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Abstract

To study the genetics of turnip formation, molecutaarkers (SSR and Indel) were
used to profile an Fpopulation derived from a cross between a Vegetdhbirnip
(VT-115) and a Wutacai (PC-105). Nine morphologitaits of the corresponding F
population were evaluated in the field, namely fumiameter, turnip weight, turnip
length, turnip colour, turnip skin smoothness, fpirerack, leaf number, leaf colour
and plant growing vigor. Then, an association staflymolecular markers and
morphological traits was conducted, using the ggrnog results of Fand phenotypic
data obtained from corresponding lfhes. Nine SSRs (including 19 SSR marker
alleles) and eight Indels have shown significansoamtion with one to three
morphological traits. The physical order of the kess that shown polymorphisms
was assigned over the genome. Indel markers wealyzan by High Resolution
DNA Melting Analysis (HRMA) method, using a Lightc&ner instrument. The
reliability of this genotyping method and the sdmlity of Indel markers in relation to
their fragment length were evaluated. Furthermsoeje interesting phenotypic traits
that appeared in thesFpopulation, such as turnip crack, lethality, amexpected
turnip/leaf colour, were discussed.

Key words

Brassica rapaturnip, phenotypic variation, marker-trait association, SSR, Indel,
HRMA
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1 Introduction

1.1 Brassica rapa: Botanical description, origin, and beeding

Brassica rapa(syn. Brassica campestijsis a plant species widely cultivated as
vegetable and economical crop. It belongs to thmigBrassica family Brassicaceae
(Cruciferae). The Brassicaceae family consists3®& @enera and approximately 3710
species (Beilsteirt al, 2008). Six species in tH&rassicagenus are agronomically
and economically important. Three of them are etgarg diploid speciesB. rapa
(2n=20; genome composition AAB, nigra(2n=16; genome composition BB) aBd
oleracea(2n=18; genome composition CC). And the other thaese amphidiploids
species includindd. juncea(2n=36; genome composition AABEB. napus(2n=38;
genome composition AACC) arf8l carinata(2n=34; genome composition BBCC).
Relation between the six species in triangle oflJ1935) and specific morphotypes
for each species are summarized in Figure 1.1.

Turnip type
Leafy type
Oil type

B. rapa (AA) 2n=20

B. juncea (AABB) 2n=36 B. napus (AACC) 2n=38
Indian/brown mustard Qilseed rape
Leafy type Swede
B.nigra (BB) 2n=16 B. carinata (BBCC) 2n=20 B. oleracea (AA) 2n=18
Cabbages
Black mustard Ethiopian mustard

Broccoli
Cauliflower

Kohlrabi

Fig.1.1. A schematic presentation of the relatietwleen six importarBrassicaspecies, and the
morphotypes each species contains.

Commonly known as leaf vegetable, root vegetableoitseed crop,B. rapa
vegetables are consumed worldwide and providege laroportion of the daily food
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intake in many regions of the world (Bonnere& al. 2011). It was the first
domesticatedBrassica species and has been widely cultivated from thestWe
Mediterranean region to Central Asian for over 4§88ars. As shown in figure B.
rapais classified into three morphotypes, based ormphmogical appearance - leafy
type including heading cabbages (e.g. Chinese ga)bpak-choi, komatsuna; turnip
type consist of vegetable turnip, fodder turnip aeép greens; and oil type including
turnip rape, yellow sarsons etc. (Wiersema and L 4899; Zhaoet al, 2007). A
number of studies indicate thBt rapadiverged independently from two centres of
origion. Turnip rape and turnip types are supposedriginate from Europe, and
subsequently developed in Russia, Central Asia thedNear East. East Asia is
considered as a center of diversity for Asian legfes. Other cultivar groups &f
rapa most likely originated from different morphotypesthin the two centers and
further evolved separately (Gomez-Cangpal, 1999; Zhao et al., 2005).

B. rapais naturally an out-crosser. In breeding, self-mpatibility (SI) was used to
generate Fhybrids, but this is gradually replaced by diffg#réechnologies. Inbred
lines are produced by repeated selfing or usingbldou haploid (Parket al)
technology. Cytoplasmic male sterility (CMS) is alased for hybrid production.
Breeding focuses on vyield, quality, disease restgtaand agronomic traits.
Particularly, increasing oil content is a major lgmabreeding for oil seed type, as
well as improving fatty acid composition. As forgetableB. rapa, different types
with distinct characters are bred for different keds. To date, molecular markers are
used in breeding forB. rapa in terms of CMS development, selection of
self-compatibility to facilitate pure line propagat etc.

1.2 Economic importance ofBrassica rapa

Worldwide, B. rapais of significant importance in agricultural andrticultural field.
Geographically, the cultivation @&. raparanges from coastal lowlands, plateaus, to
hills and mountain areas up to 2300m (Warwick arah&s, 1994). By 2008, the
world production of Brassica vegetables has reached nearly 0.7 billion tons
(FAOSTAT, 2008).

Together withB. oleracea B. rapa provide different vegetables to human digt.
rapavegetables are a valuable source of dietary fmgssium and vitamin A, C and
E. Furthermore, it contains anticarcinogenic conmaisusuch as glucosinoates and
folate, which have health-enhancing value (Zha®720B. rapais one of the most
important vegetables in Eastern Asia. Particularly China, where the annual
cultivation area of heading Chinese cabbage andheading Pakchoi is about 1.3
million hectare, constituting one thirds of Chinesgetable supply (stated in Zhao,
2007). Among all the vegetables, Chinese cabbaggnisng first in annual vegetable
production of China, and is the most importBrdassicacrop in Korea.

Turnip types ofB. rapaare cultivated as vegetable, fodder and foragpscrStems,
2



leaves and roots of turnip plants can be usedivestock feed. As vegetable use,
turnips are consumed as root vegetables, ‘turngers’ (leaves) and ‘turnip top’
(flowering stalks) (Padillt al, 2007). For both fodder and vegetable use, turaips

grown in the northern part of United States, Candtfl@ope, Russia, and China
(Xinjiang and Zhejiang area).

As valuable reservoirs of oils and proteins, thee&d types oB. rapa provide oil

for cooking, salad and margarine for human consionptas well as proteins for
livestock feed. Nowadays, oil tyg® rapaare mainly cultivated in Canada, northern
Europe, India and China. In western Candslaapa varieties make up 10% of the
total oilseeds K. napus and B. rapagoroduction (Warwicket al. 2002). Before the
introduction ofB. napus, B. rapavas traditionally the major oilseed crop in China
and Canada. Even toddy, rapaaccounts for about 15% of oilseed acreage in China
(Heet al, 2002 cited in Zhao 2005).

1.3 Description of turnip

Turnip B. rapal. ssp.RapiferaMetzg.Sinskayd.is a biennial crop with an enlarged
hypocotyl and taproot (Fig.1.2), which can differegtly in shape and colour
(Wiersema and Leon, 1999; Zhabal, 2007) Turnip preferably grows in misty and
cold regions. Turnip is an old. rapa sub-species and is considered to be
domesticated from the wild progenitor that arriviedm the Iranian region into
Europe (Reiner Het al, 1995). In Europe, turnip has been cultivatedesi2®00-2000
BC and its cultivation spread to Asia after 1000 @@= Candolle 1886 cited in
Bonnemaet al, 2011). Turnips were introduced to China beforeisTi{Keng 1974
cited in Bonnemeet al, 2011), yet are mainly consumed in Xinjiang ddtrand
Zhejiang province of China Nowadays.

Ml

1

Fig.1.2. Enlarged roots of turnip plants

As a major root vegetable crop, turnips are comsngnbwn in temperate zones, and

are popular in Europe and East Asia (Chen 200&d ¢it Zhaoet al, 2008) Turnip

leaves are usually light green, thin and sparsahepcent (hairy). It forms succulent

storage roots, which develops from the primary raot hypocotyl via secondary

growth. These storage root found at base of thdé pedioles are normally
3



white-fleshed, large global or tapered in shapee $torage root varies in size but
usually is 11 ~ 14 cm in width and 21 ~ 28 cm ing#h, consisting mainly of the
hypocotyl, the plant part that lies between theetmoot and the cotyledons
(Undersanderet al, 1991). The development of the storage root isomptex
interaction of environmental, genetic and physiaagfactors, whose initiation is
dependent upon a supply of sucrose and growthatygslfrom the shoots. However,
the molecular basis and inheritance model of storagpd development are not
understood yet (Let al. 2008; Zhang, personal communication).

Turnip normally can be grazed to permit utilizatioh top growth and roots. The

above-ground parts of a turnip plant normally cong9 to 25% protein, 65 to 80% in

vitro digestible dry matter, and about 40% fibeurriip leaves are a good source of
vitamin A, C, K and calcium. It also has high lmeontent (8.4 mg / 100g). The root
contains 10 to 14% crude protein and 80 to 85%itno digestible dry matter, and is

high in vitamin C (Undersandet al, 1991).

1.4 Molecular marker, linkage map, and QTL mapping

A molecular marker, also called DNA marker, is aque DNA sequence which
reveals sites of variation in DNA. Molecular markarise from DNA mutations such
as insertions/deletions, point mutations, or vdeiatopies of repeated DNA. DNA
markers can be divided into hybridization-basedkea; polymerase chain reaction
(PCR)-based markers, and DNA sequence-based maikefsmarkers can basically
be visualized via gel electrophoresis and staimiith chemicals, or detection with
radio-active or colorimetric probes. They are mattrly useful when revealing
differences between individuals of the same oeddifit species.

One important use of DNA markers is to construtkdge maps. A linkage map is a
genetic map of a species or experimental populdt@t shows the position and
relative genetic distance (in terms of recombimafieequency) of its DNA markers
along chromosomes. Linkage maps are often usedetatify locations of genes or
QTLs (quantitative trait loci) on the chromosom&3TL mapping’ is based on the
principle that genes and markers segregate vianabsome recombination during
meiosis. Genes or markers that are closely linkéidoe transmitted together to the
next generation more frequently and therefore deter certain phenotypes of the
progeny. Therefore, by combining genotyping andnplgping, the markers that
associate with a certain phenotype can be detedramel the genetic region that
harbor those markers are considered as a QTL.

Nowadays marker-assisted selection (MAS) is alreadplied in many breeding
programmes. MAS requires the knowledge of linkagalysis, map construction,
QTL/single gene analysis. DNA markers such as 8Sihgicleotide Repeat (SSR) and
insertion/deletion based polymorphism (Indel) aiespnted shortly.



