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Rapeseed (Brassica napus) is one of the most important sources of vegetable
oil in Guizhou, People’s Republic of China. It occupies the largest cultivated area
among Brassica species. During long term evolution and artificial selection, a large
number of B. napus varieties were developed and identified through regional test.
Therefore, accurate characterization of seed quality traits of each cultivar and
knowledge of their genetic relationships are important for germplasm conservation
and utilization. This study mainly attempted to reveal the genetic diversity and
relationships among 25 B. napus cultivars using AFLP and SSR techniques. Two parts
of experiment were conducted in this study. In the first part, a powerful technique
AFLP was applied to assess genetic diversity and relationships among 25 B. napus
cultivars. Nine AFLP primer combinations generated 193 fragments, of which 73
were polymorphic with polymorphic rate of 38%. Across all the varieties, the average
observed number of alleles per locus was 3.56, while the mean effective number of
alleles was 1.41. Gene diversity, Shannon’s information index, and genetic

differentiation were 0.25, 0.62, and 0.39, respectively. At a similarity coefficient of



0.66, these 25 B. napus cultivars were divided into three groups using UPGMA
cluster analysis. The UPGMA analysis showed no apparent clustering by seed
quality characteristics and original location. In the second part, SSR technique was
used for evaluating genetic diversity and relationships among B. napus cultivars.
Total 134 bands were generated with 11 SSR primer pairs, of which 54 bands were
polymorphic with polymorphism rate of 40%. Twenty two alleles were detected with
an average of 2.55 alleles per locus and an average of 2.01 effective alleles per locus.
High mean fixation index (0.54) and expected heterozygosity (0.45) were observed
among B. napus cultivars. The value of similarity coefficient among all B. napus
cultivars was calculated in a range of 0.43 to 0.95, with an average of 0.69. The
UPGMA cluster analysis showed that the rapeseed cultivars could be divided into
three groups at a similarity coefficient of 0.63. UPGMA analyses based on AFLP and
SSR genetic similarity coefficients found that two varieties, Huayouza 6 and
Huayouza 9, could not be distinguished, suggesting a very close genetic relationship
between them. Likewise, the genetic relationships among B. napus cultivars was not
closely related to their original location, may be contributed to their similar parents
or breeding program, although cultivars bred by the same institute have very high
level of genetic similarity. All the parameters of genetic diversity were calculated
using POPGENE 1.31 software and dendrograms based on genetic similarity
coefficients were constructed using NTSYS-pc 2.10 software. This study

demonstrated that the SSR technique was the best choice for the evaluation of



genetic diversity and relationships among B. napus cultivars. However, AFLP was an

optimal method for DNA fingerprinting of B. napus germplasm.

School of Biotechnology Student’s Signature

Academic Year 2010 Advisor’s Signature




ACKNOWLEDGEMENT

I would first like to express the deepest gratefulness to my thesis adviser, Asst.
Prof. Dr. Chokchai Wanapu, for his valuable guidance and suggestions about my
research, for his patience and encouragement to read the draft, and for the help and
care when | study in Thailand.

I am also deeply indebted to Dr. Huang Xian-qun, for her constant support and
guidance in this study.

Special thanks should go to my friend and colleagues, Ma Lin and Huang Tuan,
for their help in providing software.

| feel grateful to my committee members, Assoc. Prof. Dr. Neung Teaumroong,
Assco Prof. Dr. Montarop Yamabhai and Asst. Prof. Dr. Mariena Ketudat—Cairns for
their active participation and comments on the draft.

My appreciation to the secretary of school of Biotechnology, Institute of
Agricultural Science, Mrs. Prangkhaw Prukhett for her kindness and assistance.

Many thanks for all friends in F10, for their friendship and help.

Last but not the least, my gratitude also extends to my parents, for their constant

love, support, encouragement without a word of complaint.

Li Li



TABLE OF CONTENTS

Page
ABSTRACT IN THAL ..t |
ABSTRACT IN ENGLISH ....ooiiiie e i
ACKNOWLEDGEMENTS ...t VI
TABLE OF CONTENTS . ... VII
LIST OF TABLES ...t Xl
LIST OF FIGURES ..ottt X1l
LIST OF ABBREVIATIONS ... .ottt X1V
CHAPTER
I INTRODUCTION ...ttt sne e s es 1
1.1 Significance of the STUAY ..o 1
1.2 RESEAICH ODJECTIVES. ....c.eiiiiiciie et 2
1.3 ReSearch NYPOLNESIS. .....ccuiiieiieeeie e 2
1.4 Scope and limitation of the StUdY..........cccooeriiiniei e 3
1.5 EXPECLEA MESUILS ..o 4
1.6 RETEIBINCES ...ttt 4
Il LITERATURE REVIEWS.......c.coiiiieee e 6
2.1 Botanical description of rapeseed (BrassiCa NAPUS) .........cocveeeererruesernienieeseens 6

2.2 Characteristics of seed quality traits and estimation using NIRS

TECRNIQUE e 7



VIl

TABLE OF CONTENTS (Continued)

Page

2.2.1 Characteristics of seed quality traitS............cccocevvveiiiive i, 7
2.2.2 Estimation of seed quality traits using NIRS technique.................... 9
2.2.2.1 Erucic acid CONENT........ccooiiiieiiirieeiee e 13

2.2.2.2 GIUCOSINOAIALE ..ot 13

2.2.2.3 Ol CONLENE ...t 14

2.2.2.4 Protein CONENL........ccoerieiiiiiieiiisiese e 14

2.3 CUIIVALION ...t 15
2.4 Yield and ECONOMICS ........ccviiiirieiiisie e 16
2.5 Rapeseed IN GUIZNOU ........cceiieiieie et 17
2.6 Application of Molecular Marker in Rapeseed...........cccccvevvevveiecieeieenenn, 19
2.6.1 Restriction Fragment Length Polymorphism (RFLP)..................... 19
2.6.2 Random amplified polymorphic DNA (RAPD).........cccccoeveivenenne. 19
2.6.3 Inter Simple Sequence Repeat (ISSR) .......cccccvvvveiveiicie i 20
2.6.4 Amplified Fragment Length Polymorphism (AFLP)...................... 20
2.6.5 Simple Sequence Repeat (SSR) .....cccvevvevierieriiiie e 21

2.7 Application of AFLP and SSR in rapeseed..........ccoverveiieneeriesieesnenennens 22
2.7.1 Application of AFLP in rapeseed........ccccccevvevierieeiveiesieene e s 22
2.7.1.1 Genetic diversity of species or population...............cc......... 23

2.7.1.2 DNA fingerprinting ........ccoovvereiieeireresie e e e eie e 23

2.7.1.3 Gene mapping and lNKage ........cccevvevvereeiesiere e seesieeiens 24



TABLE OF CONTENTS (Continued)

Page

2.7.2 Application of SSR in rapeseed .........cccocvevevieeiieiie i 24

2.7.2.1 Population genetic analysiS..........ccccovevveveiieeneiiie e, 25

2.7.2.2 Gene Flow analysiS........ccceveiieiiiiie i, 25

2.7.2.3 Hybridization and hybrid Zones...........ccccevevevievecic e 26

2.8 RETEIBNCES. ... 26

CHARACTERIZATION OF GENETIC DIVERSITY

AND RELATIONSHIPS AMONG RAPESEED (BRASSICA

NAPUS) CULTIVARS USING AFLP TECHNIQUE.........c.cccocvviniiiiienn, 41

3L ABSIIACT ...t 41

3.2 INEFOTUCTION ..ottt 42

3.3 Materials and Methods ...........cooiiiiiiiiii e 43

3.3.1 IMALETTAIS ..t 43

3.3. L1 Plant materialS..........coooeiveiiiiiiciie e 43

3.3.1.2 ChemMUCAl ....c.cciieiieieieeee e 44

3.3.2 IMEENOUS. ... 47

3.3.2.1 Material Sampling .......ccccovvveiieiiiieceee e 47

3.3.2.2 DNA EXIIaCtION .....coviiieiiiiieeeesierees e 48

3.3.2.3 Evaluation of quality and quantity of DNA............cccecvevvenen. 48

3.3.2.4 AFLP amplification .........ccccovveviiiieiieie e 49

3.3.2.5 Band scoring and data analysis...........c.cccceveveriieieenesieeseene. 51



TABLE OF CONTENTS (Continued)

Page

3.4 ReSUItS and ISCUSSION ........coueiiiiiiiiiieieesie et 53
3.4.1 Quantification and visualization of the DNA .........cccccooeeviiiieccieeenen, 53
3.4.2 Restriction digestion of genomic DNA and ligation............c.ccccevenee, 54
3.4.3 Pre-amplification..........cccoveiieii i 55
3.4.4 AFLP selective amplification ............ccocvevveieviieieiie e 56
3.4.5 Primer selection and AFLP polymorphism analysis...........ccc.ccccceeneene 58
3.4.6 Genetic similarity analysiS..........ccooveieriieiieie e 60
3.4.7 Genetic diVErsity @analySiS .........cccoviriiiiiniiieiese e 63
3.4.8 Genetic relationship among B. napus cultivars.............ccccceevvevvenenen, 65

3.5 CONCIUSION ... 68

3.6 RETEIBINCES ... 70

ANALYSIS OF GENETIC DIVERSITY AND RELATIONSHIPS

AMONG 25 RAPESEED (BRASSICA NAPUS) CULTIVARS USING

SSR MARKERS. ... s 77

4.1 Abstract77

4.2 INFOAUCTION ...ttt 78

4.3 Materials and MethodS ..........cccoviiiiiiiic s 79
4.3.1 Plant MaterialS ... 79
4.3.2 CREMICAL ......cviieiiiie e 79
4.3.3 MELNOGS ..o e 80

4.3.3.1 DINA EXETACTION ..o e e 80



Xl

TABLE OF CONTENTS (Continued)

Page

4.3.3.2 SSR PIMEL ....iiiiiiii ettt 80

4.3.3.3 SSR PCR amplification...........cccccovvveveiiieiieie e, 80

4.3.3.4 Gel electrophoresis.........c.ccveieiieiieic e 81

4.3.3.5 Band scoring and data analysiS..........c.cccccvevveiieiveieiiieseenns 81

4.4 ReSUILS and diSCUSSION .......cveuiiiiieieiisieieesiee et 84
4.4.1 SSR Primer SCrEENING ...veeveiveeiteeieiiesieerteseesteesteseesre e seesreeseesseesreas 84

4.4.2 Polymorphism of SSR Markers........cccccoevvveiviiiiiieie e, 84

4.4.3 DNA fingerprint of B. napus cultivars based on SSR markers........... 86

4.4.4 Genetic diversity analysiS ........ccccvvivieiieeriiiieseese e 92

4.45 Genetic similarity analysiS..........cccooveviiiiiiiiie i 94

4.4.6 Genetic relationships among 25 B. napus cultivars.............cccccvevenenn 96

4.5 CONCIUSION ...ttt 98
4.6 RETEIENCES......cuiiiiiiiti s 100

V' CONCLUSION. ...t 107
APPENDICES ... s 109

BIOGRAPHY .o 111



LIST OF TABLES

Table Page

2.1

3.1

3.2

3.3

3.4

3.5

4.1

4.2

4.3

4.4

4.5

4.6

The mean erucic acid, glucosinolate, oil and protein content of 25

B. NAPUS CUILIVAIS......cueeiiiiccieee et 12
List of name and origin of B. napus cultivars included in the analysis............. 47
Oligonucleotide adapters and primers and their sequences for AFLP

Primer COMBDINALIONSU ......ecuveiiieieeic ettt sre et e nne e 51
Analysis of the level of polymorphism with nine AFLP selective

primers among 25 B. NAPUS CUIIVAIS. .........ccoiiiierieiiiie e 60
Genetic similarity coefficient of B. napus cultivars from the Dice

SIMilarity COBTTICIENT ......c.oiiiei e 62
Characteristics of AFLP markers used in studying the genetic

diversity of B. NAPUS CUILIVAIS .........cccoeiieiiiieiicie e 65
List of the microsatellite analyzed, sequence, motifs, number of

repeats and size range of the amplified bands approximated from

molecular Weight Markers.........c.coveeieiieie e 83
Amplification results of eleven SSR Primers.........cccoeiviiniinieieiene e 86
SSR fingerprint of 25 B. napus cultivars using six SSR primers.............c.c....... 87

Characteristics of SSR markers used in studying the genetic

diversity of B. NAPUS CUILIVAIS .........coviiiiiiiiiiice e 91
F-statistics for the 11 microsatellite 10Ci..........ccoocvreieiiiiiiiiieee e 92
Genetic similarity coefficient among B. napus cultivars based on Dice

SIMIlArity COBTFICIENT ......ouiiieiie s 95



Figure

2.1

2.2

2.3

3.1

3.2

3.3

3.4

3.5

4.1

4.2

LIST OF FIGURES

Page
Morphological characteristic of rapeseed..........cccovieiiiieiinniecie e 7
ETUCIC ACHU .. 8
GlUCOSINOIALE SEIUCTUIE ... 9
The integrity of DNA was estimated in 1.0 % agarose gel.........cccccceoereennenn. 54
Restriction digestion and ligation products of DNA with EcoR T and
Mse I enzymes, as visualized on a 1.0% agarose gel with ethidium
bromide (110 V Or 60 MiN)......cooieiieecie e 55
The electrophoresis of pre-amplification............ccccovvieiienii e, 56
Amplification products of 25 B. napus cultivars using AFLP primer
COMDINALIONS ...t 57
A dendrogram generated from UPGMA clustering analysis among
25 B. napus cultivars attending regional tests on the basis of Dice
similarity COBTFICIENT .........cciiiiiiic e, 68
PCR amplification products of 25 B. napus cultivars using SSR primer.
(@) FITO-063, (b) Ra3-HO9 was visible in 10% non-denaturing PAGE ....... 90

A dendrogram generated from UPGMA clustering analysis among 25

B. napus cultivars attending regional tests on the basis of Dice similarity

COBTTICIENT e 98



LIST OF ABBREVIATIONS

AFLP = Amplified Fragment Length Polymorphsim
AP = Ammonium Persulfate

bp = base pair

EDTA = Ethylenediaminetetraacetic acid

EST = Expressed Sequence Tag

EtOH = ethanol

ddH,O = double distilled water

DNA = Deoxynucleic acid

g = gram

h = hour

ISSR = Inter Simple Sequence Repeat

L = liter

mL = milliliter

mM = millimolar

min = minute

ng = nanogram

NIRS = Near Infrared Reflectance Spectroscopy

nm = nanometer



LIST OF ABBREVIATIONS (Continued)

NTSYS

PAGE

PCR

POPGENE

RAPD

RFLP

rpm

S

SSR

TEMED

UPGMA

Numerical Taxonomy and Multivariate Analysis System
Polyacrylamide Gel Electrophoresis

Polymerase Chain Reaction

Population Genetic Analysis

Random Amplified Polymorphic DNA

Restriction Fragment Length Polymorphism

round per minute

second

Simple Sequence Repeat

N, N, N', N'-tetramethylethylenediamine

Unweighted Pair Group Method with Arithmetic average
micromolar

microliter

unit per microliter

micromoles per gram

degree Celsius

XV



CHAPTER I

INTRODUCTION

1.1 Significance of the study

Rapeseed also known as rape, or oilseed rape, is an important oil crop with high
oil and protein contents, which provides about 12% of the world-wide edible
vegetable oil supplies (Labana and Gupta, 1993). According to the Food and
Agriculture Organization of the United stations (FAQO), worldwide production of
rapeseed (including canola) rose to 50.5 million metric tons in 2007, and is the second
largest oilseed crop after soybean. China is the largest producer of oilseed rape with
one hundred and ten million acres in 2000 (Cheng, 2005), planting area and
production account for about one of third of world total area and production.
Nowadays, the major objectives of rapeseed breeding are to develop high quality and
yield variety by combining breeding with heterosis. With the application and
dissemination of elite hybrid rapeseed, yield of rapeseed has been improved, and new
cultivars were developed. Regional tests provide useful information for the
registration and protection of rapeseed cultivars. The tested varieties represent the
achievement of breeder, and reflect level of present breeding. Traditional
biotechnological methods become less feasible to distinguish rapeseed varieties, due
to environmental influences and low level of polymorphism. Therefore, it is necessary
to use other methods for the precise cultivar identification.

