions. The detail of the

accessions and their sources are shown below ihabke 2.

Table 2 Accessions and their sources of collection

Sl. No Source of Collection Samples No. of trees
1 Field (Unknown) Tsirang 5

2 Germplasm Tsirang 6

3 Field (Unknown) Samtse 5
4 Germplasm Samtse 2

5 Field (Unknown) Sarpang 6

6 Field (Unknown) Dagana 5

7 Germplasm Dagana 6

8 Field (Unknown) Trongsa 5

9 Germplasm Trongsa 1
10 Field (Unknown) Zhemgang 4
11 Germplasm Shumar, Pemagatshel 2
12 Germplasm Kengkhar, Mongar 10
13 Germplasm Narang, Mongar 4
14 Germplasm Yadi, Mongar

15 Germplasm Sodrung 2
16 Germplasm Samdrupjongkhar 1

Total 69
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Equipments and Chemicals for Morphological Study

Cool box

Geographical Positioning System (GPS) Garmin
Digital camera (Olympus)

Packaging materials

Sampling kit

Digital caliper (Mitutoyo CD-15)

Digital balance/ Analytical balance

© N o g s~ w D PE

Royal Horticulture Society Color Chart{%&dition)
Equipments and Chemicals for Determining TSS and Tl Acidity

50 ml burette

Burette stand and clamp
10mL pipette and pump
1 L volumetric flask

0.1 M Sodium Hydroxide
0.1 M HCI

1% phenolphthalein

100ml conical flsk

© © N o g s~ w P

Hand refractrometer

[ —
©

Distilled water

[ —
[

. 6 % sucrose solution

=
N

Fresh juice from samples

=
w

. Other safety accessories
Equipments and Chemicals for AFLP Analysis
1. PCR Machine (Biometra)

2. Horizontal electrophoresis set and accessories
3. Vertical polyacrylamide gel electrophoresis set
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UV Transilluminator (G Box)
Refrigerated centrifuge (MIKRO 22R)
Thermostatic water bath

pH meter

© N o g &

Fine pipettes and accessories

Plant Materials for DNA Extraction and AFLP Analysi s

1. Fully expanded young healthy leaves
2. AFLP Analysis System | (Invitrogen) version B
3. AFLP Starter Primer Kit (Invitrogen) version B

The details of chemicals and their functions (Ampgig Table C1, C2, C3 and
C4)

Methods

Experiment I Morphological Characterization

In this part of the study, 69 mandarin access{@dsfrom farmers’ field and
39 from germplasm block) were studied for phenatypind physicochemical
parameters. The selected plants of mandarin acressiere studied for tree canopy
shape/growth habit, its location, fruit characticss leaf and floral morphology.
Altogether, 20 qualitative characters and 14 quatnie characters were evaluated for
each plant with respect to tree shape, fruit charetics (including some of the

desired horticultural characters), leaf and flo{eable 3)
Survey and Sampling
The survey was conducted during flowering andt froaturing season. The

sampling for phenotypic study was carried out i twunds of survey depending on
the phenological stages of mandarin stretching f@ctober, 2009 to April, 2010.
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The maturity of fruits was determined by tastelesgired level of total acidity
rather than appearance. The samples of leavesraitsl ivere then packed, labeled
and brought to laboratory. The second round of esurwhich coincided with
flowering season started from February to AprilL@Q0A minimum of five flowers

were sampled from each tree and evaluated forl fbbvaracteristics.

Morphological Characteristics

Although, morphological characterization does mpatrtray actual genetic
diversity, it is still an important component foanetal identification (Compost al,
2005). Each selected plants were evaluated for ¢hegracters, fruit morphology
(including agronomic characters), and leaf andafloanorphology. The selection of
the morphological characters was based on IPGR¢ripasr for Citrus spp., 1999.
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Table 3 Morphological characters evaluated and their sode

Code Characters Code Characters

FW Fruit weight L/W Leaf length to leaf width
FL Fruit length LAS Leaf Apex Shape

FD Fruit diameter PWS Petiole wing shape
WE Width of epicarp LM Leaf margin

NS No. of seeds LD Leaf division

TSS Total Soluble Solids LCI Leaf color intensity
FS Fruit shape LLA Leaf lamina attachment
FBS Fruit base shape NP No. of petals

FAS Fruit apex shape PL Petal length

FSC Fruit skin color PW Petal width

AA Attachment of albedo PdL Pedicel length

FST Fruit surface texture A/S Relative length &drhient to
SSh Seed shape Stigma

SSf Seed surface FT Flower type

SC Seed color FC Flower color

LL Leaf length AC Anther color

LW Leaf width FM Flowering month

Data Collection

The morphological characters evaluated for eacbhsston were:

0N PR

Tree characteristics

Leaf characteristics

Flower characteristics

Fruit characteristics
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The tree characters included were:

Tree shape (erect, spreading and drooping)
Branch density (sparse, medium and dense)
Branch angle (narrow, medium and wide)
Shoot tip color (green, purple and others)

Shoot tip surface (glabrous, intermediate and prdre}

o a0k 0w N PE

Spine density on adult tree ( absent, low, medianthtagh)

Minimum of 15 leaves and five flowers, 10-15 frugsr tree were evaluated.

The evaluated leaf characteristics

Leaf apex shape

Leaf lamina shape

Leaf margin

Leaf division

Leaf color intensity
Leaf lamina attachment
Petiole wing shape
Leaf length (mm)

Leaf width (mm)

10. Leaf length/width ratio

© 0 N o g s~ wDdhPRE

Floral Characteristics

No. of petals

No. of anthers

Length of petals (mm)

Width of petals (mm)

Length of pedicel (mm)

Relative length of stamens to stigma

N o g M wDd e

Color of anthers
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8. Color of open flowers
9. Flower type
10. Flowering month

Fruit Characteristics

Fruit weight (g)

Fruit diameter (mm): horizontal length of fruitsejuatorial region.

Fruit length (mm): vertical length of fruits frorop to base.

P w0 NP

Adherence of albedo: attachment of skin to mesogaeak, medium and
strong)

Thickness of epicarp at equatorial region (mm)

Fruit shape (spheroid, obloid, oblate and pyriform)

Fruit base shape (truncate, necked, convex ancagehc

Fruit apex shape (acute, depressed, extended)

© 0o N o O

Fruit skin color (greenish yellow, yellowish orangeep orange)

10. Fruit surface texture (smooth, rough or other)

11. No. of seeds per fruits (developed seeds)

12. Seed surface (smooth, rough or others)

13. Total Soluble Solids (°Brix) of fruit juice at roontemperature
(20°C)Seed color (white, cream or other)

14. Total acidity (%)

The variables for each character can be found ipedices (Appendix Table
B1, B2, B3 and B4).

Determining Total Soluble Solids (TSS) in (°Brix)

Sampling and Measuremerien sample fruits from each tree per accession

were used. The fruits were cut into halves crosswisd squeezed manually into a

beaker. Two drops of the juices were then placed mefractrometer prism plate. The
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corresponding reading on the prism scale was not@ercent. The prism plate was

cleaned and wiped with soft tissue paper.

Re-calibration of Hand RefractrometeBeveral drops of distilled water were
placed on the prism plate and checked if reading wero. The prism plate was
washed and dried with soft tissue. Then few drd@Y6 sucrose solution were placed
on the prism plate again. Throughout the studydhafractrometer yielded accurate

reading of 6 by 6% sucrose solution for every chaaiformed.

Determination of Total Acidity (Titration Method)

Preparation of Sodium hydroxide Solutigtdg (1 Mole) of Sodium hydroxide
(NaOH) was dissolved in 1 liter of distilled watelr. Molar NaOH solution was
diluted to the factor of 10 with distilled water ¢dtain 0.1 M NaOH solution using

volumetric flask.

Standardization of NaOH SolutiorbO ml burette was filled with 0.1 M
Hydrochloric acid (HCL) and the initial reading wast at zero. 10 ml of 0.1 M
NaOH (approximate) solution was pipetted out intaoaical flask. Two to three
drops of phenolphthalein indicator solution wasextd NaOH solution was titrated
with 0.1 M HCI until the end point was reached. MIHCI was prepared by dilution

in volumetric flask.

Actual Molarity of NaOH SolutianThe actual Molarity of NaOH solution was
determined using the equation below. For precisotire procedure was repeated for

three times and the average results were used.