Simple sequence repeats (SSRs)

Simple sequence repeats (SSRs), also called mieliidss, are motifs of 2-5
nucleotides that are repeated after one anothefl@or 100 times. Polymorphism
exists when there are different nhumbers of repéatsveen homologous alleles.
Polymorphism is revealed by PCR amplification afttich the DNA is generally run
through a gel. SSR and can often be used in diffespecies. Many SSRs have been
mapped on severd8. rapagenetic maps (Chait al, 2007; Kimet al, 2007; Loweet

al., 2004; Suwabet al, 2002)

Insertion/delition (Indel) markers

SNP discovery approaches such as re-sequencingata mhining enable the
identification of insertion/deletion (Indel) polymphisms. These Indels can be treated
as bi-allelic markers and can be utilized for genehapping and diagnostics
(Bhattramakkiet al, 2002). Based on size differences Indel alleles easily be
detected using polyacrylamide gels separation. diete of polymorphisms of Indels
can be done by high-resolution DNA melting analysiRMA).

The most common approach using HRMA for genotypang/or variant scanning
involves the use of PCR primers to amplify speajgnome targets in the presence of
dyes that bind to double-stranded DNA. The analgtiamplicons depends on DNA
melting in the presence of saturating DNA bindingesl As the temperature of the
solution is increased, samples are melted anddfomnce is captured. Melting profile
is determined by GC-content, length and whethereaotype is homozygous or
heterozygous. When the fluorescence signal is quo#tgainst the temperature, the
fluorescence intensity decreases as the doubledeiiaDNA becomes single stranded
and the dye is released. The melting temperatwen{et al) at which 50% of the
DNA is in the double stranded state may be appratech by taking the derivative of
the melting curve (De Koeyast al, 2010; Eraliet al, 2008). HRMA melting curve
patterns can be compared using normalized fluonesceurves, derivative plots, or
difference plots. Compared to other marker detactigstems, HRMA requires short
analysis time both in PCR programme and markerirsgoiVith HRMA, genetic
markers such as SNPs can be detected without pestaesiore complex regions can
be genotyped with unlabeled hybridization probegl{Eet al, 2008). HRMA in
plants has been used for genotyping grafies(spp.) (Mackayet al, 2008), mapping
SNP markers in appleMalus domesticaBorkh.) (Chagnéet al, 2008), barley
(Hordeum vulgare..) (Lehmensielet al, 2008), and white lupinL(pinus albud..)
(Croxfordet al, 2008) and discovering new polymorphisms in alm@inus dulcis
(Mill) D.A.Webb) (Wuet al, 2008, reviewed by De Koeyer et al., 2010 ).



1.5 Genetic research on turnip formation and its relatonship with

other morphological traits

Lu et al, 2008 have reported 18 QTLs for 3 taproot traitsckness, length, and
weight), using simple interval mapping, fromd&nhd E population of a cross between
a Chinese cabbage ‘AijiachuangBr@ssica rapassp. rapifera) and a turnip
‘Qishihai’(Brassica rapassp. Chinensis) Among these QTLs, two explained
relatively high variance. QTL qTRT2b explained 2%.4f total phenotypic variance
for taproot thickness, while qgTRW4 explained 24.8%¢he variance of and taproot
weight.

Based on aoubled haploid (Par&t al) and a BC1 populations from cross between a
Japanese vegetable turnip (VT-115, CGN15199) atidwe&arson (YS-143, FIL500),
one major QTL (TuQTL-1) explaining 24 — 40% vamatifor turnip formation has
been detected and mapped on the top of AO2 by Loet Rl, 2007. Positive
correlations between different turnip traits (widténgth, and weight), as well as a
strong correlation between turnip traits and flomgrtime, were detected, In Park’s
research, co-localization of QTLs controlling |eaid seed-related traits and those for
flowering time and turnip formation was found inmygpopulations.

Langeet al, (2010 submitted) have constructed a genetic nidh aapusL. Fs full
sib families from a cross between oilseed rapesavetie. In their research, 13 QTLs
on six linkage groups were detected for three toats (fresh weight, dry matter,
diameter), each explaining 7.0 — 14.5% of the phgmno variance.

Within our group, several students have studiedipuformation using different
approaches. VosvSc thesis2009)has studied the characters of different turniggriai

11 segregating Fpopulations from crosses between different turageessions and
accessions of other morphotypes. In his resednehné¢gative correlation between turnip
formation and flowering time has been confirmed’iout of 11 populations. However,
the correlation was not found in populations whpseents have less than 40 days
difference in flowering time. Another student, YiMgang (2009) studied the same 11
segregating fpopulations and focused on evaluating 23 leafyfovder traits. Based on
her results, a smalkPpopulation (50 progeny) of cross VT-115 x PC-10%/segregates
clearly for leaf length (LL), leaf lamina lengthl(L), leaf colour (LC) and leaf number
(LN).

In the thesis study of Strating (2009), two douliegloid (Parlet al, 2005) populations
derived from reciprocal crosses between Yellow &aend Pak-choi were used, namely
DH38 and DH68. Two and one QTLs for flowering timere detected in each population,
respectively.



Raynaud(MSc thesis, 2010), used arofa cross between a Vegetable Turnip (VT-115)
and a Rapid Cycling (RC-144) to construct a genditikage map and used the
corresponding F3 plants to evaluate many morphcéddraits such as turnip formation,
flowering time etc. Subsequently, QTL mapping wasf@rmed for all evaluated traits
and detected three turnip related QTLs and one milaj@ering QTL. One major QTL
(TuQTL-1) explaining 24 — 40% variation for turrigrmation has been detected and
mapped on the top of AO2 by Lau al. (2007)In linkage group 10 (LG 10), the turnip
QTL and flowering QTL showed exact co-localization.



2 Scope of this study and research goals

This study is part of the project aiming at the @lepment of a Recombinant Inbred
Line (RILs) population from a cross between a Japanturnip (VT-115) and a
Wutacai (Pak-choi like, PC-105) (Fig. 2.1). To obt®ILs will take seven to eight
generations, and this research focuses on iten& F;generations. The major goals
of this research are first to genotype thepBpulation, using both SSR and Indel
markers; second to evaluate the phenotypic traitstie F lines in the field to
identify marker-trait associations. DNA markers eested for polymorphisms on
this F, population. After that polymorphic markers wereedisto profile the F
population, and an association study of DNA markansl morphological traits

obtained from corresponding knes has been conducted.

2003

[
<
1S3
=1

2010

VT115 x PC 105

F1

l QTL mapping
F2 - Marker screening

l - Marker-trait association

F3 - Morphological traits
A scaring
i - Statistical analysis

F7/F8

RILs

Fig.2.1. Scope of this study and the main actisitie



3 Materials and methods

3.1 Plant materials and propagation methods

The crossing of a VT-115 and a PC-105 was mad@W3.2A single Eplant was sown
and seeds were harvested in the same year. Urdbetynthe DNA of the real
parental plants and the Pplant were missing. Therefore, plants from eactemal
accession were used for genotyping and phenotypilagits of the Fpopulation were
sown in 2008 and DNA isolation was done subseque@lt of 221 k plants we
obtained seeds of 186 lines, as many plants died before setting seedgeoz sterile.
Only 172 out of 221 Fplants have DNA available for later study. And aimdhese
172 K, plants with DNA available, seeds of only 152liRes were obtained. In this
research, seeds fog plants were treated in two ways: seeds of all Efthes were
vernalized to speed up flowering and to obtain Seeds subsequently via bud
pollination. On the other hand, 152 llhes with both seeds and thg [BNA available
were grown in field without vernalization for phdéppe assessment.

3.2 Vernalized materials

In April, seeds were kept in petri-dishes for spiragy (Fig. 3.1). After that the sprouts
were placed at 4°C for 1 month for vernalizatiofmeTvernalized seedlings were
transplanted into small pots in late May and moudd the greenhouse. After 4
weeks the young plants were transplanted into big pnd kept in the greenhouse.
Flowering started in early July and because Brassica rapais naturally an
out-crosser, bud pollination (Fig. 3.2) was condddh order to obtainJSeeds.

Fig. 3.1. Vernalized plant sprouts



Fig. 3.2. Avernalized fplant in the greenhouse, flowers were coveredhiaiathough plastic bags
after bud pollination. Bud pollination was carrieat when plants started flowering. For each pleat t
inflorescences were pollinated and another onefigdr detecting self-compatibility. After pollitian

the whole plant was covered in a plastic bag tegmeout-crossing.

3.2.1 Non-vernalized materials

Non - vernalized seeds were sown in petri dishesairty August 2010. If having
enough seeds, ten seeds of eaghné were sown. After germination, sprouts were
transplanted to soil blocks, growing in the greargefor one week. Transplanting of
seedlings from soil blocks into the field was dam&5 August 2010. In order to get
an overview of phenotype segregation within eaglirfe, we tried to sow as many
plants as possible, given the limited filed siZeavailable, seven seedlings of eagh F
line were transplanted to each plot. As mentionefibrie, seeds from 152, plant
were obtained. However, some of theselants produced only one or two seeds and
they did not survive in early propagation. So itakdehere were 1473Hines sowed in
to the field. Every single plot contains one linfele7 F;plants, depending on how
many young plants were available. Forty-five plafitsn each parental accession
(VT-115 and PC-105) were sown at the same timeya@adifferent blocks in the field.
The layout of field can be found in Appendix 1. fiips of non-vernalized plants
were harvested on T8\ovember.

3.3 DNA extraction

In 2008, DNA isolation from 172 Jplants was done, using KingFisher® 96/
KingFisher mL instrument as described in the mactuf@r's instructions. The
concentration of DNA samples was adjusted to 28Ing/
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3.4 Assessment of phenotypic traits

3.4.1 Traits of interest and scoring methods

In this research, we are particularly interestedime different morphological traits of
three trait types, as shown in Table 3.1. As fonifu traits, size of turnips was
measured per plant in diameter and length. Turrem, skin smoothness and skin
colour were also scored for each plant. Furtherpioreeach plant leaf number was
counted and leaf colour was classified. And plantvgng vigor was scored per line.

Phenotyping was carried out from September to Nd&n2010. All turnip traits
were measured after harvest (in November). Turnipee chopped off from plants
and then cleaned by brushes. Then they were kepaper bags in a shed and the
measuring was done in the following three daysnipudiameter and turnip length
were measured by a vernier caliper. Turnip weighs wneasured by an electronic
balance. Turnip growing depth, skin smoothnesssiind colour were visually scored
by using proper scaling standards (Table 3.1 anukAgix 2)

As for leaf traits measurement, leaf number wasntai per plant 20 days after
transplanting the young plant to the field. Leabco was recorded for each plant one
day before harvest (f6November), which is, about 80 days after trandjiign The
R.H.S Colour Charthftp://www.rhs.org.uk/Plants/RHS-Publications/RHS3ezir-charty, which
presents commonly seen colours of plants in amaldicale, was used for scoring
leaf colour. The R.H.S. Colour Chart was placedeawes under day light, the colour
showing the least difference with a healthy lea @iant was picked as its leaf colour.
One leaf sample of each Fdividual was collected and scanned. Furtheryasmakcan
be conducted by using image-analyzing software m@asuring other leaf traits.
However, that has not been done in this study duleet limit of time.