Recently, several molecular approaches have already been evaluated for genetic

(RFLP; Landry et al., 1991), randomly amplified polymorphic DNA (RAPD;



Kresovich et al., 1992), amplified fragment length polymorphic (AFLP; Lombard et
al., 2000) and simple sequence repeat (SSR; Kresovich et al., 1995). These markers
give broad and different ranges of information, which substantially differ in terms of
practicability and reproducibility.

At present, there is no report that genetic diversity and relationships among
rapeseed (Brassica napus) cultivars attending Guizhou regional tests were analyzed
using AFLP and SSR markers. Therefore, this study will provide effective

information for genetic analysis of rapeseed cultivars.

1.2 Research objectives

The main objective of this study is to investigate the genetic diversity and
relationships among 25 B. napus cultivars attending Guizhou regional tests from 2007
to 2008 using AFLP and SSR markers and to provide a scientific basis for varieties
assessment and utilization. The objectives are as follows:

1. To examine the usefulness of AFLPs and SSRs in differentiating 25 Guizhou
cultivars of B. napus based on the polymorphisms.

2. To develop an effective molecular marker for B. napus germplasm.

1.3 Research hypothesis
The research hypothesis is if polymorphic loci were detected by AFLP and
SSR markers, then genetic diversity and relationships among 25 B. napus cultivars

could be revealed.



1.4 Scope and limitation of the study

At present, genetic analysis of B. napus in China using the AFLP and SSR
techniques have been reported (Lei et al., 2005; Liu, 2007). Genetic analysis of B.
napus F; cultivars attending Guizhou regional test still has not been available.
Classification based on morphological characters and deduced genotypes based on
certain agronomic characters are not reliable. In this study, AFLP and SSR markers
provided important information for the characterization of AFLP and SSR in B.
napus. By detecting the polymorphism, effective molecular marker systems were
established among B. napus cultivars. Using these two molecular markers, useful
information for further research and selection in the breeding program can be
obtained. These distinct bands will result in the differentiation of cultivars and help to
develop molecular markers that will facilitate breeding.

1. DNA extraction was performed by DNA quick plant system kit. Agarose gel
eletrophoresis of DNA was used to show the integrity of the DNA. PCR products
were detected by PAGE analysis.

2. AFLP and SSR markers were selected for characterization of B. napus
cultivars. Combinations of EcoRI primers and Msel primers with three nucleotides
were tested for the selection amplification. SSR markers are available on the Cropnet

website (http://ukcrop.net/perl/search/BrassicaDB).

3. Due to cost considerations and the relatively large amount of DNA required,
the AFLP reaction was duplicated. The SSR reaction was repeated two times to test

reproducibility.



1.5 Expected results

1. AFLP and SSR markers can detect substantial numbers of polymorphic loci
among F; population of B. napus cultivars with a relatively small number of primer pairs.
2. DNA fingerprinting map can be constructed among these B. napus cultivars

in Guizhou, People’s Republic of China.
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CHAPTER 1l

LITERATURE REVIEW

2.1 Botanical description of rapeseed (Brassica napus)

Rapeseed (Brassica napus) is a bright yellow flowering member of the family
Brassicaceae (Figure 2.1). It is an annual (spring) or biennial (winter) plant, when
seed was sown late, produces fruits in early summer and the plant flowers bloom in
late spring (Duke, 1983). In the old civilizations of Asia and the Mediterranean, rape
oil was used for lighting purposes. Rape crop was cultivated in India about 3000 years
ago and introduced to China and Japan about 500 to 200 BC (Krzymanski, 1998).
Rapeseed comprises oil seeds of different species. All these species are derived from
the Brassica genus in the Cruciferae family. B. napus (genome AACC, 2n = 38) is an
amphidiploid species that was derived from spontaneous hybridizations of two diploid
Brassica species: B. rapa (genome AA, 2n=20) and B. oleracea (genome CC, 2n=18),
and contains the complete diploid chromosome sets of both parental genomes
(Snowdon et al., 2002), which originated from Europe. It has dark green foliage,
glaucous, smooth, or with a few scattered hairs near the margins, and partially
clasping. The stems are well branched, although the degree of branching depends on
variety and environmental conditions, branches originate in the axils of the highest
leaves on the stem, and each terminates in an inflorescence. The inflorescence is an
elongated raceme, the flowers are yellow, clustered at the top but not higher than the

terminal buds, and open upwards from the base of the raceme (Musil, 1950). In China,



this crop was cultivated about 75 years ago, mainly introduced from Japan in the

1930s (Liu, 2000). Since then, the originally cultivated B. rapa was substantially
replaced by the introduced B. napus because of its higher yield and better adaptation.
The introduction of B. napus resolved the problems of low yield and severe disease on
the originally cultivated B. rapa. The B. napus is self-compatible although both wind
and insect pollination can occur. Large amounts of pollen are released and this is

likely to contribute to both cross- and self-pollination (Harding and Harris, 1997).

Figure 2.1 Morphological characteristic of rapeseed (Brassica napus information
from NPGS/GRIN).

2.2 Characteristics of seed quality traits and estimation using NIRS

technique

2.2.1 Characteristics of seed quality traits

Erucic acid, glucosinolate, oil and protein are the main characteristics of



seed quality traits. Contributed to these characteristics, rapeseed is widely cultivated
throughout the world for the production of animal feed, vegetable oil for human
consumption and biodiesel.

Oil is the essential byproduct in the production of rapeseed. High oil
content and production are the most important characteristics for rapeseed breeding.
In traditional Brassica oilseeds, the occurrence of erucic acid and glucosinolate are
considered as anti-nutritional factor for human consumption. Therefore, it was
minimized by breeding and finally developed Canola- or “00’-quality (Liihs et al.,
1999). High erucic acid rapeseed cultivars are regaining interest for industrial
purposes. Erucic acid (cis-13-docosenoic acid, 22:1) is a very long chain fatty acid
having 22 carbon atoms with one double bond at the cis-13 position of the carbon
chain (Figure 2.2). In plants, they are mainly found as components or precursors of
epicuticular waxes and in the seed oil of certain plant species (Harwood, 1980;
Post-Beittenmiller, 1996). But erucic acid is found only in the seed oil and not in
membrane lipid. Erucic acid accounts for 45-60% of the total fatty acid mixture in
traditional B. napus cultivars (Frentzen, 1993). The erucic acid content depends on the
embryo genotype, not the female parent, and is controlled by additive effects of two

pairs of genes (Jonsson, 1977; Qi et al., 2001).

C3H

Figure 2.2 Erucic acid (Molecular formula: C;,H4,0,, Molar mass: 338.57 g/mol).



Another important anti-nutritional compound is  glucosinolate.
Glucosinolates are a family of secondary plant metabolites particularly abundant in
seeds and green tissues of the family Brassicaceae (Figure 2.3). Low glucosinolate
meal can be used for livestock feed, and high glucosinolate meal for potential pest
control (Bhardwaj et al., 1996). In the other words, either a reduction or an
enhancement in glucosinolate content might be helpful in developing rapeseed as a
renewable-domestic source of erucic acid (Bhardwaj and Hamama, 2000).
Glucosinolate content is controlled by the maternal genotype (Kondra and Stefasom,

1970; Mou and Liu, 1990; Zhang et al., 2004).
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Figure 2.3 Glucosinolate structure.

After oil extraction, a residue with high protein content can be used as a
valuable animal feed. The protein composition of rape meal is favorable for animal
nutrition. Quality of rapeseed proteins was found to be similar to casein and superior
to proteins from other vegetable sources such as soybean, pea, and wheat in some
applications (Sarwar et al., 1984).

2.2.2 Estimation of seed quality traits of B. napus cultivars using NIRS
technique
Improvement of seed quality is one of the most important objectives in

Brassica breeding for satisfying future edible oil requirements (Becker et al., 1999).
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Compositional analysis of oil seeds plays an important role for the quality control.
Seed quality traits like oil, protein and glucosinolate contents as well as fatty acid
composition can be modified by classical breeding and gene technological approaches.
However, the conventional method for determining seed quality traits is
time-consuming and labor-intensive: it includes grinding, oil extraction, sample
pretreatment, and gas chromatographic (GC) analysis.

Near infrared reflectance spectroscopy (NIRS) is a spectroscopic method
that uses the near-infrared region of the electromagnetic spectrum (from about 800 nm
to 2500 nm), which is based on molecular overtone and combination vibrations. Such
transitions are forbidden by the selection rules of quantum mechanics. As a result, the
molar absorptivity in the near IR region is typically quite small. Therefore, NIRS is
not a particularly sensitive technique, but it can be very useful in probing bulk
material without sample preparation. Instrumentation for NIRS is partially similar to
instruments for the visible and mid-IR ranges. There is a source, a detector, and a
dispersive element (such as a prism, or, more common, a diffraction grating) to allow
the intensity at different wavelengths to be recorded. Common incandescent or quartz
halogen light bulbs are most often used as broadband sources of near-infrared
radiation for analytical applications. The type of detector used depends primarily on
the range of wavelengths to be measured. Usually 2D array detector with a
acousto-optic tunable filter is used for chemical imaging. The ability of NIRS to
determine these various compounds in plant samples is due to vibrational and
rotational energies associated with H bonds (Osborne and Fearn, 1986). The
quantitative and qualitative composition of seed quality traits are affected by growing

conditions, which also determine the final yield (Stone and Savin, 1999). Therefore,
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in this research, a rapid, simple, and non-destructive method near infrared reflectance
spectroscopy (NIRS) was used to determine the seed quality traits of B. napus like oil,
protein, erucic acid and glucosinolate contents (Orman et al., 1992).

In this study, erucic acid, glucosinolate, oil and protein contents were
determined by a spectrophotometer NIRSystems FOSS 6500 (Silver Spring, USA)
with a transport device for a ring sample cell which had an optical grade quartz glass
cover on one side, and expressed as the percentage of erucic aicd on total oil,
percentage of glucosinolate (umol/g), oil and protein on total dry seed weight (%).
The instrument was operated at constant temperature within the scanning room of
23+2°C. Briefly, over 4 g seeds of each intact sample were packed and flattened in a
close sample cell. The NIR reflectance spectra were measured directly from samples
in a wavelength range from 1100-2500 nm at 2 nm intervals. The NIRS reflectance (R)
readings were converted to absorbance (A) values: A = log (1/R). Each sample
spectrum was obtained by averaging 32 scans. All these data of seed quality traits

were provided by Guizhou Seed Management Station.
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Table 2.1 The mean erucic acid, glucosinolate, oil, and protein contents of 25 B.

napus cultivars.

Code | Variety Erucic acid % Glucosinolate Oil content% | Protein%
tmol/g

Al | Youyan 1517 0.5 27.27 40.36 26.52
A2 | B52 2.6 24.92 39.37 29.10
A3 | Youyan 10 1.3 27.74 4458 25.87
A4 | You 05-2 0.5 38.86 41.90 26.76
A5 | Jinyou 8 0.1 26.27 39.62 28.66
A6 | 12139 0.2 28.83 41.98 27.81
AT | You 3115 0.4 27.64 43.72 26.22
A8 | Qianza 6-18 0.6 32.58 40.54 28.13
A9 | You 9559 0.4 33.28 42.42 2643
A0 | ZwWH-1 1.46 45.12 40.37 2545
All | H0802 0 16.49 41.73 26.69
Al2 Qianza 2501 2.0 3243 41.44 27.03
Bl Qianza 222 0.1 16.59 41.32 26.36
B2 NRO61 0 17.72 41.58 2775
B4 Gui BF2-3 0.2 20.33 41.80 27.89
B5 IF5-9 0 14.56 38.79 26.71
B6 | NR168 0 14.59 40.70 26.57
B7 You 06-1 0.01 40.11 41.78 27.08
B8 Mianza 04-52 0 18.08 38.13 26.93
B9 Jinuou 068 0.2 29.21 40.70 27.57
B10 Shenyou 6970 0 21.28 39.71 27.24
Bl1l Qianza J5005 0.6 25.85 43.44 27.45
B12 You 06-3 0 15.85 39.78 27.09
SC4 Huayouza 6 0.76 29.89 42.56 20.19
SC5 Huayouza 9 0.25 29.58 38.46 23.08

As shown in Table 2.1, significant differences existed among tested B.
napus cultivars for contents of erucic acid, glucosinolate, oil, and protein. Among B.
napus cultivars, B-52 had the highest erucic acid (2.6%) and protein (29.10%),
ZWH-1 had the highest glucosinolate (45.12 pmol/g), and Youyan 10 had the highest
oil content (44.58%). While seven cultivars (H0802, NR061, IF5-9, NR168, Mianza

04-52, Shenyou 6970, and You 06-3 showed the lowest value (zero) of erucic acid, IF




13

5-9 had the lowest glucosinolate content (14.56 umol/g), Mianza 04-52 had the lowest
oil content (38.13%), and Huayouza 6 had the lowest protein content (20.19%). These
lines could form the basis of a breeding program to increase or decrease the amount of
erucic acid, glucosinolate, oil and protein.
2.2.2.1 Erucic acid content

Kaushik (1998) reported that erucic acid and glucosinolates are the two
toxic substances found in rapeseed mustard seeds. In the present study, low erucic acid
was detected in all B. napus cultivars. The erucic acid content among the cultivars ranged
from 0 to 2.6% with an average of 0.49% (Table 2.1), which showed the lowest value in
HO0802, NR061, IF5-9, Mianza 04-52, Shenyou 6970 and You 06-3. Therefore, 25 B.
napus cultivars exhibited good seed quality of rapeseed. Abbas et al. (2008) reported that
erucic acid content among B. napus and B. campestris genotypes ranged from 32.9% to
57.98%, while in the F, progenies from cross combinations B. napus and B. campestris,
the erucic acid content ranged from 43.60% to 47.5% of the total fatty acids. The erucic
acid content variation among cultivars is more because each cultivar has different
concentrations of erucic acid. While erucic acid is a valuable resource for the non-food
industry, this long-chain fatty acid is not desired in oil for human consumption (Ofori et
al., 2008). With the shift to rapeseed 00 (low erucic acid and low glucosinolate) in
rapeseed breeding, the low erucic acid content of the resulting rapeseed oil and its specific
fatty acid composition make it a highly appreciated edible oil.

2.2.2.2 Glucosinolate
The glucosinolate content of the 25 B. napus genotypes ranged

from 14.56 pmol/g to 45.12 umol/g with a mean of 29.84 pmol/g (Table 2.1). Low

glucosinolate content was measured in rapeseed cultivars, which is consistent with
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previous reports (15.8 - 39.0 umol/g) (Petisco et al., 2010). The present quality
assessment studies in B. napus indicated the existence of a wide variation with respect
to various parameters among the genotypes, which can serve a prominent role to the
rapeseed breeders in designing future breeding program. Low glucosinolates are
preferred for traditional markets to allow the use of the meal as a livestock feed.
2.2.2.3 Oil content

High oil content is one of the most important characteristics for B.
napus breeding. Oil content naturally varies between varieties. The data of oil content
of 25 B. napus varieties revealed that oil content values ranged from 38.13% to
44.58% with an average of 41.07% (Table 2.1). The highest oil contents (44.58%)
were observed in cultivar Youyan 10, while the lowest oil contents (38.13%) were
produced in Mianza 04-52. Previous researches (Velasco et al., 1999; Abbas et al.,
2008) also reported that high oil content was also found using NIRS for screening of
quality traits in rapeseed. These differences may be due to variation in genotypes or
environmental influences. Moreover, the utilization of heterosis is an effective way to
improve seed oil content in B. napus.

