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“The secret of improved plant breeding, apart from scientific knowledge, is love.” 

Luther Burbank 

“ See how the farmer waits for the precious fruit of the earth, being patient with it until it 

receives the early and the late rains.” 

The New American Bible. James 5. 7  

To all of my folk who have lived passionate by the work of the fields,  

especially to my Grandparents 
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Summary 
Rijk Zwaan Brassica rapa Gene Bank Collection, comprising 137 accessions representing 

different morphortypes, was studied and evaluated for morphological traits and self 

incompatibility, interspecific hybridization and Xanthomonas campestris pv. campestris 

disease resistance. 

In order to distinguish different morphotypes, leaf and seed pod traits were measured and 

analized. Only the leaf traits contribute to distinguish between the morphotypes. 

Recurring to open flowers pollination, self incompatibility was scored through two different 

methods: assessment of pollen ingrowth and seed counting. Through the assessment of 

pollen tube ingrowth was concluded that the majority of accessions are self incompatible 

or moderately self incompatible. Although seed counting does not agree with these results. 

Success rate of natural interspecific hybridization with Brassica oleracea was accessed 

through pollination of immature flower buds. Direct and reciprocal pollinations were 

performed but only the direct pollinations were scored. After counting the seeds it was 

concluded that success rate was very low. There was no significant correlation between 

the seed set and plant morphotypes. 

A screening for resistance against two races (1 and 4) of Xanthomonas campestris pv. 

campestris was performed. Resistant plants were found for both races. Significant 

differences in resistance were found for the two races and between morphotypes. 

Chromossome counting was performed for one accession resistant to both races. After 

counting it was concluded that it is an allotetraploid, either Brassica carinata (BC) or 

Brassica juncea (AB), in agreement with the literature, which refers B genome as a 

resistant. 

This work was useful to identify the presence of resistance to Xanthomonas campestris pv. 

campestris race 4 in Brassica rapa. Further work has to be performed to study the nature 

of the resistance and a larger number of Brassica rapa accessions can still be screened 

for resistance to Xanthomonas campestris pv. campestris race 1. 

Keywords: Brassica rapa; Core Collection; Self Incompatibility; Interspecific Cross ability; 

Xanthomonas campestris pv. campestris 

  



 

 

  



 

 

Sumário 
A colecção de Brassica rapa do Banco Genético da Rijk Zwaan Breeidng B.V., composta 

por 137 amostras representando diferente morfotipos, é estudada e avaliada para 

caracteres morfológicos, auto-incompatibilidade, hibridização iterespecífica e resistência à 

doença Xanthomonas campestris pv. campestris. 

De forma a testar o seu contributo para distinguir diferente morfotipos, foram medidos e 

analisados caracteres das folhas e da síliquas. Apenas os caracteres das folhas 

contribuíram para distinguir entre morfotipos. 

Recorrendo à polinização de flores abertas, a auto incompatibilidade foi avaliada de 

acordo com dois métodos diferentes: avaliação do crescimento do tubo polínico ao 

microscópio e contagem das sementes vingadas. Avaliando o crescimento do tubo 

polínico conclui-se que a maioria das amostras eram auto incompatíveis ou 

moderadamente auto incompatíveis. No entanto os resultados da contagem de sementes 

vingadas não estão de acordo com estes. 

A taxa de sucesso de hibridização interespecífica com Brassica Oleracea foi avaliada 

através da polinização de botões florais imaturos e contagem das sementes vingadas. 

Foram feitas polinizações directas e recíprocas mas apenas as polinizações directas 

foram analisadas. Com os resultados da contagem das sementes concluiu-se que a taxa 

de sucesso é muito baixa. Não houve efeitos significativos do morfotipo no vingamento 

das sementes.  

Foi realizado um rastreio para a resistência a duas raças (1 e 4) de Xanthomonas 

campestris pv. campestris e encontraram-se plantas resistentes às duas raças. 

Registaram-se diferenças significativas entre as duas raçcas entre morfotipos. Os 

resultados sugerem o genoma A como fonte de resistência para a raça 4 de Xanthomonas 

campestris pv. campestris. 

Foi contado o número de cromossomas de umas das amostras resistentes a ambas as 

raças. Embora não se tenha identificado a espécie, concluiu-se que era um alotetraploide, 

ou Brassica carinata (BC) ou Brassica juncea (AB), de acordo com a literatura, que refere 

o genoma B como resistente a Xanthomonas campestris pv. campestres. 

Em suma, este trabalho identifica a presença de resistência a Xanthomonas campestris 

pv. campestris raça 4 em Brassica rapa. É no entanto necessário prosseguir com a 

investigação para identificar a natureza da resistência e incorporá-la em Brassica 

oleracea. No que diz respeito à resistência a Xanthomonas campestris pv. campestris 

raça 1 um maior número de amostras deveria ser rastreado no futuro. 