11



Table 3.1. Morphological traits scored iggopulation and their description

Trait type Trait name Trait code Trait description Unit
Turnip traits ~ Turnip diameter TD The largest diameter of a turnip, measured mm
after harvest
Turnip weight TWH The fresh weight of a turnip measured after g
harvest
Turnip length TLH The largest length of a turnip, measured mm
after harvest
Turnip skin smoothness TSM Smoothness of a turnip skin at harvest, Ordinal
classified into 3 classes, see Appendix 2
Turnip colour TC Turnip skin color at harvest Ordinal
Turnip cracks TCK The presents of cracks when turnips are Ordinal
harvested, classified into 4 classes, see
Appendix 2
Leaf traits Leaf colour LC Leaf colour in daylight according to R.H.S  Ordinal
colour chart
Leaf number LN Number of leaves 20 days after Number
transplanting to the field
Others Plant growing vigour Vv Plant growing vigor at harvest, classified Ordinal

into 4 classes, see Appendix 2

3.4.2 Data analysis

Phenotypic data collected was analyzed statisyicalling software IBM SPSS

Statistics 19. Distributions of the Bnd the correspondens ines were generated for

each trait, and descriptive statistics were catedlao see variation between and
within F; lines, as well as a comparison with the pareiakl

12



3.5 Molecular Marker analysis

3.5.1 Assigning physical position of the markers

The Indel markers were designed based on the segwemparison between Chiifu
and RC-144 sequences and were mapped in L58 x Hldpulation. Therefore the

physical position was known and assumed identi@abur population. For all the

Indel markers, physical positions were assignearaatg the sequence of mapped
scaffolds.

For SSRs, marker sequences were Blasted againgétioene sequence of tBerapa
cv. Chiifu reference sequence at website http:/A3%.100.210:443/dev/f?p=118 and
the corresponding scaffold number and its precgmtion on the scaffold was
obtained. Visualization of the marker positions wase with Mapchart 2.2 (Moorrips,
2002).

3.5.2 Genotyping using SSR markers

Before genotyping, a pre-selection was conducteatdier to detect polymorphism of
markers in the F population. The pre-selection used tenikdividuals and two
samples from the ‘parental’ lines. In total 45 S8&kers were used for pre-selection,
among which 17 were derived from turnip candidagees (Lange et al 2009), and 28
were public anchor markers (Cheti al, 2007; Kimet al, 2007; Loweet al, 2004;
Suwabeet al, 2002). Two or three markers were chosen per chsome based on
information from literatures and the availabiliarkers that showed polymorphism
from the pre-selection were used for genotypingvthele F, population.

Either a normal PCR programme or a touch-down pwogne was used to amplify
targeted fragment (see Appendix 3). The touch-dB@R program is known to have
the advantage that the amplification of the corp@aduct over any non-specific
product is stimulated. However, normal PCR progransmmetimes gave clearer gel
electrophoresis image, depending on machines thag uwsed.

To visualize the SSR polymorphism, polyacrylamidec&ophoresis was used
(McCouch et al. 1997). For each sample, 0.4-0.@CR product was loaded on a
5.5% polyacrylamide gel and analyzed with GlobalitiBd IR2 DNA analyzer
(Li-Cor Biosciences, Lincoln, NE). The Li-Cor anaiyg protocol can be found in
Appendix 4. All SSRs were scored as dominant marker

13



3.5.3 Genotyping using Indel markers

First, PCR was done using Indel primers to amg@gegcific genome fragments in the
presents of phire enzyme and fluorescence dye gre€n. PCR reaction was done in
black frame/white wells 96-well plate (FrameStar &8tude). PCR reaction protocol
can be found in Appendix 5. Following the PCR, sl®sipvere analyzed for melting
curves on Light Scanner Instrument (Idaho Technglsge Fig. 3.3). Fluorescence
was captured while samples melt, over a 67-95°Qyaarusing Light Scanner
software, the melting curves can be compared basetrmalization and display of
derivative plots (Fig. 4.5 A, plot ‘melting peaksj difference plots (Fig. 4.5 B, plot
‘difference curves’) (Wittweret al, 2003). Genotyping was then performed by
automated clustering (Pala$ al, 2009) when different curve shapes can be clearly
distinguished. In case of confusing curve shapesatitomated clustering may not be
reliable. Grouping in such cases were done by nigns@ecting samples that share
similar curve shapes based on difference temperafunelting peaks.

Fig. 3.3 Light Scanner instrument used for Indelarg detection

Specifically, when scoring, the group that showse2ks in melting peaks plot (Fig.
4.5 A, page 21) was determined as heterozygougr¢up (Paranet al, 2009; Erali
et al, 2008), because the heterozygous genotype haallgles that can hybridize in
two ways (+ and - strands). Some markers producedasymmetric melting peak
besides the other two normal peaks (Fig. 4.6 Be2®), then, the asymmetric curve
was scored as heterozygous. If two double-peakectypes occur (Fig. 4.6 C, page
23), the one with lower melting temperature wassemoas heterozygous group,
because heterozygous alleles tend to melt eahlgar homozygous ones (Eral al,
2008). The homozygous groups are randomly assitméte rest of the 2 groups, as
the tested ‘parents’ often show ambiguous groupkhmwever, if only 2 groups are
shown including one heterozygous group (double-paake), we assume that the
‘homozygous’ peak consists of two identical pea&presenting the two parental
alleles and thus it is impossible to distinguisé tiwo homozygous groups. Thus such
a marker is not informative.
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Some Indel markers produce tricky curve shapesthigadutomated grouping of Light
Scanner softerware is not able to correctly distisly groups. For example, Indel-131
produces two types of double-peak curve groups aredsingle-peak curve group.
The single-peak curve group is overlapped by onthefdouble-peak curve groups
(Appendix 8, Fig. 1 B). Clearly distinguishable wes can be automatically clustered
into 3 groups of different colours (Fig. 4.5. B)n@he contrary, for Indel-131, the
automated grouping shows a ‘rainbow’ colour setpg@mlix 8, Fig. 1 A). In such
circumstance, manually grouping is required. Ryrstianually grouping can be done
based on the automated grouping output. Again takiel-131 as an example,
although the automated grouping shows more thaold@&irs, the red and the orange
and the green curves sharing a similar shape, amthpaith the grey and the blue
group (Appendix 8, Fig. 1 A). We can then manuakect all the green, orange and
red curves from the computed output (note thastiected samples turns black in all
the curve presentations), and check their meltiegkpcurves in the melting peaks
output. In this case, the selected group (Apper8i¥ig. 1 B, in black) can be
distinguished from the overlapped double-peak andlespeak mixture, showing
clearly two peaks. The second way of manually $i@leds to go through each sample
in the melting curve plot and select the ones Withsimilar curve shape. This is very
time consuming, and is only carried out when autechgrouping show messy result
and cannot be used as a reference.

3.5.4 Marker-trait association

In principle, mapping software such as joinmap4f be used to construct a genetic
map of an k population; subsequently a QTL mapping softwahsas MapQTL6.0
can be used to detect QTL for traits of interebtswever, in this study, linkage
groups were not constructed due to not suffici@mogyping data and the complexity
of the population. Therefore, an alternative apphoaas used to detect marker-trait
association. Either a t-test or ANOVA test was aartdd for dominant markers
/alleles (SSRs) and co-dominant markers (Indelb &isegregation groups). Markers
with significance value (p-value) smaller than Ovddre 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; Population, the frequency distribution was anatyze
for every quantitative and qualitative trait (Appien6). For each trait, the averages
of every Rlines were used to generate distribution graphsodgrthe 4 quantitative
traits, normal distributions were observed for leaimber (LN) and turnip length
(TLH). However, turnip weight (TWH) shows a stropdeft-skewed distribution.
Turnip diameter (TD) shows slightly left-skewed anmih a broken tail at the right.
Phenotypic data of the,Egrown in greenhouse) are available for TD, TWH &h#,
thus the frequency distribution was analyzed amdpared with that of £ Compared
to in K, TD distribution of B shows a shift in centre, from around 20-25 mm to
50-60mm, and the average shows an increase of 17TimenTWH distribution of f
and F are comparable, both are strongly left-skewed, thedmean have increased
dramatically (46g) compare t@ population. As for TLH distribution, the centresha
slightly shifted to the right in 4 making the shape closer to normal distributioet Y
the distribution shape of both populations is imeyal comparable, with very small
difference in mean value (2mm). It is importanptant out that the Fpopulation was
cultivated in the greenhouse condition and thedpulation was growing in the field.
Therefore, the differences of frequency distribasidoetween Fand F could be due
to genetic and/or environmental factors.

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

. F Fs
Trai 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 6.7-113.320.62
TWH 159.07 7.17%* 47.91 0-610 71.26 93.57 0-492 .386
TLH 52.52 34.69** 57.37  21-108 16.14 59.18 5-125 6.0¢
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
vV 4 4 - - - 2.73 1-4 0.94

*These are means of parents in the field, noténgteenhouse. In the greenhouse, TD of VT-115 was
80mm, and of PC-105 was only 10mm. No data is albhilfor other traits.
** PC-105 has no turnip, so its tap root is meadudee the turnip traits instead.
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The descriptive statistics of all morphologicaltsaan be found in Table 4.1. Most of
the lines did not show clear variation within aeli(Appendix 7), but there are a few
lines still segregated obviously as showed in Bid. and 4.2. This is true for both
turnip traits and leaf traits. However, variatiomhin lines is more often seen for
turnips than for leaves. Several lines showing peeted colour (red or purple) in
leaf or turnip (Table 4.2), and the colour may tdlig differ between plants within the
same line. Nevertheless, single plants can be déigrent from the rest within the
same line, e.g. very small and show less vigortrobthe time because of diseases or
stress.

The descriptive data per line for quantitativetsrare presented in Appendix 7. The
coefficient of variation (C.V.) allows us to seetamong-line differences. The C.V.
values show larger differences among lines for ld &WH, compare to the other
guantitative traits. £ plants derived from the same PBlant segregate in some
heterozygous loci and thus cause genetic variaignfor turnip weight, £lines 99,
113, 146 and 166 show larger C.V. compared to diéhines.

