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Abstract 

 
To study the genetics of turnip formation, molecular markers (SSR and Indel) were 
used to profile an F2 population derived from a cross between a Vegetable Turnip 
(VT-115) and a Wutacai (PC-105). Nine morphological traits of the corresponding F3 
population were evaluated in the field, namely turnip diameter, turnip weight, turnip 
length, turnip colour, turnip skin smoothness, turnip crack, leaf number, leaf colour 
and plant growing vigor. Then, an association study of molecular markers and 
morphological traits was conducted, using the genotyping results of F2 and phenotypic 
data obtained from corresponding F3 lines. Nine SSRs (including 19 SSR marker 
alleles) and eight Indels have shown significant association with one to three 
morphological traits. The physical order of the markers that shown polymorphisms 
was assigned over the genome. Indel markers were analyzed by High Resolution 
DNA Melting Analysis (HRMA) method, using a Light Scanner instrument. The 
reliability of this genotyping method and the scorability of Indel markers in relation to 
their fragment length were evaluated. Furthermore, some interesting phenotypic traits 
that appeared in the F3 population, such as turnip crack, lethality, and unexpected 
turnip/leaf colour, were discussed.  
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1 Introduction  

1.1 Brassica rapa: Botanical description, origin, and breeding   

Brassica rapa (syn. Brassica campestris), is a plant species widely cultivated as 
vegetable and economical crop. It belongs to the genus Brassica, family Brassicaceae 
(Cruciferae). The Brassicaceae family consists of 338 genera and approximately 3710 
species (Beilstein et al., 2008). Six species in the Brassica genus are agronomically 
and economically important. Three of them are elementary diploid species: B. rapa 
(2n=20; genome composition AA), B. nigra (2n=16; genome composition BB) and B. 
oleracea (2n=18; genome composition CC). And the other three are amphidiploids 
species including B. juncea (2n=36; genome composition AABB, B. napus (2n=38; 
genome composition AACC) and B. carinata (2n=34; genome composition BBCC). 
Relation between the six species in triangle of U (U, 1935) and specific morphotypes 
for each species are summarized in Figure 1.1.  
 

 
Fig.1.1. A schematic presentation of the relation between six important Brassica species, and the 

morphotypes each species contains. 
 
Commonly known as leaf vegetable, root vegetable or oilseed crop, B. rapa 
vegetables are consumed worldwide and provide a large proportion of the daily food 
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intake in many regions of the world (Bonnema et al. 2011). It was the first 
domesticated Brassica species and has been widely cultivated from the West 
Mediterranean region to Central Asian for over 4000 years. As shown in figure 1, B. 
rapa is classified into three morphotypes, based on morphological appearance - leafy 
type including heading cabbages (e.g. Chinese cabbage), pak-choi, komatsuna; turnip 
type consist of vegetable turnip, fodder turnip and neep greens; and oil type including 
turnip rape, yellow sarsons etc. (Wiersema and León, 1999; Zhao et al., 2007). A 
number of studies indicate that B. rapa diverged independently from two centres of 
origion. Turnip rape and turnip types are supposed to originate from Europe, and 
subsequently developed in Russia, Central Asia and the Near East. East Asia is 
considered as a center of diversity for Asian leafy types. Other cultivar groups of B. 
rapa most likely originated from different morphotypes within the two centers and 
further evolved separately (Gómez-Campo et al., 1999; Zhao et al., 2005).    
 
B. rapa is naturally an out-crosser. In breeding, self-incompatibility (SI) was used to 
generate F1 hybrids, but this is gradually replaced by different technologies. Inbred 
lines are produced by repeated selfing or using doubled haploid (Park et al.) 
technology. Cytoplasmic male sterility (CMS) is also used for hybrid production. 
Breeding focuses on yield, quality, disease resistance and agronomic traits. 
Particularly, increasing oil content is a major goal in breeding for oil seed type, as 
well as improving fatty acid composition. As for vegetable B. rapa, different types 
with distinct characters are bred for different markets. To date, molecular markers are 
used in breeding for B. rapa in terms of CMS development, selection of 
self-compatibility to facilitate pure line propagation etc.  

1.2 Economic importance of Brassica rapa 

Worldwide, B. rapa is of significant importance in agricultural and horticultural field. 
Geographically, the cultivation of B. rapa ranges from coastal lowlands, plateaus, to 
hills and mountain areas up to 2300m (Warwick and Francis, 1994). By 2008, the 
world production of Brassica vegetables has reached nearly 0.7 billion tons 
(FAOSTAT, 2008). 
 
Together with B. oleracea, B. rapa provide different vegetables to human diet. B. 
rapa vegetables are a valuable source of dietary fiber, potassium and vitamin A, C and 
E. Furthermore, it contains anticarcinogenic compounds such as glucosinoates and 
folate, which have health-enhancing value (Zhao, 2007). B. rapa is one of the most 
important vegetables in Eastern Asia. Particularly in China, where the annual 
cultivation area of heading Chinese cabbage and non-heading Pakchoi is about 1.3 
million hectare, constituting one thirds of Chinese vegetable supply (stated in Zhao, 
2007). Among all the vegetables, Chinese cabbage is ranking first in annual vegetable 
production of China, and is the most important Brassica crop in Korea.  
 
Turnip types of B. rapa are cultivated as vegetable, fodder and forage crops. Stems, 



 

3 
 

leaves and roots of turnip plants can be used for livestock feed. As vegetable use, 
turnips are consumed as root vegetables, ‘turnip greens’ (leaves) and ‘turnip top’ 
(flowering stalks) (Padilla et al., 2007). For both fodder and vegetable use, turnips are 
grown in the northern part of United States, Canada, Europe, Russia, and China 
(Xinjiang and Zhejiang area).  
 
As valuable reservoirs of oils and proteins, the oilseed types of B. rapa, provide oil 
for cooking, salad and margarine for human consumption, as well as proteins for 
livestock feed. Nowadays, oil type B. rapa are mainly cultivated in Canada, northern 
Europe, India and China. In western Canada, B.rapa varieties make up 10% of the 
total oilseeds (B. napus and B. rapa) production (Warwick et al. 2002). Before the 
introduction of B. napus, B. rapa was traditionally the major oilseed crop in China 
and Canada. Even today, B. rapa accounts for about 15% of oilseed acreage in China 
(He et al., 2002 cited in Zhao 2005).   

1.3 Description of turnip  

Turnip (B. rapa L. ssp. Rapifera Metzg. Sinskaya.) is a biennial crop with an enlarged 
hypocotyl and taproot (Fig.1.2), which can differ greatly in shape and colour  
(Wiersema and León, 1999; Zhao et al., 2007) Turnip preferably grows in misty and 
cold regions. Turnip is an old B. rapa sub-species and is considered to be 
domesticated from the wild progenitor that arrived from the Iranian region into 
Europe (Reiner H. et al., 1995). In Europe, turnip has been cultivated since 2500-2000 
BC and its cultivation spread to Asia after 1000 BC (De Candolle 1886 cited in 
Bonnema et al., 2011). Turnips were introduced to China before Christ (Keng 1974 
cited in Bonnema et al., 2011), yet are mainly consumed in Xinjiang district and 
Zhejiang province of China Nowadays.  
 
 
 
 
 
 
    

 

 

 

  Fig.1.2. Enlarged roots of turnip plants  

 
As a major root vegetable crop, turnips are commonly grown in temperate zones, and 
are popular in Europe and East Asia (Chen 2001, cited in Zhao et al., 2008) Turnip 
leaves are usually light green, thin and sparsely pubescent (hairy). It forms succulent 
storage roots, which develops from the primary root and hypocotyl via secondary 
growth. These storage root found at base of the leaf petioles are normally 
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white-fleshed, large global or tapered in shape. The storage root varies in size but 
usually is 11 ~ 14 cm in width and 21 ~ 28 cm in length, consisting mainly of the 
hypocotyl, the plant part that lies between the true root and the cotyledons  
(Undersander et al., 1991). The development of the storage root is a complex 
interaction of environmental, genetic and physiological factors, whose initiation is 
dependent upon a supply of sucrose and growth regulators from the shoots. However, 
the molecular basis and inheritance model of storage rood development are not 
understood yet (Lu et al. 2008; Zhang, personal communication).  
 
Turnip normally can be grazed to permit utilization of top growth and roots. The 
above-ground parts of a turnip plant normally contain 20 to 25% protein, 65 to 80% in 
vitro digestible dry matter, and about 40% fiber. Turnip leaves are a good source of 
vitamin A, C, K and calcium. It also has high lutein content (8.4 mg / 100g). The root 
contains 10 to 14% crude protein and 80 to 85% in vitro digestible dry matter, and is 
high in vitamin C (Undersander et al., 1991). 

1.4 Molecular marker, linkage map, and QTL mapping 

A molecular marker, also called DNA marker, is a unique DNA sequence which 
reveals sites of variation in DNA. Molecular markers arise from DNA mutations such 
as insertions/deletions, point mutations, or variable copies of repeated DNA. DNA 
markers can be divided into hybridization-based markers, polymerase chain reaction 
(PCR)-based markers, and DNA sequence-based markers. DNA markers can basically 
be visualized via gel electrophoresis and staining with chemicals, or detection with 
radio-active or colorimetric probes. They are particularly useful when revealing 
differences between individuals of the same or different species.  
 
One important use of DNA markers is to construct linkage maps. A linkage map is a 
genetic map of a species or experimental population that shows the position and 
relative genetic distance (in terms of recombination frequency) of its DNA markers 
along chromosomes. Linkage maps are often used to identify locations of genes or 
QTLs (quantitative trait loci) on the chromosomes. ‘QTL mapping’ is based on the 
principle that genes and markers segregate via chromosome recombination during 
meiosis. Genes or markers that are closely linked will be transmitted together to the 
next generation more frequently and therefore determine certain phenotypes of the 
progeny. Therefore, by combining genotyping and phenotyping, the markers that 
associate with a certain phenotype can be determined and the genetic region that 
harbor those markers are considered as a QTL.  
 
Nowadays marker-assisted selection (MAS) is already applied in many breeding 
programmes. MAS requires the knowledge of linkage analysis, map construction, 
QTL/single gene analysis. DNA markers such as Single Nucleotide Repeat (SSR) and 
insertion/deletion based polymorphism (Indel) are presented shortly.  
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Simple sequence repeats (SSRs)  
Simple sequence repeats (SSRs), also called microsatellites, are motifs of 2-5 
nucleotides that are repeated after one another for 10 - 100 times. Polymorphism 
exists when there are different numbers of repeats between homologous alleles. 
Polymorphism is revealed by PCR amplification after which the DNA is generally run 
through a gel. SSR and can often be used in different species. Many SSRs have been 
mapped on several B. rapa genetic maps (Choi et al., 2007; Kim et al., 2007; Lowe et 
al., 2004; Suwabe et al., 2002) 
 
Insertion/delition (Indel) markers 
SNP discovery approaches such as re-sequencing or data mining enable the 
identification of insertion/deletion (Indel) polymorphisms. These Indels can be treated 
as bi-allelic markers and can be utilized for genetic mapping and diagnostics 
(Bhattramakki et al., 2002). Based on size differences Indel alleles can easily be 
detected using polyacrylamide gels separation. Detection of polymorphisms of Indels 
can be done by high-resolution DNA melting analysis (HRMA).  
 
The most common approach using HRMA for genotyping and/or variant scanning 
involves the use of PCR primers to amplify specific genome targets in the presence of 
dyes that bind to double-stranded DNA. The analysis of amplicons depends on DNA 
melting in the presence of saturating DNA binding dyes. As the temperature of the 
solution is increased, samples are melted and fluorescence is captured. Melting profile 
is determined by GC-content, length and whether a genotype is homozygous or 
heterozygous. When the fluorescence signal is plotted against the temperature, the 
fluorescence intensity decreases as the double stranded DNA becomes single stranded 
and the dye is released. The melting temperature (Town et al.) at which 50% of the 
DNA is in the double stranded state may be approximated by taking the derivative of 
the melting curve (De Koeyer et al., 2010; Erali et al., 2008). HRMA melting curve 
patterns can be compared using normalized fluorescence curves, derivative plots, or 
difference plots. Compared to other marker detection systems, HRMA requires short 
analysis time both in PCR programme and marker scoring. With HRMA, genetic 
markers such as SNPs can be detected without probes and more complex regions can 
be genotyped with unlabeled hybridization probes (Erali et al., 2008). HRMA in 
plants has been used for genotyping grape (Vitis spp.) (Mackay et al., 2008), mapping 
SNP markers in apple (Malus domestica Borkh.) (Chagné et al., 2008), barley 
(Hordeum vulgare L.) (Lehmensiek et al., 2008), and white lupin (Lupinus albus L.) 
(Croxford et al., 2008) and discovering new polymorphisms in almond (Prunus dulcis 
(Mill) D.A.Webb) (Wu et al., 2008, reviewed by De Koeyer et al., 2010 ). 
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1.5 Genetic research on turnip formation and its relationship with 

other morphological traits 

Lu et al., 2008 have reported 18 QTLs for 3 taproot traits (thickness, length, and 
weight), using simple interval mapping, from F2 and F3 population of a cross between 
a Chinese cabbage ‘Aijiaohuang’ (Brassica rapa ssp. rapifera) and a turnip 
‘Qishihai’(Brassica rapa ssp. Chinensis). Among these QTLs, two explained 
relatively high variance. QTL qTRT2b explained 27.4% of total phenotypic variance 
for taproot thickness, while qTRW4 explained 24.8% of the variance of and taproot 
weight. 
 
Based on a doubled haploid (Park et al.) and a BC1 populations from cross between a 
Japanese vegetable turnip (VT-115, CGN15199) and Yellow Sarson (YS-143, FIL500), 
one major QTL (TuQTL-1) explaining 24 – 40% variation for turnip formation has 
been detected and mapped on the top of A02 by Lou P. et al., 2007. Positive 
correlations between different turnip traits (width, length, and weight), as well as a 
strong correlation between turnip traits and flowering time, were detected, In Park’s 
research, co-localization of QTLs controlling leaf and seed-related traits and those for 
flowering time and turnip formation was found in many populations.  
 
Lange et al., (2010 submitted) have constructed a genetic map of B. napus L. F3 full 
sib families from a cross between oilseed rape and swede. In their research, 13 QTLs 
on six linkage groups were detected for three root traits (fresh weight, dry matter, 
diameter), each explaining 7.0 – 14.5% of the phenotypic variance. 
 
Within our group, several students have studied turnip formation using different 
approaches. Vos (MSc thesis, 2009) has studied the characters of different turnip traits in 
11 segregating F2 populations from crosses between different turnip accessions and 
accessions of other morphotypes. In his research, the negative correlation between turnip 
formation and flowering time has been confirmed in 7 out of 11 populations. However, 
the correlation was not found in populations whose parents have less than 40 days 
difference in flowering time. Another student, Ying Wang (2009) studied the same 11 
segregating F2 populations and focused on evaluating 23 leafy and flower traits. Based on 
her results, a small F2 population (50 progeny) of cross VT-115 x PC-105 only segregates 
clearly for leaf length (LL), leaf lamina length (LLL), leaf colour (LC) and leaf number 
(LN). 
  
In the thesis study of Strating (2009), two doubled haploid (Park et al., 2005) populations 
derived from reciprocal crosses between Yellow Sarson and Pak-choi were used, namely 
DH38 and DH68. Two and one QTLs for flowering time were detected in each population, 
respectively. 
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Raynaud(MSc thesis, 2010), used an F2 of a cross between a Vegetable Turnip (VT-115) 
and a Rapid Cycling (RC-144) to construct a genetic linkage map and used the 
corresponding F3 plants to evaluate many morphological traits such as turnip formation, 
flowering time etc. Subsequently, QTL mapping was performed for all evaluated traits 
and detected three turnip related QTLs and one major flowering QTL. One major QTL 
(TuQTL-1) explaining 24 – 40% variation for turnip formation has been detected and 
mapped on the top of A02 by Lou et al. (2007) In linkage group 10 (LG 10), the turnip 
QTL and flowering QTL showed exact co-localization. 
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2 Scope of this study and research goals  

This study is part of the project aiming at the development of a Recombinant Inbred 
Line (RILs) population from a cross between a Japanese turnip (VT-115) and a 
Wutacai (Pak-choi like, PC-105) (Fig. 2.1). To obtain RILs will take seven to eight 
generations, and this research focuses on the F2 and F3 generations. The major goals 
of this research are first to genotype the F2 population, using both SSR and Indel 
markers; second to evaluate the phenotypic traits for the F3 lines in the field to 
identify marker-trait associations. DNA markers were tested for polymorphisms on 
this F2 population. After that polymorphic markers were used to profile the F2 
population, and an association study of DNA markers and morphological traits 
obtained from corresponding F3 lines has been conducted.  
 

 

Fig.2.1. Scope of this study and the main activities  
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3 Materials and methods 

3.1 Plant materials and propagation methods 

The crossing of a VT-115 and a PC-105 was made in 2003. A single F1 plant was sown 
and seeds were harvested in the same year. Unfortunately, the DNA of the real 
parental plants and the F1 plant were missing. Therefore, plants from each parental 
accession were used for genotyping and phenotyping. Plants of the F2 population were 
sown in 2008 and DNA isolation was done subsequently. Out of 221 F2 plants we 
obtained seeds of 186 F3 lines, as many plants died before setting seeds or were sterile. 
Only 172 out of 221 F2 plants have DNA available for later study. And among these 
172 F2 plants with DNA available, seeds of only 152 F3 lines were obtained. In this 
research, seeds for F3 plants were treated in two ways: seeds of all 186 F3 lines were 
vernalized to speed up flowering and to obtain F4 seeds subsequently via bud 
pollination. On the other hand, 152 F3 lines with both seeds and the F2 DNA available 
were grown in field without vernalization for phenotype assessment.  