...mL (Titre of 0.1 M HCl solution) X 0.1 M (HCl)
10 mL (= 0.1 M NaOH

M (NaOH) =



32

Sample Preparation and Measurememhe juice from sampled fruits were
squeezed out manually and homogenized. 10 ml oé juias pipetted out into clean
conical flask and added with 10 ml of distilled ematThis was followed by addition
of three to four drops of phenolphthalein into dmmical flask containing juice. The
mixture was carefully swirled. Sodium Hydroxide (0M NaOH) was allowed to
trickle from burette by opening tap to ensure nasairapped. The burette was refilled
to zero. With conical flask containing juice mixder the burette and with constant
swirling, sodium hydroxide was added to the juicdiluthe color turned to pink
(endpoint). The volume of sodium hydroxide used wated. The entire step was

repeated till concordant readings were obtained.
Therefore as percentage acid

Titre X acid factor x 100

P t id =
ercentage aci 10 (ml juice)

Where acid factor for citric acid = 0.0064 (Citrfugits)

Sugar Acid Ratio

Sugar concentration was measured by hand refraetey at room

temperature. The instrument was calibrated at ezgoterval.
Sugar acid ratio was obtained as below

_ Total Soluble Solids (°Brix)
B Total Acidity (%)
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Data Analysis

Data for field accessions and germplasm accessvens analyzed separately.
The quantitative characters were subjected to gese analysis using ver.17.0 of
SPSS program. The means of accessions were compsirggl One-way ANOVA
followed by Duncan Multiple Range Test between fmees. The distinct qualitative
data of the field collected accessions were algal tisr construction of dichotomous
keys.

Experiment Il AFLP Analysis

Amplified fragment length polymorphism (AFLP) isracent fingerprinting
technique developed by Ves al. (1995). The method is based on PCR amplification
of selected restriction fragments of total digestgghomic DNA. Once labeled,
amplified products were separated by electrophsrasd the fragments range of 10-
500 base pairs were obtained. The basic stepsviedoh AFLP analysis is presented

as under.

General Principles and Background of AFLP

The specific small fragments of few base pairs {ap500) need to be
amplified with PCR. The PCR amplify this through m@ecise priming of
oligonucleotidic sequences (primers) at each enth@ttarget DNA. Primers are 18-
24 base pair long sequence, synthesized in labgraand corresponding to a
complementary DNA sequence designed in the flaniaggons of the heavy strand of
target DNA.

The PCR starts first with high temperature phasndturation) producing
single-stranded DNA. Once the temperature reachndtmwannealing temperature
which is defined by primers composition, the primeidill bind to the template DNA.

Taqg polymerases recognize each double-stranded B&A start and continue to
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synthesize in 5’ to 3’ as soon as temperature ré2é@ which is optimal temperature

for elongation.

The originality of AFLP is to synthesize the aréiy primers and then to
ligate them to target DNA fragments. The AFLP adsy primers are called as
“adaptor” and consists a sequence of 20 nucleotifiee adaptors serve as PCR
priming sites in amplification of restriction fragmts. The target DNA sequences are
DNA fragments obtained from combined restriction tafo restrictions enzymes.
Since AFLP covers large number of fragments frotr@igenome, it is considered as

very good indicator of the level of genetic vaati

DNA Extraction

DNA was extracted according to the method of Da&&I®oyle (1987) with
minor modifications. The method is based on CTABeXb&decyl-trimethyl
ammonium bromide) procedure. CTAB is cationic dgtet that forms a complex
with the DNA. The CTAB-DNA complex was then sepachfrom the cellular debris
by chloroform where two phases: superior clear aiquanase containing the DNA,
and denser inferior one containing the chloroformd asecondary components
(polysaccharides, proteins etc.) was observedr Atatrifugation, cellular debris was
usually observed at interface. The purificationdmoroform can be repeated several

times (2-3 times) depending on the appearancelloiids.

Precipitation was done with 0.5 M sodium acetatived by addition of ice
cold absolute ethanol. After precipitation, the DNAolecule was washed with
ethanol to remove the salts used for precipitafdA is then dissolved and stored in
Tris/EDTA buffer (TE buffer):Tris (10mM)/EDTA (ImMpH 8.

In a 15 ml centrifuge tube, 6 ml of 2% CTAB andqué@-mercaptoethanol was
incubated in water bath at 65°C for 30 minutes. #&b® grams of fully expanded,
healthy young leaves were cut into pieces withilsted scissor after removing
midrib. Then it was grounded in liquid nitrogen maly using pestle and mortar to
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fine powder. The finely grounded powder was addethe mixture containing 2%
CTAB and 60ul 2-mercaptoethanol. The mixture wasragcubated for half an hour

and gently inverting the tubes (3 times) for homuogation at 10 minutes interval.

After incubation, 6ml of CIA (Chloroform: Isoamytahol in 24:1) was added
and shaken vigorously for 15 minutes. Then the méivas centrifuged at 3000 rpm
for 30 minutes. The floating phase was recuperated the process was repeated
again. The equal volume of ice-cold Isopropanol \adsled recuperated floating
phase and incubated at -20°C for half an hour. Dpbflate was collected by
centrifugation at 3000 rpm for 20 minutes whereliteid is discarded. 75% ethanol
is added and again centrifuged for 20 minutes. rékaltant sediment was dried in air
for 30 minutes. It was then dissolved in 400 plbtEfer.

Removal of RNAs

To 400ul (DNA in TE buffer), 8ul of RNase was addand incubated at 37°C
for 1 hour. Then 40ul of Sodium Acetate was adfdthwed by addition of 1 ml ice-
cold absolute ethanol and centrifuged to colleetDNA sediment palate. It was then
transferred to 1.5 ml centrifuge tube and washeitetwvith 75% ethanol. The
resultant palate is air-dried and dissolved agaOOul TE buffer.

Phenol Extraction

Since Citrus contain many polyphenols, essential and polysaccharides
that affects to directly to extraction of qualitiy[@NA, phenol extraction was included

to remove the polyphenols.

To the 400 pl TE buffer, equal amount of phendirat was added. The
mixture was inverted gently for homogenization ahén centrifuged. The clear
supernatant was evacuated using micropipette am$farred to a new centrifuge
tube. 40 ul of sodium acetate was added agairetsupernatant in new tube followed
by 1ml of absolute EtOH and subjected to centrifiogaat 14000 rpm for 30 minutes.
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The liquid was discarded and 500 pl of 75% EtOHeaidd centrifuge at 14000 rpm

for 10 minutes. The process was repeated twice.
Determining Quality and Quantity of DNA

The AFLP is highly sensitive technique and recquevery high quality DNA
in sufficient quantity. To ensure that there is thgh quality DNA and in amount
required, it was checked by running in 1% agarasestpctrophoresis. The quantity
was compared with 50 ng lamdg DNA while quality was judged by the presence of
smears. The high quantity DNA was diluted and tektively less ones were

precipitated as shown in Figure 5.

1 2 5 6 7 B 9 10 11 1Z 13 14 15 16

Precipitated Diluted

17 18 19 2021 22 23 24 25 26 27 28 29 30 31

r, - e .
\ Smear (degraded) >

[ — S W

Figure 5 Comparison of mandarin DNAs for quality and qutgreheck at 1%
agarose gel electrophoresis witk50 ng) DNA.

The AFLP technique was performed as described by &foal. (1995).
Genomic DNA (250 ng) was restricted witltaRl/Msd (2.5 U each) in a restriction
buffer 50 mM TrisHCI, pH 7.5, 50 mM Mg-acetate, 250 potassium acetate) in a

final volume of 25 pl.EcoRI and Msd adapters were subsequently ligated to the
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digested DNA fragments. The adapterligated DNAutéidl 1:9) was pre-amplified
with AFLP primers each having one selective nuatieotising the following cycling
parameters: 20 cycles of 30 sec at 94°C, 60 sB6°& and 60 sec at 72°C. The pre-
amplified DNA was diluted (1:9) based on pretestdoncentration of preamplified
DNA required for visibility of bands on 6 % polygtamidegel electrophoresis. The
aliqguot was subsequently used for selective anspliibon with EcaRl and Msd

primers having three selective nucleotides at then@s.

The cycling parameters for selective amplificatiwere as follows: 1 cycle
of 30 sec at 94°C, 30 sec at 65°C and 60 sec &. 7Hie annealing temperature was
then lowered by 0.7°C per cycle during the firstcy2les and then 23 cycles were
performed at 94°C for 30 sec, 56°C for 30 sec a2tC7for 60 sec. The reaction
products were resolved on 6% polyacrylamide seqogngels followed by silver
staining. Five selective primer combinations weseduin this study after screening of

10 primer pairs.