Table 4.2 glines showing unexpected leaf/turnip colour

Fs line No. Leaf colour Turnip colour

Green with dark purple, or

187 Green + red edge &vein 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 amonglifes
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Fig 4.2. A. variation of leaf morphology amonglifes, with an example of both parents. B.variatio
of leaf morphology within F3 line 272 and 268. feach plant, the'5leaf from the apical was
collected.
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4.2 Genotyping results

4.2.1 Preliminary selection of DNA markers

In order to genotype the population and detect erark trait associations
subsequently, polymorphic molecular markers areired. The DNA markers used in
this study are Indels and SSRs. Due to unknowroresa®NA of the real parents and
the R plant was missing. Therefore, for marker analyBiNA of a plant from each
accession of the parents was used as referenceauste of the heterozygote and
heterogeneous nature Bf rapapopulation, these ‘parents’ are representativenbuit
possible to be completely the same as the reah{zsarEor that reason, DNA from a
number of | plants will also be used, in order to cover thaaggpe of the two real
parents as much as possible. For each marker DbIA fwvo ‘parents’ and ten,F
plants will be used. The ten Bamples are randomly chosen from the 152 plaois fr
which we have both DNA stock and seeds. Fourteeall gfre-selected SSR markers
showed polymorphism, and were later used for gemogythe whole fpopulation.
Six of these 14 selected SSRs were derived frompguwandidate genes. Numbers of
each marker type pre-selected and its correspordsmeening methods are shown in
Table 4.3.

Table 4.3 Number of markers and screening methmdisflel and SSR markers

Marker type No. marker No. markers with Screening methods
pre-screened polymorphism

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-galection, the 152 JF

individuals plus 3 samples from each parental atoeswere screened. However,
from the SSR image (Fig. 4.3) it was still diffitab distinguish the contribution of
each parent to its progeny. Each SSR marker pradinoen 1-6 polymorphic bands
on the polyacrylamide gel, while most of them progtll more than two polymorphic
fragments. Therefore each fragment was scored garanant marker. In total, 51
alleles from 14 SSR markers were scored over thelevR population, with allele

frequency vary from 0.01 to 0.99 (Fig. 4.4.). Thepected allele frequency for
dominant marker in an,Fpopulation is 75%, if not taking skewness intocact.

However, the observed of phenotypic variation agttidl lines in Fhas suggested
highly skewness of this population. And thus tHelalfrequency which is far from
75% is possible. Alleles with frequency less thadbr higher than 0.9 might either

be minor alleles due to contamination of pollenn@n-polymorphic alleles with
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scoring errors, and therefore were excluded froriéur analysis.

A. SSR-nw-59--1

B. SSR-nw-56-1

C. SSR-nw-95-3

Fig. 4.3. Three examples of SSR image produced-obtanalysis. Each image shows part of
the F, population that has been tested. The orange baraiied 3 samples from the accession
of VT-115, the green bar indicates 3 samples froenaccession of PC-105. Part A presents a
typical bi-allelic SSR image, with one of the ‘par@’ samples showing an additional band.
Part B shows an SSR marker amplifying 3 allelesnfthe ‘parents’ it is asumed that the
middle allele of k population comes from VT-115 and the bottom alfeten PC-105. The
Top allele is present in both ‘parents’ but noalhF; individuals. Part C is an example of an
SSR marker that amplifies mutiple allelles. Theslallat the very top presents at very low
frequency (0.03) over the wholg population. No ‘parental’ sample is included irstimage.
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Fig. 4.4. Frenquency distribution of allele freqogrof all SSR markers screened over the whgle F
population. X axix shows allele frequency. Y aximws number of marker alleles of a certain allele
frequency.

4.2.3 Indel markers analyzing results

Different from gel electrophoresis, the High Resiolu DNA Melting Analysis
(HRMA) used for Indel analysis generates differgnbups of melting curves that
distinguish the segregation groups over the whel@dpulation. Table 4.4 presents
the classification of Indel markers based on HRMAults. From the total 55 indel
markers that were tested ogpopulation by Light Scanner, 33 have shown clearly
groups, with only 6 of them showing 1:2:1 segregatiatio as expected. Twenty-two
Indel markers (total 55-33) showed only 2 groups lbght Scanner analysis.
Examples of Indel markers image analyzed by Ligiarder are show in Fig. 4.5 and
Fig. 4.6.

Table 4.4 Indel marker classification based onegafion 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(jmay

2 groups 11 9 8(only 2 groups)+1(might be possilsi® groups, but not scorable)
2 groups distorted 13 11(only 2 groups)+2(mighpbssible as 3 groups, but not scorable)

*not automated scored as 3 groups but can be mgdai
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Fig. 4.5. An example of Indel marker Indel-383. tkie A shows different melting curves of 3
individual F, samples belonging to 3 different segregation gsoupomozygous (a or b) and
heterozygous (h). The red curve and the green qemwesent homozygous segregation group a and b,
respectively. The yellow curve represents the betggous group h. Picture B presents the grouping of
96 F, samples done by Light Scanner. The red curvegsept heterozygous individuals (h). The other
two groups (grey and red) represent homozygouspgréa or b). The grey group represents the green
curve in picture A and the red group representyéhew curve in picture A.
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A. Indel-269

B. Indel-131



C.Indel-201

Fig.4.6. A, B, C. Light Scanner results of Indelrk& analysis in melting curves and melting peaks.
Picture A shows an image of progenies with a two-group segregation. In meliegks, the group
with two peaks is considered as heterozygouslifle)gtoup with a single peak is supposed to consist
peaks from both homozygous classes (a or b). Ri&uC show the unusual curve shapes. Both B and
C use 3 individual curves to represent the whgl@iegeny. In B, the black curve with asymmetric
curve shape represents heterozygous group, thencethe green each represents homozygous group a
or b. In C, both the black and the pink curve hdwable peaks, and the black curve with lower mgltin
temperature is considered as representing hetevasygroup h. So pink and blue represent a and b (or

b and a) groups.
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4.3 Reliability of Light Scanner analysis

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

Fig.4.8 Li-cor gel image of 3 selected Indel primewith comparisons of Light Scanner and Li-cor
scoring results. The red letters show scores ohtlLigcanner results that are different from Li-cor
results. The orange bar indicates 3 samples framatitession 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 scaandrLi-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 inabibfyLight Scanner to distinguish two
homozygous groups of some Indel markers has made stioring extremely
challenging. Meanwhile, the question of ‘why thesarkers are difficult to be scored’
need to be answered. One hypothesis is that thdiseulttto-score markers may
reside in certain genomic regions. This was fouoidtue because they distributed all
over the genome. Another hypothesis is that Indatkers of very small sizes are
more difficult to be scored than the ones with éargizes. Therefore, an analysis of
the correlation between Indel marker size andatsability was conducted.

The markers size varies from 80-191bp. Based omrldssification of Indel markers
(depending on groups of curves detected), clafitgusve shapes, and the need of
automated detection or manual detection, 3 leviedsarability have been set up:

Level 1 = three clear groups, one double-peak cgreap with two single peak curve
groups;

Level 2 = three clear groups but with strange cu@ivape; or two groups but they are
possible to be sub-divided in to three groups miyjua

Level 3 = two clear groups, not possible to dividad three groups manually.

An ANOVA test of Indel marker fragment lengths oiffetent levels of sociability
was conducted. However, each level of scorabil@gnss to cover all range of
fragment lengths. No significant difference wasedetd in fragment lengths among
the three levels of scorability, as shown in Tahlé

Table 4.7 ANOVA results of difference of Indel markragment 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) havetgtagsical position. Two SSRs
have chromosome and scaffold information availabhej linkage group number is
the only available information known about the otlveir SSRs. All these markers are
distributed over all the chromosomes among the mendn each chromosome 3-8
markers are located. Fig. 4.7 presents the physrdalr of all Indel and SSR markers
over the genome. The gaps between scaffolds werpassible to be indicated in the
present physical map.

From the physical order of all the markers (Fig.)4some marker-rich regions were
observed, e.g. top region of AO1 (scaffold 11, 1H4¢, lower end of A02 (scaffold 78),
top region of AO3 (scaffold 1), scaffold 48 on AG¢affold 2 on AO5 and scaffold 10
on AQOS8.
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Fig. 4.7. Physical order of all Indels and SSRdei# on k population. Each bar A01-A10 indicates a linkageug. The
numbers at the left side of each linkage groupciatgi the physical position in Mb. The gaps betwsdraffolds are excluded in
the map. On the right all the markers used for &nialysis are shown. Different colours indicatéedént levels of information
known about a certain marker:

Light blue: SSR marker with known position

Dark blue: SSR marker with unknown position (ordgf§old number is known)

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

Pink: Indel marker segregates into 3 groups withllratio

Green: Indel marker segregates into 3 groups visttorded 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 R§Swith allele frequency
ranging from 0.18-0.87, 25 significant trait-alledssociations were detected (Table
4.5). Four SSR alleles from three markers are &golcwith more than one trait, and
a single allele can be associated with 1-3 trdite association covers traits such as
LN, LC, V, TD, TWH, TC, and TCK. From Table 4.5¢c&n be seen that SSR-209 and
SSR-nw-56, which are located on the same linkageimrare both significantly
associated with trait LN, and V, suggesting thaytimay be closely linked. This is
confirmed by the physical order of these two makESR-nw-56 Scaffold 11,
position 4.05mb, SSR-209 Scaffold 11, position 8.0Mb, see Fig. 4.7). Marker
SSR-92 associates with LN, TWH and TCK, but its g¢tgl position on linkage
group 1 is not clear. No SSR marker was found gtyoassociated with TD, TLH and
TSM.

As for Indel markers, only the ones that showe@rtye3 segregation groups have
been used for marker-trait association analysissi#mswvn in Table 4.5, in total nine
marker-trait associations have been detected, dmgu that eight out of 33

polymorphic Indel markers show significant assaorat with at least one

morphological trait. And one of them (Indel-363psl$ significant association with 2
different morphological traits (TD and TCK). Fordel markers, no association with
TWH, TLH, TSM and TC has been detected. Indel @481 and 363 from linkage
group A04 are all associated with TCK, but nothia same scaffold.
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Table 4.5. Overview of SSR and Indel markers shgwignificant association with traits

P-value of T-test or ANOVA

Linkage allele
Maker LN LC \Y TD TWH TLH TSM TC TCK
group freq.
Indel-301 A0l 0.001
ssr-209A-150 A0l 0.63 0.004
ssr-209B-147 A01 0.27 0.0005 0.0005 0.006
ssr-209C-140 A0l 0.69 0.0065 0.0000
ssr-92A-238 A0l 0.24 0.0000
ssr-92B-230 A0l 0.75 0.0000 0.0045 0.0000
Ssr-nw-56A-195 AO01 0.65 0.0005
Ssr-nw-56C-175 AO1 0.74 0.0005
ssr-nw-56B-190 A0l 0.22 0.0000
Indel-1147 A02 0.008
Indel-39 AO03 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 AO05 0.009
Indel-1017 AO05 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 discuss@dtly | would like to discuss the
phenotypic variation of Fpopulation and some interesting phenotypes. Ségamalecular
analysis including marker-trait associations iscdssed. Then, the reliability of Light
Scanner analysis of Indel markers are discussed;hwiollowed by a discussion of the
research approach.