 

  



 

 

  



 

 

Sumário 
A colecção de Brassica rapa do Banco Genético da Rijk Zwaan Breeidng B.V., composta 

por 137 amostras representando diferente morfotipos, é estudada e avaliada para 

caracteres morfológicos e auto-incompatibilidade, hibridização interespecífica e 

resistência à doença Xanthomonas campestris pv. campestris. As amostras estudadas 

têm diferentes origens geográficas e incluem-se na colecção para representar a 

diversidade de morfotipos e subgrupos de Brassica rapa existente e como possíveis 

fontes de resistências a doenças. 

Brassica rapa é uma espécie bastante diversa e uma cultura agrícola importante, 

consumida mundialmente. As diferentes partes da planta consumidas resultaram na 

selecção de diferentes morfotipos, que representam as preferências locais. De forma a 

testar o seu contributo para distinguir diferentes morfotipos, foram medidos e analisados 

caracteres das folhas e da síliquas. As medições foram feitas através do processamento 

de fotografias tiradas às folhas e às síliquas. Apenas os caracteres das folhas 

contribuíram para distinguir entre morfotipos, pois os caracteres das síliquas não 

melhoraram a distinção entre morfotipos. 

O sistema de auto incompatibilidade das Brassicas assenta na rejeição do pólen na 

superfície do estigma. Recorrendo à polinização de flores abertas, a auto 

incompatibilidade foi avaliada de acordo com dois métodos diferentes: avaliação do 

crescimento do tubo polínico ao microscópio e contagem das sementes vingadas. 

Avaliando o crescimento do tubo polínico conclui-se que a maioria das amostras eram 

auto incompatíveis ou moderadamente auto incompatíveis. No entanto os resultados da 

contagem de sementes vingadas não estão em acordo com estes, provavelmente devido 

a polinizações cruzadas. 

Brassica rapa é a espécie filogeneticamente mais próxima de Brassica oleracea e 

hibridização interespecífica é possível. A taxa de sucesso de hybridização interespecífica 

com Brassica oleracea foi avaliada através da polinização de botões florais imaturos e 

contagem das sementes vingadas. A expressão da incompatibilidade interespecífica é 

análoga à auto imcompatibilidade. Foram feitas polinizações directas e recíprocas mas 

apenas as polinizações directas foram analisadas devido à maturação mais tardia das 

polinizações recíprocas. Com os resultados da contagem das sementes concluiu-se que a 

taxa de sucesso é muito baixa. Não houve efeitos significativos do morfotipo no 

vingamento das sementes.  

Xanthomonas campestris pv. campestris é uma doença bacteriana prevalente 

mundialmente em culturas de Brassicas, sendo as raças 1 e 4 as mais importantes. 

Foram realizados dois rastreios individuais para a resistência às raças 1 e 4 de 

Xanthomonas campestris pv. campestres. Três avaliações foram realizadas por rastreio, 

14, 21 e 28 dias após a inoculação, respectivamente. 

Encontraram-se plantas resistentes às duas raças e registaram-se diferenças 

significativas entre as duas raças e entre morfotipos. No rastreio para a resistência à raça 

1 apenas quatro amostras registaram 1 (resistente) em todos os três rastreios. No rastreio 

para a resistência à raça 4 quarenta e cinco amostras registaram 1 (resistente) nos três 

rastreios realizados. Os índices de doença também têm diferenças entre os dois rastreios. 



 

 

Apenas duas amostras registaram índice de doença inferior a 2 no rastreio para a raça 1, 

enquanto cinco amostras registaram índice de doença inferior a 2 no rastreio para a raça 

4. Os resultados sugerem o genoma A como fonte de resistência para a raça 4 de 

Xanthomonas campestris pv. campestris. 

Foi contado o número de cromossomas de umas das amostras resistentes a ambas as 

raças. O número de cromossomas foi contado durante a mitose da ponta da raíz de 

sementes germinadas. Embora não se tenha identificado a espécie, concluiu-se que era 

um alotetraploide, ou Brassica carinata (BC) ou Brassica juncea (AB), de acordo com a 

literature, que refere o genoma B como resistente a Xanthomonas campestris pv. 

campestris. 