AFLP Data Analysis

The banding patterns generated by AFLP markers weed to determine the
genetic relatedness of the 23 mandarin accessionsdifferent origin. Ten selected
primer pairs were tested based on the findingsrefipus study (Campost al,
2005). Five primers combination were used for eatidun of 23 selected samples
from field. The amplified fragments were scoredheitas present (1) or absent (0).
Bands of the same mobility were scored as identical

The data were subjected to cluster analysis byguSIiTSYSpc ver 2.20k. The
similarity matrix was generated with “Qualitativeatd” option of Dis/similarity
module. Cluster analysis was carried out SAHN (®etal Agglomerative
Hierarchical Nested) option for generation of Ungieed Pair Group Method using
Arithmetic Averages (UPGMA) dendrogram for 23 fieldcessions.
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Place and Duration

The first experiment of morphological evaluatiornr fihe accessions was
carried out in the Laboratory of National Feed &utlder Development Program,
Batpalathang under Bumthang district of Bhutan. édalar (AFLP) analysis was
carried out in the Central Laboratory, Departmet Horticulture, Faculty of

Agriculture of the Kasetsart University, Bangkokalland.

The survey and sampling for morphological charaaéion commenced in
November, 2009 to April 2010 followed by DNA exttmn and subsequent
laboratory analysis was conducted between the rs@itMay, 2010 to March, 2011.
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RESULTS AND DISCUSSION

Results

Survey and Sampling

Our survey revealed that typology of mandarin ardk differed basically on
number of trees per mandarin growers from as lovieastrees to more than 500
trees. The mandarin was grown in varied agro-epcdd conditions with an altitude
ranging from 390 to 1650 m msl. The age of citreges$’ ranged from 16 to above 50
years. The prominent planting materials were segdlipurchased either from
neighbor nursery or self-raised as commonly beantjzed in this region. Among the
sites studied, only one orchard in Trongsa had ieedjiseedlings from the one and

only corporate seed agency in the country (Tahle 4)



Table 4 The tree age, seedling source, slope gradienviameérd type for different districts

Districts Tree age  Source of seedlings Slope (%) No. of Orchard Type
(year) Accessions

Samtse Over 50 Self-raised/ neighbor 30 ) Small fam®
Sarpang 26 Self-raised/ neighbor 16 6 Small farm
Tsirang 45 Self-raised/ neighbor 11 5 Backyard farm
Dagana 30-40 Self-raised/ neighbor 15 5 Small farm
Trongsa 16 Druk Seed Corporation (DSC) 21 5 Backyad farm
Zhemgang 30-40 Self-raised/ neighbor 25 4 Small fam

Self-raised/neighbor - citrus seedlings eitheragiby farmers themselves or bought from neighbt@&C- The only corporate seed

agency in Bhutan,1-Orchards with less 50 mandag#st 2 orchards with 51-120 mandarin trees

oy
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Quantitative Characteristics (Field Accessions)

The statistical analysis of quantitative charact@rowed a highly significant
(p < 0.001) variation among the leaves and frutsnf different locations. In general,
the leaf dimensions were largest with 94.83 mm tlerend 38.80 mm width for
accessions from Trongsa. The accessions from Dagatdahe smallest leaf (76.43
mm by 32.16 mm) However, the quantitative characteth respect to flower were
did not have any interesting observation. The Wamaof quantitative characters such
as ratio of leaf length to leaf width, number otgle, petal length, petal width and

also the number of stamens are shown in Table 5.

Table 5 Leaf and flower characteristics of different agsten in the field.

Leaf Characters Flower characters

Location Leaf Leaf width L/W Petal Petal No. of

Length (mm) Length width stamens

(mm) (mm) (mm)
Samtse 77.80 a 32.17 a 2.43 11.34 4.67 14.63
Sarpang 89.65cd 38.0lcd 237 11.22 4.78 14.86
Tsirang 86.15bc 35.83bc 2.42 10.96 4.76 14.85
Dagana 76.43 a 32.16 a 2.40 10.99 4.68 14.87
Trongsa 94.82d 38.80d 2.45 11.23 478 14.73
Zhemgang 81.78ab 33.45ab 2.46 11.33 478 14.70
F values 22.12 19.67 2.05ns 0.44ns 0.78ns 0.26ns

Mean values with their differences (a, b, ¢) witbolumn at 0.001 confidence level. L/R

refers to Ratio of leaf lamina length to leaf laenimidth

Similarly the weight and size of the fruits showedvide variation. The accessions
from Dagana had the heaviest fruits (107.17g) whi&rang had the lowest fruit

weight (58.33g). As expected from their weightscemsions from Dagana had the
largest fruit with diameter of 61.68mm and fruibdgh of 53.88 mm while Tsirang’s

accessions had the smallest fruit with diametet®75mm and fruit length of 44.16

mm (Table 6).



Table 6 Comparison of fruit quantitative characters bemvications for field collected accessions

Fruit characters

Location Fruit Fruit diameter Fruit length Epicarp Width No. of TSS Total Sugar acid
weight (mm) (mm) (mm) seeds (°Brix) acidity ratio
(9) (%)

Samtse 96.12d 58.58 ¢ 50.78 ¢ 2.11 ab 16.56 e .35H0 1.15ab 9.13b
Sarpang 87.60 c 57.37c 49.02 b 2.11 ab 13.32d 0.99Dbc 1.22bc 12.29c
Tsirang 58.33 a 49.75 a 44.16 a 201 a 10.12c .5540 1.46cd 8.19ab
Dagana 107.17d 61.68 d 53.88 d 2.19Db 10.50 ¢ 5.2 093a 13.27c
Trongsa 78.85Db 55.53 b 4759 b 2.16Db 435a 2.911d 1.66de 8.68 ab
Zhem-gang 93.33 cd 58.35 ¢ 5154 c 2.19b .92 12.13d 1.90e 6.51 a
F values 74.30 68.60 57.26 3.60 17.42 .5%3 15.00 10.71

Mean values and their differences within columf.801 confidence level.

A%
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Horticulture Characteristics (field accessions)

In citrus, one of the breeding objectives is tor@ase yield and production.
Considering yield parameters, great variation wagiced among the analyzed
accessions from six different locations (TableT8)e weight of the fruit ranged from
as low as 58.58g (Tsirang) to that of 107.17g (DayaFruit diameter ranged from a
less than 50mm (Tsirang) to over 61 mm (Daganag. ffilnt length varied between
44 mm (Tsirang) to 56 mm (Dagana). The proportibrveight to size of fruits is

shown in Figure 6.

Fruit Yield Parameters

120 - EBFW (g) mMFD(mm) EFL(mm)

100

80

60

40

20

Samtse Sarpang Tsirang Dagana Trongsa Zhem-gang

Accession

Figure 6 Comparison of fruit yield component for field assions from different

location
Sugar Acid Ratio
The sugar acid ratio varied from accession to sgoa and from district to

district. The highest sugar acid ratio was recordedaccessions from Dagana
followed by Sarpang. The accessions from Zhemgaaigtihe lowest sugar acid ratio.
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Except for accessions from Sarpang and Daganasubar ratio was less than 10
(Figure 7).

Sugar acid ratio

g/l acid

Samtse Sarpang Tsirang Dagana Trongsa Zhem-gang

Accession

Figure 7 The variation in sugar acid ratio (g/l acid)

Classification based on Dichotomous Keys

The keys were constructed based on six morphabgialitative variables of
trees, fruits and leaves. It was able to classiBndarin to their respective origin
although inter-plant floral differences were minimQualitative characters for fruit
(fruit color, fruit based shape, fruit surface tee) varied within fruits of same trees.
Similarly, seed shape, seed color and seed sudism®e varied (Figure 8). The
classification was not applicable to the accessimosy germplasm as the growth
habit and fruit characters were overlapping. Atbere were no differences observed
for floral characters especially to the qualitattygracters.
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Figure 8 Variation in fruits size of same tree (a) anddsgleapes from single fruit (b)

in germplasm accession of Kengkhar
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Dichotomous Keys to Mandarin types in Bhutan

1. The tree canopy is open and erect in shape.--- 2

1. The tree canopy is spreading dome in shape.--- 5

2. The fruits mature before rind develops orargerc-- 3
2. The fruits mature only after the rinds develoange in color.--- 4

3. The surface of the fruit was mostly smooth.--Samtse

3. The surface of the fruit was usually rough.--- Samtse 4

4. The fruit shape is oblate depressed both aamopbase. -Zhemgang
4. The fruit is usually truncate at base and deyge@®nly at the top.