5.1 Phenotypic variation in F; lines and some interesting phenotypes

5.1.1 The cause of variations

Variations within a certain Fline can be caused by different reasons. Firsidyplants
derived from the same;fplant segregate in some heterozygous loci and dhuse genetic
variation. Secondly, the environmental factors tandifferent between plants within the
same k line. As we can see in the field layout (Appentl)x one of the plants per line was
planted at the edge of the field. Except for thargmtal’ lines, none of thesHines were
planted in replicates not only because of the liofifield and materials but also for easier
observation and scoring. Furthermore, some plardgee vinfected by diseases/insects or
damaged by rodents, which strongly influenced thbignotypes, especially growing vigour
and turnip size. Similarly, the effects of enviroemtal factors (especially biological) also
contributed to among-lines variations. For examfie, lines at the front part of the field
were more frequently infected by diseases or dathagensects. However, variation among
F3 lines is more obvious and is mainly genetic vaorat

Besides, scoring error may cause part of the plgpmowariation of both qualitative and
guantitative traits. Although standards of scorqalitative traits were set in advance and
printed out with photographs, error may occur freeoring work of different people. As for
guantitative traits, especially for turnip diamesed turnip length, they can be influenced by
weather a turnip is cracking or not. The crackechips may show longer diameter and
shorter/longer length than when they are not crcigg. 5.1 A). Alternative way of
measurement is shown in Fig. 5.1 B with correctbmurnip diameter and turnip length for
cracked turnips. This way of measurement may retheerror of turnip diameter and turnip
length caused by cracking.
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Fig. 5.1. A. Turnip cracking influences measuremanength and diameter; B. corrected length arsdngiter
measurement of cracked turnips

Some variation might be caused by other unwantetbrfs Plants of severals;Hines
demonstrated red or purple colour in leaves andidonips (Fig. 4.1, 4.2). This was
unexpected because neither VT-115 nor PC-105 hes shown red/purple colour in its
leaves or turnip. Despite that this can be dueet®ssive genes from the parents, another
reason could be pollen contamination. Due to thecoassing nature oB. rapga some
flowers might be contaminated by pollen from unveainbrassica lines growing in the same
greenhouse, when generatingafRd k. Meanwhile, some SSR markers showed minor alleles
(alleles present in very low frequency in the whBjepopulation, usually less than 1%) in
certain loci, which were also suspected as poltertazmination. When taking a close look, it
was found that marker allele ssr-nw-55B-225, s#-232 showing the present of minor
alleles in i line 264, 272, 273, 274, which reflect differemtgdees of purple/red colour in
leaves and turnips (Table 4.1, Fig. 4.1, 4.2). Nwomalleles have been detected for line 187.
Based on this result, it is suggested to removditleefor future propagation. However, more
minor alleles present ingHine 113, 165, 201, 229, 248, yet no strange plypeoof these
lines was observed. For these lines, if used fauréupropagation, they should be grown
separately from the other lines.
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5.1.2 Lethality in F 3 population

Twenty-three (12.4% of total) vernalized hes and 15 (9.9% of total) non-vernalizeg F
lines were dead or performed very poorly in theegh®use or in the field. Lethality of 5
lines was found in both field and greenhouse grgwiondition, suggesting some of the
lethality is due to genetic reasons, not by theirenmental influences. When VT-115 and
PC-105 were crossed, recombination of genome ey te lethal combination of alleles.
For instance, a gene inherited from VT-115 and megieom PC-105 are both involved in
certain process, such as production of a transenigactor complex. When the alleles of
these genes are incompatible, because of e.g. iondain their binding domains, the
transcription complex will not be functional. Ingkcase, plants homozygous for the loci can
be lethal while the heterozygous offspring may s@vin F; populations, theoretically, 25%

more homozygous loci would appear compared,i@®& this may cause the lethality of some
lines.

5.1.3 Turnip cracks

Cracks in turnip were observed in some lines ofrtbe-vernalized fpopulation grown in
the field. Different levels of cracks were found44 lines out of 135 lines that grew well; 5
SSR markers and 8 Indel markers from many locatiisgibuted in the genome show
significant association with TCK (Fig. 4.4, 4.5hd occurrence of cracking (split-thickened)
hypocotyls is commonly found and studied in radiSver-frequent irrigation results in a
very humid region in the root zone, subsequentiythie root, the parenchyma cells in the
xylem expand quickly, but the cells in the phloend geriderm cannot expand accordingly,
causing root cracking (Wan and Kang, 2006). Botiegie and environmental factors such as
variations in the water and thermal propertieshefgoil can cause cracking (Mendoza Cortez
et al, 2010). Fertilization also influences root cragkinfhough increasing production,
nitrogen fertilization leads to higher numbers mdaking radish hypocotyls, probably due to
their larger size. However, some cultivars showhaigresistance to cracking. And water
oscillations may cause cracking (Cardoso and Hi2®01; Filgueira 2003 cited by Mendoza
Cortezet al, 2010).

Cracks observed in the; population seems more likely due to genetic ressaa most of
cracks were observed intensively within certaied$inand these lines were found at different
locations (front, middle, back) in the field. Theds 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),@IMLs towards turnip traits were
detected from theand F populations, derived from a cross between a Védgtaurnip
(VT-115) and a Rapid Cycling (RC-144). These QTleyevfound on 6 linkage groups (1, 2,
5, 6, 8, and 10) and each explained 8.6% to 19.0%eptotal variation. Two regions on
linkage group 2 and 10 contained most of the QQurslinkage group 10, three markers have
been detected associating turnip diameterzianB/or k3 population, with LOD > 4. Two of
the markers were also associated with Turnip we{@wH). On linkage group 2, five
markers were found out associating with TD. Besitl@e markers on linkage group 6 and 4
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markers on linkage group A07 were linked with TDL@TIn the study of Lou et. al. (2007),
one major QTL (TuQTL-1) towards turnip-related tsavas detected on the top region of A0
2, explaining 24% and 36.7-40% of the variatiorB@ population and DH-30 population,
respectively. In this study, no marker on A02 watedted associating with any turnip traits.
However, SSR-92 on A01 was found associating withip weight, and Indel-363 on A04
was associated with turnip diameter. Besides, &ensamwere detected associating with turnip
cracking, which distributed over A01, A03, A0O4 ak@b.

Ten markers were found to be associated with gt eight of which are associated with
leaf number, spreading over linkage group AO1, AB23, A05, A09, A10. Especially on the
upper region of AO1, three LN-associating markeesendetected. Similarly, in the study of
Raynaud (MSc thesis 2010) one LN QTL (In30QTL-2pwatected on the top region of AOL.
In my study, LC was discovered to be associatetl wite marker on AO5 (Indel 383) and a
marker on A10 (SSR-95). While in Raynaud’s stud@Td. (LcQTL) of leaf colour was also
detected on AOS.

As for the physical order, the Indel markers wegsighed based on the sequence comparison
between Chiifu and RC-144 sequences and were mappdesB x Z16 DH population. The
public SSRs were designed based on mainly Chiifeseces. Therefore, most of the SSRs
and Indels can be integrated well. However, thesmay order of the markers is only
indicative in this case as we are assuming the sader 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 discrimima of small sequence variations such as
single base differences (Lieet al. 2004, cited in Eraliet al, 2008). The use of small
amplicons for genotyping simplifies assay desigteaithe primers are chosen as close to the
SNP as possible. As the size of the amplicons tsedsed, the Tm differences among the
genotypes are increased, thus allowing better rdifteation. However, in SNP genotyping,
HRMA has also been applied to larger amplicons (b6R18 bps) (Liewet al., 2006, 2007,
cited in Eraliet al, 2008), and has generated clearly defined singgdkp separated by 0.3 to
1 °C, while heterozygotes were easily identifieddoyve shape. In the study of Ve al,
2008, high-resolution DNA melting analysis was usedietect Indel variants, to discover
new polymorphisms in almond. In their research lindarkers with size range from 68 to
172 bp were used, and variation of one or moreeuticles was detected.

In this study, Indel markers (80-191bp) detectedH®MA using Light Scanner do not
always produce informative results. One of the |[gois is that often only two groups of
curves are detected, and most likely explanatiothas the two homozygous alleles have
exactly the same curve. When pre-selecting the ensyiéor markers with groups, one was
considered as a homozygous group and another asmair@ation of homozygous and
heterozygous. However, this was later found n&lyiko be true. Variation in amplicons such
as SNP, insertion of deletion changes the meltimngec When two alleles differ in more than
one polymorphism e.g. contains SNP and Indel viariadt the same time, these can give rise
to the same curve shape. This has been observedraiicbd in the study of tomato
genotyping (Van Heusden, personal communicatiors. the parents of this studied F
population are different from the lines that wesedito design those Indel markers, not only
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small insertions or deletions could exist, but aleme SNPs. If so, in light scanner analyzing,
the SNPs might counteract the effect of Inserti@on differences between genotypes,
leaving two groups differ at Insertion/Deleltiongioon undistinguished from each other.
Sequencing the PCR products of a fewsBmples may enable us to check whether this
hypothesis. Unfortunately, these disturbs of suithasons were not foreseen when the
project started, and many Indel markers selectah he pre-selection and used for further
F, genotyping belonged to this group. Therefore, \meehchecked the reliability of Indel
detection by Light Scanner using other techniqueh s running polyachramite gel. From
the results shown in chapter 4.3, it seems we oaolade that HRMA of Indel markers is not
reliable. However, when looking at the melting @ishape of these 3 markers (Appendix 8),
all three of them have shown curve patterns thae w#ficult to score (such as indel-383, see
Fig. 4.5 A), indicating that the scorability of #eemarkers are not guaranteed.

The suggestion is to test some other markers irerotd produce more informative
comparison. For further research, four other Indatkers (Appendix 9, Table 1), which can
better represent different curve patterns, have lseéected to be tested on Li-cor gel. These
four markers all have clearly separated meltingkpmaves and thus a clearer comparison is
expected. Indel-269 and Indel-1201 show only twaugs (Appendix 9, Fig 1, 2), and have a
distorted segregation ratio and a 1:1 ratio (Appet® Table 2), respectively. Using these
two markers, we hope to find out whether Light Swancan distinguish group a and b
(depending on the Li-cor results show 2 or 3 gepedy. The other two markers, Indel-383
and Indel-637, show 3 clearly distinguished curveugs (Appendix 9, Fig 3, 4). Indel-383
has a segregation ratio of 1:2:1 while Indel-63% aalistorted ratio (Appendix 9, Table 2).
Using these markers we hope to confirm whether tLigbanner analysis can accurately
distinguish 3 different genotypes. It is worthwhile test these four markers, because by
doing that, we can know how accurate the Light Seamnalysis is for Indel markers, and
what kind of results from Light Scanner can betedsMoreover, in the analysis we assumed
that the curve group with a lower melting tempematas heterozygous group (see Fig 4.6 C),
when two different double-peak curve type appeakéolwever, it is also possible that a
heterozygous can produce two types of curves, Abhadk differently. Therefore it is also
suggested to test a few Indel markers with strang®e shape but clearly distinguished
groups, such as Indel-201 (Fig. 4.6 C), Indel-#4del-363, and Indel-275 (Appendix 9, Fig.
5,6,7).