3.2 Vernalized materials 

In April, seeds were kept in petri-dishes for sprouting (Fig. 3.1). After that the sprouts 
were placed at 4°C for 1 month for vernalization. The vernalized seedlings were 
transplanted into small pots in late May and moved into the greenhouse. After 4 
weeks the young plants were transplanted into big pots and kept in the greenhouse. 
Flowering started in early July and because the Brassica rapa is naturally an 
out-crosser, bud pollination (Fig. 3.2) was conducted in order to obtain F4 seeds. 
 
  
 
 
 
 
 
 
 
 
 

Fig. 3.1. Vernalized plant sprouts 
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Fig. 3.2. A vernalized F3 plant in the greenhouse, flowers were covered in an air-though plastic bags 

after bud pollination. Bud pollination was carried out when plants started flowering. For each plant two 

inflorescences were pollinated and another one is left for detecting self-compatibility. After pollination 

the whole plant was covered in a plastic bag to prevent out-crossing.  

3.2.1 Non-vernalized materials 

Non - vernalized seeds were sown in petri dishes in early August 2010. If having 
enough seeds, ten seeds of each F3 line were sown. After germination, sprouts were 
transplanted to soil blocks, growing in the greenhouse for one week. Transplanting of 
seedlings from soil blocks into the field was done in 25 August 2010. In order to get 
an overview of phenotype segregation within each F3 line, we tried to sow as many 
plants as possible, given the limited filed size. If available, seven seedlings of each F3 
line were transplanted to each plot. As mentioned before, seeds from 152 F2 plant 
were obtained. However, some of these F2 plants produced only one or two seeds and 
they did not survive in early propagation. So in total there were 147 F3 lines sowed in 
to the field. Every single plot contains one line of 1-7 F3 plants, depending on how 
many young plants were available. Forty-five plants from each parental accession 
(VT-115 and PC-105) were sown at the same time, at two different blocks in the field. 
The layout of field can be found in Appendix 1. Turnips of non-vernalized plants 
were harvested on 16th November.   

3.3 DNA extraction 

In 2008, DNA isolation from 172 F2 plants was done, using KingFisher® 96/ 
KingFisher mL instrument as described in the manufacturer’s instructions. The 
concentration of DNA samples was adjusted to 25 ng/ul.  



 

11 
 

3.4 Assessment of phenotypic traits 

3.4.1 Traits of interest and scoring methods 

In this research, we are particularly interested in nine different morphological traits of 
three trait types, as shown in Table 3.1. As for turnip traits, size of turnips was 
measured per plant in diameter and length. Turnip weight, skin smoothness and skin 
colour were also scored for each plant. Furthermore, for each plant leaf number was 
counted and leaf colour was classified. And plant growing vigor was scored per line.   
 
Phenotyping was carried out from September to November 2010. All turnip traits 
were measured after harvest (in November). Turnips were chopped off from plants 
and then cleaned by brushes. Then they were kept in paper bags in a shed and the 
measuring was done in the following three days. Turnip diameter and turnip length 
were measured by a vernier caliper. Turnip weight was measured by an electronic 
balance. Turnip growing depth, skin smoothness and skin colour were visually scored 
by using proper scaling standards (Table 3.1 and Appendix 2) 
 
As for leaf traits measurement, leaf number was counted per plant 20 days after 
transplanting the young plant to the field. Leaf colour was recorded for each plant one 
day before harvest (16th November), which is, about 80 days after transplanting. The 
R.H.S Colour Chart (http://www.rhs.org.uk/Plants/RHS-Publications/RHS-colour-charts), which 
presents commonly seen colours of plants in an ordinal scale, was used for scoring 
leaf colour. The R.H.S. Colour Chart was placed on leaves under day light, the colour 
showing the least difference with a healthy leaf of a plant was picked as its leaf colour. 
One leaf sample of each F3 individual was collected and scanned. Further analysis can 
be conducted by using image-analyzing software for measuring other leaf traits. 
However, that has not been done in this study due to the limit of time. 
 



 

12 
 

 
Table 3.1. Morphological traits scored in F3 population and their description 

 

Trait type Trait name Trait code Trait description Unit 

Turnip traits Turnip diameter TD The largest diameter of a turnip, measured 

after harvest 

mm 

 Turnip weight  TWH The fresh weight of a turnip measured after 

harvest 

g 

 Turnip length TLH The largest length of a turnip, measured 

after harvest 

mm 

 Turnip skin smoothness TSM Smoothness of a turnip skin at harvest, 

classified into 3 classes, see Appendix 2 

Ordinal 

 Turnip colour  TC Turnip skin color at harvest Ordinal 

 Turnip cracks TCK The presents of cracks when turnips are 

harvested, classified into 4 classes, see 

Appendix 2 

Ordinal 

Leaf traits Leaf colour LC Leaf colour in daylight according to R.H.S 

colour chart 

Ordinal 

 Leaf number LN Number of leaves 20 days after 

transplanting to the field 

Number 

Others Plant growing vigour V Plant growing vigor at harvest, classified 

into 4 classes, see Appendix 2 

Ordinal 

 

3.4.2 Data analysis 

Phenotypic data collected was analyzed statistically using software IBM SPSS 
Statistics 19. Distributions of the F2 and the correspondent F3 lines were generated for 
each trait, and descriptive statistics were calculated to see variation between and 
within F3 lines, as well as a comparison with the parental lines.  
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3.5  Molecular Marker analysis 

3.5.1 Assigning physical position of the markers  

The Indel markers were designed based on the sequence comparison between Chiifu 
and RC-144 sequences and were mapped in L58 x Z16 DH population. Therefore the 
physical position was known and assumed identical to our population. For all the 
Indel markers, physical positions were assigned according the sequence of mapped 
scaffolds.  
 
For SSRs, marker sequences were Blasted against the genome sequence of the B. rapa 
cv. Chiifu reference sequence at website http://137.224.100.210:443/dev/f?p=118 and 
the corresponding scaffold number and its precise location on the scaffold was 
obtained. Visualization of the marker positions was done with Mapchart 2.2 (Voorrips, 
2002). 

3.5.2 Genotyping using SSR markers 

Before genotyping, a pre-selection was conducted in order to detect polymorphism of 
markers in the F2 population. The pre-selection used ten F2 individuals and two 
samples from the ‘parental’ lines. In total 45 SSR markers were used for pre-selection, 
among which 17 were derived from turnip candidate genes (Lange et al 2009), and 28 
were public anchor markers (Choi et al., 2007; Kim et al., 2007; Lowe et al., 2004; 
Suwabe et al., 2002). Two or three markers were chosen per chromosome based on 
information from literatures and the availability. Markers that showed polymorphism 
from the pre-selection were used for genotyping the whole F2 population.   
 
Either a normal PCR programme or a touch-down programme was used to amplify 
targeted fragment (see Appendix 3). The touch-down PCR program is known to have 
the advantage that the amplification of the correct product over any non-specific 
product is stimulated. However, normal PCR programme sometimes gave clearer gel 
electrophoresis image, depending on machines that were used.  
 
To visualize the SSR polymorphism, polyacrylamide electrophoresis was used 
(McCouch et al. 1997). For each sample, 0.4-0.6 � l PCR product was loaded on a 
5.5% polyacrylamide gel and analyzed with Global Edition IR2 DNA analyzer 
(Li-Cor Biosciences, Lincoln, NE). The Li-Cor analyzing protocol can be found in 
Appendix 4. All SSRs were scored as dominant markers. 



 

14 
 

3.5.3 Genotyping using Indel markers 

First, PCR was done using Indel primers to amplify specific genome fragments in the 
presents of phire enzyme and fluorescence dye - LC green. PCR reaction was done in 
black frame/white wells 96-well plate (FrameStar 96, 4titude). PCR reaction protocol 
can be found in Appendix 5. Following the PCR, samples were analyzed for melting 
curves on Light Scanner Instrument (Idaho Technology, see Fig. 3.3). Fluorescence 
was captured while samples melt, over a 67-95°C range. Using Light Scanner 
software, the melting curves can be compared based on normalization and display of 
derivative plots (Fig. 4.5 A, plot ‘melting peaks’) or difference plots (Fig. 4.5 B, plot 
‘difference curves’) (Wittwer et al., 2003). Genotyping was then performed by 
automated clustering (Palais et al., 2009) when different curve shapes can be clearly 
distinguished. In case of confusing curve shapes, the automated clustering may not be 
reliable. Grouping in such cases were done by manually selecting samples that share 
similar curve shapes based on difference temperature of melting peaks.   

��
Fig. 3.3 Light Scanner instrument used for Indel variant detection 

 

Specifically, when scoring, the group that shows 2 peaks in melting peaks plot (Fig. 
4.5 A, page 21) was determined as heterozygous (h) group (Parant et al., 2009; Erali 
et al., 2008), because the heterozygous genotype has two alleles that can hybridize in 
two ways (+ and - strands). Some markers produced one asymmetric melting peak 
besides the other two normal peaks (Fig. 4.6 B, page 22), then, the asymmetric curve 
was scored as heterozygous. If two double-peak curve types occur (Fig. 4.6 C, page 
23), the one with lower melting temperature was chosen as heterozygous group, 
because heterozygous alleles tend to melt earlier than homozygous ones (Erali et al., 
2008). The homozygous groups are randomly assigned to the rest of the 2 groups, as 
the tested ‘parents’ often show ambiguous grouping. However, if only 2 groups are 
shown including one heterozygous group (double-peak curve), we assume that the 
‘homozygous’ peak consists of two identical peaks representing the two parental 
alleles and thus it is impossible to distinguish the two homozygous groups. Thus such 
a marker is not informative.  
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Some Indel markers produce tricky curve shapes that the automated grouping of Light 
Scanner softerware is not able to correctly distinguish groups. For example, Indel-131 
produces two types of double-peak curve groups and one single-peak curve group. 
The single-peak curve group is overlapped by one of the double-peak curve groups 
(Appendix 8, Fig. 1 B). Clearly distinguishable curves can be automatically clustered 
into 3 groups of different colours (Fig. 4.5. B). On the contrary, for Indel-131, the 
automated grouping shows a ‘rainbow’ colour set (Appendix 8, Fig. 1 A). In such 
circumstance, manually grouping is required. Firstly, manually grouping can be done 
based on the automated grouping output. Again take Indel-131 as an example, 
although the automated grouping shows more than 3 colours, the red and the orange 
and the green curves sharing a similar shape, compared with the grey and the blue 
group (Appendix 8, Fig. 1 A). We can then manually select all the green, orange and 
red curves from the computed output (note that the selected samples turns black in all 
the curve presentations), and check their melting peak curves in the melting peaks 
output. In this case, the selected group (Appendix 8, Fig. 1 B, in black) can be 
distinguished from the overlapped double-peak and single-peak mixture, showing 
clearly two peaks. The second way of manually selection is to go through each sample 
in the melting curve plot and select the ones with the similar curve shape. This is very 
time consuming, and is only carried out when automated grouping show messy result 
and cannot be used as a reference.   

3.5.4 Marker-trait association  

In principle, mapping software such as joinmap4.0 can be used to construct a genetic 
map of an F2 population; subsequently a QTL mapping software such as MapQTL6.0 
can be used to detect QTL for traits of interests. However, in this study, linkage 
groups were not constructed due to not sufficient genotyping data and the complexity 
of the population. Therefore, an alternative approach was used to detect marker-trait 
association. Either a t-test or ANOVA test was conducted for dominant markers 
/alleles (SSRs) and co-dominant markers (Indels with 3 segregation groups). Markers 
with significance value (p-value) smaller than 0.01 were considered to be associated 
with a certain trait.   
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4 Results 

4.1 Phenotypic variation 

4.1.1 Frequency distribution  

Using phenotypic data of the F3 population, the frequency distribution was analyzed 
for every quantitative and qualitative trait (Appendix 6). For each trait, the averages 
of every F3 lines were used to generate distribution graphs. Among the 4 quantitative 
traits, normal distributions were observed for leaf number (LN) and turnip length 
(TLH). However, turnip weight (TWH) shows a strongly left-skewed distribution. 
Turnip diameter (TD) shows slightly left-skewed and with a broken tail at the right. 
Phenotypic data of the F2 (grown in greenhouse) are available for TD, TWH and TLH, 
thus the frequency distribution was analyzed and compared with that of F3. Compared 
to in F2, TD distribution of F3 shows a shift in centre, from around 20-25 mm to 
50-60mm, and the average shows an increase of 17 mm. The TWH distribution of F2 
and F3 are comparable, both are strongly left-skewed, and the mean have increased 
dramatically (46g) compare to F2 population. As for TLH distribution, the centre has 
slightly shifted to the right in F3, making the shape closer to normal distribution. Yet 
the distribution shape of both populations is in general comparable, with very small 
difference in mean value (2mm). It is important to point out that the F2 population was 
cultivated in the greenhouse condition and the F3 population was growing in the field. 
Therefore, the differences of frequency distributions between F2 and F3 could be due 
to genetic and/or environmental factors.  
 

Table 4.1. Descriptive statistics of parental lines and F3 population for all morphological traits 

Trait 
  F2  F3 

Mean-VT-115* Mean-PC-105* Mean Range SD  Mean Range SD�

TD 57.37 19.10** 34.19 3-125 21.45  50.91 6.7-113.3 20.62 

TWH 159.07 7.17** 47.91 0-610 71.26  93.57 0-492 76.38 

TLH 52.52 34.69** 57.37 21-108 16.14  59.18 5-125 16.07 

TSM 2.36 1.46** - - -  2.09 1-3 0.72 

TC 9 - - - -  10.04 1-15 3.00 

TCK 0 - - - -  0.18 1-3 0.50 

LC 12 10 - - -  5.76 1-15 2.38 

LN 11.2 20.5 - - -  15.93 1-42 3.81 

V 4 4 - - -  2.73 1-4 0.94 

*These are means of parents in the field, not in the greenhouse. In the greenhouse, TD of VT-115 was 

80mm, and of PC-105 was only 10mm. No data is available for other traits. 

** PC-105 has no turnip, so its tap root is measured for the turnip traits instead. 
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The descriptive statistics of all morphological traits can be found in Table 4.1. Most of 
the lines did not show clear variation within a line (Appendix 7), but there are a few 
lines still segregated obviously as showed in Fig. 4.1 and 4.2. This is true for both 
turnip traits and leaf traits. However, variation within lines is more often seen for 
turnips than for leaves. Several lines showing unexpected colour (red or purple) in 
leaf or turnip (Table 4.2), and the colour may slightly differ between plants within the 
same line. Nevertheless, single plants can be very different from the rest within the 
same line, e.g. very small and show less vigor, most of the time because of diseases or 
stress.  
 
The descriptive data per line for quantitative traits are presented in Appendix 7. The 
coefficient of variation (C.V.) allows us to see the among-line differences. The C.V. 
values show larger differences among lines for TD and TWH, compare to the other 
quantitative traits. F3 plants derived from the same F2 plant segregate in some 
heterozygous loci and thus cause genetic variation e.g. for turnip weight, F3 lines 99, 
113, 146 and 166 show larger C.V. compared to other F3 lines.  
 

Table 4.2 F3 lines showing unexpected leaf/turnip colour 

F3 line No. Leaf colour Turnip colour 

187 Green + red edge &vein 

Green with dark purple, or 

green, white and purple 

264 Green + red/purple Purple, or red with white 

272 Green + purple (large area) Dark purple or red 

273 Green + purple (small area) Dark purple 

274 - Purple 

 

 

 
Fig 4.1: variation of turnips within and among F3 lines 
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��

Fig 4.2. A. variation of leaf morphology among F3 lines, with an example of both parents. B.variation 

of leaf morphology within F3 line 272 and 268. For each plant, the 5th leaf from the apical was 

collected. 

A. 

B. 
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4.2 Genotyping results 

4.2.1 Preliminary selection of DNA markers 

In order to genotype the population and detect marker – trait associations 
subsequently, polymorphic molecular markers are required. The DNA markers used in 
this study are Indels and SSRs. Due to unknown reasons, DNA of the real parents and 
the F1 plant was missing. Therefore, for marker analysis, DNA of a plant from each 
accession of the parents was used as references. Because of the heterozygote and 
heterogeneous nature of B. rapa population, these ‘parents’ are representative but not 
possible to be completely the same as the real parents. For that reason, DNA from a 
number of F2 plants will also be used, in order to cover the genotype of the two real 
parents as much as possible. For each marker DNA from two ‘parents’ and ten F2 
plants will be used. The ten F2 samples are randomly chosen from the 152 plants from 
which we have both DNA stock and seeds. Fourteen of all pre-selected SSR markers 
showed polymorphism, and were later used for genotyping the whole F2 population. 
Six of these 14 selected SSRs were derived from turnip candidate genes. Numbers of 
each marker type pre-selected and its correspondence screening methods are shown in 
Table 4.3.  
 

Table 4.3 Number of markers and screening methods for Indel and SSR markers 

Marker type No. marker 

pre-screened 

No. markers  with 

polymorphism 

Screening methods 

Indel 100 55 HRMA (Light Scanner) 

SSR 45 14 Li-cor gel  

 

4.2.2 SSR markers analyzing results 

Using markers that showed polymorphism from the pre-selection, the 152 F2 

individuals plus 3 samples from each parental accession were screened. However, 
from the SSR image (Fig. 4.3) it was still difficult to distinguish the contribution of 
each parent to its progeny. Each SSR marker produced from 1-6 polymorphic bands 
on the polyacrylamide gel, while most of them produced more than two polymorphic 
fragments. Therefore each fragment was scored as a dominant marker. In total, 51 
alleles from 14 SSR markers were scored over the whole F2 population, with allele 
frequency vary from 0.01 to 0.99 (Fig. 4.4.). The expected allele frequency for 
dominant marker in an F2 population is 75%, if not taking skewness into account. 
However, the observed of phenotypic variation and lethal lines in F3 has suggested 
highly skewness of this population. And thus the allele frequency which is far from 
75% is possible. Alleles with frequency less than 0.05 or higher than 0.9 might either 
be minor alleles due to contamination of pollen or non-polymorphic alleles with 
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scoring errors, and therefore were excluded from further analysis. 