--Tsirang
5. Branch density of the tree is sparse.---Sarpang
5. Branch density of the tree is dense.--- 6
6. The leaf color intensity at fruit maturity iglht green.
--Trongsa

6. The leaf color intensity at fruit maturity iather dark green.

--Dagana

Figure 9 Dichotomous keys constructed using qualitativeaides

The tree shape and growth habit at Samtse, Sargaimgng and Dagana is

shown in Figure 10.
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b. Spreading and drooping (3,4) growth habit from 8at

Figure 10 The variability of tree growth habit and shape in accessions oft&aga)
Sarpang (b), Tsirang (c), Dagana (d) and Trongy
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d. Drooping habit (7) with dome shaped (8) trfrom Dagana

Figure 10 (Continued
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e. Spreading growth habit (9,10) Tron

Figure 10 (Continued

Morphological Description of Field Accessions

The study on qualitative morphological characteosf six districts showe
huge variation. Mximum variation was found in tree, leaf and fahtaracters for th
accessions from different locations. The accessfams Tsirang had distinct fru
shape. The difference in fruit shape was also @kseirom the single tre Samtse had
fruits with both pugh and smooth surface texture within fruits dfeg. Similarly,
necked and truncate fruit base shape was obseovadnost all the trees. Howev:
there was no difference in terms of floral charecter accessions both within a

between locations.

Samtse Bcession

The madarin tres at Samtse were mostly opened and erect in shape
brand angle of the tree was narrow with major branchl@tess than 3(. The fruit
matured relatively earlier th other study sites. Th&uits are greenis-orange at
maturity with usually smooth fruit surface texturhe fruits were seedwhich
ranged from 10- 2per fruit. The average TSS content of trjuice was lowest witl
10.35 °Brix.Although the fruits from this arehad low totalacidity (1.1f), sugar acid

ratio continued to remailower whencompared to fruits from oth location.



50

Sarpang Accessions

The mandarin trees at Sarpang were spreading dbaye with wide branch
angle. The branch density was sparse with lighemrieaf color intensity at fruit
maturity. The branch angle was narrow with mosthp\ate leaf lamina shape. The
fruits were medium sized with dimension of 57.37 r{imorizontal) and 49.02 mm
(vertical). The color at maturity was yellowish ogg and the fruits were seedy with
average of 13 seeds per fruit. The color of fruitnaturity was yellowish orange. The

average TSS was 10.99 °Brix.

Tsirang Accessions

The trees were also open and erect in shape. fidnelb angle was narrow.
The fruits were the smallest among six locational@ated. The fruits were oblate-
obloid depressed at the top and truncated at the. @de color of the matured fruits
was orange and the fruits were found with high lta@dity although the relative

tastes are sweet due to high TSS content.

Dagana Accessions

The trees in these accessions were dome spretdargoping in shape. The
branch angle of the tree was wide and had highchraiensity. The leave’s color
intensity at maturity was dark green. The fruitgeveblate, flattened at both end (top
and base). The fruits were the largest among theeged area with diameter of 61.68
mm and length of 53.88 mm. The fruits contained emate number of seeds on an
average 10.5 seeds per fruits. The fruits from #nesa had exceptionally low total
acidity of 0.93 % with relatively high TSS conteitl11.25 °Brix.

Trongsa Accessions

The trees from Trongsa were spreading dome inesheith wide angled
branch and high branch density. The leaf was chkexriaed by larger size with light
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green leaf color intensity at fruit maturity. Thelar of fruit was orange at maturity.
The fruit size was medium large with very few sed@ldwese fruits of these accessions
had highest TSS content of 12.91 °Brix. On the othend the fruit juice had also
high total acidity of 1.66 % next to accession hexngang.

Zhemgang Accessions

The accessions from Zhemgang were open and eresitdpe. The branch
angle was narrow. The rind color at fruit maturgyrange and the fruits were oblate
is shape depressed at both ends. The fruit hadiginrest total acidity of 1.9 % and
TSS content was high with 12.14 °Brix which is afiecessions in Trongsa. The fruit

size was generally large.

Quantitative Characteristics (Germplasm Accessions)

The accessions from germplasm were grafted amdtimitd year of fruiting.
Tree size and growth habit did not differ much witlocations. The branch angle and
branch density also did not differ much. There waasstatistically significant
difference (p<0.001) for leaf length among the gredl accessions in germplasm
collections. The accessions from Shumar under Reatshel district had the longest
leaf lamina length followed by accessions from S&EnSodrung, Samdrup Jongkhar,
Narang, Dagana, Kengkhar, Tsirang, Yadi and Trangka accessions from Samtse
had the widest leaf width followed by Sandrup Jdragkand Shumar. The leaf width
was lowest for accessions from Trongsa. The rdtiaf length to leaf width was

highest for the accessions from Sodrung followe&hymar(Table 7).

The accessions were highly significant for leadl &t characteristics. Some
of the characters for flowers also differed sigraftly except for the petal length. The
accessions from Shumar had the longest leaf lafaimgth while the accessions from
Trongsa had the lowest. The accessions from Sahadethe broadest leaf. The
accessions were highly significant for leaf anditfeharacteristics. Some of the
characters for flowers also differed significantdycept for the petal length. The
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accessions from Shumar had the longest leaf lafaimgth while the accessions from
Trongsa had the lowest. The accessions from Sahadethe broadest leaf while

Trongsa had the narrowest leaf.

The tree shape, fruits and branches of some girtbrising type of mandarin

from germplasm evaluation is shown below. The aioaes were

Shumar
Trongsa
Sodrung

w0 NP

Kengkhar

Figure 11 Tree (a), fruit (b) and branch (c) of Shumar asaen
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Figure 13 Tree (a), fruit (b) and branch (c) of Sodrung astes
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I T
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Figure 14 Tree (a), fruits (b) and branch (c) of Kengkharesston



Table 7 Leaf and flower characteristics for the accessiomm germplasm

Leaf Characteristics

Flower Characteristics

Location Leaf Leaf Length Petal Petal No. of stamens Pedicel
length width /width length width length
(mm) (mm) (mm) (mm) (mm)
Shumar 131.70 e 41.50 bc 3.23¢c 10.59 4.60 ab 0Bh8 4.82b
K/Khar 100.89 b 37.97 bc 2.67 ab 10.95 4.71 bc 152ab 4.45 ab
Narang 103.36 bc 36.36 ab 2.86 b 10.96 4.74 be 15@Bab 4.28 a
Samtse 117.08d 44.28 ¢ 2.66 ab 10.95 4.60 ab 15.18b 4.26 a
Dagana 101.91 bc 37.65 ab 2.73 ab 10.75 4.71 ab 183 ab 447 ab
Tsirang 94.91ab 35.60 a 2.67 ab 10.81 4.77 bc .931ab 4.30 a
Yadi 94.65a b 34.31a 2.77 ab 10.77 4.29 a 13.98 4.22 a
Sodrung 112.06 cd 34.12 a 3.34c 10.79 4.81 bc 14®ab 4.54 ab
Sj/khar 107.97 bc 41.63 bc 2.61a 11.33 497c 16@b 4.56 ab
Trongsa 87.14 a 33.06 a 2.65ab 10.95 4.86 bc 160 b 4.27 a
F value 12.47%** 6.38*** L9.538*** 0.86ns 3.98*** 1.979** 3.148**

The mean value with their differences (a,b,c) witbolumn. K/Khar and Sj/Khar refers to Kengkhar &amdrup Jongkhar, while **

and *** refers to significance at 0.01 and 0.00hfadence level, respectively.

e
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Similarly, fruit characteristics varied signifidéy for the accessions from
different places. The heaviest fruit of 117.33g Viiasn the accessions of Shumar
while Samtse had the lightest. The width of epicags observed to be thinnest in the
accessions from Samtse. The number of seeds pkrwas lowest in Samdrup
Jongkhar accessions. The TSS was highest in tlessioos from Narang followed by
Kengkhar. The ratio of TSS to total acidity decezhsn the order of Shumar,
Kengkhar and Samdrup Jongkhar. Shumar had the iowwed acidity while the
accessions from Tsirang had the highest (Table 8).



Table 8 The morphological comparison of quantitative eleters of fruits for the accessions from germplasm

Fruit characteristics

Location Weight Diameter Length Epicarp  No. of seeds TSS Total Sugar acid
(9) (mm) (mm) width (mm) (°Brix) acidity ratio
o)

Shumar 117.33 e 64.07 cd 57.49 f 257c 12.80 e 9.90 a (0/06)1 a 17.09 b
K/Khar 108.15 de 62.54 bc 51.48 de 2.43 bc 1684 10.76 cd 0.72 a 16.65b
Narang 99.35 bc 61.39 bc 48.89 bcd 245bc 5886. 10.81d 101a 11.78 ab
Samtse 74.37 a 55.46 a 43.50 a 1.92 a 70 8. 10.17d 1.15 bc 9.52 a
Dagana 91.46 bc 59.73 b 47.91 bc 2.22 Db &h10 10.06 ab 1.17 bc 11.10 a
Tsirang 87.55 ab 58.82 a 46.09 ab 2.20b 19.57 10.58 cd 1.27c 9.60 a
Yadi 104.68 cd 62.46 bc 51.31 de 2.39 bc 10.45bc 10.13 ab 0.93 abc 11.70 ab
Sodrung 110.66 de 66.99 c 53.43 e 3.03d 18c10 9.84 a 0.91 abc 11.55ab
Sj/khar 89.79 bc 59.68 b 49.29 cd 2.43 bc 564 10.27 ab 0.67 a 16.55 b
Trongsa 115.86 e 65.98 de 52.85e 2.67cC 11.40 bc 10.10 ab 0.84 ab 12.77 ab
F value 14.03 13.38 28.45 15.31 5.81 8.82 942 9.20

The mean values with their differences (a,b,c) witolumn at 0.001confidence level.