5.4 Research approach

The non-vernalizedfpopulation did not flower because of the cold WweatFlowering traits
could be collected if the plants were sowed earntighe season. Flowering time was detected
correlated with turnip formation in a cross of DA-81d RC-114 (Lou et al. 2007). However,
this correlation was not found in populations whpaeents have less than 40 days difference
in flowering time (Vos, MSc thesis, 2009). This gagted that our cross might be different
from the cross of DH-30 and RC-114, in terms ofwioing time - turnip formation
correlation. Therefore, it would be added valuéhie research to collect flowering time data.
A different measurement standard to the crackedpundividuals need to be set.

Obviously it would save a lot of time and energytfas research if the DNA of real parental

lines has been preserved, especially for markeirggoGiven the fact that the real parental
DNA was lost, adding the ‘parents’ (DNA of plant®rh the same accession as the real
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parents) did not show added-value in marker anajysspecially at the pre-selection stage.
Because these samples often show different gerotypnin one ‘parent’, or show no
difference between the two ‘parents’. The pre-delaausing only ten Findividuals cannot
prevent selection of these Indels showing only gnaups as the distorted segregation is also
expected in any Fpopulation. Therefore, it might improve the préesgon efficiency by
removing the ‘parental’ samples and adding two oreri, samples. Indel markers showing
only two genotypes during pre-selection were careid similar as dominant markers,
however, were later realized that two homozygousogges (a and b) might not be
distinguished. Only the Indel markers showing thggeups were used for marker-trait
association analysing, which ensured the highetitguat this type of marker to be used.
However, the confirmation of Light Scanner resutis 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 tsaivere observed among and withip F
lines, caused by genetic, environmental factord,@oillen contamination. Many lethal plants
observed in both Fand FE populations, thus led to strong skewness in plypest and
genotypes. Nine SSRs (including 25 SSR markeresljednd eight Indels showed significant
association with 1-3 morphological traits. In tpt2d marker-trait associations were detected,
covering seven morphological traits LN, THW, V, TDWH, TC, and TCK. Positions of
markers with significant association can be congbangth the previously detect QTL
positions. The reliability of Indel markers analgiZiey Light Scanner needs to be confirmed
by other means i.e. polyacrylamide electrophordsfyre using Indels for further analysis of
this population. AFLPs and SSRs can be used, iessy, to construct a genetic map.
Images of leaf samples per plant that were colledtging this research can be analyzed for
more leaf traits variation, and their associatiothwnarkers or QTLs. Field test of later
generations is recommended, and it is necessagrae the plant earlier in the season
(suggested in June or July) so that flowering toae be observed. Measurement of TD, TLH
for cracked turnip individuals can be done diffehgrihan the rest, such as described in
chapter 5.1.1. For further propagation, it is reow@nded to remove the lines with rare alleles
from the population, and keep the population toppgate in an isolated and controlled
environment, in order to prevent pollen contamurati
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Appendix 1. Field layout of K lines

Each cell indicates one; fplant. Column 1 and column 8 indicate line numBeom the cell

of the line number (including itself) to the right,plants per line were transplanted to the
field unless there is not enough seeds/young pldis green cells indicated the plants that
were actually transplanted to the field. The whitdls means there is no plant actually

planted.

ROW\COLUME 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15
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 VT-115 VT-115 VT-115 VT-115 VT-115 VT-115 VT-115 VT-115 VT-115 VT-115 VT-115
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
PC-105 PC-105 PC-105 PC-105 PC-105 PC-105 PC-105

VT-115 VT-115 VT-115 VT-115 VT-115 VT-115 VT-115 VT-115 VT-115

PC-105 PC-105 PC-105 PC-105 PC-105 PC-105 PC-105 PC-105

PC-105

136

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 dinal

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: primeatBlTP’s, Taq buffer, Taq polymerase and
MilliQ)

Get a bucket or tray with ice and work on ice thaére time.

Get the next solutions from the -20.

- Primers (foreward (labelled)and reverse)

- dNTP’s

- Dream Taqg buffer 10X

- D Taqg (polymerase)

Place the Super Taq (polymerase) immediately an ice

Get a new Eppendorf tube and clearly write downterasx on it.

When the solutions are thawing make the calculatfonthe mastermix in your lab journal.
This reaction will be used for 3 pl 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 pl

Put 10.0 pl of the mastermix inside a well of a Ril&e.

DNA template and MilliQ are variable; increasing tamount of DNA with 1.0 pl (4.0) will
decrease the amount of MilliQ with 1.0 ul (15.3.\MyYhen changing the volume of the
MilliQ and DNA the mastermix volume changes to sdhis example to 21.0 ul. (Sometimes
you will need more DNA for a PCR reaction becaubseivise the reaction will not work).
Add the 3.0 pl of DNA template/sample (look at éx@mple Mastermix above.

The total volume inside a well of a PCR plate isvrih pl.

Heat seal the plate with a seal next to the greahrgy machine (check the seal).
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Appendix 4. LI-COR Protocol

Before starting: Clean the gel making items witktev, then with ethanol and dry them with
a new paper check glass plates carefully

Check if the 94° C heater near the window is swttchn

Put equal volume of formamide loading buffer to @R product close the seal again and
Mmix on vortex

The writing on the glass plates should not be rel@dahen they are placed on the lab table
(mirror writing)

Place the two spacers on the large glass plat&k-filate) and leave some space on the
bottom of the plate (this is easier for the clegrohthe glass plates at the end)

lace the other smaller plate (front-plate) on tbphe back plate (which have the spacers and
do not move the spacers, the writing on the fraatiepis now readable)

Place the two black holders at each side and maieetsat they make contact with the glass
plate on the bottom and the top

First screw the middle nut and then the bottom(nat to tight)
Make the gel solution: 20 ml Long Ranger solution
15 pl TEMED (add in the small fume hood)
150 ul APS (add in the small fume hoadels like rotten eggs)
Pour the gel and let the capillary do the work (begently tap on the glass with your finger)

Place the top spacer in the gel and lock it with bhack / transparent holder (screw the top
nuts not to tight)

Let the gel polymerize for 1% hour

Place the in the transparent holder on the laketad the gel is standing vertical and put a
paper comb 1 mm in the gel (from now on be vergftdmot to move the comb)

Screw the top compartment at the top of the fréedgplate (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 10x buffer
900 ml distilled water (green tap)
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First fill the top compartment to the maximum tlsindicated with buffer

Then fill the bottom compartment with the remainmgfer

Run the calibration program, don’t change the patars only fill in the name of the folder
and the file name

When running the program make sure that the inelicablues 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 minatedirectly place in cooling block from
fridge

Open the door of the LICOR machine

Clean the space between the comb by spraying wsthriage (this is now filled with ureum
which will interfere loading of a gel)

Load 0.7 pl of IRD 800 product

Load 1.0 pl of the IRD 800 size marker (At leastid markers should be included one at
each side and one in the middle)

Close the top compartment and the bottom compattraed then close the door of the
LICOR machine and press enter when the machineatalthis

Let the machine run for 5 minutes
Now load 0.5 pl of IRD 700 product

Load 1.0 pl of the IRD 700 size marker (At leastid markers should be included one at
each side and one in the middle)

Close the top compartment and then close the dbtreoLICOR 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 markersusing

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 olil 20
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Appendix 6. Freguency distribution of morphologicaltraits

PC=20

VT=11

Fig. 1. Distribution graph of leaf number (LN) irR€ F; population
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¢ VT=57.4

PC=19.1

Fig.2. Distribution graph of turnip diameter (mm)C29 F population
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Fig.3. Distribution graph of turnip diameter (mm)C29 F, population
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VT=159

Fig.4. Distribution graph of turnip weight (TWH))(tn C29 F; population
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Fig.5. Distribution graph of turnip weight (TWH))(on C29 F, population
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VT=53

PC=35

Fig.6. Distribution graph of turnip length (TLH) () in C29 k population
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Fig.7. Distribution graph of turnip length (TLH) () in C29 K population
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PC=10

Fig.8. Frequency distribution of leaf colour (LGeé legend below) in C29 population
measured according to R.H.S (royal horticulturaesg colour chart.

Legend:

1=137A 9=137A+red/purple

2=137B 10=146B

3=137C 11=146A+purple (small area)
4=139A 12=146,147A

5=144A 13=146C

6=146A 14=147A+purple (large area)
7=147A 15=147A+red edge&vein

8=1478B
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PC VT

W

Fig.9. Frequency distribution of plant growing vid¥) in C29 K population. Each integer
number indicates a level of vigor (see legend bgktwneasurement. 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
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PC=1.36

Fig.10. Frequency distribution of turnip skin cal@@iC) in C29 k5 population
Leave out the chart and write to describe: two ngatups. Each integer number represents a
one colour (see legend below) at measurement. Neger 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
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VT PC

W

Fig.11. Frequency distribution of turnip cracks @)Gn C29 K population. Each
integer number indicates one level of cracking (sgend below) at measurement.
Non-integer appears when taking averages of pfsertine.