Em suma, este trabalho identifica a presença de resistência a Xanthomonas campestris 

pv. campestris raça 4 em Brassica rapa. É no entanto necessário prosseguir com a 

investigação para identificar a natureza da resistência e incorporá-la em Brassica 

oleracea. No que diz respeito a resistência a Xanthomonas campestris pv. campestris 

raça 1 um maior número de amostras deveria ser rastreado no futuro.   
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1. Introduction 
This is the report of an intership carried out in the context of an Internship of 5 months at 

Brassica Department of Rijk Zwaan B.V., in The Netherlands. It consists in only part of a pre-

breeding project and therefore further work has to be performed by the company with the results 

here presented in order to go forward with breeding programs.  

1.1. Objectives 

The aim of this project was a comprehensive evaluation of Rijk Zwaan (RZ) Brassica rapa (B. 

rapa) Genebank Core Collection comprising 137 accessions collected with basis on origin, 

morphotype and reported X. campestris pv. campestris resistance.  

This study consisted of an evaluation and collection of morphological data in order to distinguish 

between the different types of B. Rapa, self incompatibility scoring, identifying success rate of 

interspecific hybridization with Brassica oleracea (B. oleracea) and screening for resistance 

against two races (1 and 4) of Xanthomonas campestris pv. campestris. 

1.2. Literature Review 

1.2.1. Ex situ Gene Bank Collections and their importance 

The development of new varieties of crops critically depends on breeders having access to  

genetic diversity in order to develop varieties with higher and more reliable yields, resistance to 

pests and diseases, tolerance to abiotic stresses, efficient use of resources, and producing new 

and better quality products and by-products (FAO, 2010). 

The storage of most germplasm for crop improvement purposes depends on ex situ 

conservation which is, literally interpreted, conservation outside the natural habitat. The survival 

of most crop plants is dependent on human management, if landraces and cultivars are to be 

preserved, some sort of ex situ conservation is essential (Dias, 2010). Ex situ conservation also 

is needed for crop species whose seeds cannot be held in long-term refrigeration and for crop 

species that seldom produce true seeds (Plucknett, 1992). 

Ex situ conservation is carried out in “Gene Banks”, where the seeds are dried slowly and 

carefully, packed in sealed containers, and placed in refrigeration under low humidity (Dias, 

2010). It is expected that many seeds can be preserved under such conditions for around a 

century (Plucknett, 1992). 

There are more than 1750 individual gene banks worldwide, with about 130 of them holding 

more than 10000 accessions each. It is estimated that about 7.4 million accessions are currently 

maintained globally and various analyses suggest that between 25 and 30% (or 1.9-2.2 million 

accessions) are distinct, with the remainder being duplicates held either in the same or, more 

often, a different collection (FAO, 2010). 

National gene banks conserve about 6.6 million of the total 7.4 million accessions held 

worldwide, 45% of which are held in only seven countries. Recent collecting efforts have 

focused on increasing national gene banks’ collections of minor crops, landraces, wild species 

and obsolete varieties (FAO, 2010). 
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1.2.2. Brassica rapa 

B. rapa is a very diverse species which is an important vegetable crop and to a minor extent 

also an oil seed crop. B. rapa vegetables are consumed worldwide and the large variation in the 

plant organs that are consumed has resulted in the selection of different morphotypes 

depending on local preferences. 

The variation within the species has increased as a result of ongoing breeding, since B. rapa 

has been cultivated for many centuries in different parts of the world. Based primarily on the 

organs used and secondly on their morphological appearance, a number of major cultivar 

groups, can be distinguished (Diederichsen, 2001). They encompass leafy oriental vegetables, 

turnips, brocoletos and oil seed B. rapa (Figure 1) 

 

Figure 1 Seedlings of different B. rapa mophotypes. A, Chinese cabbage; B, pak choi; C, broccoletto; D, mizuna; E, 

turnip; F, Chinese turnip oil seed; G, B. rapa winter oil seed; and H, B. rapa summer oil. (Zhao, et al., 2010) 

The oil seed types (ssp. oleifera) are subdivided into different subgroups based on their growth 

habit (spring and winter types). The Chinese turnip rape is possibly developed from Pak Choi in 

southern China (Li, 1981) and the Sarson types, which are very early, self-compatible and often 

yellow-seeded were bred in India (Gomez Campo, 1999). 

The turnip types (ssp. rapa) are a group of cultivars grown for their swollen stem basis, 

subdivided in vegetable and fodder turnips. Multiple shapes and colours are typical 

characteristics of turnips, especially vegetable turnip (Zhao et al., 2005). 

A large and diverse group of B. rapa cultivars are cultivated for their leaves and several 

subgroups can clearly be distinguished. The Chinese cabbage group (ssp. pekinensis) is 

characterized by large leaves with a wrinkled surface, a pale-green colour, large white midribs 

and heads of different shapes. Pak choi (ssp. chinensis) does not form a head and has darker 

green and smooth leaves with a pronounced white midrib. Wutacai (ssp. narinosa) forms a 

subgroup of Pak choi-like cultivars that differ from typical Pak Choi types by their flat 
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appearance and many dark leaves. Taicai’s (ssp. chinensis) are nonheading cultivars with 

irregularly notched leaves of different blade shapes. The tender leaves, stems and even the 

conical-shaped succulent taproots are edible (Zhao et al., 2005).  