2.2.2.4 Protein content

The protein content of rapeseed cultivars was not variable greatly.
Protein varied from 20.19% to 29.10% with a mean of 26.66% (Table 2.1). Data
showed that the maximum protein content (29.10%) was observed in B-52. The
minimum protein contents (20.19%) were shown in Huayouza 6. These results were
in agreement with the findings of Abbas et al. (2008) who reported the protein value
ranging from 22.3% to 27.52% and their F, progenies ranging from 23.50% to

29.60% in seed of Brassica genotypes.
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The oilseed of good quality contains 40-44% of oil, low erucic acid
(less than 2%), low glucosinolate (less than 30 umol/g) and the meal contains 43-48%
of protein (Ghodsvali et al., 2005). In this study, these data suggested that the seed
quality of B. napus cultivars was high, due to low erucic acid and glucosinolate
contents, but high oil and protein contents. Furthermore, modern breeding programs
are aimed at revealing high-yielding rapeseed varieties with an improved ratio of fatty
acid as well as large-seeded varieties with an increased oil content resistant to diseases
and lodging. It was found that the oil content of F; hybrid seeds in rapeseed was
mainly controlled by the maternal genotype (Wang et al., 2010). Therefore, selection
of parent and maternal materials play an important role in the improvement for seed
quality in B. napus. The extensive genetic differences in the ecucic acid, glucosinolate,
oil, and protein contents have laid the foundation for higher genetic diversity in the
tested rapeseed cultivars. Moreover, the results obtained in this work demonstrated the
good performance of NIRS technology in the quantification of oil, protein, and total

glucosinolates in seed samples of B. napus without sample preparation.

2.3 Cultivation

Rapeseed is adapted to cool, moist regions. It does not tolerate drought. Air
and soil temperatures influence rapeseed plant growth and productivity. The optimum
temperature for maximal growth and development is around 20°C, and it is best

grown between 12°C and 30°C. Seedbed preparation is very important to rapeseed

because of its lack of early competitiveness (Oplinger et al., 1989). Rapeseed can be
seeded in either the fall or the spring depending on the type of variety. Rapeseed

grows well on a wide variety of well-drained soils, prefers a pH between 5.5 and 8.3,
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and is moderately tolerant of saline soils. Seedbed preparation is usually done with a
shallow (4-5 inch) tillage operation. It is usually seeded with the small seed
attachment of a grain drill to a depth of 1/2 to 1 inch. Rows should be spaced 30- 40
cm apart (James, 1983). Seed of Polish types germinate readily when moisture and
temperature conditions are suitable. Rapeseed responds well to nitrogen, phosphorus,
potassium, and sulfur fertilizer with higher yields. After emergence, seedlings prefer
relatively cool temperatures up to flowering; high temperatures at flowering will
hasten the development of plant, reducing the time from flowering to maturity.
Although rapeseed crops can be attacked by a number of insect pests, insect control
must be carefully designed to reduce unnecessary and costly pesticide applications,
chances of resistance buildup in insects, and damage to honeybees and native
pollinating insect. Notably, oilseed rape should not be grown on the same field more
often than once every four years, to prevent the occurence of diseases, insects, and
weeds. When the color of seed changes from yellow to brown, mature seed can be

harvested.

2.4 Yield and Economics

Brassica species play an important role in agriculture and horticulture, as well
as contributing both to the economy and health of populations around the world.
Rapeseed has worldwide importance in agriculture, providing vegetable oil in the
world because of its high oil content (35%-50% w/v) in the seeds. The global
production of edible oils has increased greatly. In 2005-2006, palm oil makes up the
largest proportion (31% w/w) of world-wide vegetable oil production followed by

soybean oil (29% w/w). Rapeseed is in third place with 14% (w/w) of total production
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(http://dili.pudong-edu.sh.cn/Upload/ACW/FuJian/2008924/F116231.doc). World

production of oilseed rape has increased very rapidly over the last 20 years. China
with 25% of world production is the largest producer of oilseed rape with nearly 10

million ton every year (http:/www.ipipotash.org/udocs/No%2016%200ilseed%20

rape.pdf). Worldwide production of rapeseed was around 57.8 million metric tons in

2008  (http://www.agmrc.org/commodities products/grains_oilseeds/rapeseed.cfm),

and ranks second in the world production of oilseed crops. Canada was the top
rapeseed producing country, producing 12.6 million metric tons, and China was
second, producing about 12.1 million tons. In China, rapeseed oil is an edible oil for
thousands of years, forming many elite landraces with good agronomic traits for food
oil production, such as high oil content, short life cycle, and natural
self-incompatibility (prevent self-fertilization and encourage outcrossing). In Europe,
rapeseed is primarily cultivated for animal feed (due to its very high lipid and medium
protein content), and for the production of vegetable oil for bio-diesel (due to its rapid
biological decomposition). Due to its economic importance, much effort has been put
into devising methods for identifying varieties and improving production (Cooke,

1999).

2.5 Rapeseed in Guizhou

Guizhou province is situated at Yunnan-Guizhou Plateau, the northwest parts
have higher altitude than the southeast. The culitivars of B. napus are broadly
distributed in parts of Guizhou with average altitude 137-2200 m, the east longitude
105°12" to 109°12" and north latitude 25°37’ to 28°18". In the past years, common

oilseed rape breeding program was initiated with the major objectives of developing
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high yielding, pest and disease resistant varieties and exploitation of hybrid vigour by
induction of male sterility. During the long term evolution and artificial selection,
high quality and yield B. napus varieties were developed. At present, cultivated area is
about 7 million acre, of which B. napus makes up 70-75%, B. juncea is 10% and B.
campestris is 15%. It demonstrated that B. napus is widely used in rapeseed breeding
programs, due to their high yield. However, B. napus cultivars fingerprinting map
remains unevaluated and the genotypes selected and exploited for extensive planting
are very much limited. In the past years, there were various techniques for studying
the genetic variability of crop germplasm, including morphological traits, total seed
proteins and isozymes. Different biochemical technologies have proven potentially
useful for genetic analysis of B. napus. These include HPLC analysis of leaf
glucosinolates (Adams et al., 1988), starch-gel electrophoresis of enzyme (Miindges
et al., 1990) and the comparison of seed oil fatty acid profile by Gas liquid
chromatography analysis (White and Law, 1991). However, biochemical and
morphological makers reveal only limited polymorphisms among closely related
genotypes, and influenced by environmental conditions. Therefore, new techniques
that detect more polymorphisms than morphological traits must be established for
genetic characterization within species or between species. In comparison with
morphological traits, molecular makers have many advantages. The molecular
markers are not subject to environmental change, making them especially informative
and superior to traditional methods of genotyping such as the use of morphological
traits, and biochemical markers (Tanksley et al., 1989; Messmer et al., 1993;

Melchinger et al., 1994).



19

2.6 Application of Molecular Marker in Rapeseed

2.6.1 Restriction Fragment Length Polymorphism (RFLP)

Molecular markers have been successfully used for genetic analysis, each

with specific advantages and disadvantages. In the late 1980s, the first RFLP linkage
maps for B. oleracea were constructed based on the segregation of 258 restriction
fragment length polymorphism loci in a broccoli x cabbage F, population (Slocum et
al., 1990), the result of the duplicated loci showed that a fairly high degree of genetic
rearrangement occurred in the evolution of B. oleracea. Later genetic linkage maps of
B. rapa (Song et al., 1991) and B. napus (Landry et al., 1991) were also established by
RFLP for genetic map. Diers et al. (1994) and Meng et al. (1996) revealed gene
diversity and relationship among B. napus cultivars using RFLP markers respectively.
These results demonstrated that RFLP markers are well suited for the construction of
linkage maps, and have also been used for the analysis of genetic diversity because of
their high specificity (Chyi et al., 1992) and their co-dominant nature. Nevertheless,
this technique is labor intensive, time consuming and expensive.
2.6.2 Random amplified polymorphic DNA (RAPD)

With the development of PCR, RAPD, Amplified fragment length
polymorphism (AFLP), and Simple Sequence Repeat (SSR) markers have been
widely used for genetic information. RAPD technique gained development due to its
simple and rapid, and require no prior knowledge of sequence (Karp et al., 1997).
Kresovich et al. (1992) reported that twenty-five decamer oligonucleotide primers for
RAPD were screened individually with a test array composed of individuals
representing a range of genetic relationships in B. oleracea L. Wu et al. (1997)

examined the genetic diversity and the close relationship among 40 cultivars of B.
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napus from seven provinces and other countries using RAPD technique. Therefore,
RAPD and RFLP markers have been shown to be valuable tools for detecting patterns
of DNA polymorphism among and within Brasscia species, and fingerprinting
Brassica varieties. However, the utilization of RAPDs for genome analysis seems to
be restricted by the dominant character, lack of reproducibility (Jones et al., 1997;
Karp et al., 1997).

2.6.3 Inter Simple Sequence Repeat (ISSR)

A variant of microsatellites called ISSR involves the amplification of DNA
region located between two microsatellites loci (Zietkiewicz et al., 1994). ISSR
markers are PCR based like RAPD but are more reproducible than RAPD due to their
better stringency (high annealing temperature), require no gene sequence information
and targets microsatellite motif (Bornet and Branchard, 2001; Thimmappaiah et al.,
2009). ISSR markers have been used for cultivar identification (Hu and Quiros,
1991; Yonemoto et al., 2006) and diversity analysis (Qiao et al., 2006; Ma et al.,
2003). But it appears to be insufficiently polymorphic (McGregor et al., 2000).

2.6.4 Amplified Fragment Length Polymorphism (AFLP)

Another marker system developed recently is the AFLP. The AFLP analysis
is also a DNA technique by which the total plant DNA is digested and amplified by
PCR (Vos et al., 1995). Gerber et al. (2000) suggested that the high numbers of
polymorphic loci revealed by AFLP methods counterbalance the loss of information
resulting from dominance, while Garcia-Mas et al. (2000) showed that AFLP had
higher efficiency in detecting polymorphism than either RAPD or RFLP markers.
AFLP technique produces highly reproducible, dominant markers, but also more

laborious and time consuming. It has been widely applied in mapping (Lin et al., 1996;
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Mohan et al., 1997), DNA fingerprinting (Powell et al., 1996), analyses of genetic
relationships (Milbourne et al., 1997), and genetic diversity (Russell et al., 1997).
AFLP markers have also been employed for Brassica genome genetic analysis. Zhao
et al. (2005), applying AFLP, reported comparable genetic diversity between and
within different rape accession groups collected world-wide. A framework consensus
map for B. napus L. was constructed from the integration of three double haploid (DH)
mapping populations derived from crosses between or within spring- and winter-type
parents (Lombard and Delourme, 2001). Moreover, AFLP was also a suitable
approach for oilseed rape cultivar fingerprinting (Roman et al., 2004).
2.6.5 Simple Sequence Repeat (SSR)

A potentially powerful technique for DNA fingerprinting followed the
successful PCR amplification of tandemly repeated sequences, which have been
known to be polymorphic and widespread in plant genomes, referred to as SSR or
microsatellite polymorphism (Cregan, 1992; Morgante and Olivieri, 1993). Micro-
satellites occur frequently in most eukaryote genomes and can be very informative,
multi-allelic and reproducible (Vos et al., 1995, Senior and Heun, 1993). The
application of SSR techniques to crops depends on the availability of suitable
microsatellite markers, which have been developed for species such as soybean
(Rongwen et al., 1995), rice (Zhao and Kochert, 1993), and maize (Taramino and
Tingey, 1996). A number of SSR markers have been developed in Brassica and
shown to be polymorphic within and between different Brassica species (Kresovich et
al., 1995 and Szewc- McFadden et al., 1996). Five loci were obtained for all
microsatellites from B. oleracea, B. napus and B. rapa, polymorphism was detected

for all microsatellites (Lagercrantz et al., 1993). Using SSR markers, Hasan et al.
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(2003) found remarkable genetic variation in exotic vegetable and fodder rape
genotypes compared with the gene pools of conventional spring and winter oilseed
materials. The SSR may provide a useful method for the -characterization,

conservation, and utilization of oilseed rape cultivars diversity.

2.7 Application of AFLP and SSR in rapeseed

New B. napus cultivars are difficult to differentiate mostly because of very
narrow genetic background of their parents (Zhou, 2001). To accelerate plant
breeding programs, microsatellites of B. napus have been previously studied by
Lagercrantz et al. (1993), Jin et al. (2006) and Tang et al. (2007). However, the
limited number of primer pairs seems to be insufficient for detailed genetic diversity
studies, particularly in advanced breeding material and elite cultivars, the genetic
complexity of breeder’s populations and high levels of heterozygosity in individual
genotypes. Moreover, until now there is no report about AFLP analysis of special B.
napus cultivar in Guizhou. Therefore, the ideal marker system should be established
for genetic analysis of Brassica genomes. In this research, the selection of primers,
identification of loci and their characterization in B. napus using AFLP and SSR
markers have been studied.

2.7.1 Application of AFLP in rapeseed
The AFLP is a high multiplex PCR-based system having the potential to
generate a large number of polymorphic loci (Powell et al., 1996). It combines the
strengths and overcomes the weaknesses of the RFLP and RAPD methods. Like
RFLP, the molecular basis of AFLP polymorphisms includes indels between

restriction sites and base substitutions at restriction sites; like RAPD, it also includes
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base substitutions at PCR primer binding sites. Therefore, it is a robust and reliable
genetic molecular marker assay, and the number of polymorphisms detected per
reaction is much higher than that revealed by RFLP or RAPD assay. The AFLP
technique has been applied successfully to crops such as rice (Mackill et al., 1996),
tea (Paul et al., 1997), and wheat (Barrett and Kidwell, 1998), oilseed rape (Eron et al.,
2006) as well as ornamental plants such as caladium (Loh et al., 1999). It is also
known that the AFLP technique has lower initial costs, and is more transferable across
species than SSR methods. Techniques based on AFLPs have been applied to genome
mapping, DNA fingerprinting and genetic diversity studies. Due to requirement of
minimal amounts and high quality of DNA, AFLP can be used to detect the quality of
tissue and DNA as following.
2.7.1.1 Genetic diversity of species or population

As AFLP technique provides a large amount of information in a short
time, AFLP markers represent an extremely useful tool for genetic diversity and
genetic relationship in Brassica crop species. Lombard et al. (2000) utilized amplified
fragment length polymorphisms to genotype winter rapeseed cultivars and estimate
genetic similarities. Srivastava et al. (2001) employed AFLP markers to assess the
genetic diversity among 21 established natural and 9 synthetic varieties and lines of B.
juncea originating from five continents. Roman et al. (2004) reported that AFLP
markers detected a higher level of polymorphism among oilseed rape cultivar than
RAPD and SSR markers.