Legend:

0=no crack

1=C=cracks

2=BC=big cracks

3=VBC-=very big cracks
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Appendix 7. Descriptive statistic dada of quantitaive

traits of F; population per line

Descriptives

LN- leaf number

95% Confidence
coefficient Interval for Mean
Std. of Std. Lower Upper

N Mean Deviation | variation Error Bound Bound Minimum | Maximum
VT-115 14 11.2 2.0 2 5 10.0 12.4 8 15
PC-105 14 20.5 1.9 1 194 21.6 17 23
91 7 12.7 2.1 2 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 15.1 18.9 13 19
95 6 17.3 3.8 2 1.6 13.3 21.4 15 25
96 7 141 2.2 2 121 16.2 12 18
97 7 14.4 2.1 1 12.4 16.4 11 18
98 7 14.7 1.8 1 g 131 16.4 12 17
99 7 13.3 1.8 1 11.6 14.9 10 15
100 6 15.7 2.8 2 1.1 12.7 18.6 11 19
102 7 131 1.8 1 7 11.5 14.8 11 16
104 5 15.0 2.8 2 1.3 11.5 185 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 g 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 12.9 185 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 A 1.1 16.2 233 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 2 125 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

coefficient
Std. of Std. 95% Confidence

Mean Deviation | variation Error Interval for Mean Minimum | Maximum
127 3 20.0 2.0 A 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 A .8 16.3 20.0 15 21
133 7 12.6 1.0 1 4 11.7 135 11 14
134 6 155 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 .8 134 17.4 12 18
139 7 14.7 2.6 2 1.0 12.3 17.1 11 18
140 7 18.4 29 2 1.1 15.7 211 13 22
141 1 18.0 18 18
142 8 14.0 2.1 1 g 12.3 15.7 11 17
143 8 16.1 4.4 .3 1.6 125 19.8 7 21
144 7 21.6 2.0 1 .8 19.7 23.4 18 24
145 8 18.8 55 .3 1.9 14.2 23.3 7 24
146 2 14.5 4 .0 5 8.1 20.9 14 15
147 9 15.1 2.0 1 g 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 15.6 194 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 31 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 A 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 15.0 185 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 14.7 19.0 13 20
170 2 5.0 1.4 .3 1.0 1.7 17.7 4 6
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LN-leaf number, continued

coefficient
Std. of Std. 95% Confidence

N Mean Deviation | variation Error 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 34 2 1.4 15.4 22.6 13 23
177 6 14.7 1.8 1 g 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 A 5 18.7 21.3 18 22
184 6 20.8 2.3 A 9 18.4 23.3 17 23
185 7 17.0 3.8 2 1.4 135 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 1.4 18.2 10 19
192 7 18.4 2.4 A 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 19
198 7 20.7 2.0 A 7 18.9 225 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 15.7 195 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 35 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 1.2 7 12
216 6 17.7 1.6 1 g 16.0 194 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 A 1.0 14.2 19.1 13 19
226 5 17.4 2.3 A 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

coefficient
Std. of Std. 95% Confidence

N Mean Deviation | variation Error Interval for Mean Minimum | Maximum
229 7 12.4 2.1 10.5 14.3 9 14
230 2 24.0 .0 .0 24.0 24.0 24 24
231 1 23.0 23 23
232 7 17.9 1.3 5 16.6 19.1 16 20
233 7 18.6 3.2 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 19
237 7 11.6 2.9 3 1.1 8.9 14.3 16
238 3 7.7 25 3 1.5 1.4 13.9 10
240 7 16.0 1.6 1 .6 14.5 17.5 14 18
241 7 15.7 2.8 2 1.1 131 18.3 12 19
243 7 16.0 25 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 A 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 7 134 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 A 1.1 19.0 24.5 18 26
253 4 14.3 1.3 A .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 55 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 1.4 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 A .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 A 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 A .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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TD-tunip diameter (cm)

Descriptives

95% Confidence

coefficient Interval for Mean
Std. of Std. Lower Upper

Mean Deviation | variation Error Bound Bound Minimum | Maximum
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 2.8 135 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 54 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 43.6 735 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 58.3 335 65.0
112 7 45.7 12.2 3 4.6 34.4 57.0 23.2 59.9
113 5 25.8 145 .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 1 321 . 321 321
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 31 51.9 67.2 44.2 70.5
123 2 23.0 .8 .0 .6 16.0 29.9 22.4 235
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 25 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

coefficient
Std. of Std. 95% Confidence

Mean Deviation | variation Error 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 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 -264.3 343.1 155 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 56.9 735 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 3.0 135 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 73.1 545 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

coefficient
Std. of Std. 95% Confidence

Mean Deviation | variation Error 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 8.4 541
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 4.4 554 77.0 48.9 87.5
206 7 41.4 7.5 2 2.8 345 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 35 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 7.9 315 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 4.3 185 40.7 13.9 41.7
223 2 18.4 25 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 8 435 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 6.0 235 56.7 25.0 59.4
237 4 17.5 5.6 2.8 8.5 26.4 12.2 23.8
240 6 54.2 1.1 4.5 42.5 65.8 38.6 69.5
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TD-tunip diameter (cm), continued

coefficient
Std. of Std. 95% Confidence

N Mean Deviation | variation Error 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 2.5 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 55 44.1 72.2 44.0 77.6
247 7 334 6.7 2 2.5 27.2 39.6 24.0 43.8
248 6 57.6 14.3 2 5.8 42.6 725 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 49.0 215 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 55 47.0 73.9 37.0 77.4
271 7 50.7 12.3 2 4.6 39.3 62.1 345 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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TWH-turnip weight (g)

Descriptives

95% Confidence

coefficient Interval for Mean
Std. of Std. Lower Upper

Mean Deviation | variation Error Bound Bound Minimum | Maximum
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 6 315 18.0 .6 7.4 12.6 50.4 9.0 52.0
94 7 24.3 14.5 .6 55 10.9 37.7 7.0 37.0
95 6 33.8 22.8 4 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 4 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 6 325 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 4 104.0 554 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 62.0 335 .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 .6 155 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 -95 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 .6 225 39.8 149.9 28.0 202.0
117 1 22.0 22.0 22.0
118 7 313 12.7 4 4.8 195 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 .3 135 105.4 171.4 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

coefficient
Std. of Std. 95% Confidence

Mean Deviation | variation Error 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 1.7 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 4 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 4 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

coefficient
Std. of Std. 95% Confidence

Mean Deviation | variation Error Interval for Mean Minimum | Maximum
177 6 14.8 8.6 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 4 60.7 62.0 374.0 88.0 492.0
194 4 195 11.0 .6 55 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 4 24.0 131 146.5 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 55 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 4 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 41.0 106.1 306.8 58.0 339.0
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TWH-turnip weight (g), continued

coefficient
Std. of Std. 95% Confidence

N Mean Deviation | variation Error 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 55 4.0 4 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 4 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 15 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 1.1 140.9 195.4 129.0 212.0
261 7 173.0 32.3 2 12.2 143.1 202.9 118.0 211.0
264 7 49.0 31.9 4 121 195 78.5 14.0 97.0
266 6 86.7 27.5 3 1.2 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 4 20.4 8.5 1215 28.0 142.0
273 6 124.3 66.3 .5 27.1 54.8 193.9 39.0 196.0
274 7 59.7 334 .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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TLH-turnip length (cm)

Descriptives

95% Confidence

coefficient Interval for Mean
Std. of Std. Lower Upper

Mean Deviation | variation Error Bound Bound Minimum | Maximum
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 21 30.3 39.0 3.0 46.5
91 6 50.5 16.3 3 6.6 334 67.6 38.0 82.0
93 6 41.8 6.0 A 25 35.5 48.1 32.0 48.0
94 7 42.6 6.3 A 2.4 36.8 48.4 35.0 52.0
95 6 50.8 225 4 9.2 27.2 74.5 25.0 88.0
96 7 47.0 8.9 2 34 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 1.4 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 A 34 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 A 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 A 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 8.4 321 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 66.3 125 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 A 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 A 35 53.8 711 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 55 63.8 90.5 61.0 98.0
134 6 44.0 8.5 2 35 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

coefficient
Std. of Std. 95% Confidence

Mean Deviation | variation Error 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 A 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 59.1 135 2 51 46.7 71.6 47.0 85.0
146 2 31.0 33.9 11 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 A 4.0 69.7 89.4 58.0 90.0
155 2 41.5 35 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 29 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 55 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 A4 9.9 40.8 89.5 8.0 82.0
169 7 73.0 7.0 A 2.7 66.5 79.5 64.0 87.0
172 7 58.4 9.1 2 34 50.0 66.9 49.0 75.0
173 7 46.1 35 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 1.2 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 A 1.9 63.1 72.4 62.0 75.0
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TLH-turnip length (cm), continued

coefficient
Std. of Std. 95% Confidence

Mean Deviation | variation Error 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 A 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 A 1.6 31.9 40.5 33.0 40.0
195 6 37.3 7.6 2 31 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 7 541 11.7 2 4.4 43.4 64.9 35.0 68.0
203 7 49.6 5.4 A 2.0 44.6 54.5 40.0 56.0
204 7 59.4 8.9 A 34 51.2 67.6 47.0 73.0
205 7 61.4 14.6 2 55 47.9 75.0 48.0 90.0
206 7 57.6 5.2 A 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 A 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 A 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 A 3.0 55.8 72.2 58.0 72.0
220 4 69.3 25.6 A4 12.8 28.5 110.0 31.0 85.0
221 7 70.7 9.5 A 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 A 2.6 57.6 70.1 55.0 76.0
229 6 56.8 7.1 A 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 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 31 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

coefficient
Std. of Std. 95% Confidence

N Mean Deviation | variation Error 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 A 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 A 3.9 56.7 76.7 53.0 81.0
247 7 49.3 3.3 A 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 35 31.3 48.4 24.0 51.0
252 7 49.9 6.9 A 2.6 435 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 A 3.2 68.9 84.8 64.0 91.0
261 7 68.4 6.2 A 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 A 1.6 52.4 60.5 48.0 61.0
269 7 53.4 7.4 A 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 IndeB11Picture A shows the automated
grouping different curve plot, which gives a raimba@olour set, without clearly
distinguished groups. Picture B shows the meltiegkis plot. Indel-1131 produces
two types of double-peak curves and one grouprgisipeak curves. However, the
single-peak curves are overlapped by one of théldepeak groups. The black curves
are manually selected samples which give doubl&-paaves that automated
grouping cannot correctly distinguish from the dapped single-peak curves.
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Fig 2 Light scanner analyzing results of Indel-1Bicture A shows the automated
grouping different curve plot with 3 groups (coresidhe orange, blue and green
curves as the same group). B and C show the mgliadks plot. When manually
selecting the orange, blue and green curve in @l they appear as black in picture
B. When manually selecting the red curves in petédy; they appear as black in

picture C.
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Fig. 3. Light scanner analyzing results of IndeFA0Picture A shows the automated
grouping different curve plot after adding manuelestion. Picture B shows the
melting peaks plot. One of the single-peak curveugs is overlapped by the
double-peak groups. The black curves in both ABradle manually selected samples
which give double-peak curves that automated graupannot correctly distinguish
from the overlapped single-peak curves.
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Appendix 9 Selected Indel markers for further

reliability conformation

Table 1. Selected Indel markers to be tested arot.gel — list of labeled primers

BriD101201 AO1

BriD10269  AO08

BriID10383  A05

BriID10637  A04

BriD101201_S_142_379715F Scaffold000142

BriD10269_S_10_3346517F  Scaffold000010

BriD10383_S_25 1103824F  Scaffold000025

BriD10637_S_48_528921F  Scaffold000048

379715

3346517

1103824

528921

IRD
700
IRD
800
IRD
700
IRD
800

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

##
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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
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Fig. 7. Indel-275
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Appendix 10. List of F; lines dead/grow poorly in the

greenhouse and/or in the field

Line Nr.