 
 

 
 

 

 

Fig. 4.3. Three examples of SSR image produced of Li-cor analysis. Each image shows part of 

the F2 population that has been tested. The orange bar indicates 3 samples from the accession 

of VT-115, the green bar indicates 3 samples from the accession of PC-105. Part A presents a 

typical bi-allelic SSR image, with one of the ‘parental’ samples showing an additional band. 

Part  B shows an SSR marker amplifying 3 alleles. From the ‘parents’ it is asumed that the 

middle allele of F2 population comes from VT-115 and the bottom allele from PC-105. The 

Top allele is present in both ‘parents’ but not in all F3 individuals. Part C is an example of an 

SSR marker that amplifies mutiple allelles. The allele at the very top presents at very low 

frequency (0.03) over the whole F2 population. No ‘parental’ sample is included in this image.  

A. SSR-nw-59--1 

B. SSR-nw-56-1 

 

C.  SSR-nw-95-3 
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Fig. 4.4. Frenquency distribution of allele frequency of all SSR markers screened over the whole F2 

population. X axix shows allele frequency. Y axis shows number of marker alleles of a certain allele 

frequency.   

4.2.3 Indel markers analyzing results 

Different from gel electrophoresis, the High Resolution DNA Melting Analysis 
(HRMA) used for Indel analysis generates different groups of melting curves that 
distinguish the segregation groups over the whole F2 population. Table 4.4 presents 
the classification of Indel markers based on HRMA results. From the total 55 indel 
markers that were tested on F3 population by Light Scanner, 33 have shown clearly 3 
groups, with only 6 of them showing 1:2:1 segregation ratio as expected. Twenty-two 
Indel markers (total 55-33) showed only 2 groups by Light Scanner analysis. 
Examples of Indel markers image analyzed by Light Scanner are show in Fig. 4.5 and 
Fig. 4.6.  
 
 

Table 4.4 Indel marker classification based on segregation ratio detected by Light Scanner 

Category  Segregation ratio No. markers Remarks       

3 groups 1:2:1 6        

3 groups distorted 27 19(obviously 3 groups)+8(possible*)    

          

2 groups 1:1 9 8(only 2 groups)+1(might be possible as 3 groups, but not scorable) 

2 groups distorted 13 11(only 2 groups)+2(might be possible as 3 groups, but not scorable) 

*not automated scored as 3 groups but can be manually don 
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Fig. 4.5. An example of Indel marker Indel-383. Picture A shows different melting curves of 3 

individual F2 samples belonging to 3 different segregation groups: homozygous (a or b) and 

heterozygous (h). The red curve and the green curve represent homozygous segregation group a and b, 

respectively. The yellow curve represents the heterozygous group h. Picture B presents the grouping of 

96 F2 samples done by Light Scanner. The red curves represent heterozygous individuals (h). The other 

two groups (grey and red) represent homozygous groups (a or b). The grey group represents the green 

curve in picture A and the red group represents the yellow curve in picture A.  

 

 

h 

A 

B 

h 
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A. Indel-269 

B. Indel-131 
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Fig.4.6. A, B, C. Light Scanner results of Indel marker analysis in melting curves and melting peaks.  

Picture A shows an image of F2 progenies with a two-group segregation. In melting peaks, the group 

with two peaks is considered as heterozygous (h), the group with a single peak is supposed to consist of 

peaks from both homozygous classes (a or b). Picture B, C show the unusual curve shapes. Both B and 

C use 3 individual curves to represent the whole F2 progeny. In B, the black curve with asymmetric 

curve shape represents heterozygous group, the red and the green each represents homozygous group a 

or b. In C, both the black and the pink curve have double peaks, and the black curve with lower melting 

temperature is considered as representing heterozygous group h. So pink and blue represent a and b (or 

b and a) groups. 

 
 
 

C. Indel-201 
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4.3 Reliability of Light Scanner analysis  

In order to check the reliability of HRMA results, three Indel markers were selected 
based on their segregation ratio’s from Light Scanner results and tested by 
polyacrylamide electrophoresis. Two of these markers showed clearly three groups, 
and the other showed likely three groups but with two groups less distinguishable. 
These Indel markers were tested on a subset of 52 F2 DNA samples and the results of 
Li-cor and Light Scanner were compared. Table 4.6 shows that the most comparable 
results (Indel 10131) between Li-cor and Light Scanner produce 8% mismatches. The 
other two markers have more than 20% mismatches.  
 
 

 
Fig.4.8 Li-cor gel image of 3 selected Indel primers, with comparisons of Light Scanner and Li-cor 

scoring results. The red letters show scores of Light Scanner results that are different from Li-cor 

results. The orange bar indicates 3 samples from the accession of VT-115, the green bar indicates 3 

samples from the accession of PC-105. 
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Table 4.6. Percentage of mismatch of Light scanner and Li-cor results of 3 selected Indel primers 

 No. groups LS segregation ration LS % miss-match 

Indel 10131 3 1:2:1 8.0% 

Indel 101131 3 distorted 21.6% 

Indel 101075 3 distorted 21.2% 

*LS=results based on Light Scanner analysis 
 

As is mentioned previously, the possible inability of Light Scanner to distinguish two 
homozygous groups of some Indel markers has made the scoring extremely 
challenging. Meanwhile, the question of ‘why these markers are difficult to be scored’ 
need to be answered. One hypothesis is that those difficult-to-score markers may 
reside in certain genomic regions. This was found not true because they distributed all 
over the genome. Another hypothesis is that Indel markers of very small sizes are 
more difficult to be scored than the ones with larger sizes. Therefore, an analysis of 
the correlation between Indel marker size and its sociability was conducted.  
 
The markers size varies from 80-191bp. Based on the classification of Indel markers 
(depending on groups of curves detected), clarity of curve shapes, and the need of 
automated detection or manual detection, 3 levels of scorability have been set up:  
  
Level 1 = three clear groups, one double-peak curve group with two single peak curve 
groups; 
Level 2 = three clear groups but with strange curve shape; or two groups but they are 
possible to be sub-divided in to three groups manually;  
Level 3 = two clear groups, not possible to divided into three groups manually. 
 
An ANOVA test of Indel marker fragment lengths on different levels of sociability 
was conducted. However, each level of scorability seems to cover all range of 
fragment lengths. No significant difference was detected in fragment lengths among 
the three levels of scorability, as shown in Table 4.7. 
 

Table 4.7 ANOVA results of difference of Indel marker fragment length on different sociability 

 

Fragment length Sum of Squares df Mean Square F Sig. 

Between Groups 1480.403 2 740.202 .843 .436 

Within Groups 44784.578 51 878.129   

Total 46264.981 53    
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4.4 Physical order of all the markers  

Among 69 markers, 63 (55 Indel and 8 SSR) have exact physical position. Two SSRs 
have chromosome and scaffold information available, and linkage group number is 
the only available information known about the other four SSRs. All these markers are 
distributed over all the chromosomes among the genome. On each chromosome 3-8 
markers are located. Fig. 4.7 presents the physical order of all Indel and SSR markers 
over the genome. The gaps between scaffolds were not possible to be indicated in the 
present physical map. 
 
From the physical order of all the markers (Fig. 4.7), some marker-rich regions were 
observed, e.g. top region of A01 (scaffold 11, 14), the lower end of A02 (scaffold 78), 
top region of A03 (scaffold 1), scaffold 48 on A04, scaffold 2 on A05 and scaffold 10 
on A08. 
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Fig. 4.7.  Physical order of all Indels and SSRs tested on F3 population. Each bar A01-A10 indicates a linkage group. The 

numbers at the left side of each linkage group indicate the physical position in Mb. The gaps between schaffolds are excluded in 

the map. On the right all the markers used for this analysis are shown. Different colours indicate different levels of information 

known about a certain marker: 

Light blue: SSR marker with known position 

Dark blue: SSR marker with unknown position (only scaffold number is known) 

Dark red: SSR marker with only linkage group number known, position in this map is not the true position 

Pink: Indel marker segregates into 3 groups with 1:2:1 ratio 

Green: Indel marker segregates into 3 groups with distorted segregation ratio 

Black: Indel marker segregates into only 2 groups 
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4.5 Marker - trait association  

Among 19 marker alleles that were derived from 9 SSRs, with allele frequency 
ranging from 0.18-0.87, 25 significant trait-allele associations were detected (Table 
4.5). Four SSR alleles from three markers are associated with more than one trait, and 
a single allele can be associated with 1-3 traits. The association covers traits such as 
LN, LC, V, TD, TWH, TC, and TCK. From Table 4.5, it can be seen that SSR-209 and 
SSR-nw-56, which are located on the same linkage group are both significantly 
associated with trait LN, and V, suggesting that they may be closely linked. This is 
confirmed by the physical order of these two markers (SSR-nw-56 Scaffold 11, 
position 4.05mb, SSR-209 Scaffold 11, position 4.046 mb, see Fig. 4.7). Marker 
SSR-92 associates with LN, TWH and TCK, but its physical position on linkage 
group 1 is not clear. No SSR marker was found strongly associated with TD, TLH and 
TSM. 
  
As for Indel markers, only the ones that showed clearly 3 segregation groups have 
been used for marker-trait association analysis. As shown in Table 4.5, in total nine 
marker-trait associations have been detected, including that eight out of 33 
polymorphic Indel markers show significant association with at least one 
morphological trait. And one of them (Indel-363) shows significant association with 2 
different morphological traits (TD and TCK). For Indel markers, no association with 
TWH, TLH, TSM and TC has been detected. Indel 645, 1061 and 363 from linkage 
group A04 are all associated with TCK, but not in the same scaffold.  
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Table 4.5. Overview of SSR and Indel markers showing significant association with traits 

 

��  ��  ��  ��                  P-value of T-test or ANOVA 

Maker  
Linkage 

group 

allele 

freq. 
LN LC V TD TWH TLH TSM TC TCK 

Indel-301  A01    0.001       
ssr-209A-150 A01 0.63 ��  ��  ��   ��  ��  ��  ��  0.004 

ssr-209B-147 A01 0.27  0.0005 ��  0.0005 ��  ��  ��  ��  ��  0.006 

ssr-209C-140 A01 0.69 0.0065 ��  0.0000  ��  ��  ��  ��  ��  

ssr-92A-238 A01 0.24  0.0000         

ssr-92B-230 A01 0.75 0.0000    0.0045��    0.0000 

ssr-nw-56A-195 A01 0.65 0.0005 ��  ��  ��  ��  ��  ��  ��   

ssr-nw-56C-175 A01 0.74 ��  ��  0.0005  ��  ��  ��  ��  ��  

ssr-nw-56B-190 A01 0.22  0.0000 ��  ��  ��  ��  ��  ��    

Indel-1147  A02  0.008         
Indel-39  A03    0.0000       

ssr-nw-46A-230 A03 0.59 ��  ��  ��   ��  ��  ��  ��  0.0035 

ssr-nw-46B-228 A03 0.76 ��  ��  0.006 ��  ��  ��  ��  ��  ��  

ssr-nw-46C-225 A03 0.20  0.004 ��   ��  ��  ��  ��  ��   

Indel-645  A04          0.002 
Indel-1061  A04          0.001 
Indel-363  A04     0.009     0.0000 
Indel-383  A05   0.009        
Indel-1017  A05          0.002 

ssr-93A-140 A05 0.61 ��  ��  ��   ��  ��  ��  ��  0.004 

ssr-93B-130 A05 0.63 0.0000  ��  ��  ��  ��  ��  ��   

ssr-93C-112 A05 0.18  0.009 ��  ��  ��  ��  ��  ��  ��  0.0095 

ssr-93D-110 A05 0.20  0.001 ��  ��  ��  ��  ��  ��  ��  ��  

ssr-96B-294 A08 0.77 ��  ��  ��   ��  ��  ��  0.01 ��  

ssr-nw-58A-195 A09 0.56 0.0005 ��   ��  ��  ��  ��  ��   

ssr-95C-161 A10 0.87  0.005        

ssr-nw-51A-242 A10 0.51 0.0000 ��  ��  ��  ��   ��  ��  ��  
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5 Discussion  

A few points of this research need to be discussed. Firstly I would like to discuss the 
phenotypic variation of F3 population and some interesting phenotypes. Secondly, molecular 
analysis including marker-trait associations is discussed. Then, the reliability of Light 
Scanner analysis of Indel markers are discussed, which followed by a discussion of the 
research approach.  

5.1 Phenotypic variation in F3 lines and some interesting phenotypes 

5.1.1 The cause of variations  

Variations within a certain F3 line can be caused by different reasons. Firstly, F3 plants 
derived from the same F2 plant segregate in some heterozygous loci and thus cause genetic 
variation. Secondly, the environmental factors can be different between plants within the 
same F3 line. As we can see in the field layout (Appendix 1), one of the plants per line was 
planted at the edge of the field. Except for the ‘parental’ lines, none of the F3 lines were 
planted in replicates not only because of the limit of field and materials but also for easier 
observation and scoring. Furthermore, some plants were infected by diseases/insects or 
damaged by rodents, which strongly influenced their phenotypes, especially growing vigour 
and turnip size. Similarly, the effects of environmental factors (especially biological) also 
contributed to among-lines variations. For example, the lines at the front part of the field 
were more frequently infected by diseases or damaged by insects. However, variation among 
F3 lines is more obvious and is mainly genetic variation. 
  
Besides, scoring error may cause part of the phenotypic variation of both qualitative and 
quantitative traits. Although standards of scoring qualitative traits were set in advance and 
printed out with photographs, error may occur from scoring work of different people. As for 
quantitative traits, especially for turnip diameter and turnip length, they can be influenced by 
weather a turnip is cracking or not. The cracked turnips may show longer diameter and 
shorter/longer length than when they are not cracked (Fig. 5.1 A). Alternative way of 
measurement is shown in Fig. 5.1 B with correction of turnip diameter and turnip length for 
cracked turnips. This way of measurement may reduce the error of turnip diameter and turnip 
length caused by cracking.  
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Fig. 5.1. A. Turnip cracking influences measurement of length and diameter; B. corrected length and diameter 
measurement of cracked turnips 
 
Some variation might be caused by other unwanted factors. Plants of several F3 lines 
demonstrated red or purple colour in leaves and/or turnips (Fig. 4.1, 4.2). This was 
unexpected because neither VT-115 nor PC-105 has ever shown red/purple colour in its 
leaves or turnip. Despite that this can be due to recessive genes from the parents, another 
reason could be pollen contamination. Due to the out-crossing nature of B. rapa, some 
flowers might be contaminated by pollen from unwanted brassica lines growing in the same 
greenhouse, when generating F2 and F3. Meanwhile, some SSR markers showed minor alleles 
(alleles present in very low frequency in the whole F2 population, usually less than 1%) in 
certain loci, which were also suspected as pollen contamination. When taking a close look, it 
was found that marker allele ssr-nw-55B-225, ssr-95A-172 showing the present of minor 
alleles in F3 line 264, 272, 273, 274, which reflect different degrees of purple/red colour in 
leaves and turnips (Table 4.1, Fig. 4.1, 4.2). No minor alleles have been detected for line 187. 
Based on this result, it is suggested to remove the line for future propagation. However, more 
minor alleles present in F3 line 113, 165, 201, 229, 248, yet no strange phenotype of these 
lines was observed. For these lines, if used for future propagation, they should be grown 
separately from the other lines. 

Turnip diameter 

Turnip length 

Turnip diameter 

Turnip diameter = 1+2 

1 2 
1 

2 

Turnip length = 1+2 
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B 

T
urnip length 
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5.1.2 Lethality in F 3 population  

Twenty-three (12.4% of total) vernalized F3 lines and 15 (9.9% of total) non-vernalized F3 
lines were dead or performed very poorly in the greenhouse or in the field. Lethality of 5 
lines was found in both field and greenhouse growing condition, suggesting some of the 
lethality is due to genetic reasons, not by the environmental influences. When VT-115 and 
PC-105 were crossed, recombination of genome may lead to lethal combination of alleles. 
For instance, a gene inherited from VT-115 and a gene from PC-105 are both involved in 
certain process, such as production of a transcription factor complex. When the alleles of 
these genes are incompatible, because of e.g. mutations in their binding domains, the 
transcription complex will not be functional. In this case, plants homozygous for the loci can 
be lethal while the heterozygous offspring may survive. In F3 populations, theoretically, 25% 
more homozygous loci would appear compared to F2, so this may cause the lethality of some 
lines.   

5.1.3 Turnip cracks 

Cracks in turnip were observed in some lines of the non-vernalized F3 population grown in 
the field. Different levels of cracks were found in 44 lines out of 135 lines that grew well; 5 
SSR markers and 8 Indel markers from many locations distributed in the genome show 
significant association with TCK (Fig. 4.4, 4.5). The occurrence of cracking (split-thickened) 
hypocotyls is commonly found and studied in radish. Over-frequent irrigation results in a 
very humid region in the root zone, subsequently, in the root, the parenchyma cells in the 
xylem expand quickly, but the cells in the phloem and periderm cannot expand accordingly, 
causing root cracking (Wan and Kang, 2006). Both genetic and environmental factors such as 
variations in the water and thermal properties of the soil can cause cracking (Mendoza Cortez 
et al., 2010). Fertilization also influences root cracking. Though increasing production, 
nitrogen fertilization leads to higher numbers of cracking radish hypocotyls, probably due to 
their larger size. However, some cultivars show higher resistance to cracking. And water 
oscillations may cause cracking (Cardoso and Hiraki, 2001; Filgueira 2003 cited by Mendoza 
Cortez et al., 2010). 
 
Cracks observed in the F3 population seems more likely due to genetic reasons, as most of 
cracks were observed intensively within certain lines, and these lines were found at different 
locations (front, middle, back) in the field. The lines grow next to these lines with cracks does 
not always show the same situation.  
 