2.7.1.2 DNA fingerprinting
DNA fingerprinting of 29 oilseed rape accessions was analyzed using

RFLP and AFLP markers by Liu et al. (2006), showed that 1477 polymorphic RFLP
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bands and 183 polymorphic AFLP bands from 166 enzyme-probe combinations. Chen
et al. (2007) reported that four pairs of core AFLP primer detected 67 polymorphic
bands among 89 oilseed rape cultivars and a primary DNA fingerprint database was
established. Research results showed that AFLP is a very suitable approach for
oilseed rape cultivar fingerprinting (Roman et al., 2004; Rajagopal et al., 1999). This
is due to the high multiplex ratio, which is the number of information points analyzed
per experiment (Powell et al., 1996).
2.7.1.3 Gene mapping and linkage
The development of genetic maps in Brassica is essential to understand
the origin and relationship among the genomes of the cultivated Brassica species and
can be utilized in applied genetics and breeding of Brassica crops. Most of the maps
were constructed by means of AFLPs. Because AFLP is able to detect a large number
of polymorphic bands in a single lane rather than high levels of polymorphism at each
locus such as is the case for SSR methods. AFLPs are a powerful tool for generating
linkage maps. Wang et al. (2004) reported an AFLP map for a double haploid (DH)
population of 100 individuals from a cross between a Turnip Mosaic Virus (TuMV)
resistant line and a TuMV sensitive line. A genetic linkage map of B. rapa ssp.
pekinensis was constructed with 186 AFLP markers by using a population with 183
individuals (Zhang et al., 2006).
2.7.2 Application of SSR in rapeseed
The SSRs or Microsatellites are stretches of 1 to 6 nucleotide units repeated
in tandem and randomly spread in Eucaryotic genomes (Turnpenny and Ellard, 2005).
SSR is very polymorphic due to the high mutation rate affecting the number of repeat

units. Such length-polymorphisms can be easily detected on high resolution
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polyacrylamide gel by running PCR amplified fragments obtained using a unique pair
of primers flanking the repeat (Weber and May, 1989).

The AFLP and SSR differ in their principles and applications and generate
different amounts of data points. The SSRs are widely used for population genetics
and hybridization analysis, because of their high mutation rate, are variable enough to
discriminate at the individual level as following.

2.7.2.1 Population genetic analysis

For population structure study, data from many loci and individuals are
required. The application of SSR techniques to plants depends on the availability of
suitable microsatellite markers. The SSR markers may behave quite stochastically in
terms of differentiation between sites and detect several hundreds of loci (Bensch and
Akesson, 2005; Samils et al., 2001; Yan et al., 1998). Morgante and Olivieri (1993)
stated that the amount of information given by SSR loci in relation to a comparable
number of RFLP loci is given in soybean by the estimated number of alleles (4.25
per locus for SSR as opposed to 2.15 per locus for RFLP). Wu and Tanskley (1993)
reported that the heterozygosity of SSRs is seven to ten times higher than that of
RFLPs.

2.7.2.2 Gene flow analysis

In populations continuously distributed over a larger area, where gene
flow is mainly between nearby locations, the SSR DNA band patterns can be used to
distinguish most of the crop varieties and determine genetic distances to help
grouping of varieties on the basis of their ecological origin. Therefore, microsatellite
markers are versatile tools for addressing issues of gene flow. Rongnoparut et al.

(1999) reported the gene flow occurs among Anopheles maculatus population in
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Thailand using microsatellite analysis. Microsatellite DNA variation reveals high gene
flow and panmictic populations in the Adriatic shared stocks of the European squid
and cuttlefish (Garoia et al., 2004). Consequently, microsatellite data could be applied
to assessing levels of gene flow within and between populations, and individual
oilseed rape plants. Bond et al. (2004) reported that some feral plants clustered tightly
with the winter cultivars, which indicated that only a small proportion of the
population was generated from recently spilt seed.
2.7.2.3 Hybridization and hybrid zones

Langevin et al. (1990) showed that hybrids between red rice and
cultivated rice were taller than their parents; had more flag leaf area; produced viable
seeds and fertile plants, exhibiting the dominant traits of the red-rice parent. Pu (2007)
analyzed distant hybridization between rice and sorghum using SSR molecular marker,
the result revealed that there was a certain homology between paddy and sorghum.
Hopkins et al. (2006) found that 16 SSR markers primers development and

characterization of 16 expressed sequence tags (EST)-SSR markers from B. juncea.
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CHAPTER III
CHARACTERIZATION OF GENETIC DIVERSITY AND
RELATIONSHIPS AMONG RAPESEED (BRASSICA

NAPUS) CULTIVARS USING AFLP TECHNIQUE

3.1 Abstract

A powerful technique AFLP was applied to assess genetic diversity and
relationships among 25 B. napus cultivars. Nine AFLP primer combinations generated
193 fragments, of which 73 were polymorphic. The polymorphic rate was 38%. The
average number of observed alleles per locus was 3.56, while the mean number of
effective alleles was 1.41. In all available materials, gene diversity, Shannon’s
information index, and genetic differentiation were 0.25, 0.62, and 0.39, respectively.
UPGMA cluster analysis revealed that rapeseeds in this study can be divided into
three groups at a similarity coefficient of 0.66. No apparent clustering by seed quality
characteristic or original location suggested that the limited number of characters used
for variety discrimination is encoded by a limited number of genes. However, a wide

range of similarity coefficient value suggested that the B. napus germplasm collection

represents a genetically diverse population, also demonstrated AFLP markers were
useful for evaluating the genetic relationships among species in rapeseed and may
serve as effective fingerprint technique for further characterization and management
of rapeseed germplasm.

Keyword: genetic diversity; B. napus; AFLP
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3.2 Introduction

In any crop improvement program, accurate identification of cultivars and
knowledge of their genetic relationships are essential for successful breeding and
management strategies. Registration and protection of oil seed rape cultivars relies on
a relatively small number of morphological traits, quality traits and yield character. As
the number of cultivars increases, the ability to distinguish them on a morphological
basis alone becomes more difficult (Eron et al., 2006; Lombard et al., 2000).
Considering the practice, time-consuming and cost, new markers are being developed
to maintain the efficacy of registration and regional test which guarantees the quality
of new cultivar for farmers and merchants.

Molecular markers have proven to be powerful tools to assess genetic diversity
and relationships in rapeseed germplasm. Different markers systems have been
constructed, such as RFLP (Song et al., 1991; McGrath et al., 1991; Chyi et al., 1992),
RAPD (Chen and Ronald, 1999; Chen et al., 2000a; Hu and Quiros, 1991), SSR
(Kresovich et al., 1995; Uzunova et al., 1999), ISSR (Ma et al., 2003). These
techniques differ in their principles, applications, and generate different amounts of
data points (Das et al., 1999). However, the utilization of RFLPs, RAPDs, SSRs and
ISSRs for genome analysis seems to be restricted by their characteristics. For
example, the cumbersome technique and low number of discriminating loci of RFLP
(Jones et al., 1997), lack of reproducibility of RAPD (Karp et al., 1997), small number
of loci and expensive cost of SSR (Gao et al., 2009), low reproducibility and
informativeness of ISSR (McGregor et al., 2000).

Fifteen years ago, AFLP technique was developed, combining the RFLP and

RAPD (Vos et al.,, 1995), having the potential to generate a large number of
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polymorphic loci (Powell et al., 1996; Guo et al., 2002). Compared with the above
mentioned molecular technique, AFLP is the most efficient method to estimate
genetic diversity because of its high reproducibility, high polymorphism and
multiplex ratio (Das et al., 1999; Steiger et al., 2002; Liu et al., 2005). Due to this
characteristic of AFLP, the aim of the present study was designed to investigate
genetic relationships of Guizhou B. napus germplasm, and evaluate genetic diversity
among 25 B. napus genotypes. This is the first AFLP-based study on B. napus
germplasm from Guizhou Province, People’s Republic of China. Moreover, genetic
analysis of rapeseed cultivars was analyzed with AFLP markers in this study. The
information will be used to identify genotype having desirable characters for future

breeding programs.

3.3 Materials and Methods

3.3.1 Materials
3.3.1.1 Plant materials

Twenty-five B. napus F; cultivars were selected from different
breeding institutes, which were provided by Guizhou Seed Management Station,
Guizhou, People’s Republic of China. They represented a large range of B. napus
germplasm and elite varieties. Seed germination was performed in Guizhou Key
Laboratory of Agricultural Biotechnology. Young leaf samples were collected from
these varieties. The collected leaves were used immediately for DNA extraction,
while excess leaf materials were stored in -70°C freezer for future use. The name and

origin of B. napus cultivars used are given in Table 3.1
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3.3.1.2 Chemical
All chemicals used were Laboratory grade or specified.

1) DNA extraction using DNA quick plant system Kkits
(Tiangen Biotech Beijing Co., Ltd.):

Extraction buffer FP1

Extraction buffer FP2

RNase A 10 mg/mL

Ice cold isopropanol

70% EtOH

TE buffer (10 mM Tris-Cl (pH 7.5), | mM EDTA)
2) AFLP core reagent kit (New England Biolabs):

10 w/puL EcoRI

10 u/pL Msel

10 mM Tris-HCI (pH 7.4)

50 mM KCI

0.1 mM EDTA

ImM DTT

200 pg/mL BSA

50% (v/v) glycerol
3) Adapter/ligation solution (Fermentas):

EcoRI/Msel adapters

0.4 mM ATP

10 mM Tris-HCI (pH 7.5)

I mM DTT
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50 mM KCI
50% glycerol (v/v)
TE buffer (10 mM Tris-HCI (pH 8.0), 0.1 mM EDTA)
4) AFLP Adapters and Starter Primers (Generay Biotech
Company, Shanghai, China)
5) Adapters primer and preparation
EcoRI-adapter: Forward 5' CTCGTAGACTGCGTACC 3'
Reverse 3' CATCTGACGCATGGTTAA S
Msel- adapter: Forward 5' GACGATGAGTCCTGAG-3'
Reverse 3'TACTCAGGACTCAT-5'
6) Starter primers:
The basic ECoRI primer:
5' GACTGCGTACCAATTC xyz -3' (where x, v,
and z represent the selective bases on the 3' end of
the oligonucleotide).
The basic Msel primer:
5' GATGAGTCCTGAGTAACACxyz-3', like with
the EcoRI primer x, y, and z represent the selective
bases on the 3' end of the oligonucleotide.
7) AFLP loading buffer:
Formamide-loading buffer: 98% formamide, 10 mM
EDTA (pH 8.0), 0.25% bromophenol blue and 0.25%

xylene cyanol
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8) Reagent for PAGE:
TE buffer (10 mM Tris-HCI (pH 8.0), 0.1 mM EDTA)
5X TBE buffer: Tris-base 54 g, boric acid 27.5 g, 0.5 M
EDTA (pH 8.0)
1 X TBE buffer: 5X TBE buffer was diluted to 5 folds.
10% AP: 0.1 g ammonium persulfate in 1 mL ddH,O
N, N, N', N'-tetramethylethylenediamine (TEMED)

9) Composition of denaturing 6 % PAGE storage solution

(100 mL):
Urea 42 g
Acrylamide 57¢

Bisacrylamide 03g

5 X TBE buffer 20 mL

10 % fresh AP~ 500 pL

TEMED 50 uL
Mizx, bring deionized water volume to 100 mL. Warm the
solution at 60°C until urea dissolved completely and filter
through Whatman filter paper. Store at 4 °C in the dark.
10) Reagent for silver staining:

Fixer: 10% ethanol, 0.5% acetic acid

Silver nitrate: 0.2% silver nitrate, 0.2% formalin

Developer: 1.5% sodium hydroxide, 0.2% formalin

Stop staining: 10% ethanol, 0.5% acetic acid
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3.3.2.1 Material sampling

A total of 25 B. napus cultivars were grown in pots in a green

house of Guizhou Key Laboratory of Agricultural Biotechnology, People’s Republic

of China. Young leaves were harvested from 2 to 3 weeks old seedling, placed in

sealable plastic bag and appropriately labeled. The collected leaves were used

immediately for DNA extraction, while excess leaf materials were stored in -70°C

freezer for future use.

Table 3.1 List of name and origin of B. napus cultivars included in the analysis.

Code | Cultivar Origin

Al Youyanl517 Guizhou Rapeseed Institute

A2 B-52 Guizhou Seed Management Station

A3 Youyan 10 Guizhou Rapeseed Institute

A4 You 05-2 Guizhou Rapeseed Institute

A5 Jinyou 8 Guizhou Lantian Seed Industry Limited Liability Company
A6 H2139 Guizhou Key Laboratory of Agricultural Biotechnology
A7 You 3115 Guizhou Rapeseed Institute

A8 Qianza 6-18 Guizhou Oil Crop Institute

A9 You 9559 Zunyi Seed Management Station

A10 ZWH-1 Guizhou Oil Crop Institute

All H0802 Guizhou Rapeseed Institute

Al2 Qianza 2501 Guizhou Oil Crop Institute

Bl Qianza 222 Guizhou Oil Crop Institute

B2 NRO61 Zunyi Academy of Agricultural Science

B4 Gui BF2-3 Guizhou University

B5 IF5-9 Sichuan Shu Yu Agricultural Technology Development Company
B6 NR168 Zunyi Academy of Agricultural Science

B7 You 06-1 Guizhou Rapeseed Institute

B8 Mianza 04-52 | Mianyang Academy of Agricultural Science

B9 Jinyou 068 Guizhou Oil Crop Institute

B10 Shenyou 6970 | Shennong Technology Limited Liability Company of Guizhou University
BIl | Qianza 15005 | Guizhou Oil Crop Institute

B12 You 06-3 Guizhou Rapeseed Institute

SC4 | Huayouza 6 Huazhong Agricultural University

SC5 | Huayouza 9 Huazhong Agricultural University
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3.3.2.2 DNA extraction

DNA was extracted from young leaves using DNA quick plant
system kits (Tiangen Biotech Beijing Co., Ltd.) as the manufacturer’s instructions.
Briefly, 100 mg young leaf tissue were pulverized using liquid nitrogen and dissolved
in 400 pL of buffer solution FP1 and 6 uL. RNase A (10 mg/mL). The mixture was
vortexed for 1 min and spun down for 10 min at room temperature. Then the mixture
was vortexed with buffer solution FP2 for 1 min and centrifuged at 12,000 rpm for 5
min. The supernatant was transferred to clean microfuge tubes. The previous step
could be repeated to improve the purity of DNA. The nucleic acids were precipitated
by addition of 0.7 volume ice cold isopropanol and the tubes were inverted slowly to
precipitate the DNA. The DNA pellet was washed with 700 uL 70% ethanol, vortexes
for 5 seconds, and then centrifuged at 12,000 rpm for 2 min. The supernatant was
discarded. The step of DNA purity was repeated. The DNA pellet was then dried at
room temperature, and the purified DNA was resuspended in 50 pL. TE buffer and

heated in water bath at 65°C.

3.3.2.3 Evaluation of quality and quantity of DNA
DNA concentration and purity were determined at 260 and 280
nm using DU 800 spectrophotometer (Beckman Coulter, USA). The DNA
concentration was calculated using the formula, [DNA] = Optical density x dilution
factorx constant (50 pg/mL). Purity was determined using the 260/280 nm ratio. The
DNA samples were diluted with TE buffer and stored at 4°C. The integrity of the
DNA was confirmed by running on 1% (w/v) agarose electrophoresis with

visualization under UV light after staining with ethidium bromide.
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3.3.2.4 AFLP amplification

The AFLP amplification was carried out according to the lab of
Biological centre, Beijing Academy of Agriculture and Forestry Sciences, People’s
Republic of China with minor modification. The restriction enzymes, adapters and
primers used were listed in Table 3.2. There were five steps of AFLP technique:

Step 1: Restriction digests of genomic DNA. Genomic DNA was
digested with restriction enzymes ECORI and Msel. The reaction was performed in a
volume of 20 pL: 0.2 pL of 10 u/uL EcoRI and 0.1 pL of 20 uw/puL. Msel (New

England Biolabs), 2 uL. DNA template (0.5 pg), 2 uL of 10 x NEB buffer, 0. 2 pL of
100 XBSA and 15.5 pL ddH,O. It was carried out at 37°C for 4 h. Enzymes were

inactivated by incubation at 65°C for 20 min.