Another group of cultivars also cultivated for their narrow leaves. These cultivars belong to the 

perviridis group, which includes neep greens from Europe, the Japanese cultivar group 

Komatsuna, and the nipposinica group, including Mizuna and Mibuna (Cao et al., 1997). 

Another use of B. rapa are the stems in red purple Zicaitai (ssp. chinensis) from southern China. 

This flowering purple-stemmed Chinese cabbage has tender early inflorescences, stems and 

shoots which are edible. The inflorescences, such as the Brocoletto or Cima di rapa types found 

in Italy, are yet another plant organ of B. rapa that is consumed. In China, inflorescences are 

called Caixin or Caitai. These have a growth habit similar to that of Brocoletto and probably 

have evolved independently (Zhao et al., 2005).  

The level of polymorphism in B. rapa is very high and the amount of genetic variation present 

within the groups is often comparable to the variation between the different cultivar groups and 

morphotypes are often more related to other morphotypes from the same region (East Asia vs. 

Europe) than to similar morphotypes from different regions, suggesting either an independent 

origin and or a long and separate domestication and breeding history in both regions (Zhao et 

al., 2005). 

1.2.3. Xanthomonas campestris pv. campestris 

Black rot is a bacterial disease of Brassica species caused by the gram-negative bacterium 

Xanthomonas campestris pv. Campestris (Xcc) Dowson. X. campestris pv. campestris is 

prevalent worldwide and is particularly destructive  to B. oleracea L. vegetables, causing 

reduction in yield and quality(Williams, 1980).  Even though the most economically important 

hosts of X. campestris pv. campestris are  the B. oleracea L. vegetables such as cabbage, 

broccoli, cauliflower, Brussel sprouts and Kale, it also attacks other Brassica species and is 

reported on a number of cruciferous crops, weeds, and ornamentals (Vicente et al., 2001). 

Xanthomonas  is seed born and acan also overwinter on crop debris and cruciferous weeds, 

entering the plant through hydathodes  at leaf margins and wounds. When temperatures exceed 

25 degrees Celsius, the bacteria spread quickly through the vascular system and produce 

considerable quantity of xanthan, an extracellular polysaccharide (Williams, 1980).  

Bacteria and xanthan plug the xylem vessels, restricting water flow and resulting in the 

characteristic V-shaped chlorotic lesions originating from the margins of leaves. As bacteria 

move throughout the plant, the vascular tissues darken. The typical early symptoms are 

yellowing and drying of affected tissues. Invasion of the fleshy petioles and head leaves by 

Xanthomonas is rapidly followed by a soft-rotting bacterium, which is primarily responsible for 

the rotting phases of the disease (Williams, 1980). 

Under ideal conditions, symptoms typically appear 10 to 14 days after infection. If temperatures 

are suboptimal, however, the organism may persist in the vascular system without producing 

symptoms. Invasion of the flowering stalks may lead to infection of the seed (Williams, 1980). 

Epidemics caused by X. campestris pv. campestris are polycyclic. Once the pathogen is 

established it repeatedly multiplies and spreads when conditions are favourable. 
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The control of black rot is difficult and currently the most effective approaches are through 

cultural practices that limit the dissemination of the pathogen: use of disease-free planting 

material (seeds or transplants) and cultivars with moderate resistance to the disease and 

elimination of other potential inoculum sources such as infected crop debris and cruciferous 

weeds (Taylor et al., 2002). 

However, these approaches have a limited effect with unpredictable black rot occurring 

throughout growing regions, highlighting the need for incorporation of effective and stable 

resistance into cultivars. Disease resistance could potentially provide low cost and sustainable 

means of controlling black rot in vegetable brassicas, but in practice it has had only limited 

success. 

1.2.4. Xanthomonas campestris pv. campestris resistance in B. oleracea 

Early studies of resistance to X. campestris pv. campestris, mainly focused in B. oleracea, 

identified cabbage cultivars with varying levels of field resistance. Bain (1952) made resistant 

selections from cabbage cvs. Huguenot and Early Fuji, whose inheritance was reported to be 

controlled by a recessive gene with two modifiers or quantitative trait loci (Camargo, Williams, & 

Osborn, 1995). (Hunter et al., 1987) showed that the cabbage accession PI 4366006 from 

China expressed resistance in both seedlings and adult plants, the resistance at seedling stage 

being attributed to a single recessive gene. Both Early Fuji and PI436606 have been used in the 

development of black-rot resistant breeding lines of B. oleracea.  