5.2 Molecular marker analysis 

In the study of Remi Raynaud (MSc thesis 2010), 21 QTLs towards turnip traits were 
detected from the F2 and F3 populations, derived from a cross between a Vegetable Turnip 
(VT-115) and a Rapid Cycling (RC-144). These QTLs were found on 6 linkage groups (1, 2, 
5, 6, 8, and 10) and each explained 8.6% to 19.9% of the total variation. Two regions on 
linkage group 2 and 10 contained most of the QTLs. On linkage group 10, three markers have 
been detected associating turnip diameter in F2 and/or F3 population, with LOD > 4. Two of 
the markers were also associated with Turnip weight (TWH). On linkage group 2, five 
markers were found out associating with TD. Besides, two markers on linkage group 6 and 4 



 

34 
 

markers on linkage group A07 were linked with TD QTLs. In the study of Lou et. al. (2007), 
one major QTL (TuQTL-1) towards turnip-related traits was detected on the top region of A0 
2, explaining 24% and 36.7-40% of the variation in BC population and DH-30 population, 
respectively. In this study, no marker on A02 was detected associating with any turnip traits. 
However, SSR-92 on A01 was found associating with turnip weight, and Indel-363 on A04 
was associated with turnip diameter. Besides, 8 markers were detected associating with turnip 
cracking, which distributed over A01, A03, A04 and A05.  
 
Ten markers were found to be associated with leaf traits, eight of which are associated with 
leaf number, spreading over linkage group A01, A02, A03, A05, A09, A10. Especially on the 
upper region of A01, three LN-associating markers were detected. Similarly, in the study of 
Raynaud (MSc thesis 2010) one LN QTL (ln30QTL-2) was detected on the top region of A01. 
In my study, LC was discovered to be associated with one marker on A05 (Indel 383) and a 
marker on A10 (SSR-95). While in Raynaud’s study, a QTL (LcQTL) of leaf colour was also 
detected on A05.  
 
As for the physical order, the Indel markers were designed based on the sequence comparison 
between Chiifu and RC-144 sequences and were mapped in L58 x Z16 DH population. The 
public SSRs were designed based on mainly Chiifu sequences. Therefore, most of the SSRs 
and Indels can be integrated well. However, the physical order of the markers is only 
indicative in this case as we are assuming the same order occurs in this population (VT-115 x 
PC-105) but it may be different. 
 

5.3 Reliability of Light Scanner analyse 

Shorter amplicons generally allow better discrimination of small sequence variations such as 
single base differences (Liew et al. 2004, cited in Erali et al., 2008). The use of small 
amplicons for genotyping simplifies assay design since the primers are chosen as close to the 
SNP as possible. As the size of the amplicons is decreased, the Tm differences among the 
genotypes are increased, thus allowing better differentiation. However, in SNP genotyping, 
HRMA has also been applied to larger amplicons (160 to 218 bps) (Liew et al., 2006, 2007, 
cited in Erali et al., 2008), and has generated clearly defined single peaks separated by 0.3 to 
1 °C, while heterozygotes were easily identified by curve shape. In the study of Wu et al., 
2008, high-resolution DNA melting analysis was used to detect Indel variants, to discover 
new polymorphisms in almond. In their research Indel markers with size range from 68 to 
172 bp were used, and variation of one or more nucleotides was detected.  
 
In this study, Indel markers (80-191bp) detected by HRMA using Light Scanner do not 
always produce informative results. One of the problems is that often only two groups of 
curves are detected, and most likely explanation is that the two homozygous alleles have 
exactly the same curve. When pre-selecting the markers, for markers with groups, one was 
considered as a homozygous group and another as a combination of homozygous and 
heterozygous. However, this was later found not likely to be true. Variation in amplicons such 
as SNP, insertion of deletion changes the melting curve. When two alleles differ in more than 
one polymorphism e.g. contains SNP and Indel variation at the same time, these can give rise 
to the same curve shape. This has been observed and verified in the study of tomato 
genotyping (Van Heusden, personal communication). As the parents of this studied F2 
population are different from the lines that were used to design those Indel markers, not only 
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small insertions or deletions could exist, but also some SNPs. If so, in light scanner analyzing, 
the SNPs might counteract the effect of Insertion/Deletion differences between genotypes, 
leaving two groups differ at Insertion/Deleltion position undistinguished from each other. 
Sequencing the PCR products of a few F2 samples may enable us to check whether this 
hypothesis. Unfortunately, these disturbs of such situations were not foreseen when the 
project started, and many Indel markers selected from the pre-selection and used for further 
F2 genotyping belonged to this group. Therefore, we have checked the reliability of Indel 
detection by Light Scanner using other techniques such as running polyachramite gel. From 
the results shown in chapter 4.3, it seems we can conclude that HRMA of Indel markers is not 
reliable. However, when looking at the melting curve shape of these 3 markers (Appendix 8), 
all three of them have shown curve patterns that were difficult to score (such as indel-383, see 
Fig. 4.5 A), indicating that the scorability of these markers are not guaranteed.   
 
The suggestion is to test some other markers in order to produce more informative 
comparison. For further research, four other Indel markers (Appendix 9, Table 1), which can 
better represent different curve patterns, have been selected to be tested on Li-cor gel. These 
four markers all have clearly separated melting peak curves and thus a clearer comparison is 
expected. Indel-269 and Indel-1201 show only two groups (Appendix 9, Fig 1, 2), and have a 
distorted segregation ratio and a 1:1 ratio (Appendix 9, Table 2), respectively. Using these 
two markers, we hope to find out whether Light Scanner can distinguish group a and b 
(depending on the Li-cor results show 2 or 3 genotypes). The other two markers, Indel-383 
and Indel-637, show 3 clearly distinguished curve groups (Appendix 9, Fig 3, 4). Indel-383 
has a segregation ratio of 1:2:1 while Indel-637 has a distorted ratio (Appendix 9, Table 2). 
Using these markers we hope to confirm whether Light Scanner analysis can accurately 
distinguish 3 different genotypes. It is worthwhile to test these four markers, because by 
doing that, we can know how accurate the Light Scanner analysis is for Indel markers, and 
what kind of results from Light Scanner can be trusted. Moreover, in the analysis we assumed 
that the curve group with a lower melting temperature as heterozygous group (see Fig 4.6 C), 
when two different double-peak curve type appeared. However, it is also possible that a 
heterozygous can produce two types of curves, Aa and aA, differently. Therefore it is also 
suggested to test a few Indel markers with strange curve shape but clearly distinguished 
groups, such as Indel-201 (Fig. 4.6 C), Indel-47, Indel-363, and Indel-275 (Appendix 9, Fig. 
5, 6, 7).  
 

5.4 Research approach  

The non-vernalized F3 population did not flower because of the cold weather. Flowering traits 
could be collected if the plants were sowed earlier in the season. Flowering time was detected 
correlated with turnip formation in a cross of DH-30 and RC-114 (Lou et al. 2007). However, 
this correlation was not found in populations whose parents have less than 40 days difference 
in flowering time (Vos, MSc thesis, 2009). This suggested that our cross might be different 
from the cross of DH-30 and RC-114, in terms of flowering time - turnip formation 
correlation. Therefore, it would be added value to this research to collect flowering time data. 
A different measurement standard to the cracked turnip individuals need to be set.  
 
Obviously it would save a lot of time and energy for this research if the DNA of real parental 
lines has been preserved, especially for marker scoring. Given the fact that the real parental 
DNA was lost, adding the ‘parents’ (DNA of plants from the same accession as the real 
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parents) did not show added-value in marker analysing, especially at the pre-selection stage. 
Because these samples often show different genotypes within one ‘parent’, or show no 
difference between the two ‘parents’. The pre-selection using only ten F2 individuals cannot 
prevent selection of these Indels showing only two groups as the distorted segregation is also 
expected in any F2 population. Therefore, it might improve the pre-selection efficiency by 
removing the ‘parental’ samples and adding two or more F2 samples. Indel markers showing 
only two genotypes during pre-selection were considered similar as dominant markers, 
however, were later realized that two homozygous genotypes (a and b) might not be 
distinguished. Only the Indel markers showing three groups were used for marker-trait 
association analysing, which ensured the higher quality of this type of marker to be used. 
However, the confirmation of Light Scanner results for analysing Indels should have been 
done prior to marker screening on the population.  
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6 Conclusions and recommendations 

In conclusion, variation of nine morphological traits were observed among and within F3 
lines, caused by genetic, environmental factors, and pollen contamination. Many lethal plants 
observed in both F2 and F3 populations, thus led to strong skewness in phenotypes and 
genotypes. Nine SSRs (including 25 SSR marker alleles) and eight Indels showed significant 
association with 1-3 morphological traits. In total, 34 marker-trait associations were detected, 
covering seven morphological traits LN, THW, V, TD, TWH, TC, and TCK. Positions of 
markers with significant association can be compared with the previously detect QTL 
positions. The reliability of Indel markers analyzed by Light Scanner needs to be confirmed 
by other means i.e. polyacrylamide electrophoresis, before using Indels for further analysis of 
this population. AFLPs and SSRs can be used, if necessary, to construct a genetic map. 
Images of leaf samples per plant that were collected during this research can be analyzed for 
more leaf traits variation, and their association with markers or QTLs. Field test of later 
generations is recommended, and it is necessary to grow the plant earlier in the season 
(suggested in June or July) so that flowering time can be observed. Measurement of TD, TLH 
for cracked turnip individuals can be done differently than the rest, such as described in 
chapter 5.1.1. For further propagation, it is recommended to remove the lines with rare alleles 
from the population, and keep the population to propagate in an isolated and controlled 
environment, in order to prevent pollen contamination.  
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Appendix 1. Field layout of F3 lines 

Each cell indicates one F3 plant. Column 1 and column 8 indicate line number. From the cell 
of the line number (including itself) to the right, 7 plants per line were transplanted to the 
field unless there is not enough seeds/young plants. The green cells indicated the plants that 
were actually transplanted to the field. The white cells means there is no plant actually 
planted.  
 

ROW\COLUME 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
83 VT-115 VT-115 VT-115 VT-115 VT-115 VT-115 VT-115 VT-115 VT-115 VT-115 VT-115         
82 VT-115 VT-115 VT-115 VT-115 VT-115 VT-115 VT-115 VT-115 VT-115 VT-115 VT-115 VT-115 VT-115 VT-115 VT-115 
81 PC-105 PC-105 PC-105 PC-105 PC-105 PC-105 PC-105 PC-105 PC-105 PC-105 PC-105 PC-105 PC-105 PC-105 PC-105 
80 PC-105 PC-105 PC-105 PC-105 PC-105 PC-105 PC-105 PC-105 PC-105 PC-105 PC-105 PC-105 PC-105 PC-105 PC-105 
79 274             273               
80 271             272               
79 269             268             . 
78 264             266             . 
77 262         . . 261         . . . 
76 259             260             . 
75 258         . . 257          . 
74 255             256          . 
73 254         . . 253   . .    . 
72 251             252          . 
71 250         . . 249          . 
70 247             248          . 
69 246   . .   . . 245          . 
68 243             244          . 
67 241         . . 240          . 
66 237             238          . 
65 236         . . 234          . 
64 232             233          . 
63 230         . . 229          . 
62 226             227          . 
61 225         . . 223   . .    . 
60 221             222               
59 220   . .   . . 219         . .   
58 VT-115 VT-115 VT-115 VT-115 VT-115 VT-115 VT-115 VT-115 VT-115 VT-115 VT-115 VT-115 VT-115 VT-115 VT-115 
57 PC-105 PC-105 PC-105 PC-105 PC-105 PC-105 PC-105 PC-105 PC-105 PC-105 PC-105 PC-105 PC-105 PC-105 PC-105 
56 218             217             . 
55 215         . . 216   . .   . . . 
54 214             213             . 
53 210         . . 212         . . . 
52 208             206             . 
51 204         . . 205         . . . 
50 203             201             . 
49 199         . . 200         . . . 
48 198             195             . 
47 192   . .   . . 194         . . . 
46 190            187             . 
45 184            185   . .   . . . 
42 183             180               
41 178         . . 179         . . . 
40 177             176             . 
39 174       175   . .   . . . 
38 173       172             . 
37 170       169         . . . 
36 167       168             . 
35 166       165         . . . 
34 163       164               
33 162       159         . . . 
32 157       158             . 
31 156       155         . . . 
30 153       154             . 
29 152       151   . .       . 
28 147       149             . 
27 146       145   . .   . . . 
26 143       144             . 
25 142       141   . .   . . . 
24 139       140             . 
23 138       137   . .       . 
20 135       136         
19 134       133   . .         
18 131       132   . .   . . . 
17 130             128   . .   . . . 
16 124             127   . .   . . . 
15 123             122     .   . . . 
14 118             119   . .         
13 117             115   . .         
12 113             114   . .         
11 112             111   . .         
10 109             110   . .         
9 108             107               
8 105             106               
7 104             103            
6 100             102               
5 99             98               
4 96             97               
3 95             94               
2 91             93               
1 PL PL PL PL PL PL PL PL PL PL PL PL PL PL PL 
0 others others others others others others others others others others others others others others others 
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Appendix 2. Presentation of scaling standards of ordinal 

morphological traits 

 
Fig. 1. Turnip skin smoothness 

 
 

 
Fig. 2. Turnip cracks 

 

 
Fig. 3. Plant growing vigour 
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Appendix 3. PCR reaction protocol for SSR markers   

Making a PCR mastermix (this is a mix of: primers, dNTP’s, Taq buffer, Taq polymerase and 
MilliQ)  
Get a bucket or tray with ice and work on ice the entire time.  
Get the next solutions from the -20. 
- Primers (foreward (labelled)and reverse) 
- dNTP’s 
- Dream Taq buffer 10X 
- D Taq (polymerase) 
Place the Super Taq (polymerase) immediately on ice. 
Get a new Eppendorf tube and clearly write down mastermix on it.   
When the solutions are thawing make the calculations for the mastermix in your lab journal. 
This reaction will be used for 3 µl DNA sample   
Mastermix        1X    190X 
Primer forward(labelled)   1.0    190.0 
Primer reverse     1.0    190.0 
dNTP’s          0.4    76.0 
DeamTaq buffer 10X    1.0    190.0 
DearmTaq (polymerase)   0.08   15.2 
MilliQ          5.5 +   1045.5 
 
  Total         10.0 µl 
 
Put 10.0 µl of the mastermix inside a well of a PCR plate.  
DNA template and MilliQ are variable; increasing the amount of DNA with 1.0 µl (4.0) will 
decrease the amount of MilliQ with 1.0 µl (15.3 µl). When changing the volume of the 
MilliQ and DNA the mastermix volume changes to so in this example to 21.0 µl. (Sometimes 
you will need more DNA for a PCR reaction because otherwise the reaction will not work). 
Add the 3.0 µl of DNA template/sample (look at the example Mastermix above. 
The total volume inside a well of a PCR plate is now 25 µl. 
Heat seal the plate with a seal next to the green sealing machine (check the seal). 
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Appendix 4. LI-COR Protocol 

Before starting:  Clean the gel making items with water, then with ethanol and dry them with 
a new paper check glass plates carefully 
 
Check if the 94° C heater near the window is switched on 
 
Put equal volume of formamide loading buffer to the PCR product close the seal again and 
mix on vortex 
 
The writing on the glass plates should not be readable when they are placed on the lab table 
(mirror writing) 
 
Place the two spacers on the large glass plate (back-plate) and leave some space on the 
bottom of the plate (this is easier for the cleaning of the glass plates at the end) 
 
lace the other smaller plate (front-plate) on top of the back plate (which have the spacers and 
do not move the spacers, the writing on the front plate is now readable) 
 
Place the two black holders at each side and make sure that they make contact with the glass 
plate on the bottom and the top 
 
First screw the middle nut and then the bottom nut (not to tight) 
 
Make the gel solution: 20 ml Long Ranger solution  
           15 µl TEMED (add in the small fume hood) 
          150 µl APS (add in the small fume hood, smells like rotten eggs)   
 
Pour the gel and let the capillary do the work (maybe gently tap on the glass with your finger) 
  
Place the top spacer in the gel and lock it with the black / transparent holder (screw the top 
nuts not to tight)   
 
Let the gel polymerize for 1½ hour 
 
Place the in the transparent holder on the lab table, so the gel is standing vertical and put a 
paper comb 1 mm in the gel (from now on be very careful not to move the comb) 
 
Screw the top compartment at the top of the front glass plate (not to tight)  
 
Place a silver paper at the back of the back plate. 
 
Place the gel inside the LICOR machine 
 
Make a new buffer: 100ml 10× buffer 
          900 ml distilled water (green tap) 
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First fill the top compartment to the maximum that is indicated with buffer 
 
Then fill the bottom compartment with the remaining buffer 
Run the calibration program, don’t change the parameters only fill in the name of the folder 
and the file name 
 
When running the program make sure that the indicated values left and right are having not 
more then 50 units of difference 
Let the gel heat up until 45° C 
Heat the samples in the 94° C heater for 1 minute and directly place in cooling block from 
fridge 
 
Open the door of the LICOR machine 
 
Clean the space between the comb by spraying with a syringe (this is now filled with ureum 
which will interfere loading of a gel)  
 
Load 0.7 µl of IRD 800 product  
 
Load 1.0 µl of the IRD 800 size marker (At least 3 size markers should be included one at 
each side and one in the middle)  
 
Close the top compartment and the bottom compartment and then close the door of the 
LICOR machine and press enter when the machine indicate this 
 
Let the machine run for 5 minutes 
 
Now load 0.5 µl of IRD 700 product 
 
Load 1.0 µl of the IRD 700 size marker (At least 3 size markers should be included one at 
each side and one in the middle)  
 
Close the top compartment and then close the door of the LICOR machine and press enter 
when the machine indicate this 
 
Let the gel run for 3 - 4 hours  
 
The LICOR will shutdown automatically  
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Appendix 5. PCR reaction protocol for Indel markers using 

Light Scanner 

 
Master Mix for Light Scanner     

  1x (ul) 190x 

MQ 5.45 1035.5 

Reaction buffer for Phire (5x) 2 380 

dNTP 0.4 76 

Primer Fw (stock) 0.025 4.75 

Primer Rev (stock) 0.025 4.75 

LC-green 1 190 

Phire enzyme 0.1 19 

DNA (5-10ng) 1  

Total Volume 10  

Mineral oil 20  
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Appendix 6. Frequency distribution of morphological traits 

 
 

Fig. 1. Distribution graph of leaf number (LN) in C29 F3 population 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

PC=20 

 

VT=11 
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Fig.2. Distribution graph of turnip diameter (mm) in C29 F3 population 

 
 

 
Fig.3. Distribution graph of turnip diameter (mm) in C29 F2 population 

 

VT=57.4 

PC=19.1 

VT=80 

PC=9.5 
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Fig.4. Distribution graph of turnip weight (TWH) (g) in C29 F3 population 
 

 
Fig.5. Distribution graph of turnip weight (TWH) (g) in C29 F2 population 

 

VT=159 

PC=7 
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Fig.6. Distribution graph of turnip length (TLH) (mm) in C29 F3 population 
 

 
Fig.7. Distribution graph of turnip length (TLH) (mm) in C29 F2 population 

 
 

VT=53 

PC=35 
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Fig.8. Frequency distribution of leaf colour (LC) (see legend below) in C29 F3 population 
measured according to R.H.S (royal horticulture society) colour chart. 