Step 2: Ligation. The EcoRI-adapter and Msel-adapter were
ligated to the ends of restriction fragments overnight at 15°C to generate template
DNA for PCR amplification. The restriction-ligation reactions were performed in a
volume of 4 puL: 0.4 uL of 10 uM EcoRI adapter, 0.4 pL of 10 uM Msel adapter, 0.24
puL of 3 u/uL T4-DNA ligase, 0.4 pL of 10 x T4-DNA buffer and 2.56 pL. ddH,O.
The ligation reaction was inactivated by incubation at 65°C for 20 min.

Step 3: Pre-amplification. A subset of each sample of DNA
restriction fragment was amplified using universal primers, E00 and M0O (Table 3.2),
each specific for one of the adaptors and adjacent restriction site. Pre-amplifications
were done in a 20 pL volume containing 2 pL of 10 x PCR buffer, 0.4 uL of 10 mM
dNTPs, 1 pL. of 10 uM EcoRI and Msel primers without any oligonucleotides,
respectively, 0.2 pL 2.5 u/puL Taq polymerase and 2 pL restriction ligation mix. PCR

reactions were performed in Master Cycler Gradient 22331 (Germany): an initial step



50

of 5 min at 94 °C, 30 cycles of 94°C for 30 s, 56°C for 30 s and 72°C for 60 s, and a
final step of 10 min at 72°C. PCR products were analyzed in a 1.0% agarose gel and
the presence of low-molecular-weight smear indicated successful amplification.

Step 4: Selective amplification. The PCR products of the pre-
amplification reaction were used as template, after dilution twenty fold in ddH,O, for
selective amplification using two AFLP primers, each containing three selective
nucleotides. The ECORI primers used were not radioactive labeled as in the original
protocol. Instead, a modified silver-staining method was used. AFLP reaction was
performed for 36 cycles with the following cycle profile: The selective amplifications
were carried out using the following cycling parameters: 12 cycles of 30 s at 94°C, 30
s at 65°C to 56°C (with a decreasing ramp of 0.7°C each cycle), and 60 s at 72°C,
followed by 24 cycles of 30 s at 94°C, 30 s at 56°C, and 60 s at 72°C.

Step 5: Gel electrophoresis and silver staining. Following the
selective amplification, the reaction products were mixed with an equal volume of
formamide-loading buffer (98% formamide, 10 mM EDTA pH 8.0 and 0.1%
bromophenol blue). The samples were denatured for 5 minutes at 94°C, cooled on ice

and run on a 6% denaturing polyacrylamide gel in 1 X TBE buffer. The gel was run at

a constant 1500 V, 65 mA, for 2 h in a sequencing gel electrophoresis apparatus (EPS
3501, Amersham Pharmacia Biotech). The primers were not radioactively labeled,
therefore, the AFLP fragments were visualized using silver staining (see Part 3,

APPENDIX). The gel should be dry overnight before photographed.
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Table 3.2 Oligonucleotide adapters and primers and their sequences for AFLP primer

combinations.
Oligonucleotide Sequence (5'-3")
Adapters
EcoR I adapter CTCGTAGACTGCGTACC
AATTGGTACGCAGTCTAC
Mse [ adapter GACGATGAGTCCTGAG
TACTCAGGACTCAT
Pre-selective primers
E00 GACTGCGTACCAATTC
MO0 GATGAGTCCTGAGTAA
Selective primers
E9 E00+CCC M31 MOO+ATC
E10 E00+CCA M32 MOO+ACT
El1l E00+CCG M33 MO0+TCG
E12 E00+CCT M34 MO0+TGC
E13 E00+CGG M35 MO0+ACG
E14 E00+CGA M36 MO0+AGC
E15 E00+CGT M37 MO00+CTA
El6 E00+CGC M38 MO0+GTC

3.3.2.5 Band scoring and data analysis
Profiles for each cultivar and marker system were constructed by
scoring 0 or 1 for absence or presence of bands respectively. Each AFLP band was
assumed to correspond to a dominant allele at a single locus. Only clear, unambiguous

and reproducible bands were scored for the data analysis. All weak or poor bands
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were not recorded. The size of fragment was calculated based on DNA ladder

pBR322 DNA-Msp I Digest (New England BioLabs). These data were entered into

the software package NTSYS-pc 2.10 (Rohlf, 2000) and analyzed using qualitative
routine to generate genetic similarity coefficient. The genetic similarity among all
cultivars was calculated using Dice similarity coefficient (Nei and Li, 1979),
according to the formula:

Sij = 2a/(2a+ b + ¢), where S;; represents the similarity estimate
between the genotypes i and j, based on the AFLP data, a is the number of bands
presented in both i and j, b is the number of bands present in i and absent in j, and c is
the number of bands present in j and absent in i.

The dendrogram was constructed with unweighted pair group
method using arithmetic average (UPGMA) algorithm (Sneath and Sokal, 1973)
based on similarity coefficient, the sequential hierarchical, and nested clustering
routine in the NTSY'S program.

POPGENE version 1.31 software (Yeh et al., 1999) was used to
calculate the parameters of genetic diversity, including the observed number of alleles
(NA), effective number of alleles per locus (NE; Hartl and Clark, 1989), gene
diversity (H = expected heterozygosity, H = 1-Ep;>, where p; is the frequency of the
presence or absence of the band, Nei, 1973) and Shannon’s information index (I) for

phenotypic diversity quantifying the degree of AFLP polymorphism within

populations (I = —z p;log,p, , where pj is the frequency of the presence or absence of

a AFLP band; Lewontin, 1972). At the species level, the coefficient of gene

differentiation (Ggsr) is defined as the proportion of the interpopulational gene
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diversity, and was calculated using Nei’s gene diversity method (Nei, 1973),
according to the formula:

Gst = Dgt/ Hr, Hr = Hs + Dsr, where, Hr is the total gene
diversity, Hs is the gene diversity within the population, and Dsris the gene diversity

between populations.

3.4 Result and discussion

3.4.1 Quantification and visualization of the DNA

DNA concentration and purity were determined using absorption
maximum wavelength at 260 nm and 260/280 ratio, respectively. The AFLP analysis
relies on high yields of pure DNA samples. In this study, all samples of DNA had the
value of 1.7 - 2.0 at 260/280 ratio, suggesting high purity, and met the requirement of
AFLP analysis. The integrity of DNA was confirmed by 1.0% agarose electrophoresis
with visualization under UV light after staining with ethidium bromide (shown in
Figure 3.1). The presence of a highly resolved high molecular weight bands indicated
that the quality of DNA produced by DNA quick plant system kit was sufficiently
high for complete restriction digestion with ECORI and Msel (Figure 3.2) and

successful AFLP fingerprinting with different primer pairs (Figure 3.4).
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A5 A6 AT AR AD A10 All A12. Bl B2 5 B6 BT B8 B9 Bi0 Bil B12

Figure 3.1  The integrity of DNA was estimated in 1.0% agarose gel. Lane M (left)
showed a 2 kb DNA ladder marker. Lanes Al-Al12 and B1-B12
represented the integrity of genomic DNA of B. napus cultivars shown
in Table 3.1.

3.4.2 Restriction digestion of genomic DNA and ligation
The AFLP procedure was performed as described by Vos et al. (1995),
and modified by Biological Centre of Beijing Academy of Agriculture and Forestry

Sciences. 2 pL restriction-ligation products were monitored in a 1.0% agarose gel.

The presence of smear in a range of 100-2000 bp indicated successful restriction

digestion (Figure 3.2), and could be used as template of pre-amplification. In the

study, we recommended a digestion for 4 h at 37°C to ensure complete digestion of

DNA. Usually restriction and ligation take place in a single reaction. Ligation of the

adapter to the restricted DNA alters the restriction site in order to prevent a second

restriction from taking place after ligation has occurred.
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Figure 3.2  Restriction digestion and ligation products of DNA with EcoRI and
Msel enzymes, as visualized on a 1.0% agarose gel with ethidium
bromide (110 V for 60 min). Lane M (left) showed a 2 kb DNA ladder
marker. Lanes Al- A12 and B1-B12 showed restriction digest products
of B. napus DNA.

3.4.3 Pre-amplification

DNA was amplified with the ECORI and Msel primers without any
nucleotide. Pre-amplification provided a large number of templates for selective-
amplification and purified the template selectively, so that clear, reproducible and
stable fragments were produced. However, ECORI and Msel without any
oligonucleotides had poor selective amplification. Thus, fragments are often
compression and not separated. Therefore, it was recommended that pre-amplification
steps with ECORI+1/Msel+1 are used to avoid mismatches (Vos et al., 1995; Qi and
Lindhout, 1997). Next to that, the final selective PCR amplification with AFLP
primer combination should also have moderate selectivity. The electrophoresis of pre-
amplification was shown in Figure 3.3. The size of products ranged below 1 kb,

which indicated the successful amplification for selective amplification.
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A1? Bl B2 B4 B B& B7 BB B9 B10 Bl11 BiZ

Figure 3.3  The electrophoresis of pre-amplification. Lane M (left) showed a DNA
ladder marker. Lanes A1-A12 and B1-B12 showed pre-amplification
of DNA of B. napus cultivars shown in Table 3.1.

3.4.4 AFLP selective amplification
AFLP selective amplification was carried out using AFLP primer
combinations with three selective nucleotides at the ECORI end (ECORI +3) and Msel
end (Msel +3), respectively. These primer combinations characterized by six selective
nucleotides produced scoreable bands and were used in this study. The gels were
stained with silver nitrate and represented DNA fingerprinting of rapeseed cultivars
(shown in Figure 3.4). Bands labeled with arrow (Figure 3.4) were ignored in the

band calling process because of band compression, weakness and distortion.
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A6 AT AS AQATOA1{AI2 Bl B2 B4 B5 B6 B7 Bs B9 BIO p11 BI25C4 SCI

A7 A8 A9 A10 A11 AL2 Bl B2 Bdps B6 gy BS BY B10 Biipi2 S

Amplification products of 25 B. napus cultivars using AFLP primer
combinations. (a) E9/M33; (b) E16/M38. Lane M: DNA ladder
pBR322 DNA-Msp I Digest. Lanes A1-A12, B1-B12, SC4, and SC5

represented the amplification results of 25 B. napus cultivars shown in
Table 3.1.
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3.4.5 Primer selection and AFLP polymorphism analysis

Nine of the twelve primer combinations gave clear and reproducible
amplification patterns. Among the three discarded primer combinations, two primer
combinations amplified too many bands for accurate scoring; although it could be
argued that these primer combinations are highly informative, the difference in
electrophoretic mobility between bands was very small and increased the risk of
misalignment. Another combination was not very informative as they produced smear
bands.

The AFLP technique is effective, economical and combines the
reliability of restriction fragment length polymorphism (RFLP) and the power of
PCR. It generally produces polymorphism several folds higher than RFLP or any
other PCR based marker system. Nine primer combinations were selected from 12
pairs of ECORI / Msel primers based on their robust amplification patterns and specific
polymorphism. All of the primers could generate a significant number of
polymorphisms within the samples surveyed. The number of polymorphic bands
detected by single primer combination for each cultivar is reported in Table 3.4. A
total of 193 bands were generated ranging in size from 76 to 635 bp, of which 73
unambiguous were polymorphic (Table 3.3). Each individual tested had a unique
AFLP band patterns (except for Huayouza 6 and Huayouza 9 had very similar
fingerprint), suggesting the high efficiency of cultivar identification using AFLP
markers. Further, it also showed genetic variability existed among rapeseed cultivars.
The primer combinations differed in their ability to detect polymorphism within
populations. A maximum of 14 polymorphic bands was amplified with E9/M33

(E+CCC/M+TCQG) primer combination, and a minimum of 5 polymorphic bands was
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produced with E10/M39 (E+CCA/M+ATG) primer combination. An average of 8.1
polymorphic bands was generated for each primer combination. A typical AFLP
image was illustrated in Figure 3.4 and showed that most cultivars (except for
Huayouz 6 and Huayouza 9) could be distinguished by a specific set of AFLP bands.
Huayouza 6 and Huayouza 9 had remarkably similar AFLP bands. The percentage of
polymorphic bands were relatively lower than observed in other Brasssica studies
(Genet et al., 2005; Zhao et al., 2005; Wang et al., 2008), but higher than some reports
(Eron et al., 2006; Cheng et al., 2007; Yu et al., 2007). This discrepancy might be
related to the genotypes used and the selective of AFLP primer with scorable bands.
Therefore, a relative high level of polymorphism (38%) in this study indicated the
high discriminatory power of AFLP markers in rapeseed population investigated. The
discriminatory power of AFLP was, however, dependent on the primer combination
used. Lombard et al. (2000) found that only two combinations of AFLP primers from
a total number of 17 tested ones could distinguish 83 oil seed rape cultivars. Seyis et
al. (2003) investigated a total of 467 polymorphic AFLP bands using only three AFLP
primer combinations to estimate genetic diversity and relationships among 165
resynthesized rapeseed lines. Roman et al. (2004) reported that AFLP markers
detected a very higher level of polymorphism among oilseed rape cultivar than RAPD
and SSR markers. These data confirmed that AFLP is capable of detecting substantial
numbers of polymorphic loci with a relatively small number of primer pairs and

useful for assessment of genetic structures of rapeseed in selective breeding programs.
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Table 3.3 Analysis of the level of polymorphism with nine AFLP selective primers

among 25 B. napus cultivars.

Primer Primer Total Polymorphic | Polymorphic
combination bands bands rate
E9/M33 E00+CCC/MO0+TCG 20 14 70%
E10/M39 E00+CCA/MO0+ATG 20 5 25%
E12/M37 E00+CCT/MO00+CTA 24 8 33%
E12/M39 E00+CCT/MO00+ATG 15 6 40%
E13/M37 | E00+CGG/MO00+CTA 24 8 33%
E13/M39 E00+CGG/MOO+ATG 20 6 30%
E15/M36 E00+CGT/MO0+AGC 28 11 39%
E16/M37 E00+CGC/M00+CTA 20 7 35%
E16/M38 E00+CGC/MO00+GTC 22 8 36%
Total 193 73 38%
Average 214 8.1 38%

Polymorphic rate = (number of polymorphic bands/number of total bands) x 100%

3.4.6 Genetic similarity analysis

Genetic similarity coefficient between pairs of varieties based on Dice
similarity coefficients revealed a significant level of diversity within the cultivars
evaluated (Table 3.4). The average genetic similarity coefficient (S;) among all 25
cultivars evaluated was 0.73 with a ranged of 0.50 to 0.96, which indicated that a
considerable genetic diversity existed in the cultivars and their genetic relationships
were complex. The highest S;j (0.96) between Huayouza 6 and Huayouza 9 showed
less genetic variation and close genetic relationship, while the lowest S;j (0.50) was

observed between You06-1 and Jinyou068, suggesting a remarkable genetic variation.



61

It is noted that Shenyou6970 shared the same Sj; (0.56) with NR168 and Mianza04-
62, which indicated that their genetic variation was considerable. The S; (0.96)
between Huayouza 6 and Huayouza 9 was the highest, and their genetic similarity was
the greatest. The higher S;j (0.91) between You06-3 and Huayouza 6, NR061 and
GuiBF2-3 proved that their close genetic relationship. This was contradiction with
their considerable seed quality variation. The cluster results indicated that the
molecular classification was not completely consistent with the seed quality

classification.



Table 3.4 Genetic similarity coefficient of B. napus cultivars from the Dice similarity coefficient.