LS
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Horticultural Characteristics

Shumar had the highest fruit weight of 117.33g w/liile accessions at Samtse
had the lowest of about 74.37g. On the other haodgssions from Sodrung had the
highest fruit diameter of 66.99 mm followed by Tgsa with 64.07mm. The
accessions from Shumar, Sordrung and Trongsa hadither fruit weight, fruit

diameter and fruit length (Figure 11).

Yield parameters
140 -
BFW (g) BFD (mm) B FL (mm)
120 -
100
80
60

40

20

Shumar K/Khar Narang Samtse Dagana Tsirang Yadi Sodrung Sj/khar Trongsa

Accessions

Figure 15 Variations in fruit yield parameters for diffetearccessions in germplasm

The sugar acid ratio was in general higher in s&io@as from germplasm
comparing to field accessions. Except for the aioas for Samtse and Tsirang, all
other accessions had higher ratio of more tharmTh8.accessions from Shumar were
recorded for highest ratio of 17.09 followed by igkhar and Samdrup Jongkhar with
16.65 and 16.55, respectively (Figure 12).
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Sugar Acid Ratio

N

it

Sodrung Sj/khar Trongsa

Shumar K/Khar Narang Samtse Dagana Tsirang Yadi

Accession

Figure 16 Comparison of sugar acid ratio (g/l acid) foression of different sources
in germplasm collection

AFLP Analysis

Five differentEcdR1 andMsel primer combination were selected for 23

accessions collected from the field. The bandintepafrom 5 primers combination
discriminated 22 individuals. A total of 244 bandere generated of which 126 were

, 51.64 % polymorphism whtioed from each primer

polymorphic. On average

ACA+M-CAG producedtrest total bands (Figure

CAT primer combination. Othe other hand, E-

combination. The primer pair E-
14) followed by E-ACG+M-

AGG+M-CAA primer combination produced lowest totalmber of bands of which
23 bands were polymorphic. The Rate of polymorphamd the different primer

combinations used in this study as shown belowaibld 9.
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Table 9 Number of polymorphic AFLP bands observed usi®g=&P primer
combinations

Primer combinations  Total number of  Number of Polymorphism rate
bands polymorphic bands (%)
E-ACA/M-CAG 84 38 45.24
E-ACG/M-CAT 53 31 58.49
E-ACC/M-CTT 33 17 51.51
E-AGG/M-CAA 33 23 69.69
E-ACA/M-CTC 41 17 41.46
Total 244 126 51.64

Figure 17 AFLP Polymorphism for 23 mandarin individuals asamed by
(a) E-ACA+M-CAG and (b) E-AGG+M-CAA primers combiti@ns
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Cluster Analysis (Field Accessions)

The cluster tree analysis (Figure 15) categoriz&dccessions to two major
groups (A and B). Group A consisted of 14 accessiwmile group B had 9
accessions. Group A was further divided into 2 soipgs (1 and 2). Subgroup 1 was
more diverse with accessions from four differergtriits: Samtse, Sarpang, Tsirang

and Trongsa. However, accessions from Zhemgangis@eted to subgroup 2.

Group B also had accessions from all five disdricthe majority of the
accessions were from Dagari2agana5was isolated from subgroup 3. The major
group (A and B) diverged at similarity coefficienf 0.48 and average similarity
among the accessions was 0.76. The acceSaantsedand Dagana 2showed high
similarity values of 0.91 among 23 individuals. Tdexessions from Samtse, Sarpang
and Trongsa formed a small group under subgrouphile\varpang 6and Tsirang

formed a small group.

UPGMA dendrogram drawn from AFLP data depicted plcated
relationship among the mandarin accessions analyzdabth major group A and B,
accessions from Tsirang appeared in midway betwtsats within subgroups. In the
major group A,Tsirang 2andTsirang 4along withSarpang 6formed a small clad
within subgroup 1 and between the subgroup 2. wi&e, Tsirang 1 and Tsirang 3

formed a separate clad within major group but betwaccessions from Dagana.
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Figure 18 UPGMA dendrogram obtained from AFldata for local mandarin accessions
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The genetic diversity and relationship among 28easions showed that
analyzed accessions constituted a diverse group highest similarity index of 0.54
was observed for the accessions in Zhemgang. Gbinigly, negative correlation was
observed for the accessions between Sarpang amdngsi-0.42) and within
accessions of Tsirang (-0.32). The similarity mati 23 accessions based on AFLP

data is indicated in Table 10.



Table 10 Similarity Matrix of 23 field accessions by AFldata

wn ] N N N N wn (o — (o (o | @] a a
Samtsel 1.00
Samtse3 045 1.00
Samtse4 0.13 0.20 1.00
Sarpangl 0.17 0.16 045 1.00
Sarpang2 049 046 0213 0.11 1.00
Sarpang3 051 050 0219 021 041 1.00
Sarpang6 041 031 -012 004 039 035 1.00
Tsirangl -0.02 005 032 019 -005 -0.00 -0.42 1.00
Tsirang2 035 025 -014 002 030 018 0.67 -033 1.00
Tsirang3 0.07 0214 027 024 009 012 -018 044 -016 1.00
Tsirang4 022 022 022 016 021 026 033 -004 025 -0.01 1.00
Daganal 016 0214 051 034 008 013 -001 034 -008 038 024 1.00
Dagana2 015 009 059 031 010 0.13 -005 024 -004 032 024 060 100
Dagana4 012 004 046 033 004 007 000 0218 -0.00 017 017 047 043 100
Dagana5 010 o0.08 0214 017y 013 010 015 -005 0.17 005 019 011 009 0.22 1.00

9



Table 10(Continued)

Samtsel Samtse3 Samtse4 Sarpangl Sarpang2 Sarp&@@yPang6 Tsirangl Tsirang2 Tsirang3  Tsirang4

Trongsal 0.48 0.50 0.15 0.18 0.43 0.43 0.33 0.05 300. 0.24 0.24
Trongsa2 0.16 0.18 0.56 0.34 0.11 0.14 -0.01 0.22 0.05- 0.22 0.25
Trongsa3 0.38 0.44 0.23 0.22 0.40 0.46 0.34 0.01 320. 0.13 0.24
Trongsa4 0.36 0.34 0.08 0.11 0.33 0.42 0.30 0.05 26 0. 0.10 0.22
Zhemgangl 0.24 0.35 -0.16 0.03 0.26 0.34 0.42 -0.19 0.34 -0.13 0.27
Zhemgang2 0.33 0.36 0.10 0.12 0.27 0.32 0.19 010 .21 0 0.09 0.19
Zhemgang3 0.34 0.40 0.09 0.12 0.25 0.37 0.24 013 .23 0 0.14 0.19
Zhemgang4 0.35 0.38 0.16 0.24 0.26 0.36 0.25 007 .200 0.20 0.22

<9



Table 10(Continued)

s & § § g2 £ g2 2 §% g§% £% 55
8 8 8 8 = = = = XS &8 &8 &8
Trongsal 0.12 0.12 0.10 0.10 1.00
Trongsa2 0.61 0.58 0.52 0.14 0.18 1.00
Trongsa3 0.05 0.09 0.17 0.19 0.49 0.01 1.00
Trongsa4 0.09 0.00 0.15 0.12 0.47 0.09 0.48 1.00
Zhemgangl 0.00 -0.10 -0.05 0.13 0.28 -0.10 0.26 0.42 1.00
Zhemgang2 0.13 0.10 0.08 0.10 0.43 0.13 0.29 0.48 0.40 1.00
Zhemgang3 0.17 0.10 0.13 0.18 0.40 0.11 0.36 0.46 0.38 0.51 1.00
Zhemgang4  0.19 0.15 0.14 0.17 0.44 0.16 0.32 0.43 0.43 0.53 0.54 1.00

99



67

Discussion

Mandarin Accessions from Farmers’ Field

The Sub-Himalayan range and South China is coreidas one of the major
centers of diversity for cultivated citrus (Gho4B93; Sharmat al, 2004; Daset al,
2005; Ladaniya, 2008a; Singh, 2010). The findifngs this study support the claims
of these authors. The variation in our study wad doe to differences in
environmental factors exclusively as it was evid&om variation existing within
accession from single orchards (Appendix Table A2)e existence of significant
variation among ecotypes from different locationsvita contrast to pre-assumptions

of single varietyocal mandarin

Generally phenotypic variations give valuable claghe underlying genetic
variations however the two do not match always. Maeation of phenotypic
characters, especially quantitative characteredifgreatly among populations rather
than within the populationBecause of the plasticity and instability of phepat
characters, the cultivar identification and divgrsivere often in contrast to actual

genetic diversity.