 
Legend: 
1=137A 
2=137B 
3=137C 
4=139A 
5=144A 
6=146A 
7=147A 
8=147B 

9=137A+red/purple 
10=146B 
11=146A+purple (small area) 
12=146,147A 
13=146C 
14=147A+purple (large area) 
15=147A+red edge&vein 

VT=12 

PC=10 
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Fig.9. Frequency distribution of plant growing vigor (V) in C29 F3 population. Each integer 
number indicates a level of vigor (see legend below) at measurement. Non-integer appears 

when taking averages of plants per line.  
 
Legend: 
1=very weak, plants are small and leaves are lost. 
2= small plants grow less vigorously 
3= medium plants grow vigorously 
4= big plants grow more vigorously 

 
 
 

 PC  VT 
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Fig.10. Frequency distribution of turnip skin colour (TC) in C29 F3 population 
Leave out the chart and write to describe: two main groups. Each integer number represents a 
one colour (see legend below) at measurement. Non-integer appears when taking averages of 

plants per line.  
Legend: 
1=DP=dark purple 
2=DP/P=dark purple/purple 
3=G DP= green/dark purple 
4=G P W=green, purple, white 
5=G W B= green white brown 
6= GGW= green green white 
7= GP= green purple 
8=GW= green white 
9= LG W =light green, white 
10=P=purple 
11=PW=purple whitle 
12=R=red 
13=RW=red white 
14=W=white 
15=WG=white, green 

VT=2.36 

PC=1.36 
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Fig.11. Frequency distribution of turnip cracks (TCK) in C29 F3 population. Each 

integer number indicates one level of cracking (see legend below) at measurement. 
Non-integer appears when taking averages of plants per line.  

Legend: 
0=no crack 
1=C=cracks 
2=BC=big cracks 
3=VBC=very big cracks 
 

     VT   PC 
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Appendix 7. Descriptive statistic dada of quantitative 

traits of F3 population per line 

Descriptives 

LN- leaf number 

 

N Mean 

Std. 

Deviation 

coefficient 

of 

variation  

Std. 

Error 

95% Confidence 

Interval for Mean 

Minimum Maximum 

Lower 

Bound 

Upper 

Bound 

VT-115 14 11.2 2.0 .2 .5 10.0 12.4 8 15 

PC-105 14 20.5 1.9 .1 .5 19.4 21.6 17 23 

91 7 12.7 2.1 .2 .8 10.8 14.6 10 16 

93 7 14.9 3.0 .2 1.1 12.1 17.7 11 19 

94 7 17.0 2.1 .1 .8 15.1 18.9 13 19 

95 6 17.3 3.8 .2 1.6 13.3 21.4 15 25 

96 7 14.1 2.2 .2 .8 12.1 16.2 12 18 

97 7 14.4 2.1 .1 .8 12.4 16.4 11 18 

98 7 14.7 1.8 .1 .7 13.1 16.4 12 17 

99 7 13.3 1.8 .1 .7 11.6 14.9 10 15 

100 6 15.7 2.8 .2 1.1 12.7 18.6 11 19 

102 7 13.1 1.8 .1 .7 11.5 14.8 11 16 

104 5 15.0 2.8 .2 1.3 11.5 18.5 10 17 

105 6 13.0 2.0 .2 .8 10.9 15.1 10 16 

106 7 18.1 3.3 .2 1.3 15.1 21.2 12 21 

107 7 16.1 1.8 .1 .7 14.5 17.8 13 18 

108 6 15.8 1.5 .1 .6 14.3 17.4 14 18 

109 7 13.0 2.0 .2 .8 11.2 14.8 10 16 

110 6 15.7 2.7 .2 1.1 12.9 18.5 11 18 

111 7 17.7 1.1 .1 .4 16.7 18.7 16 19 

112 7 14.1 2.0 .1 .8 12.3 16.0 11 17 

113 5 13.8 1.3 .1 .6 12.2 15.4 12 15 

114 4 19.8 2.2 .1 1.1 16.2 23.3 18 23 

115 7 13.7 1.6 .1 .6 12.2 15.2 11 15 

117 1 13.0 . . . . . 13 13 

118 7 15.6 1.1 .1 .4 14.5 16.6 15 18 

119 7 15.3 2.5 .2 .9 13.0 17.6 12 19 

122 7 15.6 1.4 .1 .5 14.3 16.9 13 17 

123 2 12.5 2.1 .2 1.5 -6.6 31.6 11 14 

124 6 16.5 2.4 .1 1.0 14.0 19.0 13 19 
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LN-leaf number, continued 

 

N Mean 

Std. 

Deviation 

coefficient 

of 

variation  

Std. 

Error 

95% Confidence 

Interval for Mean Minimum Maximum 

          

127 3 20.0 2.0 .1 1.2 15.0 25.0 18 22 

128 7 16.0 2.8 .2 1.1 13.4 18.6 14 22 

130 6 15.2 3.5 .2 1.4 11.5 18.8 11 19 

132 7 18.1 2.0 .1 .8 16.3 20.0 15 21 

133 7 12.6 1.0 .1 .4 11.7 13.5 11 14 

134 6 15.5 2.6 .2 1.1 12.8 18.2 12 19 

135 7 18.0 2.6 .1 1.0 15.6 20.4 14 21 

137 6 19.3 3.6 .2 1.5 15.5 23.1 15 25 

138 7 15.4 2.1 .1 .8 13.4 17.4 12 18 

139 7 14.7 2.6 .2 1.0 12.3 17.1 11 18 

140 7 18.4 2.9 .2 1.1 15.7 21.1 13 22 

141 1 18.0 . . . . . 18 18 

142 8 14.0 2.1 .1 .7 12.3 15.7 11 17 

143 8 16.1 4.4 .3 1.6 12.5 19.8 7 21 

144 7 21.6 2.0 .1 .8 19.7 23.4 18 24 

145 8 18.8 5.5 .3 1.9 14.2 23.3 7 24 

146 2 14.5 .7 .0 .5 8.1 20.9 14 15 

147 9 15.1 2.0 .1 .7 13.6 16.6 12 17 

148 1 15.0 . . . . . 15 15 

149 8 17.4 1.7 .1 .6 16.0 18.8 16 20 

150 1 15.0 . . . . . 15 15 

151 8 17.5 2.3 .1 .8 15.6 19.4 14 21 

152 8 14.3 1.2 .1 .4 13.3 15.2 13 16 

153 7 18.3 1.4 .1 .5 17.0 19.6 17 21 

154 7 12.9 1.3 .1 .5 11.6 14.1 11 15 

155 3 17.0 3.0 .2 1.7 9.5 24.5 14 20 

156 7 18.7 2.1 .1 .8 16.7 20.7 14 20 

157 7 15.9 1.1 .1 .4 14.9 16.8 14 17 

158 7 19.9 3.1 .2 1.2 17.0 22.8 14 23 

159 4 12.8 2.2 .2 1.1 9.2 16.3 10 15 

162 7 22.7 2.3 .1 .9 20.6 24.8 20 26 

163 7 20.9 3.3 .2 1.3 17.8 23.9 15 25 

164 1 17.0 . . . . . 17 17 

165 7 16.4 2.5 .2 .9 14.1 18.7 14 21 

166 7 16.7 1.9 .1 .7 15.0 18.5 15 20 

167 1 9.0 . . . . . 9 9 

168 7 14.3 .8 .1 .3 13.6 15.0 13 15 

169 7 16.9 2.3 .1 .9 14.7 19.0 13 20 

170 2 5.0 1.4 .3 1.0 -7.7 17.7 4 6 
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LN-leaf number, continued 

 

N Mean 

Std. 

Deviation 

coefficient 

of 

variation  

Std. 

Error 

95% Confidence 

Interval for Mean Minimum Maximum 

172 7 19.1 1.9 .1 .7 17.4 20.9 16 22 

173 7 18.0 2.3 .1 .9 15.9 20.1 15 21 

174 7 15.3 2.1 .1 .8 13.3 17.3 13 19 

175 7 15.3 2.1 .1 .8 13.3 17.3 13 19 

176 6 19.0 3.4 .2 1.4 15.4 22.6 13 23 

177 6 14.7 1.8 .1 .7 12.8 16.5 12 17 

178 6 15.0 2.8 .2 1.2 12.0 18.0 11 18 

179 7 12.6 6.5 .5 2.5 6.6 18.6 5 20 

183 7 20.0 1.4 .1 .5 18.7 21.3 18 22 

184 6 20.8 2.3 .1 .9 18.4 23.3 17 23 

185 7 17.0 3.8 .2 1.4 13.5 20.5 9 21 

187 7 12.6 1.7 .1 .6 11.0 14.2 11 16 

190 6 14.8 3.3 .2 1.3 11.4 18.2 10 19 

192 7 18.4 2.4 .1 .9 16.2 20.6 16 21 

194 7 15.6 3.9 .2 1.5 12.0 19.1 9 20 

195 7 12.9 5.7 .4 2.2 7.6 18.1 1 19 

198 7 20.7 2.0 .1 .7 18.9 22.5 19 24 

199 7 16.4 1.3 .1 .5 15.3 17.6 14 18 

200 7 16.7 1.1 .1 .4 15.7 17.7 15 18 

201 7 15.1 2.4 .2 .9 12.9 17.4 10 17 

203 7 13.3 1.1 .1 .4 12.3 14.3 12 15 

204 7 17.6 2.1 .1 .8 15.7 19.5 15 21 

205 7 28.6 6.8 .2 2.6 22.3 34.9 22 42 

206 7 18.1 1.7 .1 .6 16.6 19.7 16 21 

208 6 15.3 3.2 .2 1.3 12.0 18.7 11 20 

210 7 16.1 2.0 .1 .8 14.3 18.0 14 19 

212 5 18.0 3.5 .2 1.6 13.6 22.4 14 23 

213 7 13.0 1.5 .1 .6 11.6 14.4 10 15 

214 7 14.3 2.4 .2 .9 12.1 16.5 12 17 

215 6 9.2 1.9 .2 .8 7.1 11.2 7 12 

216 6 17.7 1.6 .1 .7 16.0 19.4 15 19 

217 6 19.7 9.2 .5 3.7 10.0 29.3 5 32 

219 6 17.0 2.8 .2 1.1 14.1 19.9 12 19 

220 4 16.5 1.3 .1 .6 14.4 18.6 15 18 

221 7 16.0 2.4 .2 .9 13.7 18.3 11 18 

222 7 11.9 1.6 .1 .6 10.4 13.3 10 14 

223 6 9.8 3.0 .3 1.2 6.7 13.0 6 14 

225 6 16.7 2.3 .1 1.0 14.2 19.1 13 19 

226 5 17.4 2.3 .1 1.0 14.5 20.3 15 20 

227 7 13.9 2.0 .1 .8 12.0 15.7 11 17 
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LN-leaf number, continued 

 

N Mean 

Std. 

Deviation 

coefficient 

of 

variation  

Std. 

Error 

95% Confidence 

Interval for Mean Minimum Maximum 

229 7 12.4 2.1 .2 .8 10.5 14.3 9 14 

230 2 24.0 .0 .0 .0 24.0 24.0 24 24 

231 1 23.0 . . . . . 23 23 

232 7 17.9 1.3 .1 .5 16.6 19.1 16 20 

233 7 18.6 3.2 .2 1.2 15.6 21.5 15 23 

234 4 12.8 5.3 .4 2.7 4.3 21.2 6 19 

235 1 14.0 . . . . . 14 14 

236 7 14.4 3.3 .2 1.2 11.4 17.4 9 19 

237 7 11.6 2.9 .3 1.1 8.9 14.3 7 16 

238 3 7.7 2.5 .3 1.5 1.4 13.9 5 10 

240 7 16.0 1.6 .1 .6 14.5 17.5 14 18 

241 7 15.7 2.8 .2 1.1 13.1 18.3 12 19 

243 7 16.0 2.5 .2 1.0 13.7 18.3 11 19 

244 7 12.7 1.1 .1 .4 11.7 13.7 11 14 

245 1 8.0 . . . . . 8 8 

246 7 16.9 2.3 .1 .9 14.8 19.0 13 20 

247 7 17.7 2.1 .1 .8 15.7 19.7 15 21 

248 6 15.8 1.5 .1 .6 14.3 17.4 14 18 

249 7 12.9 2.0 .2 .8 11.0 14.7 10 15 

250 7 13.4 4.0 .3 1.5 9.7 17.2 7 18 

251 7 13.7 2.6 .2 1.0 11.3 16.1 11 17 

252 7 21.7 3.0 .1 1.1 19.0 24.5 18 26 

253 4 14.3 1.3 .1 .6 12.2 16.3 13 16 

254 6 15.2 1.2 .1 .5 13.9 16.4 14 17 

255 7 15.9 5.5 .3 2.1 10.8 20.9 5 22 

256 6 18.3 2.9 .2 1.2 15.3 21.4 14 22 

258 5 11.4 3.6 .3 1.6 6.9 15.9 7 16 

259 4 12.3 1.3 .1 .6 10.2 14.3 11 14 

260 7 15.0 1.0 .1 .4 14.1 15.9 13 16 

261 7 18.6 2.2 .1 .8 16.5 20.6 15 21 

264 7 13.6 1.5 .1 .6 12.2 15.0 12 16 

266 5 14.0 1.6 .1 .7 12.0 16.0 12 16 

268 7 15.7 1.5 .1 .6 14.3 17.1 14 18 

269 6 18.7 1.9 .1 .8 16.7 20.6 17 22 

271 7 20.4 4.4 .2 1.7 16.3 24.5 15 26 

272 5 13.8 3.6 .3 1.6 9.4 18.2 10 19 

273 6 14.0 .6 .0 .3 13.3 14.7 13 15 

274 7 13.3 1.5 .1 .6 11.9 14.7 11 15 

Total 907 15.9 3.9 .2 .1 15.7 16.2 1 42 
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Descriptives 

TD-tunip diameter (cm) 

 

N Mean 

Std. 

Deviation 

coefficient 

of 

variation  

Std. 

Error 

95% Confidence 

Interval for Mean 

Minimum Maximum 

Lower 

Bound 

Upper 

Bound 

VT-115 28 57.4 30.8 .5 5.8 45.4 69.3 8.5 138.8 

PC-105 20 19.1 3.8 .2 .9 17.3 20.9 12.9 31.6 

91 6 53.8 15.6 .3 6.4 37.4 70.1 37.4 78.2 

93 6 28.7 8.8 .3 3.6 19.4 37.9 14.8 37.6 

94 7 26.3 10.6 .4 4.0 16.5 36.1 12.6 39.2 

95 6 27.4 11.7 .4 4.8 15.1 39.7 15.5 48.9 

96 7 55.2 14.5 .3 5.5 41.7 68.6 30.3 76.3 

97 6 20.8 6.9 .3 2.8 13.5 28.0 10.8 29.4 

98 7 25.9 12.0 .5 4.6 14.8 37.0 9.2 46.1 

99 7 19.6 11.4 .6 4.3 9.0 30.2 6.7 37.4 

100 6 30.7 14.7 .5 6.0 15.3 46.2 10.7 46.8 

102 3 25.8 5.2 .2 3.0 12.9 38.6 21.7 31.6 

104 5 48.0 17.8 .4 8.0 25.9 70.1 24.7 66.8 

105 5 68.1 25.9 .4 11.6 36.0 100.2 41.6 105.5 

106 6 52.7 5.4 .1 2.2 47.0 58.4 44.2 59.4 

107 7 48.2 11.9 .2 4.5 37.2 59.1 34.5 63.4 

108 6 38.4 11.9 .3 4.9 25.9 51.0 23.4 51.0 

109 7 58.5 16.2 .3 6.1 43.6 73.5 37.1 80.0 

110 6 49.3 10.6 .2 4.3 38.2 60.5 42.4 68.5 

111 7 49.1 9.9 .2 3.7 39.9 58.3 33.5 65.0 

112 7 45.7 12.2 .3 4.6 34.4 57.0 23.2 59.9 

113 5 25.8 14.5 .6 6.5 7.8 43.8 12.8 50.0 

114 5 36.2 17.6 .5 7.9 14.3 58.1 12.0 54.0 

115 7 62.3 18.7 .3 7.1 45.0 79.5 37.0 93.0 

117 1 32.1 . . . . . 32.1 32.1 

118 7 29.5 7.8 .3 2.9 22.3 36.7 15.7 40.0 

119 7 40.6 14.1 .3 5.3 27.6 53.6 23.6 63.2 

122 7 59.5 8.3 .1 3.1 51.9 67.2 44.2 70.5 

123 2 23.0 .8 .0 .6 16.0 29.9 22.4 23.5 

124 5 60.4 8.6 .1 3.8 49.8 71.1 47.1 67.7 

127 3 85.3 10.2 .1 5.9 60.0 110.7 78.8 97.1 

128 7 46.6 9.4 .2 3.5 37.9 55.2 31.4 59.5 

130 6 34.8 5.3 .2 2.2 29.2 40.3 27.2 40.4 

132 7 43.2 10.4 .2 3.9 33.6 52.8 23.4 52.3 

133 7 72.0 13.8 .2 5.2 59.3 84.8 53.5 88.8 

134 6 20.6 5.9 .3 2.4 14.4 26.9 12.2 28.6 

135 6 47.8 6.1 .1 2.5 41.3 54.2 41.8 57.6 

137 5 65.3 17.7 .3 7.9 43.3 87.2 48.1 87.5 
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TD-tunip diameter (cm), continued 

 

N Mean 

Std. 