dead in Green House (yellow fill)

porly/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

80

23

15




Appendix 11. List of SSR Markers

Table 1 List of public SSR markers

Linkage Position Labelled
Labcode Marker group(WU-integrated) | (cM)-WU map | chromosome primer Reference Origin
est-66 Br372 7 12.4 A07 IRD800
95 BRH80AO08flc1t 10 58.0 Al10 IRD700 Jinsun kim B.rapa
96 BRH80C09flc3 2 A08 IRD700 Jinsun kim B.rapa
Suwabe et al
210 BRMS-042-2t 3 120.123 A03 2002
Suwabe et al
(2002)/Jinsun
30 BRMS-054 4 A04 IRD800 Kim B.rapa
363 ENA13h 10 83.9 A02 IRD800 | Choi et al 2007
73 Nal2HO07t 6 62.8 A06 IRD700 | Lowe et al 2003
Lowe et al
(2003)/jinsun
93 Ra3H10 5 A05 IRD700 Kim B.rapa
92 Ra2G09 A01 IRD700
209 BRMS037 A01 IRD800
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Table 2. list of SSR markers derived from turnipaidate genes

Labcode 3ULPHU $QFRUHG 6HTXHQFH\ E)I\jzl)“on Labelled
665BQZ $) BVFDII B) $ PELPS*BEBHP&E7*$*&7S$ , 5!
665BQZ $) BVFDII B5 $ T*$*$IBRESPS*7*$$& &

665BQZ $) BVFDII B) $ *$TT7TRBBET7T&T7T*$7&&& , 5!
665BQZ $) BVFDIlI B5 $ *&TPEBBITTS*$7&**&7

665BQZ $7 * BVFD B $ $RTT7T**$T7777&7T&*7T&$&&PB&

665BQZ $7 * BVFD B! $ TP *&*$*7TT7T7T&*7T7&$*$&S

665BQZ $7 * BVFD B $ &$ETT7T*$7T&**T7TT7TS7$&*&T7TT* , 5!
665BQZ $7 * BVFD B! $ $R7T*7T*$T7T&E&TTT*7T*$$&T7**

665BQZ $7 * BVFDII $ T*7&&&7T&&$TETE&TS&*T&TT , 5!
665BQZ $7 * BVFDII $ T77&*7T3S7&*7T$&$&**$$7*

665BQZ $7 * BVFDI $ $*$TT7T*TTT*T7TT7TH&T**$&** , 5!
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665BQZ $7 * BVFEDI! $ *E$$$F&ESPSFTTSSFTRTS&S?
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Appendix 12. List of Indel markers

Table 1. List of Indel markers

Marker ID Primer name (WUR) ChromosomeLeft primer sequence Primer name (IVF) Scaffold ID SP::;:;T; "

BriD10031 BriD10031_A03_F A0l CGTTCTGTGGAATGATTTAG BriID10031_S 1 1376636F Scaffold000001 1376636
BriD10039 BriD10039_A03_F A0l GCATCACTGTCTACAGAGGAA BriID10039_S 1 2850816F Scaffold000001 2850816
BriD10041 BriD10041_A03_F A0l AGGCCATGTTAGCCATTAC BriD10041_S 1_3277580F Scaffold000001 3277580
BriD10047 BriD10047_A03_F A0l CTCACATGGGCAACTTTATT BriD10047_S_1_4671879F Scaffold000001 4671879
BriD10081 BriD10081_A10_F A0l GCCTTGGTTCAAGTCTCTTA BriD10081_S 2 _4210899F Scaffold000002 4210899
BriD10097 BriD10097_A07_F A0l GTGGAACGTATGAAACAGGT BriID10097_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 AO03 CCCTTGGAGGGACACTTTA BriD10219 S 8 1346555F Scaffold000008 1346555
BriD10251 BriD10251_A06_F AO03 TGGTTTGGTCAGGTTTATTC BriD10251_S 9 857138F Scaffold000009 857138
BriD101035 BriD101035_A06_R AO03 TGCAGAGAACTAAACCAACA BriD101036_S_9 2589121R Scaffold000009 2589121
BriD10265 BriD10265_A08_F A03 GGATGAAAGATTTTGACACG BriD10265_S 10 _870524F Scaffold000010 870524




BriD10267
BriD10269
BriD10275
BriD10277
BriD10279
BriD10021
BriD10025
BriD10297
BriD10301
BriD10309
BriD101045
BriD10363
BriD10371
BriD10383
BriD101049
BriD101147
BriD10637
BriD10639
BriD10645
BriD101163
BriD101121
BriD10723
BriD101165
BriD101167
BriD101169
BriD10747

BriD10267_A08_F
BriD10269_A08_F
BriD10275_A08_R
BriD10277_A01_F
BriD10279_A01_F
BriD10021_A03_F
BriD10025_A03_F
BriD10297_A01_F
BriD10301_A01_F
BriD10309_A08_F
BriD101045_A08 R
BriD10363_A04 R
BriD10371_A06_F
BriD10383_A05_F
BriD101049_A06_F
BriD101147_A02_F
BriD10637_A04 F
BriD10639_A04 F
BriD10645_A04 F
BriD101163_A06_F
BriD101121_A09_F
BriD10723_A04 F
BriD101165_A02_F
BriD101167_A02_F
BriD101169_A02_F
BriD10747_A04 F

AO3
AO4
AO4
AO4
AO4
AO4
AO4
AO4
AO4
AO5
AO5
AO5
AO5
AO5
AO5
AO5
AO6
AO6
AO6
AO6
AO6
AO7
AO7
AO7
AO8
AO8

AATCTGTTCTTTCTGGGAGA
GTTTGTTGGTTGGTTTTAGC
ATCTTCCAAAGGGAGAGAAG
AGAAAGGGGTTTAGGGTTTA
CGAAGAAGAATCGTTACACA

TGTCCATGATTGAAGGAAGATG
TTCAAGAACGATCAAGAAGCAA

GACACCTTTGGTTTTGACAT
TAATCAGCATGTCCTTGGAT
AAGCAGGGTTTGGTTTAACT
CGCTCGATCTGTTCTTAGAT
TAGTTTTCCAAGAAAGCCAG
CTGATGCGAGAAGATAATGC
CGTATCTTTGTTTGAAAGGG
TGCTTGAAGCTATTGAACG
ATGCAAGTCTGAGAAGTCCT
AAGCAAAGAGAAGAGATTGG
CGAGTTATTGGTTAGAATCG
GCAGAGGAAAACAATCAGAC
CAACTCATCATGTGGTTCAC
CAATCCAGATCCGAGAGTC
GCTTTCCTCGTGTCATTAGA
TAAGGCCTGTTATTTGGAAG
GCACTTGGAAGTACGAGTTA
AAACCCTAGCGATTACAGTG
TCAAACAGTGACAAACTCCA

BriD10267_S_10_2695609F
BriD10269_S_10 3346517F
BriD10276_S_10_4109163R
BriD10277_S_11_45934F
BriD10279_S_11 193246F
BriD10021_S_13 2892788F
BriD10025_S 13 2978131F
BriD10297_S_14 84568F
BriD10301_S_14 1031060F
BriD10309_S_15 283979F
BriD101046_S_20 1062682R
BriD10364_S 21 1804591R
BriD10371_S_24 409765F
BriD10383_S_25 1103824F
BriD101049_S_26_2240704F
BriD101147_S_41_372227F
BriD10637_S_48 528921F
BriD10639_S_48 833754F
BriD10645_S_48 1400734F
BriD101163_S_50_840185F
BriD101121_S_54 421622F
BriD10723_S_70_268838F
BriD101165_S_78_165442F
BriD101167_S_78_266613F
BriD101169_S_78_896190F
BriD10747_S_79_1055195F

Scaffold000010
Scaffold000010
Scaffold000010
Scaffold000011
Scaffold000011
Scaffold000013
Scaffold000013
Scaffold000014
Scaffold000014
Scaffold000015
Scaffold000020
Scaffold000021
Scaffold000024
Scaffold000025
Scaffold000026
Scaffold000041
Scaffold000048
Scaffold000048
Scaffold000048
Scaffold000050
Scaffold000054
Scaffold000070
Scaffold000078
Scaffold000078
Scaffold000078
Scaffold000079

2695609
3346517
4109163
45934
193246
2892788
2978131
84568
1031060
283979
1062682
1804591
409765
1103824
2240704
372227
528921
833754
1400734
840185
421622
268838
165442
266613
896190
1055195
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BriD10747

BriD101059
BriD101061
BriD101175
BriD101131
BriD101179
BriD101017
BriD101063
BriD101065
BriD101137
BriD101021
BriD101201
BriD101215
BriD101235

BriD10747_A04 R
BriD101059_A09_F
BriD101061_A04 F
BriD101175_A09_F
BriD101131_A02_F
BriD101179_A02_F
BriD101017_A05_F
BriD101063_A05 R
BriD101065_A09_F
BriD101137_A09_F
BriD101021_A09_F
BriD101201_A01 R
BriD101215_A05 R
BriD101235_A01 R

AO8
AO8
AO8
AO8
A09
A09
A09
A09
A09
A09
A10
A10
A10
A10

GTCGATTTACTTTCTTGCGT
GGATGATTCAACGGGATAAT
AAAGATGTCATGAACAACCC
GGTCAATGAAGGAGCTTGT
CAAAAAGTCCACGAAACATC
GAGAGAGGGACTGAACTGG
TGGGATCTGAGAGAGAGAGA
CTGAGGTAGTTCTGATGGAA
GGTGGTCTCGTTTTAGGTCT
ATCACTGTCGCATTGTCTAA
CTTTTTCACCAATCTCCAAC
ACGTCAAAGTCCAACATTTC
TGTGAATGCGACGATGAC
TAACACGGTGTGCATCAA

BriD10748_S_79 1055195R
BriD101059_S_81 795198F
BriD101061_S_83_40927F
BriD101175_S_84 299237F
BriD101131_S_85_463930F
BriD101179_S_92 694212F
BriD101017_S_98_316042F
BriD101064_S_109_ 151169R
BriD101065_S_113 448860F
BriD101137_S_114 439006F
BriD101021_S_133 317210F
BriD101202_S_142_379715R
BriD101216_S_160_170050R
BriD101236_S_192_92470R

Scaffold000079
Scaffold000081
Scaffold000083
Scaffold000084
Scaffold000085
Scaffold000092
Scaffold000098
Scaffold000109
Scaffold000113
Scaffold000114
Scaffold000133
Scaffold000142
Scaffold000160
Scaffold000192

1055195
795198
40927
299237
463930
694212
316042
151169
448860
439006
317210
379715
170050
92470
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