Hence, previous authors (Yonematb al, 2007; Struwiget al, 2009) had
used both morphological data and molecular analysla citrus, especially in
mandarin, the study of morphological diversity wigscribed as independent from its
genetic diversity (Koehler-Santad al, 2003; Campost al, 2005; Kyndtet al,
2010). Further, the horticultural characters anetratled by multiple genes (Campos
et al, 2005; Liu and Deng, 2007) which are of low hddility in citrus make
morphological characterization an essential compbagidentification. The findings
on morphological diversity among accession indidatee existence of genetic
diversity. However, the overlapping nature of mariplgical characters observed in
this study suggests that identification of Bhutanesndarin through morphological

description is not possible.
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In general, the mandarins of north eastern Hinalase of three different
types:Desi(grown in state of Punjab and Himach#&hasi (Khasi hills, Meghalaya),
and Sikkim (Darjeeling and Sikkim) (Ladaniya, 2008c). Bhutass varied climatic
conditions with an altitude ranging from 100-7,060 above msl. The climatic
conditions vary even within a small district. Thamdarin was cultivated in almost all
low lying areas of the districts up to an elevatanl,650 meters above MSL. The
mandarin orchards in our survey areas were mostlglape and poorly managed as
mentioned earlier (National Plant Protection Cent2006). The survey area
comprised of small orchards and backyard farms.fildbdings of survey also support
the claims of Connellaat al. (2008) with majority of mandarin growers are baakly

and small farms.

Seeds were used to raise seedlings and most of¢hards in study areas had
mandarin tree either self raised or purchased sesdIThe lack of scientific know-
how on nursery management in rouging off-types ¢aggseedlings) might be one of
the causes to heterogeneity. Perhaps, the hightiers within the same orchard and
high level of diversity between different locationgght be due to occurrence of

spontaneous mutation and natural hybridizationif@eret al, 2009).

The cold temperature treatment had shown to ingrond color development
(Barry and van Wyk, 2006). The variation in frugl@r at maturity in this study could
be due to difference in temperature in differecatoon. The common phenomenon of
zygotic twins (Daset al, 2007) in addition to zygotic seedlings in maimnalawf
Himalayan region might be one of the causes ofatians. Thus hybridization and
propagation through seeds could have constantlyedadtb diversity and
heterogeneous population of mandarin in this regidso, the variation might be due
to somatic mutations as reported (Moore, 2001 ;fAtel Khan, 2008).

The quantitative characters were distinctive foiit§ and leaves for most of
the accessions. Leaf and fruit quantitative charaanight be useful for identification
although it is affected by environmental factorewéver, both floral qualitative and
guantitative characters might not be useful foufetidentification of mandarin in
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Bhutan as there was not significant variation amacgessions analyzed. Further, less
variation in quantitative floral characters miglet &ttributed sample size which in turn
was caused by lack of proper equipments and fasilittor long distance
transportation during survey. The fragile and stadrelf life of mandarin flowers
aggravated to the study of floral characters. Idddbe coincidence of flowering
seasons for different districts was major constsafior inclusion of required sampling

and study.

Horticulture Characteristics

Seedlessness in citrus is considered as desiredite @ne of the breeding
objectives in citrus is to obtain the seedlesserar(Liu and Deng, 2007; Jinpiref
al., 2009). The chances of selecting seedless citangties from existing seeded
types are low (Fatima, 2004). On the other handt &éharacters such as fruit shape,
pulp color, seed number, bitterness were foundetaaffected by environment in
Citrus grandis (Paudyal and Hag, 2008) Relatively lower numberseéds from
accessions of Trongsa in this study may be of ésteto researchers for further
investigation. The selection of late and early mipg varieties is also one of the
important desirable characters in citrus. The aoas at Samtse and Tsirang might
be useful in extending the harvesting season.

Although, the effect of elevation and climatic fa& to variation in TSS
cannot be ruled out, the application of nitrogenfaislizers (N) had been shown to
contribute towards increase in TSS content, juraktatal acidity (Zekret al, 2009).
Earlier, studies by Thompsat al. (2005) and Kusakabet al. (2006) found out that
Nitrogen rates and fertigation did not significgnéiffect the fruit quality including
TSS and total acidity. It is also known that N campd exists in fruit juice as amino
acids (Ladaniya, 2008a). Since the mandarin aamessn all sampling areas were
mostly grown in similar minimal management condisowithout proper irrigation
and fertilizer application, the variation in TSSutsh also be attributed to genetic

variation among accessions.
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The sugar ratio is considered as important paraseté citrus. The
marketability of mandarin or citrus fruits is detened by this ratio. The range of
preference of TSS and total acidity ratio in market fresh consumption is 12-19
(Ladaniya, 2008b) while industrial acceptance lagedbove 8. The assessment of
accessions from field showed that only accessiom® fDagana and Sarpang were
above 12. However, the ratio for accessions fronemtlistricts was above industrial
accepted limit. However, in general, the sugar aeitbs for all accessions were
above the industrially accepted limit. The variatia sugar acid ratio can be partly
due to difference in time of maturity from place ptace and inconsistency in

assumption based on taste.

Germplasm Accessions

The germplasm accessions within a location shovatons for all leaves
and fruits characters. This indicates that indigldaccessions in the germplasm are
phenotypically different from each other. The difiece within in individual
accessions could be as a result of mutations aaods cpollination due to high
compatibility. Furthermore, occurrence of zygotwins is common in Himalayan
mandarin varieties (Dast al, 2007). This phenomenon might be one of theesirs
addition to other evolutionary forces. In fact, tassessment of larger number of
germplasm accessions in an identical condition digiNe a clearer picture of actual

morphological diversity of mandarin in Bhutan.

Horticulture Characteristics

Fruit characters, such as yield, size and totalitgovere found to be affected
by environment up to 40% for pummelo while 60% vaetermined by genotype
(Paudyal and Hag, 2008). A wide variation in moiplgecal quantitative characters
of fruits was observed for the accessions in thengasm collection. The statistical
analysis for quantitative characters revealed &ggmt differences. The qualitative
parameters with respect to tree shape were nanaistnough for identification as
plants were small. Although the accessions wererdes and promising in term of
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genetic resources, the accessions lacked informatgarding the sources and
description. The evaluation of germplasm accessioientical conditions further

supported the existence on genetic diversity.

The accessions from Shumar, Sodrung and Trongssegsed better yield
parameters. Since evaluation was carried out ferfithits of third year fruiting, the
performance is expected to change over the timebserved with age of tree.
Therefore any basis on this result should be sptieal However, the emergence of
Sodrung as better performer in yield was concurvetit the results evaluated at the
RDC Wengkhar (unpublished). The TSS for the analyaEecessions varied
significantly. The TSS of fruits is known to incesaas fruit matures while total
acidity remains constant. The decrease in totalitgas as a result of dilution of acid
during increase in fruit size and increase in T®8tent (Ladaniya, 2008b). The
significant variation among the accessions for thi also supplement to existence

of diversity.

Our study on morphological characters revealed élestence of wide
diversity for the accessions in germplasm althoagbessions exhibited the similar
phenotypic qualitative characters. Despite haviagelr variations in qualitative
characters, a highly significant statistical diéflece was observed for quantitative
characters. Thus, a significant variation in quatitie characters in same

environment invariably suggests the existence fiérdint genotypes.

AFLP Analysis

AFLP marker is an efficient tool in identificatiaf closely related accessions
for example clones and between cultivars. Thisystudher reinforces the claim that
AFLP maker is useful in identification of varietiaad clones with high accuracy and
reliability (Garciaet al, 2004). In the present study, five primer combores were

able to differentiate almost all the 23 accesswilected from field.
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Mandarin Citrus reticulataBlanco) is considered as highly a heterogeneous
species among three true citrus (Campbsl, 2005). A study on the diversity of
Himalayan citrus both through morphological and &an Amplified Polymorphic
DNA (RAPD) analysis revealed the existence of hdigersity (Daset al, 2005). The
high variations from morphological data and AFLRilgsis for the accessions in this

study from different locations conform to the viesfsabove author.