Deviation 

coefficient 

of 

variation  

Std. 

Error 

95% Confidence 

Interval for Mean Minimum Maximum 

138 7 63.8 21.4 .3 8.1 44.0 83.6 26.7 86.5 

139 7 47.3 9.9 .2 3.7 38.1 56.4 33.7 60.8 

140 7 50.1 8.8 .2 3.3 41.9 58.2 36.9 60.7 

141 1 39.2 . . . . . 39.2 39.2 

142 7 70.0 18.2 .3 6.9 53.2 86.8 34.6 92.8 

143 6 52.3 19.5 .4 8.0 31.8 72.8 33.6 84.8 

144 7 71.4 10.6 .1 4.0 61.6 81.2 58.0 85.0 

145 7 44.7 15.1 .3 5.7 30.7 58.7 21.8 65.5 

146 2 39.4 33.8 .9 23.9 -264.3 343.1 15.5 63.3 

147 8 60.0 16.7 .3 5.9 46.0 74.0 39.0 96.5 

148 1 64.3 . . . . . 64.3 64.3 

149 8 59.9 14.2 .2 5.0 48.1 71.8 42.2 82.0 

150 1 76.7 . . . . . 76.7 76.7 

151 7 83.8 23.6 .3 8.9 62.0 105.7 48.0 113.3 

152 8 61.1 18.4 .3 6.5 45.7 76.5 45.7 100.5 

153 7 65.7 14.0 .2 5.3 52.8 78.6 45.5 86.5 

154 7 82.2 13.0 .2 4.9 70.2 94.3 56.9 96.3 

155 2 29.1 9.3 .3 6.6 -54.2 112.3 22.5 35.6 

156 7 61.3 17.1 .3 6.4 45.6 77.1 41.9 85.8 

157 7 59.0 9.7 .2 3.7 50.0 68.0 44.0 70.6 

158 6 65.5 20.9 .3 8.5 43.5 87.4 41.4 96.7 

159 2 15.0 .4 .0 .3 11.8 18.1 14.7 15.2 

162 7 59.0 7.9 .1 3.0 51.7 66.3 49.6 68.9 

163 7 34.6 14.9 .4 5.6 20.8 48.4 19.3 59.9 

164 1 56.6 . . . . . 56.6 56.6 

165 7 48.3 13.7 .3 5.2 35.7 60.9 27.8 62.8 

166 6 48.9 25.3 .5 10.3 22.3 75.5 20.7 92.9 

167 1 19.9 . . . . . 19.9 19.9 

168 7 42.9 11.6 .3 4.4 32.2 53.6 28.3 60.7 

169 7 65.2 9.0 .1 3.4 56.9 73.5 53.0 76.2 

172 7 56.9 6.9 .1 2.6 50.5 63.3 43.0 64.3 

173 7 59.5 9.8 .2 3.7 50.4 68.6 49.4 78.4 

174 7 52.2 12.0 .2 4.5 41.1 63.2 31.0 67.5 

175 6 52.4 15.2 .3 6.2 36.5 68.3 39.0 73.9 

176 6 54.1 25.8 .5 10.5 27.0 81.1 18.0 87.8 

177 6 21.2 7.4 .3 3.0 13.5 28.9 9.7 30.5 

178 6 42.0 11.5 .3 4.7 29.9 54.1 23.7 55.6 

179 1 27.1 . . . . . 27.1 27.1 

183 7 64.8 9.0 .1 3.4 56.6 73.1 54.5 75.0 

184 6 59.2 27.6 .5 11.3 30.2 88.2 25.0 97.8 
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TD-tunip diameter (cm), continued 

 

N Mean 

Std. 

Deviation 

coefficient 

of 

variation  

Std. 

Error 

95% Confidence 

Interval for Mean Minimum Maximum 

185 5 42.1 13.4 .3 6.0 25.5 58.7 32.6 65.2 

187 7 67.0 17.6 .3 6.6 50.8 83.3 44.2 91.4 

190 6 74.1 23.7 .3 9.7 49.2 99.0 40.1 97.5 

192 6 71.4 20.7 .3 8.5 49.7 93.2 45.9 104.7 

194 5 20.8 12.7 .6 5.7 5.0 36.6 7.0 38.8 

195 6 20.1 7.9 .4 3.2 11.8 28.3 9.6 33.8 

198 7 60.8 16.7 .3 6.3 45.4 76.2 39.8 92.8 

199 7 32.1 14.1 .4 5.3 19.0 45.1 8.4 54.1 

200 7 72.5 16.2 .2 6.1 57.5 87.5 45.0 91.8 

201 7 40.9 16.8 .4 6.4 25.3 56.4 25.1 64.4 

203 7 40.1 7.7 .2 2.9 33.0 47.2 32.7 53.5 

204 7 73.0 16.6 .2 6.3 57.7 88.4 51.1 99.6 

205 7 66.2 11.7 .2 4.4 55.4 77.0 48.9 87.5 

206 7 41.4 7.5 .2 2.8 34.5 48.3 27.8 51.1 

208 6 55.3 22.0 .4 9.0 32.2 78.4 32.6 90.3 

210 7 50.4 8.6 .2 3.2 42.4 58.3 39.2 66.3 

212 5 51.1 16.7 .3 7.5 30.3 71.8 31.0 73.2 

213 7 48.4 10.0 .2 3.8 39.1 57.6 34.4 63.3 

214 7 81.0 19.2 .2 7.3 63.2 98.7 51.3 103.0 

215 3 27.0 8.6 .3 5.0 5.6 48.5 17.8 34.9 

216 6 67.0 8.5 .1 3.5 58.1 75.9 51.5 74.3 

217 5 63.7 10.2 .2 4.5 51.1 76.3 46.4 71.4 

219 5 59.7 11.1 .2 4.9 46.0 73.4 46.0 76.4 

220 5 53.5 17.7 .3 7.9 31.5 75.5 35.6 80.4 

221 6 79.0 22.2 .3 9.1 55.7 102.3 44.9 100.9 

222 6 29.6 10.6 .4 4.3 18.5 40.7 13.9 41.7 

223 2 18.4 2.5 .1 1.8 -3.9 40.6 16.6 20.1 

225 6 61.6 12.3 .2 5.0 48.6 74.5 42.2 77.8 

226 5 44.7 14.7 .3 6.6 26.4 63.0 27.4 62.8 

227 7 63.7 15.0 .2 5.7 49.9 77.6 45.5 91.0 

229 7 30.8 11.9 .4 4.5 19.8 41.8 7.0 42.9 

230 2 78.3 19.2 .2 13.6 -94.5 251.1 64.7 91.9 

231 1 71.8 . . . . . 71.8 71.8 

232 8 43.5 10.0 .2 3.5 35.2 51.8 32.9 63.0 

233 7 72.9 19.1 .3 7.2 55.2 90.6 49.3 99.6 

234 1 73.3 . . . . . 73.3 73.3 

235 1 61.9 . . . . . 61.9 61.9 

236 5 40.1 13.4 .3 6.0 23.5 56.7 25.0 59.4 

237 4 17.5 5.6 .3 2.8 8.5 26.4 12.2 23.8 

240 6 54.2 11.1 .2 4.5 42.5 65.8 38.6 69.5 
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TD-tunip diameter (cm), continued 

 

N Mean 

Std. 

Deviation 

coefficient 

of 

variation  

Std. 

Error 

95% Confidence 

Interval for Mean Minimum Maximum 

241 7 64.4 18.9 .3 7.1 46.9 81.9 36.7 84.3 

243 7 34.5 6.6 .2 2.5 28.4 40.6 25.0 42.7 

244 7 43.7 11.5 .3 4.3 33.1 54.4 25.9 62.5 

245 1 7.3 . . . . . 7.3 7.3 

246 6 58.2 13.4 .2 5.5 44.1 72.2 44.0 77.6 

247 7 33.4 6.7 .2 2.5 27.2 39.6 24.0 43.8 

248 6 57.6 14.3 .2 5.8 42.6 72.5 42.2 84.7 

249 7 79.8 10.9 .1 4.1 69.7 89.9 65.1 101.6 

250 5 31.1 4.8 .2 2.1 25.1 37.0 27.6 38.3 

251 7 32.3 8.6 .3 3.2 24.3 40.2 20.5 45.4 

252 6 37.3 7.6 .2 3.1 29.3 45.3 29.6 49.2 

253 4 32.9 10.2 .3 5.1 16.7 49.0 21.5 46.2 

254 6 76.9 12.9 .2 5.3 63.3 90.4 57.8 97.2 

255 5 45.6 4.0 .1 1.8 40.7 50.5 41.2 50.2 

256 6 50.5 21.4 .4 8.7 28.1 73.0 10.2 67.9 

258 2 23.9 7.4 .3 5.3 -42.9 90.6 18.6 29.1 

259 4 40.7 12.0 .3 6.0 21.6 59.8 30.1 55.8 

260 7 69.7 8.8 .1 3.3 61.6 77.8 60.3 86.8 

261 7 76.1 6.3 .1 2.4 70.3 81.9 70.1 87.1 

264 7 37.0 11.0 .3 4.2 26.8 47.2 23.6 53.6 

266 6 51.4 7.1 .1 2.9 44.0 58.9 40.1 62.3 

268 7 55.6 11.8 .2 4.4 44.8 66.5 35.1 68.2 

269 7 60.5 14.6 .2 5.5 47.0 73.9 37.0 77.4 

271 7 50.7 12.3 .2 4.6 39.3 62.1 34.5 63.4 

272 5 42.6 12.3 .3 5.5 27.3 57.9 30.1 61.0 

273 6 60.6 13.9 .2 5.7 45.9 75.2 39.5 74.4 

274 7 36.0 12.3 .3 4.6 24.7 47.4 22.0 54.4 

Total 862 50.4 21.4 .4 .7 49.0 51.8 6.7 138.8 
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Descriptives 

TWH-turnip weight (g) 

 

N Mean 

Std. 

Deviation 

coefficient 

of 

variation  

Std. 

Error 

95% Confidence 

Interval for Mean 

Minimum Maximum 

Lower 

Bound 

Upper 

Bound 

VT-115 23 159.1 159.8 1.0 33.3 90.0 228.2 17.4 755.0 

PC-105 24 7.2 2.2 .3 .5 6.2 8.1 2.3 12.4 

91 6 118.0 102.8 .9 42.0 10.2 225.8 44.0 314.0 

93 6 31.5 18.0 .6 7.4 12.6 50.4 9.0 52.0 

94 7 24.3 14.5 .6 5.5 10.9 37.7 7.0 37.0 

95 6 33.8 22.8 .7 9.3 9.9 57.8 14.0 75.0 

96 7 95.7 51.2 .5 19.3 48.4 143.0 25.0 176.0 

97 6 16.2 9.8 .6 4.0 5.9 26.5 4.0 29.0 

98 7 23.7 16.0 .7 6.1 8.9 38.5 5.0 52.0 

99 7 16.3 20.6 1.3 7.8 -2.7 35.3 2.0 59.0 

100 6 32.5 26.4 .8 10.8 4.8 60.2 2.0 59.0 

102 3 10.7 5.7 .5 3.3 -3.5 24.8 6.0 17.0 

104 4 104.0 55.4 .5 27.7 15.8 192.2 24.0 146.0 

105 5 79.8 69.4 .9 31.0 -6.3 165.9 31.0 198.0 

106 7 95.9 48.7 .5 18.4 50.8 140.9 1.0 142.0 

107 7 84.6 38.6 .5 14.6 48.9 120.3 39.0 148.0 

108 6 62.0 33.5 .5 13.7 26.8 97.2 23.0 102.0 

109 7 123.1 65.2 .5 24.6 62.8 183.5 55.0 225.0 

110 6 65.2 37.9 .6 15.5 25.4 104.9 39.0 138.0 

111 7 79.4 28.5 .4 10.8 53.1 105.7 38.0 125.0 

112 3 76.7 35.1 .5 20.3 -10.5 163.8 43.0 113.0 

113 5 24.6 27.5 1.1 12.3 -9.5 58.7 5.0 72.0 

114 4 52.3 33.9 .6 16.9 -1.7 106.2 9.0 86.0 

115 7 94.9 59.6 .6 22.5 39.8 149.9 28.0 202.0 

117 1 22.0 . . . . . 22.0 22.0 

118 7 31.3 12.7 .4 4.8 19.5 43.0 10.0 45.0 

119 7 63.0 37.6 .6 14.2 28.3 97.7 21.0 132.0 

122 7 138.4 35.7 .3 13.5 105.4 171.4 69.0 182.0 

123 2 12.0 7.1 .6 5.0 -51.5 75.5 7.0 17.0 

124 5 102.8 35.4 .3 15.8 58.8 146.8 47.0 140.0 

127 3 259.7 72.9 .3 42.1 78.7 440.7 208.0 343.0 

128 7 67.3 30.0 .4 11.3 39.5 95.1 22.0 115.0 

130 6 30.8 10.0 .3 4.1 20.3 41.4 17.0 42.0 
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TWH-turnip weight (g), continued 

 

N Mean 

Std. 

Deviation 

coefficient 

of 

variation  

Std. 

Error 

95% Confidence 

Interval for Mean Minimum Maximum 

132 7 59.3 32.7 .6 12.3 29.1 89.5 5.0 96.0 

133 7 144.7 42.5 .3 16.0 105.4 184.0 108.0 219.0 

134 5 16.4 9.4 .6 4.2 4.7 28.1 7.0 30.0 

135 6 52.7 15.6 .3 6.4 36.3 69.0 26.0 65.0 

137 5 108.2 86.1 .8 38.5 1.2 215.2 39.0 258.0 

138 7 113.0 73.0 .6 27.6 45.5 180.5 13.0 228.0 

139 7 65.1 31.0 .5 11.7 36.5 93.8 27.0 109.0 

140 7 65.0 36.5 .6 13.8 31.3 98.7 14.0 117.0 

141 1 50.0 . . . . . 50.0 50.0 

142 7 180.1 77.0 .4 29.1 108.9 251.4 46.0 285.0 

143 6 85.7 63.4 .7 25.9 19.1 152.2 31.0 200.0 

144 7 209.7 66.3 .3 25.1 148.4 271.0 128.0 271.0 

145 7 53.3 34.0 .6 12.8 21.9 84.7 14.0 107.0 

146 2 51.0 63.6 1.2 45.0 -520.8 622.8 6.0 96.0 

147 8 137.3 108.8 .8 38.5 46.3 228.2 66.0 400.0 

148 1 113.0 . . . . . 113.0 113.0 

149 8 170.9 83.7 .5 29.6 100.9 240.9 82.0 322.0 

150 1 171.0 . . . . . 171.0 171.0 

151 7 242.3 127.4 .5 48.1 124.5 360.1 75.0 414.0 

152 8 99.4 57.0 .6 20.2 51.7 147.1 41.0 211.0 

153 7 166.7 76.7 .5 29.0 95.8 237.7 76.0 279.0 

154 7 199.0 74.8 .4 28.3 129.8 268.2 71.0 289.0 

155 2 18.0 8.5 .5 6.0 -58.2 94.2 12.0 24.0 

156 7 132.6 89.4 .7 33.8 49.9 215.3 45.0 276.0 

157 7 86.7 23.1 .3 8.7 65.4 108.1 58.0 119.0 

158 6 162.2 74.2 .5 30.3 84.3 240.1 88.0 273.0 

159 2 6.5 3.5 .5 2.5 -25.3 38.3 4.0 9.0 

162 7 110.7 29.8 .3 11.3 83.1 138.3 66.0 161.0 

163 7 42.9 27.2 .6 10.3 17.7 68.0 16.0 89.0 

164 1 178.0 . . . . . 178.0 178.0 

165 7 68.7 41.4 .6 15.7 30.4 107.0 20.0 115.0 

166 6 117.2 136.9 1.2 55.9 -26.5 260.8 10.0 386.0 

167 1 5.0 . . . . . 5.0 5.0 

168 7 85.1 37.7 .4 14.3 50.3 120.0 31.0 143.0 

169 7 185.4 58.9 .3 22.3 130.9 239.9 113.0 288.0 

172 7 87.7 23.6 .3 8.9 65.9 109.5 43.0 114.0 

173 7 76.6 25.0 .3 9.4 53.5 99.7 63.0 130.0 

174 7 75.3 30.8 .4 11.6 46.8 103.8 28.0 116.0 

175 6 78.3 59.3 .8 24.2 16.1 140.6 30.0 179.0 

176 6 136.8 115.9 .8 47.3 15.2 258.5 16.0 313.0 
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TWH-turnip weight (g), continued 

 

N Mean 

Std. 

Deviation 

coefficient 

of 

variation  

Std. 