Badger Inbred-16 is a cabbage line derived from cv Early Fuji. Badger Inbred-16 is partially 

resistant to races 1,2,3,5, and 6 and is susceptible to race 4 (Vicente et al., 2001). The 

resistance is different to that found in PI436606.PI436606 showed resistance against a range of 

X. campestris pv. Campestris races, including strains causing symptoms of black rot, leaf blight 

or intermediate symptoms between black rot and leaf blight and against X. campestris pv. 

armoraciae causing leaf spot and hydathode necrosis. (Hunter et al., 1987). 

Several other studies have identified sources of resistance in B. oleracea but available sources 

with useful levels of resistance to the main races of the disease are very limited and difficult to 

incorporate into hybrid cultivars (Camargo et al., 1995).  

Breeding black rot resistant cultivars is complicated by the existence of at least nine races of the 

pathogen that have been described so far. Initially (Kamoun et al., 1992) described five 

physiological races (0–4) based on response of two cultivars of turnip (B. rapa) and two of 

Brassica juncea (B. juncea) Vicente et al. (2001) reported existence of six races (1–6)  based on 

the reaction of eight Brassica differential genotypes including cultivars of Brassica carinata (B. 

carinata), B. juncea, Brassica napus (B. napus), B. oleracea and B. rapa (Table 1). Jensen et al. 

(2010) used the same differential genotypes as (Vicente et al., 2001) and reported an additional 

race 7 (Table 1). (Fargier & Manceau, 2007) reported three new races (7–9) (Table 1) in 

addition to the six reported by (Vicente et al., 2001). In table 1 is presented a postulated gene 

for gene model fo X. Campestris pv campestris.  
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Table 1Postulated gene-for-gene model for Xanthomonas campestris pv. campestris of (Vicente, Conway, Roberts, 
& Taylor, 2001) and (Fargier & Manceau, 2007). 

      Races/Avirulence gene (A) 

 1 2 3 4 5 6 7
f
 8

f
 9

f
 

A1 … A1 A1?
a
 … … … A1 A1 

… A2 … … … … … A2 … 
… A3 A3 … A3 … … A3 A3 
… … … A4 … … … … A4 

Differential cultivars Resistance Genes (R) … … … … A5  A5 … … 
Wirosa F1 (B. oleracea) … … … … … +

b
 + + + + + + + + 

Just Right Hybrid Turnip (B. rapa) … … … R4 … + + + -
c
 + + + + - 

Seven Top Turnip (B. rapa) … R2 … R4 … + - + - + + + - - 
PI 199947 (B. carinata) R1 … … R4?

d
 … - + - -

/(+)
e
 

+ + + - - 

Florida Broad Leaf Mustard (B. 
juncea) 

R1 … … R4? R5 - + - - (+) + - - - 

Miracle F1 (B. oleracea) … … R3 … … + - - + - + + - - 
Number of strains      11 1 2 4 3 3 2 5 3 

 
a
A1? indicates possible presence of avirulence gene A1 (Vicente, Conway, Roberts, & Taylor, 2001). 

b
compatible interaction (susceptibility). 

c
 incompatible interaction (resistance). 

d
R4? indicates possible presence of resistance gene R4 (Vicente, Conway, Roberts, & Taylor, 2001). 

e
) weakly pathogenic. 

f
identified by (Fargier & Manceau, 2007) 

 

Monitoring the frequency and the distribution of races worldwide is essential to the development 

of effective strategies for resistance breeding (Vicente et al., 2001). Worldwide, races 1 and 4 

appear to be the most important in causing disease in B. oleracea crops; therefore future 

breeding programs aiming to achieve durable resistance will need to combine race-specific 

genes that confer resistance to both of these two races (Vicente et al., 2001). According to 

Vicente et al. (2001) among 102 isolates from the United Kingdom 70% belonged to race 1 and 

30% to race 4. Race 1 was also predominant among isolates outside the United Kingdom 

(57%), followed by race 4 (36%). 

Host plant resistance would be an important approach to controlling X. campestris pv. 

campestris, particularly in the economically important B. oleracea vegetable crops. However no 

B. oleracea cultivars with complete resistance to the most common X. campestris pv. 

campestris races 1 and 4 have been reported. Following extensive screening of B. oleracea 

accessions, (Taylor et al., 2002) concluded that resistance to races 1 and 4 was either non-

existent or very rare, whereas resistance to less important races (2, 3 and 6) was frequently 

found (Table 2). The incomplete resistance to X. campestris pv. campestris in B. oleracea 

species continues to be problematic worldwide, highlighting the need to use more effective 

resistance genes from outside species through interspecific crossing. (Griffiths et al., 2009). 
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Table 2 Frequency and distribution of resistance to six races of Xanthomonas campestris pv. Campestris among a 
subset of 701 accessions from a B. oleracea core collection (Taylor, Conway, Roberts, Astley, & Vicente, 2002). 