The result from cluster tree analysis using AFLRadaas consistent with
earlier findings in assessment of mandarirCempo Citricolaexperimental station
germplasm (Campost al, 2005). However, the major groups diverged at |sinty
coefficient of 0.48 in our result is in contrast@atl. Further, the accessions from
some districts were more genetically similar toesston from other district e.g.
Samtse 2and Dagana 4 Such similarity is expected due to the use otommon
source for seedling. On the other hand, it woulhséhat the accessions from Tsirang
might have resulted from out crossing or might haeen driven by environmental

factors to process of adaptations as stated byeR201L0).

Except for the accessions at Zhemgang and Dagdustier tree analysis
didn’t show any affinity due to sources. The arraysninor groups were difficult to
interpret. Further, the study with extended setspofmers and adoption of co-
dominant markers may solve the problems in futidevertheless, the capacity to
discriminate 23 accessions by 5 primer combinatghwsved the potentiality of AFLP
as an efficient discriminating tool for identificah of mandarin varieties. The AFLP
markers complemented morphological markers explicidicating diverse mandarin

types in Bhutan that could be used for registratibnew cultivars and certification.
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CONCLUSION AND RECOMMENDATIONS

Conclusion

Although the citrus in Bhutan in general is constdeas single variety, the
differences in morphological characteristics haweeed over the years. The non-
uniformity of fruit quality has a disadvantage ingng export market. The wide
morphological variation has held back the citrugpliavement programs. This study
was aimed to identify Bhutanese mandarin based vafuation of morphological
characteristics and AFLP analysis.

The entire study was conducted in two sets of ewpart; the first set
involved evaluation of morphological charactecsiof 30 mandarin accessions from
six major mandarin growing areas of Bhutan (Sam&spang, Tsirang, Dagana,
Trongsa and Zhemgang). To further elucidate noniremmental variations, 39
accessions of local mandarin germplasm collectierevevaluated for morphological
characteristics. The second experiment employed PAFholecular technique to
analyze the genetic variations among 23 acces$iomsthe field.

The statistical analysis of quantitative data onrphological characters
showed significant differences among the accessidihere was no discrete or
identifiable difference observed in qualitative @dwers. Some qualitative characters
such as trees, leaves and fruits were useful irstaaction of rough dichotomous
keys. Overall, the variations in qualitative chaeas were overlapping and less useful
for identification. The AFLP analysis elucidateddacomplemented morphological

characters in establishing that the accessions geretically different.
The findings of this study were summarized as fe$io
1. Morphological Characteristics: all the accessiérom different places

and germplasm revealed variation in quantitativeratters. Among the field

accessions, accessions from Dagana was identifiesniping for yield and
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physicochemical parameters while Shumar possesgeerisr fruit qualities from

germplasm accessions

2.  The AFLP marker analysis for 23 accessions ffietd discriminated 22
accessions. The clusters were independent of geloiged proximity between the
sources. Genetically different accessions were tifikth and recorded. It can be
unarguably stated that mandarinit(@s reticulata Blanco) in Bhutan consists of
different types and refutes the assumption of singiriety collectively known as

“local variety”.

The findings of this study were summarized as feio

1. Morphological Characteristics: all the accessifrom different places and
germplasm revealed variation in quantitative chi@msc Among the accessions
analyzed, accessions at Dagana were identifiegpimmising features recorded for
yield and physicochemical parameters. Among theng&xrsm accessions evaluated,
the accessions frolBhumarwere identified superior followed by Trongsa, Sod,
and Kengkhar. In contrast, the morphological gatlie characters were unable to

identify the accessions of mandarin in Bhutan.

2. The AFLP marker analysis for 23 accessions ffihal discriminated 22
accessions. The clusters were independent of geloiged proximity between the
sources. Genetically different accessions were rdecb Also different level of
discrimination power was observed for each prinenigination. The primer pair (E-
ACA+M-CAG) was the best combination that producéghkst number of bands in
AFLP analysis of Bhutanese mandarin. It can be guably stated that mandarin
(Citrus reticulata Blanco) in Bhutan consists of different types whiwas against
assumption of single variety collectively known ‘4scal variety”. In fact, AFLP
techniqgue was found very useful in identificatioi morphologically similar

Bhutanese mandarin.
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Recommendations

1. The morphological evaluation in this study wasducted for one season
for all qualitative and quantitative characters.efidiore, for consistency, further
morphological evaluation on accessions from DagarthShumar for few more years
is strongly suggested. Further survey and the atialu of morphological
characteristics of mandarins were found necessargddition, molecular analyses

need to be carried out for all accessions clatificaof actual genetic diversity.

2. The accessions collected from different locetiovere distinct and
different genetically, further work on registratiof these varieties ought to be
continued upon confirmation of yield performancenmifarly, the accessions from
Zhemgang appeared uniform, further work on morpfickl evaluation is strongly

recommended.

3. Due to high and varying level of polysaccharadatent in the leaves of
citrus, the contamination with colloidal hyalosonvkich is neither soluble in water
nor in TE buffer appeared as major challenge imagxibn of quality DNA required
for AFLP technique. At the same time, phenol extosc step was necessary in
elimination of polyphenols and other essential .oilfierefore, the inclusion of

additional step for polysaccharide eliminationasrid necessity.

4. The correct choice of primer pairs result imimizing the costs and time
required. The screening of 10 different primer corabons showed that E-ACA+M-
CAG were the best primer combination for Bhutanesedarin producing highest
numbers of total bands. Thus, the use of E-ACA+M&CArimer combination is

recommended for AFLP study in future.
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Appendix Table A1 ANOVA for field accessions
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Sum of Mean
Squares df Square F Sig.
FW Between Groups 105325.543 5 21065.109 74.296 0.000
Within Groups 125604.241 443 283.531
Total 230929.784 448
FD Between Groups 6027.149 5 1205.43 68.598 0.000
Within Groups 7784.507 443 17.572
Total 13811.656 448
FL Between Groups 4214.858 5 842.972 57.257 0.000
Within Groups 6522.103 443 14.723
Total 10736.961 448
WE Between Groups 1.744 5 0.349 3.597 0.003
Within Groups 42.948 443 0.097
Total 44.692 448
NS Between Groups  7050.008 5 1410.002 107.417 0.000
Within Groups 5801.882 442 13.126
Total 12851.891 447
TSS Between Groups 354.665 5 70.933 63.589 0.000
Within Groups 493.045 442 1.115
Total 847.71 447
Total Between Groups 14.693 5 2.939 15.001 0.000
Acidity Within Groups 28.012 143 0.196
Total 42.705 148
Sugar Between Groups 808.297 5 161.659 10.708 0.000
acid Within Groups 2158.952 143 15.098
ratio Total 2967.248 148
LL Between Groups 19242.355 5 3848.471 22.113 0.000
Within Groups 77272.738 444 174.038

Total 96515.093 449




Appendix Table Al (Continued)
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Sum of Mean
Squares  df Square F Sig.
LW Between Groups 3278.421 5 655.684 19.672 0.000
Within Groups 14799.211 444 33.332
Total 18077.632 449
RLW  Between Groups 0.478 5 0.096 2.054 0.070
Within Groups 20.679 444 0.047
Total 21.158 449
PL Between Groups 3.243 5 0.649 1.437 0.215
Within Groups 65.002 144 0.451
Total 68.245 149
PW Between Groups 0.324 5 0.065 0.783 0.564
Within Groups 11.931 144 0.083
Total 12.255 149
NoS Between Groups 3.422 5 0.684 0.257 0.936
Within Groups 994.565 374 2.659
Total 997.987 379




Appendix Table A2 ANOVA for accessions of Samtse

Sum of Mean
Squares df Square F Sig.
FW Between Groups 2090.18 4 52254 2998 0.024
Within Groups 12199.14 70 174.27
Total 14289.32 74
FL Between Groups 7824 4 1956 2.657 0.040
Within Groups 51531 70 7.36
Total 503.55 74
WE Between Groups 0.79 4 0.20 4.060 0.005
Within Groups 3.38 70 0.05
Total 417 74
TSS Between Groups 23.40 4 5.85 15.755 0.000
Within Groups 25.99 70 0.37
Total 49.39 74
Sugar Between Groups 1883 4 471 4377 0.011
acid Within Groups 2151 20 1.08
ratio Total 4034 24
LL Between Groups 1077867 4 2694.67 6.394  0.000
Within Groups 20500.56 70 421.44
Total 40279.23 74
LW Between Groups 52857 4 13214 5.959 0.000
Within Groups 1552.22 70 22.18
Total 2080.79 74