Error 

95% Confidence 

Interval for Mean Minimum Maximum 

177 6 14.8 8.6 .6 3.5 5.8 23.9 6.0 28.0 

178 6 63.7 31.0 .5 12.6 31.2 96.2 16.0 100.0 

179 1 18.0 . . . . . 18.0 18.0 

183 7 134.9 39.8 .3 15.0 98.1 171.7 91.0 193.0 

184 6 112.5 98.1 .9 40.0 9.6 215.4 12.0 279.0 

185 5 47.4 22.3 .5 10.0 19.8 75.0 30.0 86.0 

187 7 151.7 67.3 .4 25.4 89.5 214.0 81.0 246.0 

190 6 170.5 113.5 .7 46.3 51.4 289.6 30.0 301.0 

192 6 218.0 148.6 .7 60.7 62.0 374.0 88.0 492.0 

194 4 19.5 11.0 .6 5.5 2.0 37.0 7.0 31.0 

195 7 14.9 14.0 .9 5.3 1.9 27.8 .0 44.0 

198 7 120.7 62.7 .5 23.7 62.7 178.7 39.0 233.0 

199 7 49.6 39.7 .8 15.0 12.8 86.3 5.0 126.0 

200 7 216.9 106.3 .5 40.2 118.5 315.2 76.0 404.0 

201 7 53.9 46.3 .9 17.5 11.1 96.7 14.0 127.0 

203 7 41.9 21.6 .5 8.1 21.9 61.8 25.0 82.0 

204 7 129.0 50.7 .4 19.2 82.1 175.9 81.0 215.0 

205 7 115.6 38.6 .3 14.6 79.8 151.3 62.0 167.0 

206 7 65.0 19.7 .3 7.4 46.8 83.2 37.0 101.0 

208 6 106.0 91.3 .9 37.3 10.2 201.8 24.0 277.0 

210 7 86.0 42.5 .5 16.1 46.7 125.3 43.0 174.0 

212 5 79.8 53.7 .7 24.0 13.1 146.5 30.0 147.0 

213 7 59.6 26.9 .5 10.2 34.7 84.5 22.0 94.0 

214 7 148.0 67.0 .5 25.3 86.0 210.0 51.0 224.0 

215 3 14.7 8.7 .6 5.0 -7.0 36.4 5.0 22.0 

216 6 144.2 36.7 .3 15.0 105.6 182.7 90.0 204.0 

217 5 138.8 55.2 .4 24.7 70.3 207.3 68.0 216.0 

219 5 112.4 48.3 .4 21.6 52.4 172.4 68.0 191.0 

220 4 100.5 58.0 .6 29.0 8.2 192.8 44.0 174.0 

221 7 211.6 101.7 .5 38.4 117.5 305.7 46.0 314.0 

222 6 26.2 22.6 .9 9.2 2.4 49.9 3.0 67.0 

223 2 5.5 3.5 .6 2.5 -26.3 37.3 3.0 8.0 

225 6 120.3 55.3 .5 22.6 62.3 178.4 35.0 180.0 

226 5 58.4 39.3 .7 17.6 9.6 107.2 15.0 112.0 

227 7 133.0 68.6 .5 25.9 69.6 196.4 64.0 267.0 

229 6 37.0 11.6 .3 4.7 24.8 49.2 21.0 51.0 

230 2 234.5 122.3 .5 86.5 -864.6 1333.6 148.0 321.0 

231 1 173.0 . . . . . 173.0 173.0 

232 8 48.6 28.3 .6 10.0 25.0 72.3 26.0 114.0 

233 7 206.4 108.5 .5 41.0 106.1 306.8 58.0 339.0 
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TWH-turnip weight (g), continued 

 

N Mean 

Std. 

Deviation 

coefficient 

of 

variation  

Std. 

Error 

95% Confidence 

Interval for Mean Minimum Maximum 

234 1 155.0 . . . . . 155.0 155.0 

235 1 108.0 . . . . . 108.0 108.0 

236 5 38.6 27.7 .7 12.4 4.3 72.9 12.0 77.0 

237 4 5.5 4.0 .7 2.0 -.9 11.9 2.0 11.0 

240 6 101.0 51.7 .5 21.1 46.8 155.2 36.0 166.0 

241 7 141.0 83.7 .6 31.6 63.6 218.4 32.0 239.0 

243 7 34.4 13.2 .4 5.0 22.2 46.7 20.0 57.0 

244 7 61.4 37.3 .6 14.1 27.0 95.9 12.0 125.0 

245 1 1.0 . . . . . 1.0 1.0 

246 6 100.8 49.6 .5 20.3 48.7 152.9 54.0 169.0 

247 7 44.1 18.3 .4 6.9 27.2 61.0 25.0 73.0 

248 6 148.7 89.3 .6 36.4 55.0 242.3 68.0 321.0 

249 7 186.9 54.3 .3 20.5 136.6 237.1 106.0 235.0 

250 5 30.2 13.0 .4 5.8 14.0 46.4 19.0 52.0 

251 7 24.6 16.8 .7 6.3 9.1 40.1 7.0 52.0 

252 7 32.6 13.8 .4 5.2 19.8 45.3 18.0 60.0 

253 4 30.3 23.0 .8 11.5 -6.4 66.9 12.0 64.0 

254 6 178.0 69.7 .4 28.4 104.9 251.1 71.0 287.0 

255 5 50.0 3.3 .1 1.5 45.9 54.1 45.0 54.0 

256 6 105.2 61.2 .6 25.0 41.0 169.4 1.0 169.0 

258 2 20.5 10.6 .5 7.5 -74.8 115.8 13.0 28.0 

259 4 31.8 19.2 .6 9.6 1.2 62.3 15.0 55.0 

260 7 168.1 29.5 .2 11.1 140.9 195.4 129.0 212.0 

261 7 173.0 32.3 .2 12.2 143.1 202.9 118.0 211.0 

264 7 49.0 31.9 .7 12.1 19.5 78.5 14.0 97.0 

266 6 86.7 27.5 .3 11.2 57.8 115.6 39.0 125.0 

268 7 83.0 36.0 .4 13.6 49.7 116.3 33.0 132.0 

269 6 83.8 40.4 .5 16.5 41.4 126.2 24.0 128.0 

271 7 69.7 35.3 .5 13.3 37.1 102.4 26.0 126.0 

272 5 65.0 45.5 .7 20.4 8.5 121.5 28.0 142.0 

273 6 124.3 66.3 .5 27.1 54.8 193.9 39.0 196.0 

274 7 59.7 33.4 .6 12.6 28.8 90.6 26.0 111.0 

Total 854 92.9 80.6 .9 2.8 87.5 98.3 .0 755.0 
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Descriptives 

TLH-turnip length (cm) 

 

N Mean 

Std. 

Deviation 

coefficient 

of 

variation  

Std. 

Error 

95% Confidence 

Interval for Mean 

Minimum Maximum 

Lower 

Bound 

Upper 

Bound 

VT-115 27 52.5 12.6 .2 2.4 47.5 57.5 30.8 77.3 

PC-105 20 34.7 9.3 .3 2.1 30.3 39.0 3.0 46.5 

91 6 50.5 16.3 .3 6.6 33.4 67.6 38.0 82.0 

93 6 41.8 6.0 .1 2.5 35.5 48.1 32.0 48.0 

94 7 42.6 6.3 .1 2.4 36.8 48.4 35.0 52.0 

95 6 50.8 22.5 .4 9.2 27.2 74.5 25.0 88.0 

96 7 47.0 8.9 .2 3.4 38.8 55.2 34.0 59.0 

97 6 42.5 9.3 .2 3.8 32.8 52.2 25.0 52.0 

98 7 44.4 11.4 .3 4.3 33.9 54.9 31.0 60.0 

99 7 36.3 17.5 .5 6.6 20.1 52.4 5.0 57.0 

100 6 58.0 12.1 .2 4.9 45.3 70.7 40.0 70.0 

102 3 36.7 .6 .0 .3 35.2 38.1 36.0 37.0 

104 5 73.8 7.7 .1 3.4 64.2 83.4 68.0 87.0 

105 5 52.2 8.0 .2 3.6 42.3 62.1 41.0 61.0 

106 6 59.0 1.3 .0 .5 57.7 60.3 58.0 61.0 

107 7 57.9 15.1 .3 5.7 43.9 71.8 41.0 82.0 

108 6 57.2 11.0 .2 4.5 45.6 68.7 44.0 70.0 

109 7 82.6 11.3 .1 4.3 72.1 93.1 61.0 96.0 

110 6 56.5 10.3 .2 4.2 45.7 67.3 44.0 74.0 

111 7 72.6 8.7 .1 3.3 64.5 80.6 61.0 90.0 

112 7 65.3 16.4 .3 6.2 50.1 80.5 47.0 94.0 

113 5 51.6 11.3 .2 5.1 37.6 65.6 38.0 63.0 

114 4 59.0 16.9 .3 8.4 32.1 85.9 37.0 75.0 

115 7 55.9 9.9 .2 3.8 46.7 65.1 45.0 74.0 

117 1 45.0 . . . . . 45.0 45.0 

118 7 55.1 16.5 .3 6.2 39.9 70.4 36.0 85.0 

119 7 61.6 10.5 .2 4.0 51.9 71.3 44.0 77.0 

122 7 66.3 12.5 .2 4.7 54.7 77.9 51.0 86.0 

123 2 47.5 13.4 .3 9.5 -73.2 168.2 38.0 57.0 

124 5 55.2 5.1 .1 2.3 48.9 61.5 49.0 63.0 

127 3 77.0 1.7 .0 1.0 72.7 81.3 75.0 78.0 

128 7 62.4 9.4 .1 3.5 53.8 71.1 46.0 76.0 

130 6 49.5 4.6 .1 1.9 44.7 54.3 43.0 55.0 

132 7 51.3 12.3 .2 4.6 39.9 62.6 27.0 64.0 

133 7 77.1 14.4 .2 5.5 63.8 90.5 61.0 98.0 

134 6 44.0 8.5 .2 3.5 35.1 52.9 32.0 55.0 

135 6 50.0 9.7 .2 3.9 39.8 60.2 37.0 67.0 
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TLH-turnip length (cm), continued 

 

N Mean 

Std. 

Deviation 

coefficient 

of 

variation  

Std. 

Error 

95% Confidence 

Interval for Mean Minimum Maximum 

137 5 71.6 23.0 .3 10.3 43.0 100.2 43.0 103.0 

138 7 59.3 11.6 .2 4.4 48.5 70.0 44.0 78.0 

139 7 59.3 7.4 .1 2.8 52.4 66.2 50.0 70.0 

140 7 63.6 10.4 .2 3.9 54.0 73.2 51.0 83.0 

141 1 63.0 . . . . . 63.0 63.0 

142 7 82.6 13.0 .2 4.9 70.6 94.6 62.0 100.0 

143 6 69.7 15.6 .2 6.4 53.3 86.1 45.0 87.0 

144 7 95.6 18.0 .2 6.8 79.0 112.2 72.0 125.0 

145 7 59.1 13.5 .2 5.1 46.7 71.6 47.0 85.0 

146 2 31.0 33.9 1.1 24.0 -273.9 335.9 7.0 55.0 

147 8 61.5 11.7 .2 4.1 51.8 71.2 50.0 86.0 

148 1 61.0 . . . . . 61.0 61.0 

149 8 75.8 14.0 .2 5.0 64.0 87.5 53.0 97.0 

150 1 63.0 . . . . . 63.0 63.0 

151 7 67.0 11.4 .2 4.3 56.4 77.6 50.0 88.0 

152 8 46.4 16.1 .3 5.7 32.9 59.9 30.0 83.0 

153 7 81.1 12.9 .2 4.9 69.2 93.1 56.0 93.0 

154 7 79.6 10.6 .1 4.0 69.7 89.4 58.0 90.0 

155 2 41.5 3.5 .1 2.5 9.7 73.3 39.0 44.0 

156 7 69.0 15.2 .2 5.7 54.9 83.1 46.0 90.0 

157 7 53.1 6.6 .1 2.5 47.0 59.2 42.0 61.0 

158 6 68.5 7.1 .1 2.9 61.1 75.9 59.0 74.0 

159 2 33.0 11.3 .3 8.0 -68.6 134.6 25.0 41.0 

162 7 69.7 14.7 .2 5.5 56.2 83.3 55.0 92.0 

163 7 51.1 11.5 .2 4.3 40.5 61.8 38.0 72.0 

164 1 79.0 . . . . . 79.0 79.0 

165 7 56.4 8.6 .2 3.3 48.5 64.4 45.0 69.0 

166 6 57.2 16.8 .3 6.9 39.5 74.8 26.0 74.0 

167 1 25.0 . . . . . 25.0 25.0 

168 7 65.1 26.3 .4 9.9 40.8 89.5 8.0 82.0 

169 7 73.0 7.0 .1 2.7 66.5 79.5 64.0 87.0 

172 7 58.4 9.1 .2 3.4 50.0 66.9 49.0 75.0 

173 7 46.1 3.5 .1 1.3 42.9 49.4 43.0 51.0 

174 7 55.9 9.7 .2 3.6 46.9 64.8 46.0 73.0 

175 6 54.0 11.2 .2 4.6 42.2 65.8 41.0 68.0 

176 6 59.5 16.2 .3 6.6 42.5 76.5 40.0 78.0 

177 6 33.8 8.1 .2 3.3 25.3 42.3 25.0 48.0 

178 6 56.7 11.1 .2 4.5 45.0 68.3 40.0 70.0 

179 1 29.0 . . . . . 29.0 29.0 

183 7 67.7 5.0 .1 1.9 63.1 72.4 62.0 75.0 
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TLH-turnip length (cm), continued 

 

N Mean 

Std. 

Deviation 

coefficient 

of 

variation  

Std. 

Error 

95% Confidence 

Interval for Mean Minimum Maximum 

184 6 57.5 12.8 .2 5.2 44.1 70.9 37.0 72.0 

185 5 45.8 5.9 .1 2.6 38.5 53.1 36.0 51.0 

187 7 59.7 7.8 .1 3.0 52.5 67.0 52.0 71.0 

190 6 58.2 11.6 .2 4.7 46.0 70.4 41.0 70.0 

192 6 91.2 19.2 .2 7.8 71.0 111.3 73.0 124.0 

194 5 36.2 3.5 .1 1.6 31.9 40.5 33.0 40.0 

195 6 37.3 7.6 .2 3.1 29.3 45.3 30.0 50.0 

198 7 68.6 20.5 .3 7.7 49.6 87.5 48.0 97.0 

199 7 57.0 12.4 .2 4.7 45.5 68.5 41.0 74.0 

200 7 67.7 14.8 .2 5.6 54.1 81.4 54.0 97.0 

201 7 54.1 11.7 .2 4.4 43.4 64.9 35.0 68.0 

203 7 49.6 5.4 .1 2.0 44.6 54.5 40.0 56.0 

204 7 59.4 8.9 .1 3.4 51.2 67.6 47.0 73.0 

205 7 61.4 14.6 .2 5.5 47.9 75.0 48.0 90.0 

206 7 57.6 5.2 .1 2.0 52.7 62.4 49.0 64.0 

208 6 51.3 13.6 .3 5.6 37.0 65.6 33.0 71.0 

210 7 58.1 8.7 .1 3.3 50.1 66.2 46.0 70.0 

212 5 62.6 15.9 .3 7.1 42.8 82.4 49.0 90.0 

213 7 63.9 9.7 .2 3.7 54.9 72.8 47.0 76.0 

214 7 54.0 11.4 .2 4.3 43.4 64.6 38.0 72.0 

215 3 42.0 13.1 .3 7.6 9.4 74.6 30.0 56.0 

216 6 69.8 8.2 .1 3.3 61.2 78.4 57.0 81.0 

217 5 63.8 2.7 .0 1.2 60.5 67.1 61.0 68.0 

219 5 64.0 6.6 .1 3.0 55.8 72.2 58.0 72.0 

220 4 69.3 25.6 .4 12.8 28.5 110.0 31.0 85.0 

221 7 70.7 9.5 .1 3.6 61.9 79.5 55.0 83.0 

222 6 48.2 10.4 .2 4.2 37.3 59.1 40.0 68.0 

223 2 34.0 18.4 .5 13.0 -131.2 199.2 21.0 47.0 

225 6 70.5 13.7 .2 5.6 56.1 84.9 45.0 83.0 

226 5 55.0 12.8 .2 5.7 39.1 70.9 36.0 67.0 

227 7 63.9 6.8 .1 2.6 57.6 70.1 55.0 76.0 

229 6 56.8 7.1 .1 2.9 49.4 64.3 49.0 67.0 

230 2 87.0 1.4 .0 1.0 74.3 99.7 86.0 88.0 

231 1 68.0 . . . . . 68.0 68.0 

232 8 58.9 9.4 .2 3.3 51.0 66.7 40.0 72.0 

233 7 61.3 16.0 .3 6.0 46.5 76.1 47.0 90.0 

234 1 65.0 . . . . . 65.0 65.0 

235 1 64.0 . . . . . 64.0 64.0 

236 5 47.6 7.0 .1 3.1 38.9 56.3 36.0 55.0 

237 4 35.8 8.7 .2 4.3 21.9 49.6 24.0 45.0 
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TLH-turnip length (cm), continued 

 

N Mean 

Std. 

Deviation 

coefficient 

of 

variation  

Std. 

Error 

95% Confidence 

Interval for Mean Minimum Maximum 

240 6 67.3 13.0 .2 5.3 53.7 80.9 49.0 89.0 

241 7 69.1 10.2 .1 3.8 59.7 78.6 54.0 84.0 

243 7 61.7 10.7 .2 4.1 51.8 71.6 49.0 79.0 

244 7 60.1 13.0 .2 4.9 48.1 72.2 41.0 78.0 

245 1 34.0 . . . . . 34.0 34.0 

246 6 66.7 9.5 .1 3.9 56.7 76.7 53.0 81.0 

247 7 49.3 3.3 .1 1.2 46.2 52.3 47.0 56.0 

248 6 65.8 18.8 .3 7.7 46.2 85.5 54.0 103.0 

249 7 48.3 7.6 .2 2.9 41.3 55.3 38.0 57.0 

250 5 39.0 11.6 .3 5.2 24.6 53.4 28.0 58.0 

251 7 39.9 9.3 .2 3.5 31.3 48.4 24.0 51.0 

252 7 49.9 6.9 .1 2.6 43.5 56.2 42.0 62.0 

253 4 55.3 12.1 .2 6.0 36.0 74.5 46.0 73.0 

254 6 66.5 12.8 .2 5.2 53.0 80.0 42.0 77.0 

255 5 51.0 3.9 .1 1.8 46.1 55.9 47.0 56.0 

256 6 68.3 19.6 .3 8.0 47.8 88.9 31.0 85.0 

258 2 68.0 11.3 .2 8.0 -33.6 169.6 60.0 76.0 

259 4 37.8 7.7 .2 3.8 25.5 50.0 32.0 49.0 

260 7 76.9 8.6 .1 3.2 68.9 84.8 64.0 91.0 

261 7 68.4 6.2 .1 2.3 62.7 74.1 57.0 75.0 

264 7 61.1 13.0 .2 4.9 49.1 73.2 46.0 83.0 

266 6 74.2 11.8 .2 4.8 61.8 86.5 56.0 92.0 

268 7 56.4 4.4 .1 1.6 52.4 60.5 48.0 61.0 

269 7 53.4 7.4 .1 2.8 46.6 60.3 41.0 59.0 

271 7 64.3 10.4 .2 3.9 54.7 73.9 54.0 78.0 

272 5 70.4 14.2 .2 6.3 52.8 88.0 55.0 88.0 

273 6 66.7 11.8 .2 4.8 54.3 79.1 49.0 83.0 

274 7 56.1 11.3 .2 4.3 45.7 66.6 47.0 76.0 

Total 860 58.5 16.3 .3 .6 57.4 59.5 3.0 125.0 
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Appendix 8. Light Scanner analyzing Images of Indel 

131, 1131, 107 

 

 

 

 
Fig. 1. Light scanner analyzing results of Indel-1131. Picture A shows the automated 
grouping different curve plot, which gives a rainbow colour set, without clearly 
distinguished groups. Picture B shows the melting peaks plot. Indel-1131 produces 
two types of double-peak curves and one group of single peak curves. However, the 
single-peak curves are overlapped by one of the double-peak groups. The black curves 
are manually selected samples which give double-peak curves that automated 
grouping cannot correctly distinguish from the overlapped single-peak curves.  
 