   Number of accessions with resistance to race or 
races 

 

B. oleraea 
var. 

Common 
name 

No. 
susceptible

a
 

2 6 2 and 6 5 and (2 or 6) 3, 5, and (2 or 6) Total 
tested 

acephala Kale 1 2 0 2 4 1 10 

alboglabra Chinese kale 2 0 0 0 0 0 2 

botrytis Cauliflower 4 3 4 2 1 0 14 

capitata Cabbage 9 2 0 2 1 1 15 

gemmifera Brussels 
sprouts 

6 0 0 0 0 0 6 

gongylodes Kohlrabi 3 1 0 0 0 0 4 

italica Broccoli 9 2 1 1 1 1 15 

tronchuda Tronchuda 
kale 

1 2 0 1 0 0 4 

Total … 35 12 5 8 7 3 70 

a
 number of accessions susceptible to all races

  

 

1.2.5. Xanthomonas campestris pv. campestris resistance in other Brassica spp 

In contrast to B. oleracea, strong resistance to race 4 has been reported to be frequent in B. 

rapa and B. napus, suggesting A genome origin and resistance to both races 1 and 4 has been 

reported to be present in high proportion of B. nigra (B genome), B. juncea (AB genome), B. 

carinata (BC genome), suggesting B genome origin (Taylor et al., 2002). Finally, resistance 

against both races in some accessions of B. rapa have recently been reported (Griffiths et al., 

2009) 

Potential broad spectrum quantitative resistance has also been found at low frequency in some 

accessions of B. rapa, B. nigra and B. carinata (Taylor, Conway, Roberts, Astley, & Vicente, 

2002) and studies on the nature of resistance to race 1 and 4 in B. rapa ssp. pekinensis 

accession B162 have revealed quantitative trait loci (QTL) that condition resistance on three 

linkage groups (A02, A06 and A09) of B. Rapa. Accessions B 162 was resistant with symptoms 

developing in only 2.6% of the inoculation sites and a low mean symptom score of 0.5. 

(Soengas et al., 2007) 

Since resistance to the main X. campestris pv. campestris races (1 and  4) has been has been 

reported in related Brassica species it could be introgressed into B. oleracea through 

interspecific crosses. However complications can arise due to the different chromosome number 

in the parents. These barriers can be overcome with techniques such as embryo rescue and 

protoplast fusion, but complications such as aneuploidy in breeding lines can still occur. The 

introgression of resistance from B. juncea has been successful until Backcross 1 but embryo 

rescue had to be utilized to produce all interspecific hybrid plants and backcross generations, 

suggesting that more backcrosses and embryo rescue are necessary to achieve self-fertilization 

(Tonguç & Griffiths, 2004).  

The introgression of resistance from B. carinata to B. oleracea through protoplast fusion 

(Hansen & Earle, 1995) has proved to be difficult to stabilize in B. oleracea genotype (Tonguç et 

al., 2003). Irregular meiotic behaviour might be present in resistant plants as a result of an 
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unstable chromosome translocation that has reduced the transmission of resistance in self and 

backcross generations. (Tonguç et al., 2003) 

1.2.6. Xanthomonas campestris pv. campestris race specific resistance in 

Brassica rapa 

Accessions previously used in interspecific transfer of resistance to X. campestris pv. 

campestris (Hansen & Earle, 1995) have belonged to the species B. carinata and B. juncea, 

which are B genome crucifers according to the relationships of Brassica species determined by 

U (1935). The barriers to successful transfer from B genome species are challenging and likely 

more difficult than transfer from A genome type as a result of genetic distance to the C genome 

(Song et al., 1988). 

(Griffiths et al., 2009) identified 5 new  accessions resistant to X. campestris pv. Ccampestris 

races 1 and 4 described in table 4, all belonging to B. rapa or subspecies of B. rapa. 