92



Appendix Table A3 ANOVA for germplasm accessions

93

Sum of Squares df Mean Square F Sig.
Tree Between Groups 26805.577 9 2978.397 24.425 0.000
Within Groups 46337.500 380 121.941
Total 73143.077 389
FW  Between Groups 48012960 9 5334.773 14.031 0.000
Within Groups 144482.258 380 380.216
Total 192495.218 389
FD Between Groups 2484.093 9 276.010 13.377 0.000
Within Groups 7840.390 380 20.633
Total 10324.483 389
FL  Between Groups 3806.066 9 422.896 28.445 0.000
Within Groups 5649.482 380 14.867
Total 9455.548 389
WE Between Groups 18.243 9 2.027 15.313 0.000
Within Groups 50.299 380 0.132
Total 68.541 389
NS Between Groups 618.231 9 68.692 5.812 0.000
Within Groups 4491.400 380 11.819

Total

5109.631 389
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Sum of Mean
Squares df Square F Sig.
TSS Between Groups 45.866 9 5.096 8.824 0.000
Within Groups 219.474 380 0.578
Total 265.340 389
Total Between Groups 10.110 9 1.123 9.418 0.000
acidity  Within Groups 21.826 183 0.119
Total 31.935 192
Sugar Between Groups 1822.972 9 202552 9.202 0.000
acid Within Groups 4028.132 183 22.012
ratio Total 5851.104 192
LL Between Groups 30945.242 9 3438.360 12.408 0.000
Within Groups 104748.837 378 277.113
Total 135694.079 387
LW Between Groups 2493.143 9 277.016 6.380 0.000
Within Groups 16411.668 378 43.417
Total 18904.811 387
RLW Between Groups 13.743 9 1.527 19.538 0.000
Within Groups 29.464 377 0.078
Total 43.207 386
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Sum of Mean
Squares df  Square F Sig.
PL Between Groups 4.276 9 0.475 0.863 0.56
Within Groups 101.876 185 0.551
Total 106.152 194
PW Between Groups 2.916 9 0.324  3.983 0
Within Groups 15.051 185 0.081
Total 17.967 194
NoS Between Groups 36.155 9 4017 1.979 0.044
Within Groups 375.517 185 2.03
Total 411.672 194
PdL Between Groups 3.692 9 0.41 3.148 0.001
Within Groups 24.105 185 0.13
Total 27.796 194
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Appendix Table B1 Tree Growth Habits

Characters Variables
1 Shape Erect Spreading Drooping Others(specify)
2 Density of branch Sparse medium Dense
3 Branch angle Narrow Medium wide
4 Spine density on adult Absent Low Medium  High
5 Shoot tip color Green purple Other
6 Shoot tip surface glabrous intermediatepubescent

Appendix Table B2 Leaf Characteristics

Characters Variables

1 Leaf apex shape

2  Petiole wing shape

3 Leaflamina shape Elliptic  Ovate Obovate Lanceolate  Obcord
ate
Leaf margin Crenate Dentate  Entire Sinuate
Leaf division Simple  Bifoliate Trifoliate Pentafoliate

Color intensity Light Medium  Dark

green green
7  Leaf lamina Sessile  Brevi Longi
attachment petiolate petiolate

8 Leaflength
Leaf width

10 Ratio of leaf
length to width




Appendix Table B3 Flower Characteristics
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Characters Variables
1 Length of anthers Shorter Medium Longer
relative to stigma
Flower type Hermophodrite Male Female  Others
3 Colour of open flower White Light Yellow  Purple
yellow
4  Colour of anthers White Light Yellow
yellow

5 Number of petals

6 Petal length

7  Petal width

8 Number of stamens
9 Flowering month
10 Pedicel length




Appendix Table B4 Fruit Characteristics

Characters Variables
1 Fruit weight (gm)
2 Fruit dia
3 Fruit length
4 TSS (°Brix)
5 No. of seeds
6 Total acidity (%)
7 Width of epicarp at
equatorial region
8 Fruit shape: spheroid Ellipsoid Pyriform Oblique Obloid Obvoid
Fruit base shape: Necked Convex Truncate Concave Concave collard aoll
10 Fruit apex shape: Mammiform Acute Rounded Truncate Depresed Other
11 Fruit skin color
12 Adherence of albedo Weak Medium Strong
13 Surface texture Smooth Rough Papillate Pitted Bumpy Grooved
14 Seed shape Fusiform Clavate Cuneiform Semi Spheroid Semi
Deltoid spheroid
15 Seed surface Smooth Wrinkled Hairy other
16 Seed color White Cream Yellowish Green Brown
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Appendix Table C1 DNA Extraction: Chemical Components and their e

Components Chemical Nature Effect
pH Inhibition of degradative
enzymes (eg. DNases act at
pH 7)
Tris Buffer Maintains pH
EDTA Ethylenediamine- Chelation of divalent cations
tetraacetate (cd*, Mg**, etc)
Na or K Salt Stabilization of nucleic acid
Proteinase K Enzyme Digestion of proteins
SDS Sodium Dodecyl  Anionic Solubilization of cellular
Sulfate detergent membranes
CTAB Hexadecyltrimethyl Cationic Solubilization OF
ammoniumbromide detergent membranes, denaturation of
proteins, formation of
complex with DNA
CIA Cholorform- Protein extraction
Isoamylalcohol
Isopropanol Precipitation of CTAB-DNA
complex
B- Reducing Inhibition of  oxidation
mercaptoethanol agent process
and NaS,0s (antioxidant)
PVP Polyvinyl Polyphenol Decrease the effect of
pyrrolidone absorbent  polyphenols
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Appendix Table C2 DNA Extraction Buffer

Chemicals Final concentration  Stock solution Fdd B0 Buffer
NaCl 1.4M 5M 140 mi

Tris-HCL pH 8.0 100mM M 50 ml

EDTA pH 8.0 20mM 0.5M 20 ml

CTAB 2% 10.0g

NaxS,0s 1% 5.0g

Appendix Table C3 CIA (Chloroform: IsoamylAlcohol)

Chemicals Final concentration For 250 ml CIA
Chloroform 96% 240 ml
Isoamylalcohol 4% 10 ml

Stored solution at 4°C

Appendix Table C4 TE-Buffer (10/1)

Final concentration  Stock solution For 250ml of TE

Tris-HCI pH 8.0 10 mM 1M 1.0 mi
EDTA pH 8.0 1 mM 0.5M 0.2 ml
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Sl. No. Chemicals Quantity

1 5X reaction buffer 5 ul per sample
2 EcoRI/MSel (Restriction mix) 2 ul per sample
3 Distilled water 13 pl per sample
4 T4 DNA Ligase 1 pl per sample
Appendix D2 Chemicals for Pre-Amplification Reactions

Sl. No. Chemicals Quantity

1 Preamplification primer mix 40 pl per sample
2 10X PCR Buffer plus Mg 5 ul per sample
3 Tag DNA polymerase 0.1 per sample
Appendix D3 Chemicals for Selective Amplification

Sl. No. Chemicals Quantity

1 EcoRI primer 50 per sample

2 Msel primer 600 per sample
3 Distilled water 9.7 per sample

4 10X PCR Buffer plus Mg 2 per sample

5 Tag polymerase 0.1 per sample
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Appendix D4 Chemicals for Polyacrylamide Gel Preparation

Sl. No. Chemicals Quantity
1 Polyacrylamide 40% (W/V) 28 ml

2 Bis-acrylamide 2% (W/V) 30 ml

3 Urea 84¢

4 10X TBE 20 ml

Appendix D5 Chemical for Glass Preparation

Sl. No. Chemicals Quantity

1 Bis-polyacrylamide solution 20 ml per glass
2 Temmed 12.8 ul per glass
3 APS 85 ul per glass

Appendix D6 Chemical for DNA and Dye Mixing

Sl. No. Chemicals Quantity
1 Formamide 9.8 ul per sample
2 Dye 0.2 ul per sample

3 0.5 M EDTA 0.2 ul per sample




Appendix D7 Chemicals for Preparation of Fixer
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Sl. No. Chemicals Quantity
1 95% Ethanol 105 ml
2 Glacial acetic acid 5ml
3 Distilled Water 890 ml

Appendix D8 Chemical for Staining Solution

Sl. No. Chemicals Quantity
1 Silver Nitrate 129

2 37% formaldehyde 1.2 ml

3 Distilled Water 800 ml
Appendix D9 Chemicals for Developer

Sl. No. Chemicals Quantity
1 Sodium Hydroxide 12 g

2 37% Formaldehyde 1.2 ml

3 Distilled water 800 ml
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