RowswCols|al |A2 |.°.3 |A4 ‘AS ‘AS |.°.’? |.°.8 ‘AS |AlD ‘All |A12 |Bl ‘BZ |B4 ‘BS |BS ‘B’? ‘BB ‘BS ‘BlD |Bll ‘Blz ‘SC‘I |SC5 |
Al 1.00

AZ 0.72 1.00

A3 074 0.84 1.00

Ad 0,74 0,24 0.75 1.00

AS o.7a 0.2 0.81 0.21 |1.00

AB 0,71 0,81 0.75 0.=20 (0.8l 1.00

A7 .78 0,20 0.73 0.8l 0.85 0.86 1.00

Ag o732 0.7 0.7& 0.&% |0.83 0.71 0.7E |1.00

A9 0.71 0.65 0.85 0,65 0,53 0.68 0.71 0.&2|1.00

AlD 0.g2 0,65 0O.e5 075 |0O.71 0.70 0.71 |0.54 |0.62 1.00

A1l o.70 0.2z 0.72 0.2& |0.80 0.72 O0.24 |07 |0.&62 0.71 1.00

AlZ o.74 0,72 0,75 0,78 0021 0,72 0.76 |0.74 0.2 0,65 0.7 1.00

El 0.7e 0,75 0.70 0.75 |0.7¢ 0.70 0.74 0.6 0,53 0.55 0,73 0.72 1.00

EZ o.72 0.7% 0.72 0.75 |0_81 0.72 0.8l 0.2 |0.70 0O.&2 0.72 0.782 0.75 1.00

E4 0.85 0,77 0.72 0.75 (0087 0,78 0.86 |(0.77|0.7e 0,67 0.7¢ 0.7% 0.75 0.21 1.00

ES 0.81 0.81 0.78 0.78 |0.8c 0.33 0.84 0.81 |0.&65 0O.65 0.76 0.80 0.75 0.80 0O.54 1.00

E& o.72 0.7 0.71 0.74 |0_80 0.7% 0.72 |0.7&|0.E5% 0.6l 0O.72Z 0.74 0.71 0.7% 0.80 0.2% 1.00

E? 0.2 0,75 0,70 0,70 0081 0.75 0.7¢ |0.71 0.0 0,53 0,71 0,70 0.75 0.70 0,75 0O.20 0.21 1.00

EZ 0.2 0.72 0.e% 0.74 |0.73 0.6% 0.70 |0.E2 0.6l 0.6% 0.77 0.6& 0.6l 0O.gé& O0.70 0.6 0.&8 0.6% |1.00

E= 0.&1 0.4 0.70 0.70 |0.&2 0.3 O0.&4 |0.E2 0.52 0.&60 0O.71 0.70 0O_&58 0O.70 O0.&2 0.0 0O_&% 0O_E0 |0O.&2 |1.00

ElD 0.4 0.71 0.73 0,62 |0.57 0.61 0O.54 |0.54 053 0,55 0,66 0,67 0.55 0,62 0.eZ 0O.62 0.55 0.523 |0.5c (0.5 1.00

Ell 071 0.71 0.70 0.&2 |0.&€% 0.72 0.74 |0.&64 0.68 0.65 0.71 0.75 O_&5 0O.7E5 0.72 0.2 0.&6 0.&0 |0.&6% |0.&5 0.71 1.00

Elz 0,73 0,83 0.74 0.78 (0083 0,78 0,75 |0.73 /0.6l 0.e3 0.72 0,75 0.71 0.74 0.7 0O.81 0.83 0.8l |0.73 |0.e4 0O.65 0.71 |1.00

SCd o.7% 0,24 0,75 078 |0.84 0.20 0,73 0.72 0.8 0,65 0.7¢ 0,75 0.72 0,75 0,81 0.258 0.81 0.80 0.6 O0.60 0O.8Z2 0.70 0.21 1.00
SCE 075 0.20 0.74 0.7& |0_B0 0O.7& 0.72 0.7&|0.66 O.&61 O.75 0.74 0.71 0.71 0.77 0.24 0.80 0.7% 0.2 0.&1 0.6l 0.&% 0.8 0.%& 1.00




63

3.4.7 Genetic diversity analysis

The observed number of alleles (NA), number of effective alleles (NE),
gene diversity, Shannon’s information index (I), genetic differentiation (Ggr),
calculated for each AFLP loci were shown in Table 3.5. Across 25 B. napus cultivars,
9 AFLP primer combinations produced a total of 16 alleles in nine loci. The effective
allele number is another index for estimating the genetic variations within a
population, which reflects the interaction between the alleles per loci. Typically, the
observed allele numbers were larger than the effective allele numbers. This result was
consistent with the same findings. In this study, the average NA was 3.56, while the
mean NE was 1.41. There was no significant difference between them. Gene diversity
index (H, expected heterozygosity) varied from 0.07 to 0.50 with an average of 0.25,
indicating a high genetic variability. High heterozygosity means lots of genetic
variability. Low heterozygosity means little genetic variability. Shannon’s
information index (I) ranged from 0.38 to 0.93 with an average of 0.62 across all loci
supported the existence of a considerate level of genetic variation in 25 rapeseed
cultivars. Estimation of genetic variation in the rapeseed might be consistent with the
fact that it is a self pollinated plant. We are aware that the relatively small number of
73 fragments may result in biases in the estimation of genetic diversity (Szmidt et al.,
1996; Isabel et al., 1999). E16/M37 had the highest level of diversity with the values
of NE = 1.99, H = 0.50, I = 0.82. E12/M39 exhibited the lowest diversity values of
NE =1.08, H=0.07 and I = 0.37. Consequently, the E16/M37 combination seems to
be the most informative either to discriminate among cultivars or to survey the genetic
diversity. Likewise, the genetic differentiation among populations (Gst) was 0.39 as

estimated by partitioning of the total gene diversity, indicating that high level of
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genetic variability existed among populations, although negative value of -8.22 was
observed in locus E10/M39. A high level of population differentiation may be
explained by several factors, including the species breeding system, genetic drift or
genetic isolation of populations (Hogbin and Peakall, 1999; Cao et al., 2006). All
markers showed very high Ggr value, indicating their suitability to differentiate
among populations. The extent of variation in rapeseed might be explained by the
heterozygosity existing in the natural populations and the method used in the rapeseed
selection program (Seyis et al., 2003). The genetic diversity revealed at AFLPs is
attributed to the differences in distribution patterns of markers in individuals.
Therefore, it was believed that genetic diversity of a crop depend on the life history
traits of species, such as such as breeding systems, seed dispersal mechanisms,
geographic ranges and life forms, but affected by environmental factors (Loveless and

Hamrick,1984; Hamrick and Godt, 1996).
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Table 3.5 Characteristics of AFLP markers used in studying the genetic diversity of

B. napus cultivars.

Locus NA NE H I Gst
E9/M33 4 1.26 0.21 0.62 1.38
E10/M39 |3 1.08 0.07 0.38 -8.22
E12/M37 |4 1.27 0.21 0.62 1.38
E12/M39 |3 1.08 0.07 0.37 2.14
E13/M37 |4 1.27 0.21 0.62 1.38
E13/M39 |4 1.08 0.07 0.43 2.09
E15/M36 |4 1.87 0.47 0.93 1.19
E16/M37 |3 1.99 0.50 0.82 1.08
E16/M38 |3 1.79 0.44 0.77 1.10
Mean 3.56 1.41 0.25 0.62 0.39

NA = Observed number of alleles

NE = Effective number of alleles (Kimura and Crow, 1964)
H = Gene diversity (Nei, 1973)

I = Shannon's Information index (Lewontin, 1972)

Ggst = genetic differentiation

3.4.8 Genetic relationships among B. napus cultivars
A UPGMA dendrogram constructed on the basis of Dice similarity
coefficient was shown in Figure 3.5. No apparent clustering by seed quality
characteristics (erucic acid, glucosinolate content, oil content, and protein), or
original location was observed within these sub-groups. It is not surprising,
considering that the limited number of characters used for variety discrimination is

encoded by a limited number of genes, which can originate new phenotypes as a
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consequence of simple mutation events or non-heritable changes: i.e. transposons or
epigenetic effects (Portis et al., 2004). Meanwhile, it demonstrated that plant
breeders often implement material from international sources in their breeding
program to maximize genetic diversity (Seyis et al., 2003). All the genotypes could
be distinguished except for the varieties Huayouza 6 and Huayouza 9. These two
cultivars were most similar in DNA level with 71 same out of 73 bands, which
indicated close genetic background and minimal differentiation with each other. The
close genetic relationship of these two cultivars hinted that they might share a
common ancestor, although there is no record regarding their parental trees.
Therefore, close -bred varieties which share a high proportion of gene variants will
be more difficult to discriminate than those based on genetically divergent parents
(Forster et al., 2001). At a similarity coefficient of 0.66, all cultivars were divided

into three groups. Group I contained twenty two varieties. It was found that cultivar

from same breeding institute was clustered together, suggesting closer genetic
relationship. For example, Qianza 2501 and Qianza 222, You 05-2 and H0802. It
may be concluded that the cultivars from the same institute shared the same or
similar parentages with seeding selection or vegetative propagation. However, some
cultivars from different institute were also closer, such as B-52 and Jingyou 8, IF5-9
and NR168, H2139 and You 3115. Normally, if the cultivars reflect the two
germplasm introductions, these cultivars would not be expected to be so closely
related. Therefore, it also may be concluded that from the above results that many of
rapeseed germplasm used in the study were based on a small gene pool although
randomly sampled from different institute. Therefore, it demonstrated that B. napus

has a relatively narrow genetic background. However, we found that a high degree
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of genetic variation among B. napus cultivars was still detected. The extent of
variation in B. napus might be explained by the heterozygosity existing in the natural
populations and the method used in the B. napus selection program (Hamilton and
Fukunaga, 1959). Maximum variability for selection in segregating populations may
be achieved by utilizing genotypes from different clusters as parents for crosses.
Youyan 10, You 06-1, Qianza 6-18 and You 9559 were separated alone, suggesting
distinctiveness from other cultivars. The genotypes from different breeding institutes
were obviously separated, which suggested significant genetic divergence between
these cultivars. It was noted that some cultivars from same institute show divergence
(Qianza 6-18 and ZWH-1). All the cultivars from the same origin resource did not
completely belong to one cluster, which suggested that the cultivars were not
completely clustered by their origin, an extensive gene exchange may exist among
all the cultivars. The possible explanation was that accessions from the same
geographical origin shared the same or similar parentages with seeding selection or
vegetative propagation, and more genetic exchange existed within populations of the
same institute due to cross pollination. Similar result was reported early on other
species (Zhou et al., 2007). Group II consisted of Qianza J5005 and Shenyou 6970
cultivars were close to each other, indicating a highly close genetic relationship. In
group III only Jinyou 068 formed one group, which indicated this cultivar are
distinct from other cultivar and had special genetic background. Divergent genotypes
may have good breeding values. Therefore, Jinyou 068 could be highlighted peculiar

materials in breeding programs.
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Figure 3.5 A dendrogram generated from UPGMA clustering analysis among 25 B.

napus cultivars attending regional tests on the basis of Dice similarity

coefficient.

3.5 Conclusion

The AFLP process comprises five consecutive steps (DNA extraction,
restriction/ligation, pre-amplification, amplification and electrophoresis) and only a
success of all these steps will lead to good electropherograms. Compared with other
molecular markers, like microsatellites or RAPD that just consist in a single PCR,
AFLP markers are more sophisticated. The implication of enzymes (restriction and
ligation enzymes) makes the method particularly sensitive and sometimes
problematic. Due to highly reproducible banding patterns and large number of

polymorphic fragments revealed by AFLP markers, it is widely applied for cultivar
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identification and determination of genetic relationships among cultivars (Gao et al.,
2006). Fingerprints of B. napus are useful for seed producers, growers and users to
check the identity and purity of seed rapeseed, and protect the new released from
breeding programs. In the study, AFLP markers provided useful information for DNA
fingerprinting of B. napus germplasm, which showed a relative high level of
polymorphism and further revealed high level of heterozygosity among B. napus
cultivars. However, this study also showed that the AFLP technique could not
perfectly discriminate B. napus varieties based on their origin or seed quality traits.
The genetic cluster analysis showed that cultivars bred by the same breeder have the
highest level of genetic similarity, because of their similar parents. But some cultivar
provided from different institute were also close together, indicating their close
genetic relationship, due to their similar parents or breeding program. Moreover, these
results from this study show that Guizhou has rich B. napus germplasm by seedling
propagation and natural and human selection, indicated that B. napus has more
extensive application prospect in rapeseed breeding. In order to understand of the
presence of genetic variability in Brassica germplasm and utilize the existing
variability for improvement of Brassica crop in Guizhou, more biochemical and
molecular data should be required. This study of B. napus was analyzed with AFLP
markers will aid not only the characterization and management of germplasm, but will

also be useful to improve the current breeding strategies.
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CHAPTER IV
ANALYSIS OF GENETIC DIVERSITY AND
RELATIONSHIPS AMONG 25 RAPESEED (BRASSICA

NAPUS) CULTIVARS USING SSR MARKERS

4.1 Abstract

Eleven simple sequence repeat (SSR) markers were used for genetic
relationship of 25 rapeseed (B. napus) cultivars. Total 134 bands were generated with
11 primers, of which 54 bands were polymorphic. The polymorphic rate is 40%.
Twenty two alleles were detected with an average of 2.55 alleles per locus and an
average of 2.01 effective alleles per locus. High observed heterozygosity showed
outcrossing within the populations investigated. Mean fixation index (Fst) of 0.54
indicates a high level of genetic differentiation. Based on molecular data, the value of
similarity coefficient among all rapeseed cultivars were calculated in a range of 0.43
to 0.95, with an average of 0.69. UPGMA cluster analysis showed that the rapeseed
cultivars could be divided into three groups at a similarity coefficient of 0.63. Only
two varieties Huayouza 6 and Huayouza 9 could not be distinguished. The genetic
relationships among rapeseed cultivars was not closely related to their original
location, which showed they possibly derived from similar parent and breeding
program. Moreover, some cultivars bred by the same institute had very high level of
genetic similarity. The practical implications of this study would provide a science

basis for varieties assessment and utilization.
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4.2 Introduction

Rapeseed is a major crop in Guizhou, People’s Republic of China. In 2005,
rapeseed cultivation area in Guizhou was about 7 million acre, of which B. napus, B.
juncea and B. campestris make up 75%, 10%, 15%, respectively. Recently, a large
number of B. napus varieties were identified through regional test and widely grown.
New B. napus cultivars are difficult to differentiate mostly because of very narrow
genetic background of their parents (Zhou, 2001). Traditional morphological,
phenological, and isozyme analysis reveal only limited polymorphisms among closely
related genotypes and are influenced by environmental conditions. Therefore, an
effective technique that estimate the level of genetic diversity among B. napus
cultivars should be explored for genetic characterization. In recent years, molecular
genetic techniques using DNA polymorphism have been increasingly used to
characterize and identify novel germplasm for use in crop breeding (O’Neill et al.,
2003). Several molecular marker systems have been considered useful tools for plant
breeding and genetic analysis (Gupta and Varshney 2000; O’Neill et al., 2003). SSR is
characterized as co-dominant, abundant, and highly polymorphic markers in genomes,
which make it prior to most of other molecular markers (Hasan et al., 2006), and have
been used in Brassica research for such topics as seed-coat color mapping (Padmaja
et al., 2005), varietal identification (Tonguc and Griffiths, 2004), analysis of variation
in plant populations and germplasm collections(Raybould et al., 1999; Westman and
Kresovich,1995) and levels of heterozygosity in individual genotypes (Jones et al.,
2003). In this study, we estimated the genetic diversity and relationship among 25 B.

napus cultivars from different institute for the following objectives: (i) evaluate the
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discrimination power of SSR markers to identify rapeseed cultivars; (ii) analyze

genetic diversity and relationships among cultivars by calculating genetic parameters.