Table 3 B. rapa accessions identified as resistant to X. campestris pv. campestris (Pam.) Dawson (X. campestris pv. 
campestris) races 1 and 4 (Griffiths et al., 2009) 

Accession B. rapa Subspecies X. campestris pv. campestris race 1 X. campestris pv. campestris race 4 

Ames9285 Brassica rapa subsp. dichotoma 1-1-1-1-1 1-1-1-1-1 

PI 173847 Brassica rapa subsp. trilocularis 2-1-2-1-1 1-1-1-1-1 

PI 340208 Brassica rapa subsp. dichotoma 1-1-1-1-1 1-1-1-1-1 

PI 597831 Brassica rapa subsp. oleifera 1-1-1-1-1 1-1-1-1-1 

PI 633154 Brassica rapa 2-1-1-1-1 1-1-1-1-1 

 

B. oleracea and B. rapa are phylogenetically closer to each other than either is to B. nigra. B. 

nigra originated from one evolutionary pathway with Sinapis arvensis or a close relative as the 

likely progenitor, whereas B. rapa and B. oleracea came from another pathway with a possible 

common ancestor in wild B. oleracea or a closely related nine chromosome species (Song, 

Osborn, & Williams, 1988). 

1.2.7. Interspecific compatibility between B. rapa and B. oleracea and Self 

compatibility in Brassica rapa 

Sexual crosses between B. Rapa and B. oleracea have very low rates of success, but were 

more successful where B. rapa was the female parent in the cross (FitzJohn et al., 2007). 

However, B. napus is a young allopolyploid species that was formed by repeated interspecific 

hybridization and genome doubling between B. oleracea (CC, 2n=18) and B. rapa (AA, 2n=20) 

(Figure 2) and B. oleracea has been suggested as the cytoplasmic donor in the evolution of B. 

napus. (Erickson et al., 1983). 
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Figure 2 U Triangle 

 

In bibliography, natural allotetraploid B. napus has been reported to be produced from its diploid 

progenitor species (B. oleracea and B. rapa) by sexual interspecific hybridization at least 5 

times in the direction B. rapa x B. oleracea and 8 times in the reciprocal. There is only one 

reported successful reciprocal backcross (Warwick et al., 2009). 

Genetics of interspecific compatibility has been seldom studied. Interspecific incompatibility is 

analogous to self incompatibility in its biological significance, that is to avoid undesirable 

fertilization, and pollen tube behaviours are similar between interspecific and self incompatibility 

(Udagawa et al., 2010). Self-incompatible species that reject self-pollen on the stigma surface 

also inhibit pollen germination or pollen tube growth of different species on the stigma and those 

rejecting self-pollen in the style also inhibit growth of pollen tubes of different species in the style 

(Hiscock & Dickinson, 1993) 

B. rapa self incompatibility is controlled by a single highly polymorphic  locus, the S locus, which 

contains three polymorphic genes: SRK (S-receptor Kinase) (Takasaki, Hatakeyama, Suzuki, 

Watanabe, Isogai, & Hinata, 2000), SP11 (S-locus protein 11) / SCR (S-locus cysteine-rich 

protein) (Takayama, Shiba, Iwano, Shimosato, Che, & Kai, 2000) and SLG (S-locus 

glycopotrein) (Nasrallah et al., 1987). The recognition specificity is governed by SRK in stigmas 

and SP11/SCR in pollen (Takayama et al., 2000). 

The function of SLG remains controversial (Takasaki, Hatakeyama, Suzuki, Watanabe, Isogai, 

& Hinata, 2000). During self pollination, binding of  SCR to the extracellular domain of SRK 

activates the kinase domain, triggering a signalling cascade leading to the inhibition of self-

pollen hydratation and germination. ARC (arm repeat containing 1) and MLPK (M-locus protein 

kinase) (Murase, et al., 2004) (Kakita, et al., 2007) have been identified as additional 

components involved in the signalling cascade. 

Brassicaceae species have a incompatibility system in which rejection of both self-pollen and 

pollen of different species occurs on stigma surface, and both self-incompatibility and 

interspecific incompatibility can be overcome by bud pollination (Udagawa et al., 2010). Bud 

pollinations are a popular and relatively simple way to produce selfed progeny in species that 

are otherwise self-incompatible (Hiscock & Dickinson, 1993). Empirically, it is well known that 
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self-incompatibility can be overcome by pollinating immature flower buds, perhaps because the 

self-incompatibility machinery has not yet been synthesized (Cabin et al., 1996).  

Pollen tube behaviour after interspecific pollination of B. rapa x B. oleracea is quite similar to 

that after self pollination in these species  and the stigmas of a self-compatible cultivar ‘Yellow 

Sarson’ of B. rapa which has a non-functional SRK  and MLPK alleles are compatible with B. 

oleracea pollen (Udagawa et al., 2010).  