 
 

A 

B 
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Fig 2 Light scanner analyzing results of Indel-131. Picture A shows the automated 
grouping different curve plot with 3 groups (consider the orange, blue and green 
curves as the same group). B and C show the melting peaks plot. When manually 
selecting the orange, blue and green curve in picture A, they appear as black in picture 
B. When manually selecting the red curves in picture A, they appear as black in 
picture C.  

A 

B 
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Fig. 3. Light scanner analyzing results of Indel-1075. Picture A shows the automated 
grouping different curve plot after adding manual selection. Picture B shows the 
melting peaks plot. One of the single-peak curve groups is overlapped by the 
double-peak groups. The black curves in both A and B are manually selected samples 
which give double-peak curves that automated grouping cannot correctly distinguish 
from the overlapped single-peak curves. 

A 
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Appendix 9 Selected Indel markers for further 

reliability conformation  

Table 1. Selected Indel markers to be tested on Li-cor gel – list of labeled primers 
�������
��	�� �
��������� ������������ �����	� ��������� ����� ��	�

BrID101201 A01 BrID101201_S_142_379715F Scaffold000142 379715 
IRD 

700 

BrID10269 A08 BrID10269_S_10_3346517F Scaffold000010 3346517 
IRD 

800 

BrID10383 A05 BrID10383_S_25_1103824F Scaffold000025 1103824 
IRD 

700 

BrID10637 A04 BrID10637_S_48_528921F Scaffold000048 528921 
IRD 

800 

 
 
 
 
Table 2. Results of Light Scanner showing No. of groups and segregation ratio’s  

�������
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������ �� �� �

������
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��	���� !�$�����  � 	�������	� �� � �� � ���� ������� 	�"������������
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Fig. 1. Indel 269 
 
 

 

Fig. 2. Indel 1201 
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Fig. 3. Indel 383 
 
 

 
Fig. 4. Indel 637 
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Fig. 5. Indel-47 
 
 
  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 6. Indel -363  

h 
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       Fig. 7. Indel-275 
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Appendix 10. List of F3 lines dead/grow poorly in the 

greenhouse and/or in the field 

 
Line Nr. dead in Green House (yellow fill) poorly/d ead in the field (blue fill) 

60   not in the field 

66   not in the field 

67   not in the field 

94     

103     

113     

117     

121   not in the field 

123     

127     

131     

155     

163     

164     

165     

167     

170     

178     

186   not in the field 

203     

205     

215     

217     

218     

222     

223     

238     

248     

253     

257     

259     

262     

total 23 15 
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Appendix 11. List of SSR Markers 

Table 1 List of public SSR markers 

Labcode Marker 

Linkage 

group(WU-integrated) 

Position 

(cM)-WU map chromosome 

Labelled 

primer Reference Origin 

est-66 Br372 7 12.4 A07 IRD800   

95 BRH80A08flc1t 10 58.0 A10 IRD700 Jinsun kim B.rapa 

96 BRH80C09flc3 2  A08 IRD700 Jinsun kim B.rapa 

210 BRMS-042-2t 3 120.123 A03  

Suwabe et al 

2002  

30 BRMS-054 4  A04 IRD800 

Suwabe et al 

(2002)/Jinsun 

Kim B.rapa 

363 ENA13h 10 83.9 A02 IRD800 Choi et al 2007  

73 Na12H07t 6 62.8 A06 IRD700 Lowe et al 2003  

93 Ra3H10 5  A05 IRD700 

Lowe et al 

(2003)/jinsun 

Kim B.rapa 

92 Ra2G09 �� �� A01 IRD700 �� ��
209 BRMS037 �� �� �� �� A01 IRD800 �� �� �� ��
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Table 2. list of SSR markers derived from turnip candidate genes 

Labcode �3�U�L�P�H�U���Q�D�P�H�3�U�L�P�H�U���Q�D�P�H�3�U�L�P�H�U���Q�D�P�H�3�U�L�P�H�U���Q�D�P�H�������� �$�Q�F�R�U�H�G���S�R�V�L�W�L�R�Q�$�Q�F�R�U�H�G���S�R�V�L�W�L�R�Q�$�Q�F�R�U�H�G���S�R�V�L�W�L�R�Q�$�Q�F�R�U�H�G���S�R�V�L�W�L�R�Q�������� �6�H�T�X�H�Q�F�H�V�������
�a���
���6�H�T�X�H�Q�F�H�V�������
�a���
���6�H�T�X�H�Q�F�H�V�������
�a���
���6�H�T�X�H�Q�F�H�V�������
�a���
����������
position 
(Mb) Labelled 

�6�6�5�B�Q�Z�������� �$�)�������������B�V�F�D�I�I���B�)�� �$������ �$�&�$�$�*�&�$�$�$�$�&�$�7�*�$�*�&�7�$�&�&�$�� �� �� �,�5�'��������

�6�6�5�B�Q�Z�������� �$�)�������������B�V�F�D�I�I���B�5�� �$������ �7�*�$�*�$�$�$�7�&�$�$�$�*�7�*�$�$�&�&�7�*�&�� �� �� �� ��

�6�6�5�B�Q�Z�������� �$�)�������������B�V�F�D�I�I�����B�)�� �$������ �*�$�7�7�7�$�7�*�&�7�&�7�*�$�7�&�&�&�&�$�$�*�� ������������������ �,�5�'��������

�6�6�5�B�Q�Z�������� �$�)�������������B�V�F�D�I�I�����B�5�� �$������ �*�&�7�$�&�$�$�7�7�$�*�$�7�&�*�*�&�7�&�&�7�*�� �� �� �� ��

�6�6�5�B�Q�Z�������� �$�7���*�����������B�V�F�D�I�I���������B�)�� �$������ �$�&�7�7�*�*�$�7�7�7�7�&�7�&�*�7�&�$�&�&�$�&�� �� �� �,�5�'��������

�6�6�5�B�Q�Z�������� �$�7���*�����������B�V�F�D�I�I���������B�5�� �$������ �7�$�$�$�*�&�*�$�*�7�7�7�&�*�7�7�&�$�*�$�&�$�� �� �� �� ��

�6�6�5�B�Q�Z�������� �$�7���*�����������B�V�F�D�I�I���������B�)�� �$������ �&�$�&�7�7�*�$�7�&�*�*�7�7�$�7�$�&�*�&�7�7�*�� ������������������ �,�5�'��������

�6�6�5�B�Q�Z�������� �$�7���*�����������B�V�F�D�I�I���������B�5�� �$������ �$�&�7�*�7�*�$�7�&�&�7�7�7�*�7�*�$�$�&�7�*�*�� �� �� �� ��

�6�6�5�B�Q�Z�������� �$�7���*�����������B�V�F�D�I�I�������B�)�� �$������ �7�*�7�&�&�&�7�&�&�$�7�&�7�&�7�$�&�*�7�&�7�7�� ������������������ �,�5�'��������

�6�6�5�B�Q�Z�������� �$�7���*�����������B�V�F�D�I�I�������B�5�� �$������ �7�7�7�&�*�7�$�$�7�&�*�7�$�&�$�&�*�*�$�$�7�*�� �� �� �� ��

�6�6�5�B�Q�Z�������� �$�7���*�����������B�V�F�D�I�I���B�)�� �$������ �$�*�$�7�7�*�7�7�7�*�7�7�7�$�&�7�*�*�$�&�*�*�� ������������������ �,�5�'��������
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�6�6�5�B�Q�Z�������� �$�7���*�����������B�V�F�D�I�I���B�5�� �$������ �*�&�$�$�$�*�&�&�$�$�$�*�7�7�$�$�*�7�&�7�$�&�$�*�� �� �� �� ��
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Appendix 12. List of Indel markers  

Table 1. List of Indel markers   

Marker ID Primer name (WUR) Chromosome Left primer sequence Primer name (IVF) Scaffold ID 
Position in 

scaffold 

BrID10031 BrID10031_A03_F A01 CGTTCTGTGGAATGATTTAG BrID10031_S_1_1376636F Scaffold000001 1376636 

BrID10039 BrID10039_A03_F A01 GCATCACTGTCTACAGAGGAA BrID10039_S_1_2850816F Scaffold000001 2850816 

BrID10041 BrID10041_A03_F A01 AGGCCATGTTAGCCATTAC BrID10041_S_1_3277580F Scaffold000001 3277580 

BrID10047 BrID10047_A03_F A01 CTCACATGGGCAACTTTATT BrID10047_S_1_4671879F Scaffold000001 4671879 

BrID10081 BrID10081_A10_F A01 GCCTTGGTTCAAGTCTCTTA BrID10081_S_2_4210899F Scaffold000002 4210899 

BrID10097 BrID10097_A07_F A01 GTGGAACGTATGAAACAGGT BrID10097_S_3_1022533F Scaffold000003 1022533 

BrID10113 BrID10113_A07_F A02 GTTGATTTCTCGGTTGTGTT BrID10113_S_3_4672668F Scaffold000003 4672668 

BrID101075 BrID101075_A07_R A02 GGATTAGACCGGAAGAGATT BrID101076_S_3_4040476R Scaffold000003 4040476 

BrID10133 BrID10133_A05_F A02 CTAATTTCTGGCATACCTGG BrID10133_S_4_2506144F Scaffold000004 2506144 

BrID10141 BrID10141_A05_F A02 GAAATTTACAGAGAGAGCTTCG BrID10141_S_4_4548193F Scaffold000004 4548193 

BrID10131 BrID10131_A05_R A02 TTCCCCAGTAAATAACCTCA BrID10132_S_4_2101709R Scaffold000004 2101709 

BrID10201 BrID10201_A02_R A02 GTCAAATTCACAAGGGACAA BrID10202_S_7_1127034R Scaffold000007 1127034 

BrID10215 BrID10215_A10_F A02 TCCCTTACCAACTCCAAAC BrID10215_S_8_448914F Scaffold000008 448914 

BrID10217 BrID10217_A10_F A03 AAGTGTATGGGTGAAATTGG BrID10217_S_8_844723F Scaffold000008 844723 

BrID10219 BrID10219_A10_F A03 CCCTTGGAGGGACACTTTA BrID10219_S_8_1346555F Scaffold000008 1346555 

BrID10251 BrID10251_A06_F A03 TGGTTTGGTCAGGTTTATTC BrID10251_S_9_857138F Scaffold000009 857138 

BrID101035 BrID101035_A06_R A03 TGCAGAGAACTAAACCAACA BrID101036_S_9_2589121R Scaffold000009 2589121 

BrID10265 BrID10265_A08_F A03 GGATGAAAGATTTTGACACG BrID10265_S_10_870524F Scaffold000010 870524 
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BrID10267 BrID10267_A08_F A03 AATCTGTTCTTTCTGGGAGA BrID10267_S_10_2695609F Scaffold000010 2695609 

BrID10269 BrID10269_A08_F A04 GTTTGTTGGTTGGTTTTAGC BrID10269_S_10_3346517F Scaffold000010 3346517 

BrID10275 BrID10275_A08_R A04 ATCTTCCAAAGGGAGAGAAG BrID10276_S_10_4109163R Scaffold000010 4109163 

BrID10277 BrID10277_A01_F A04 AGAAAGGGGTTTAGGGTTTA BrID10277_S_11_45934F Scaffold000011 45934 

BrID10279 BrID10279_A01_F A04 CGAAGAAGAATCGTTACACA BrID10279_S_11_193246F Scaffold000011 193246 

BrID10021 BrID10021_A03_F A04 TGTCCATGATTGAAGGAAGATG BrID10021_S_13_2892788F Scaffold000013 2892788 

BrID10025 BrID10025_A03_F A04 TTCAAGAACGATCAAGAAGCAA BrID10025_S_13_2978131F Scaffold000013 2978131 

BrID10297 BrID10297_A01_F A04 GACACCTTTGGTTTTGACAT BrID10297_S_14_84568F Scaffold000014 84568 

BrID10301 BrID10301_A01_F A04 TAATCAGCATGTCCTTGGAT BrID10301_S_14_1031060F Scaffold000014 1031060 

BrID10309 BrID10309_A08_F A05 AAGCAGGGTTTGGTTTAACT BrID10309_S_15_283979F Scaffold000015 283979 

BrID101045 BrID101045_A08_R A05 CGCTCGATCTGTTCTTAGAT BrID101046_S_20_1062682R Scaffold000020 1062682 

BrID10363 BrID10363_A04_R A05 TAGTTTTCCAAGAAAGCCAG BrID10364_S_21_1804591R Scaffold000021 1804591 

BrID10371 BrID10371_A06_F A05 CTGATGCGAGAAGATAATGC BrID10371_S_24_409765F Scaffold000024 409765 

BrID10383 BrID10383_A05_F A05 CGTATCTTTGTTTGAAAGGG BrID10383_S_25_1103824F Scaffold000025 1103824 

BrID101049 BrID101049_A06_F A05 TGCTTGAAGCTATTGAACG BrID101049_S_26_2240704F Scaffold000026 2240704 

BrID101147 BrID101147_A02_F A05 ATGCAAGTCTGAGAAGTCCT BrID101147_S_41_372227F Scaffold000041 372227 

BrID10637 BrID10637_A04_F A06 AAGCAAAGAGAAGAGATTGG BrID10637_S_48_528921F Scaffold000048 528921 

BrID10639 BrID10639_A04_F A06 CGAGTTATTGGTTAGAATCG BrID10639_S_48_833754F Scaffold000048 833754 

BrID10645 BrID10645_A04_F A06 GCAGAGGAAAACAATCAGAC BrID10645_S_48_1400734F Scaffold000048 1400734 

BrID101163 BrID101163_A06_F A06 CAACTCATCATGTGGTTCAC BrID101163_S_50_840185F Scaffold000050 840185 

BrID101121 BrID101121_A09_F A06 CAATCCAGATCCGAGAGTC BrID101121_S_54_421622F Scaffold000054 421622 

BrID10723 BrID10723_A04_F A07 GCTTTCCTCGTGTCATTAGA BrID10723_S_70_268838F Scaffold000070 268838 

BrID101165 BrID101165_A02_F A07 TAAGGCCTGTTATTTGGAAG BrID101165_S_78_165442F Scaffold000078 165442 

BrID101167 BrID101167_A02_F A07 GCACTTGGAAGTACGAGTTA BrID101167_S_78_266613F Scaffold000078 266613 

BrID101169 BrID101169_A02_F A08 AAACCCTAGCGATTACAGTG BrID101169_S_78_896190F Scaffold000078 896190 

BrID10747 BrID10747_A04_F A08 TCAAACAGTGACAAACTCCA BrID10747_S_79_1055195F Scaffold000079 1055195 
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BrID10747 BrID10747_A04_R A08 GTCGATTTACTTTCTTGCGT BrID10748_S_79_1055195R Scaffold000079 1055195 

BrID101059 BrID101059_A09_F A08 GGATGATTCAACGGGATAAT BrID101059_S_81_795198F Scaffold000081 795198 

BrID101061 BrID101061_A04_F A08 AAAGATGTCATGAACAACCC BrID101061_S_83_40927F Scaffold000083 40927 

BrID101175 BrID101175_A09_F A08 GGTCAATGAAGGAGCTTGT BrID101175_S_84_299237F Scaffold000084 299237 

BrID101131 BrID101131_A02_F A09 CAAAAAGTCCACGAAACATC BrID101131_S_85_463930F Scaffold000085 463930 

BrID101179 BrID101179_A02_F A09 GAGAGAGGGACTGAACTGG BrID101179_S_92_694212F Scaffold000092 694212 

BrID101017 BrID101017_A05_F A09 TGGGATCTGAGAGAGAGAGA BrID101017_S_98_316042F Scaffold000098 316042 

BrID101063 BrID101063_A05_R A09 CTGAGGTAGTTCTGATGGAA BrID101064_S_109_151169R Scaffold000109 151169 

BrID101065 BrID101065_A09_F A09 GGTGGTCTCGTTTTAGGTCT BrID101065_S_113_448860F Scaffold000113 448860 

BrID101137 BrID101137_A09_F A09 ATCACTGTCGCATTGTCTAA BrID101137_S_114_439006F Scaffold000114 439006 

BrID101021 BrID101021_A09_F A10 CTTTTTCACCAATCTCCAAC BrID101021_S_133_317210F Scaffold000133 317210 

BrID101201 BrID101201_A01_R A10 ACGTCAAAGTCCAACATTTC BrID101202_S_142_379715R Scaffold000142 379715 

BrID101215 BrID101215_A05_R A10 TGTGAATGCGACGATGAC BrID101216_S_160_170050R Scaffold000160 170050 

BrID101235 BrID101235_A01_R A10 TAACACGGTGTGCATCAA BrID101236_S_192_92470R Scaffold000192 92470 

 
 
 