4.3 Materials and methods

4.3.1. Plant material
The name and origin of 25 B. napus cultivars were shown in CHAPTER
IIT Table 3.1.
4.3.2 Chemical
All chemicals were Laboratory grade or specified.
(1) Reagent for PCR amplification (Tiangen, Beijing Co., Ltd.)
Taq DNA polymerase in storage buffer
10X PCR buffer (containing 25 mM MgCl,)
10 mM dNTPs
10 uM Primer
(2) Reagent for agarose gel electrophoresis (Tiangen, Beijing Co.,
Ltd)
DNA marker: 1 kb DNA Ladder, 100 bp DNA Ladder
Staining Solution: 2.5 pg/mL ethidium bromide
6% DNA electrophoretic loading buffer: 0.25% bromophenol
blue in 40% glycerol, and demonized water
(3) Reagent for Non-PAGE
5X TBE buffer (1 L)
Tris-base 54 ¢
Boric acid 275¢g

0.5M EDTA (pH 8.0) 20 mL
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30% acrylamide gel (100mL):

Acrylamide 29¢g
Bis-acrylamide 1.0g
Deionized water 100 mL

10% non-denaturing PAGE gel (75mL):

30% acrylamide gel 24.5 mL
5 X TBE buffer 15 mL
Deionized water 345 mL
10% AP 375 uL
TEMED 37.5 uL

4.3.3 Method
4.3.3.1 DNA extraction
The procedure has been described in CHAPTER III 3.3.2.2.
4.3.3.2 SSR primer
Seventy eight SSR primer sets developed from B. napus, B.
oleracea, B. rapa, and B. nigra were available for this study. All SSR primers were
synthesized by Generay biotech, Shanghai, China. Microsatellites are selected from
the information available in public domain (Piquemal et al., 2005) and the Cropnet

website (http://ukcrop.net/perl /search/BrassicaDB). Repeats, primer sequences and in

part the map position for the loci are available on the Cropnet website. The SSR
primer pairs used in this study were shown in Table 4.1.

4.3.3.3 SSR PCR amplification

PCR amplification was carried out in a volume of 20 puL
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containing 2.5 pL of 30 - 50 ng/uL DNA , 0.4 pL of 10 uM each primer, 0.4 pL of 10

mM dNTPs, 2.0 uL. of 10xreaction buffer (containing 25 mM MgCl,), 0.2 pL of 2.5

u/puL Tag polymerase and 14.1 pL distilled water. PCR reactions were performed in
Mycycler™ Thermal Cycler (USA): an initial step of 5 min at 94°C, 35 cycles of 45 s

at 94°C, 45 s at 53°C and 1 min at 72°C, and a final step of 10 min at 72°C.
4.3.3.4 Gel electrophoresis
The PCR products were separated and checked on 10%
non-denaturing polyacrylamide gel by silver staining. The gels were run with 1xTBE
buffer and 110 V constant power was applied for 1 h using DYC-24 B gel
electrophoresis apparatus (Beijing Liuyi Instrumental Factory, People’s Republic of

China), then the results were visualized by silver staining (see Part 3, APPENDIX).

4.3.3.5 Band scoring and Data analysis

Genetic similarity among 25 B. napus cultivars based on Dice
similarity coefficient (Nei and Li, 1979) was used for dendrogram construction with
the unweighted pair-group method with arithmetic averages (UPGMA) by employing
the computer program NTSYS-pc v. 2.10 (Rohlf, 2000).

Basing on the estimated fragment sizes of each marker and each
genotype, the genetic diversity parameters of mean number of alleles (NA), mean
number of effective alleles (NE), Shannon’s information index (I), observed
heterozygosity (Ho), expected heterozygosity (He) and F-statistic (Wright, 1965)
were calculated using the software POPOGENE version 1.31 (Yeh et al., 1999).

The F statistic is a measure of the difference between the mean
heterozygosity among the subdivisions in a population, and the potential frequency of

heterozygotes if all members of the population mixed freely and non-assortatively
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(Hartl and Clark, 1997). The fixation index ranges from O (indicating no
differentiation between the overall population and its subpopulations) to a theoretical
maximum of 1. A zero value implies complete panmixis, that the two populations are
interbreeding freely. A value of one would imply the two populations are completely
separate. F-statistics were calculated under the infinite allele model:

1- Fir = (1- Fis) (1- Fst)

Whereas, Fgsr: the Wright’s fixation index, which often
expressed as the proportion of genetic diversity due to allele frequency differences
among populations.

Fis: the within population inbreeding, which measures the
correlation of allele frequencies among individuals within populations.

Fir: the overall inbreeding that measures the correlation of

allele frequencies within individuals in different populations (Holsinger et al., 2009).
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Table 4.1 List of the microsatellite sequence, motifs, number of repeats and size range

of the amplified bands approximated from molecular weight markers

(http://ukcrop.net/perl /search/BrassicaDB).

] ] ] Number of Size
Microsatellite Sequence Motif
repeats range

F:GCCTTAGATTAGATGGTCGCC

Nal0-B07 CT 29 104-161
R:ACTTCAGCTCCGATTTGCC
F: TTTAACAACAACCGTCACGC

Nal0-Bl11 CT 28 126-181
R:CTCCTCCTCCATCAATCTGC
F:GAGCTGGCTCATTCAACTCC

Nal0-HO03 GGC 6 48-65
R:CACAATTTCTCAGACAAAACGG
F:AGCCTTGTTGCTTTTCAACG

Nal2-A02 CT 16 196-227
R:AGTGAATCGATGATCTCGCC
F:ACTGAAACTTACTAAAAGAGAGA

Nal2-D09 GA 24 18-65
R:TCTAGAAACACCAGCAGTGGC
F: TTGAAGTAGTTGGAGTAATTGGA

Nal2-E02 TTG 13 59-97
R:CAGCAGCCACAACCTTACG
F:CACATTGGCACGTATCCATC

Nal4-H12 AC 16 156-188
R:GGCTGATCGAACACAAATAAG
F:AAAAGGACCTACCAATTTCGTG

Ra3-D04 AG 38 137-212
R:CGACCCAAACTGAGCCATAC
F:GTGGTAACGACGGTCCATTC

Ra3-H09 TGG 3 146-154
R:ACCACGACGAAGACTCATCC
F:GTTCAGTTCCCAGATTCCTAA

FITO-063 CCG 15 267-700
R:TTTCCTCTTCCTTCTCTCTTC
F:CCTCCTCCTCAGACTTACACT

FITO-136 CTC 12 130-133
R:TCACATCCACCATAACCTTT




84

4.4 Result and discussion

4.4.1 SSR primer screening

The polymorphism survey using SSR primers for assaying B.napus
cultivars was carefully analyzed (Table 4.2). Almost 86% of the published primers
failed to generate a specific PCR product, consequently reliable allelic data could not
be gathered. 78 SSR primers selected from information available in public domain, 11
SSR primers showed polymorphic banding pattern in rapeseed. The remaining 67
SSR primer pairs were either unspecific as shown by smear or superfluous bands (40
primer pairs) or did not amplify at all (27 primer pairs). The fact that these primers
did not amplify the DNA of the taxa from the genus rapeseed is possibly due to the
occurrence of mutations in the flanking regions where the primers hybridize or
because this locus is absent in the specimens studied and possibly in the species
analyzed (Patricia and Cristina, 2006). Products could be amplified using 11 SSR
primers because the mutation is inside the microsatellite region and not where the
primers hybridize. Therefore, although many microsatellite markers are available, a
large number of markers were unsuitable for population analysis. Similar findings
were reported as we have revealed here (Szewc-McFadden et al., 1996; Uzunova and

Ecke, 1999; Bond et al., 2004).

4.4.2 Polymorphism of SSR markers

Eleven out of an original 78 SSR primer pairs were selected based on
their amplification strength, polymorphism and resolution. Thus were used for the
analysis of the 25 B. napus cultivars. The 11 selected primer pairs generated
distinctive products in the range of 100 -1200 bp. A total of 134 bands were produced

with an average of 12.2 major bands per primers, of which 54 were polymorphic.
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Polymorphic bands per primer varied from 2 to 9 with a mean of 4.9 bands. The
polymorphic rate was 40%. In general, polymorphism in amphidiploids is less than
that observed in diploid species. Previous reports revealed that the level of
polymorphism for B. napus is less than 45% (Cheung et al., 1997; Kresovich et al.,
1995; Uzunova et al., 1995), whereas in B. oleracea it can be higher than 80%
(Cheung et al., 1997), and in B. juncea a polymorphism of approximately 60%
(Cheung et al., 1997). Lower levels of polymorphism in amphidiploids may be
attributed to the lower level of out-crossing due to a weak and often non-existing
self-incompatibility system (Rakow and Woods, 1987; Weerakoon et al., 2010). In this
study, the polymorphism revealed by AFLP and SSR markers is lower than 45%,
which supported the previous reports. However, SSR exhibited a higher level of
polymorphism (40%) than AFLP (38%). This could be attributed to the different
mechanisms of polymorphisms detection using different marker systems. SSR
markers detect multiple alleles at a given locus while AFLP detect multiple loci
distributed throughout the genome. On the other hand, it can be explained by this
mechanism that replication slippage is thought to occur more frequently than
nucleotide mutations and insertion/deletion events, which generate the
polymorphisms detectable by AFLP (Powell et al., 1996). This result is in agreement
with other studies comparing the level of polymorphism detected with AFLP and SSR
markers (Cheng, 2005; Maughan et al., 1995; Salimath et al., 1995; Powell et al.,
1996). The data of the study indicated that the SSR methodology detected
polymorphism more efficiently than the AFLP approach. Representative banding

patterns, generated using primer FITO-063 and Ra3-H09 were shown in Figure 4.1.



Table 4.2 Amplification results of eleven SSR primers.
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Primer Total bands | Polymorphic bands | Polymorphic rate
Nal0-B07 12 3 25%
Nal0-B11 12 5 42%
Nal0-H03 8 6 75%
Nal2-A02 22 7 32%
Nal2-D09 13 4 31%
Nal2-E02 13 5 38%
Nal4-H12 7 2 29%
Ra3-D04 15 4 27%
Ra3-H09 14 9 64%
FITO-063 10 5 50%
FITO-136 8 4 50%

Total 134 54 40%

Average 12.2 4.9 40%

Polymorphic rate = (number of polymorphic bands/number of total bands) x 100%

4.4.3 DNA fingerprint of B. napus cultivars based on SSR markers

It was found that representative bands were available in fingerprint of

each cultivar by electrophoresis analysis. The fingerprint map of 25 rapeseed varieties

was constructed on the major fragments of FITO-063, Nal0-H03, Nal2-A02,

Nal2-E02, Nal4-H12 and Ra3-HO09 (Table 4.3). Amplification patterns obtained on

the non-denaturing polyacrylamide gels were clear and easy to score (Figure 4.1).

There was a marked difference between the size of the alleles for most of the markers.

This can be explained by an insertion/deletion polymorphism rather than differences

in the number of repeats of the microsatellite motif.



Table 4.3 SSR fingerprint of 25 B. napus cultivars using six SSR primers
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Primer

Youyanl517

You 05-2

H2139

You3l115

You 9559

B-52 | YouyanlO Jinyou 8 Qianza6-18 ZWH-1 | H0802 | Qianza2501

FIT0-063-180bp 0 0 0 0 0 0 0 0 0 1 0 0
FITO-063-295bp 0 0 0 0 0 0 0 0 0 0 1
Nal0-H03-200bp 0 1 1 1 0 0 0 0 0 0 0 0
Nal0-H03-210bp 1 1 1 1 0 1 0 0 0 0 0 0
Nal0-H03-240bp 1 1 1 0 1 1 0 1 0 1 1 1
Nal2-A02-120bp 0 0 0 1 0 0 0 1 0 0 0 0
Nal2-A02-180bp 1 1 1 1 1 1 1 1 1 1 1 1
Nal2-A02-190bp 1 1 1 0 1 1 0 0 0 0 1 1
Nal2-E02-100bp 1 1 1 1 0 1 1 1 1 1 1 1
Nal2-E02-140bp 1 0 0 1 1 1 0 0 0 0 0 1
Nal2-E02-210bp 1 1 1 1 1 1 1 1 1 1 1 1
Nal4-H12-1100bp 1 1 1 1 1 1 1 1 1 0 1 0
Nal4-H12-1250bp 1 0 0 1 0 0 0 0 0 1 0 1
Ra3-H09-100bp 1 0 1 1 1 0 1 1 1 1 1 1
Ra3-H09-120bp 0 1 0 0 0 0 0 0 1 0 0 0
Ra3-H09-130bp 0 1 0 0 0 0 0 0 0 0 0 0

0 represented the absence of band and 1 represented the presence of band




Table 4.3 (Continued).

primr | Qg | 5 [ S8 [ IE TR T | M | I | e | O [ vouos | moumas | aoums
FITO-063-180bp 0 0 0 0 0 0 0 0 0 0 0 0 0
FITO-063-295bp 0 0 0 0 0 0 0 0 0 0 0 0 0
Nal0-H03-200bp 1 1 0 1 0 1 0 0 0 0 0 0 0
Nal0-H03-210bp 1 1 0 1 0 1 0 0 0 0 0 0 0
Nal0-H03-240bp 0 1 1 1 1 1 1 1 1 0 1 0 0
Nal2-A02-120bp 0 0 0 0 0 0 0 0 0 0 0 0 0
Nal2-A02-180bp 1 1 0 1 1 1 1 1 1 1 1 1 1
Nal2-A02-190bp 0 1 1 0 1 0 1 1 1 1 1 1 1
Nal2-E02-100bp 1 1 0 1 1 1 1 1 1 1 1 1 1
Nal2-E02-140bp 0 1 0 1 0 0 0 1 0 0 0 1 1
Nal2-E02-210bp 1 1 0 1 1 1 1 1 1 1 1 1 1
Nal4-H12-1100bp 1 1 0 1 1 1 0 1 1 1 1 1 1
Nal4-H12-1250bp 0 0 1 1 0 0 1 0 0 0 0 1 1
Ra3-H09-100bp 1 0 1 1 0 0 0 1 1 1 0 1 1
Ra3-H09-120bp 0 1 0 0 0 1 1 0 0 0 0 0 0
Ra3-H09-130bp 0 0 0 0 1 0 0 0 0 0 1 0 0

0 represented the absence of band and 1 represented the presence of band
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As shown in Table 4.3, six SSR primers could identify all cultivars except the
cultivars Huayouza 6 and Huayouza 9. Therefore, these primers are insufficient for
complete separation, distinction and identification. When a number of primers (11
primers) were combined, Huayouza 6 and Huayouza 9 still could not be separated due
to their closest genetic relationship. Low number of SSR markers used in our study
could be a possible reason for this result (Ren et al., 2003; Hudcovicova and Kraic,
2003; Moghaddam et al., 2009). It is likely that the primer-anchoring sequences
flanking the microsatellite loci might differ sufficiently to prevent product
amplification (Creste et al., 2004). In other words, this suggests that a larger number
of markers probably lead to a more accurate genetic relationship among rapeseed
cultivars. In fact, the majority of the tested cultivars were uniquely identified both by
their AFLP fingerprints and by their multilocus SSR profiles. Huayouza 6 and
Huayouza 9 sharing a highly similar fingerprint could not resolved by both techniques
due to their close genetic relationship. Thus, our results showed the number of AFLP
and SSR primers seemed to be insufficient for all rapeseed cultivar identification.
Therefore, it is necessary to utilize a larger number of AFLP primer combinations and
SSR primer pairs on a wide range of cultivars to meet the requirement of research
(Reale et al., 2006). Data from more primers could successfully distinguish all the

tested cultivars.
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I AZR AR AARAL BAG S AT AR CA9ALOCALITAIZTE] B2 B4 B5 B6 B7 B8 B9 B0 BI1 BI2 SC4 SCH

(b)

M TAL AR A3 A4 A5 AB A7 AB A9 ALO0 ALL A2 BI B2 B4 B5S B6 B7 B8 B2 B10 Bl B12SC4 56

Figure 4.1 PCR amplification products of 25 B. napus cultivars using SSR primer.
(a) FITO-063, (b) Ra3-H09 was visible in 10% non-denaturing PAGE.
M: 100bp DNA ladder marker, Al,Youyan 1517; A2, B-52; A3, Youyan
10; A4, You 05-2; AS, Jinyou 8; A6, H1239; A7, You 3115; A8, Qianza
6-18; A9, You 9559; A10, ZWH-1; A11, H0802; A12, Qianza 2501; B1,
Qianza 222; B2, NR061; B4, Gui BF2-3; BS, IF-9; B6, NR168; B7, You
06-1; B8, Mianza 04-52; B9, Jinyou 068; B10, Shenyou 6970; Bll,

Qianza J5005; B12, You 06-3; SC4, Hunyouza 6; SC5, Huayouza 9.
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Table 4.4 Characteristics of SSR markers used in studying the genetic diversity of B.

napus cultivars.

Code Locus NA NE Ho He

1 FITO-063 | 2.00 2.00 0.69 0.33 0.50
2 FITO-136 2.00 1.99 0.69 0.49 0.50
3 Nal0-B07 | 2.00 1.44 0.48 0.69 0.30
4 NalO-B11 | 2.00 1.54 0.54 0.64 0.35
5 Nal0-HO3 | 4.00 3.00 1.21 0.32 0.67
6 Nal2-A02 |3.00 2.64 1.02 0.37 0.62
7 Nal2-D09 | 3.00 2.02 0.81 0.48 0.51
8 Nal2-E02 | 2.00 1.49 0.51 0.66 0.33
9 Nal4-H12 | 2.00 1.57 0.55 0.63 0.36
10 Ra3-D04 2.00 1.13 0.23 0.88 0.12
11 Ra3-H09 4.00 3.27 1.26 0.29 0.69

Mean 2.55 2.01 0.73 0.53 0.45

NA = Observed number of alleles

NE = Effective number of alleles (Kimura and Crow, 1964)

I = Shannon's Information index (Lewontin, 1972)

Ho= observed heterozygosity

He= expected heterozygosity (Levene, 1949)
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Table 4.5 F-statistics for the 11 microsatellite loci.

Code Locus Fis Fir Fst

1 FITO-063 oAk 1.00 1.00
2 FITO-136 -1.00 -0.69 0.16
3 Nal0-B07 -1.00 0.66 0.83
4 Nal0-B11 -1.00 0.36 0.68
5 Nal0-HO3 -1.00 -0.02 0.49
6 Nal2-A02 -1.00 -0.35 0.32
7 Nal2-D09 -1.00 0.03 0.51
8 Nal2-E02 -1.00 -0.05 0.48
9 Nal4-H02 -1.00 0.56 0.78
10 Ra3-D04 -1.00 0..87 0.94
11 Ra3-H09 -1.00 -0.27 0.37

Mean -1.00 0.08 0.54

Fsr= Wright's fixation index as a measure of heterozygote deficiency or excess

4.4.4 Genetic diversity analysis

The mean NA, NE, I, Ho, and He calculated for each microsatellite were
shown in Table 4.4. Across 25 rapeseed cultivars, 11 SSR primers produced a total of
22 alleles in 11 loci (average of 2.5 alleles per locus). Other researchers have reported
the average number of alleles per locus as 2 (Uzunova and Ecke, 1999), 3.9 (Rudolph
et al., 2000) and 4.44 (Tonguc and Griffiths, 2004). The number of alleles per locus
observed (NA) in our study ranged from 2 to 4 with an average of 2.55 alleles per
locus, while the average number of effective alleles was 2.01. Ra3-D04 showed lower

discrimination ability, showing fewer NE and I than other loci. This result could be
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explained by the ‘short allele dominance’ reported by Wattier et al. (1998) where, in

heterozygotes including a short and a long allele, only the short allele is sufficiently
amplified in the PCR reaction to be detected. Ho ranged from 0.29 to 0.88 (mean of
0.53), while He ranged from 0.12 to 0.69 (mean of 0.45). If the Ho is lower than He, it
is attributed the discrepancy to forces such as inbreeding. If Ho is higher than He, it
suspects an isolate-breaking effect (the mixing of two previously isolated
populations). In this study, the He (0.45) was lower than Ho (0.53) indicating a
tendency towards out-breeding within the investigated population. Actually, B. napus
is a facultative outcrossing species (Hasan et al., 2006). This result agreed with this
view. Additionally, Shannon’s information index (I) ranged from 0.23 to 1.26 with an
average of 0.73. The locus of Ra3-D04 showed the lowest 0.23, while Ra3-H09 had
the highest value (1.26). These results demonstrated that a relatively high level of
genetic diversity present among the rapeseed cultivars under investigation. Moreover,
the fixation index (Fsr) ranged from 0.16 to 1.0 with a mean of 0.54, indicating a very
great genetic differentiation within the population analyzed (Table 4.5). Even though
negative value of Firwas noticed for five of loci (FITO-136, Nal0-H03, Nal2-A02,
Nal2-E02, and Ra3-H09), F;r for most of the remaining loci was high. Negative Fig
values were observed in all loci. These results indicated heterozygote excess.

The SSR markers detected more alleles (22 alleles) than AFLP markers (16
alleles). Dominant markers can only identify two alleles per locus, with a detectable
maximum level of heterozygosity of 0.5 (Maguire et al.,, 2002). Thus the mean
expected heterozygosity (He) level based on AFLP (0.24) was, as expected, lower
than the heterozygosity for SSRs (0.45). Shannon’ information index (I) detected by

SSR (0.73) is higher than in AFLP (0.62), indicating a higher level of genetic diversity
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than AFLP. It contributed to the lower genetic similarity estimates based on SSR
markers (mean 0.69) as compared to AFLP markers (mean 0.73). Therefore, these
results indicate the immense potential of the 11 SSR markers from the B. napus
microsatellite kit (for genetic diversity studies B. napus from different geographical
regions). Furthermore, using microsatellites allowed estimation based on level of
heterozygosity which was not possible using dominant markers such as AFLP or
RAPD.
4.4.5 Genetic similarity analysis

Genetic similarity was calculated using cluster analysis (UPGMA method).
The UPGMA similarity matrixes were calculated from 54 polymorphic bands. High
level of genetic diversity was observed, the similarity coefficient value ranged from
0.43 to 0.95 with a mean of 0.69 (Table 4.6). Cultivars You 05-2 and ZWH-1 showed
the lowest similarity (0.43) while Huayouza 6 and Huayouza 9 were the most similar
(0.95) for the 115 amplification products compared. In addition, NR168 and You 06-3
showed a higher value of genetic similarity (0.93), indicating a very close genetic
relationship. Likewise, HO802 and You 06-3; NR168 and Shenyou 6970; Jinyou 8 and
Jinyou 068 also shared the same similarity coefficient (0.89), suggesting closely

related with each other, may due to their similar parent materials in breeding program.
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Table 4.6 Genetic similarity coefficient among B. napus cultivars based on Dice similarity coefficient
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4.4.6 Genetic relationships among 25 B. napus cultivars

The dendrogram from the UPGMA clustering methods of 25 rapeseed
genotypes based on S;j matrix is shown in Figure 4.2, which illustrated the
unambiguous identification of different varieties and their grouping. No apparent
clustering by original location was observed. The results that genetic similarity
between random two cultivars shared was lower than 1, which showed rapeseed
cultivars could be discriminated using SSR markers. Further, SSR marker is a reliable
and accurate method for varieties identification. At a similarity coefficient of 0.63, all
cultivars were divided into three groups. Group [ consisted of 22 cultivars.
Unexpectedly, it was found that cultivars bred from different breeding institute
clustered closer, due to the similar parent or breeding program. At a similarity
coefficient of 0.64, Group I was divided into two sub-clusters (A and B). Sub-cluster
A consisted of 18 cultivars, the higher similarity coefficient (0.93) between NR168
and You 06-3 suggested the closer genetic relationship and background. Sub-cluster B
contained four cultivars You 05-2, IF5-9, Qianza 6-18 and Qianza 2501. Qianza 6-18
and Qianza 2501 provided by the same institute (Guizhou oil crop institute) were
closer related. The varieties from different or same breeding institute were grouped
together, which showed that there was no clear relevance between regional location
and genetic differentiating. Group Ilonly included two cultivars Huayouza 6 and
Huayouza 9 with highest similarity coefficient (0.95) showed identical SSR
fingerprint for all but 2 of 54 loci, indicating a very close genetic relationship. It was
explained that they originated from the same institute using same parents in breeding

program. Group III GuiBF2-3 alone formed a separated cluster, which was highly

genetically distinct from other rapeseed cultivars. The presence of unique fingerprint
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in GuiBF2-3 highlighted the peculiarity of this genetic material in comparison to the
most representative rapeseed cultivars. In addition, the narrow clustering of special
genotype pairs with very similar SSR fingerprint (e.g. You 9559 and Qianza J5005,
H0802 and Shenyou6970, Jinyou 8 and Jinyou 068) reflects the close genetic
relationship among these varieties.

The clustering obtained with AFLP and SSR data were not identical.
However, accessions having common parents were grouped together in both the
techniques. This might be due to the fact that although equal numbers of AFLP and
SSR primers were used, the number of polymorphic bands generated by AFLP
primers was much more than alleles obtained with SSR primers. These results are
comparable with earlier reports by Bowers and Meredith (1997) and Merdinoglu et al.
(2005), who obtained topologically different dendrograms while analyzing grape
varieties with different marker types. Mahmound et al. (2005) found that dendrograms
of Egyptian rice genotypes derived from different techniques (RAPD, SSR and AFLP)
gave minor differences in clustering patterns.

These results demonstrated that SSR is a reliable tool for evaluating
genetic diversity and relationship between rapeseed cultivars, which was in agreement
with previous studies. Xu et al. (2008) reported genetic diversity and relationship
among 102 winter rapeseed cultivars were evaluated using 18 SSR primers. Lei et al.
(2005) and Liu et al. (2007) analyzed the genetic diversity and relationship of
yellow-seeded rapeseed varieties and double-lower respectively. Zhou et al. (2006)

revealed the genetic relationship between Chinese and Swedish B. napus by SSRs.
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Figure 4.2 A dendrogram generated from UPGMA clustering analysis among 25 B.
napus cultivars attending regional tests on the basis of Dice similarity

coefficient.

4.5 Conclusion

In conclusion, an efficient system for the genetic diversity and relationships of
rapeseed varieties cultivated in Guizhou was developed using SSR markers. The high
level of genetic diversity among B. napus cultivars using 11 SSR markers would
provide new genes for yield, adaptation, high value uses and characters in rapeseed
production. Therefore, these markers can be proposed to distinguish B. napus
germplasm. Meanwhile, this approach is very useful to choose parental genotypes for
crosses, and to optimize germplasm conservation and management of diversity.

In the past, many authors have published about the genetic diversity and

relationship of rapeseed cultivars using AFLP and SSR markers (Powell et al., 1996;
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Snowdon and Friedt., 2004; Cheng, 2005). These results of these works clearly
demonstrate that AFLP and SSR markers provided useful information on the level of
polymorphism and diversity in rapeseed, showing their utility in the characterization
of germplasm.

Comparison with these two techniques, these results of this study demonstrated
that the SSR technique was the best choice for the evaluation of diversity and
assessing the genetic relationships among rapeseed cultivars, because SSR is a
co-dominant marker, and is usually highly polymorphic in the number of repeat units
and shows a single locus pattern which allows the comparison of populations based
on their allele frequencies (Bruford et al., 1996). However, it is predictable that
significantly high polymorphism would be found for AFLPs if it were possible to
score the large number of restriction fragments. Therefore, our results also showed
that AFLP is an optimal method for DNA fingerprinting of rapeseed germplasm, due
to multiple loci distributed throughout the genome. However, there are some
disadvantages of AFLP markers due to its dominant character. Homozygotes are not
directly distinguishable from heterozygotes using dominant markers and thus
heterozygosity has to be calculated indirectly by assuming that gene frequencies in the
studied populations (Lynch and Milligan, 1994; Travis et al., 1996). Therefore, AFLPs
and SSRs could be used in a complementary way to unambiguously distinguish
varieties. For the first stage, SSR is applied to separate most varieties; then, at the
second stage, AFLP is further applied to characterize the most similar ones due to a

higher discrimination power.
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CHAPTER YV
CONCLUSION

In this study, two techniques (AFLP and SSR) were successfully used to reveal
characterization of the genetic identities and relationships among 25 Brassica napus
cultivars. Therefore, they provided effective genetic information of B. napus
germplasm for future breeding program.

The results obtained from this research can be concluded as follow:

1. The polymorphism among 25 B. napus cultivars revealed by AFLP and SSR
markers is lower than 45%. Moreover, SSR exhibited a higher level of polymorphism
(40%) than AFLP (38%). The data of the study indicated that the SSR methodology
detected polymorphism more efficiently than the AFLP approach.

2. The clustering of 25 B. napus cultivars obtained with AFLP and SSR data
were not identical. The UPGMA analysis showed that no apparent clustering by their
original location. However, it was found that varieties bred from same institute were
often grouped together in both the techniques. This might be due to common parent or
similar breeding program for utilization of B. napus germplasm. Huayouza 6 and
Huayouza 9 sharing a highly similar fingerprint could not resolved by both techniques
due to their close genetic relationship. Therefore, it is necessary to utilize a larger
number of AFLP primer combinations and SSR primer pairs on a wide range of

cultivars to meet the requirement of research.
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3. Comparison with these two techniques, these results of this study
demonstrated that the SSR technique was the best choice for the evaluation of
diversity and assessing the genetic relationships among B. napus cultivars. However,

AFLP was an optimal method for DNA fingerprinting of B. napus germplasm.



APPENDIX

1. Preparation of the glass plates
Long plate for Bind-silane
a) Clean the plate with laboratory detergent. Rinse well with distilled water.
b) Clean the upper surface with 100% ethanol. Using blue roll, polish until it
squeaks.
c) Apply 20 ul Bind-silane to the upper surface of the plate and spread
evenly using blue roll.

d) Wipe with warm water and then 100% ethanol, and let air dry.

Short plate for treatment with Repel-silane:

a) Wear gloves. Clean the plate with laboratory detergent (type used for
cleaning radioactivity — e.g. 25% Lipsol) and warm water. Rinse.

b) Clean the upper surface with 100% ethanol. Using blue rolls of tissues,
polish until it ‘squeaks’.

c) Apply a few drops of Repel-silane to the upper surface of the plate and
spread evenly using blue roll.

d) Wipe with warm water and then 100% ethanol, and let air dry.

Chang the groove between long plate and short plate
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2. Setting up and casting a polyacrylamide gel using sequencing apparatus involves
the following steps:

a)  Swirl around. Working quickly (maximum 5 min), pour the gel mix on
long plate c carefully to avoid bubbles, while sliding in the short plate (or
use a 50ml syringe)

b) Insert comb into to of plate: if using sharkstooth/sawtooth comb, place
flat side against the top of the gel, displacing some liquid.

c) Leave to polymerise for about 1 hour.

d)  Remove top spacer, and wash well with distilled water from a wash bottle
to remove both unpolymerized acrylamide and crystallized urea. This is
very important. Wash bottom of gel to removed unpolymerized

acrylamide.

3. Silver staining:

Briefly, soak the gel forl5 min in fixing solution. Then transfer it into 0.2%
AgNO3and leave shaking for 8 min. The gel will turn cloudy and brownish. Rinse in
3-4 sec in distilled water. Soak gel in fresh developing solution under gentle shaking
until band intensities are adequate. The staining will be stopped in fixing solution
again for 2-3 min. Wash gel forl min in distilled water. The gel is photographed

after drying.
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