However, QTL analysis with an F2 population between this cultivar and an interspecific and self 

incompatible line has revealed that the interspecific compatibility locus is not linked to either the 

S or the M loci, indicating that both SRK and MLPK are not involved in interspecific 

incompatibility (Udagawa et al., 2010). QTL analysis using another F2 population derived from 

selected parents having the highest and the lowest levels of interspecific incompatibility 

revealed five QTLs with high LOD scores, with the major QTL explaining 32.3% of the 

phenotypic variance in linkage group A (Udagawa et al., 2010). 

Several interspecific pairs of S haplotypes having highly similar SRK and SP11/SCR sequences 

between B. oleracea and B. rapa have been identified as well as commonalty of the recognition 

specificity of S haplotypes (Kimura et al., 2002), (Sato, et al., 2002), (Sato et al., 2003).  

1.2.8. Homeologous Recombination and Introgression 

It is important to note that B. oleracea plants comprising a monogenic dominant resistance to 

clubroot disease introgressed from B. rapa have already been bred, which means that it is 

practically possible to introgress traits from B. rapa into B. oleracea. (Linders et al., 2005) 

Resynthesized B. napus accumulates homeologous rearrangements and losses throughout 

generations (Gaeta & Pires, 2010), from as early as the first generation (Szadkowski et al., 

2009). Studies in B. rapa x B. oleracea F1 interspecific hybrids and corresponding 

resynthesized amphidiploids, have shown that extensive chromosome changes, commonly 

described as translocations or rearrangements, are the result of meiotic cross-overs between 

non-homologous chromosomes. (Szadkowski et al., 2011). The cross overs in the meiosis of 

the F1 hybrid are most commonly allosyndesis (between homeologous chromosomes) but 

autosyndesis (between pairs of A chromosomes or pairs of C chromosomes) were nonetheless 

detected (Szadkowski et al., 2011). 

Homeologous exchanges occur more frequently during meiosis of the allohaploid F1 hybrids 

than in the corresponding amphidiploids produced through colchicine-doubled resynthesized 

plants (Szadkowski et al., 2011). The much higher frequency of A-C associations in the F1 than 

in the allotetraploid resynthesized plants is expected because the competition for cross over 

formation between homologous and non-homologous chromosomes does not occur in haploid 

plants (Szadkowski et al., 2011).  

According to (Mason et al., 2010), allosyndesis was observed most frequently as A-C genome 

associations and less frequently as A-B genome associations and B-C genome associations. 

The allocation of cross-overs between non-homologous chromosomes follows essentially the 

same rules as the distribution of homologous cross overs (Nicolas et al., 2012). 
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2. Material and Methods 

2.1. Plant material 

A collection of 137 B. rapa accessions from Rijk Zwaan core collections encompassing a wide 

range of morphological types and geographical origins was used in this study and planted in the 

field for evaluation of leaf and seed pod traits. (Figure 3)  

The 137 accessions from core collection are accessions with different origins, included in the 

core collection to reflect the diversity of all B. rapa morphotypes and subgroups/subspecies or 

because of putative interesting levels of disease resistance. The accessions are present in the 

Table 4 with the respective country of origin and morphotype. 

Table 4 Description of the 137 accessions of B. rapa studied: plot number (Plot No.), county of origin (Origin) and 

morphoype (Type). 

Plot No. Origin Type Plot No. Origin Type 

1 Cultivar Chinese  Cabbage 31 India Oil Type 

2 Cultivar Fodder Turnip 32 Pakistan Oil Type 

3 Cultivar Fodder Turnip 33 India Oil Type 

4 Cultivar Fodder Turnip 34 Pakistan Oil Type 

5 Cultivar Fodder Turnip 35 Tunisia Oil Type 

6 Cultivar Chinese Cabbage 36 Tanzania Oil Type 

7 Cultivar Vegetable Turnip 37 India Oil Type 

8 Cultivar Vegetable Turnip 38 Nepal Oil Type 

9 Cultivar Vegetable Turnip 39 China Oil Type 

10 Cultivar Vegetable Turnip 40 China Oil Type 

11 Cultivar Vegetable Turnip 41 Russia Vegetable Turnip 

12 Cultivar Vegetable Turnip 42 Russia Vegetable Turnip 

13 Cultivar Fodder Turnip 43 Russia Vegetable Turnip 

14 Cultivar Fodder Turnip 44 Russia Vegetable Turnip 

15 Cultivar Fodder Turnip 45 Ukraine Vegetable Turnip 

16 Cultivar Fodder Turnip 46 Netherlands Vegetable Turnip 

17 Pakistan Oil Type 47 Spain Vegetable Turnip 

18 India Oil Type 48 Spain Vegetable Turnip 

19 India Oil Type 49 Spain Vegetable Turnip 

20 Egypt Oil Type 50 Spain Vegetable Turnip 

21 India Oil Type 51 Spain Vegetable Turnip 

22 Cultivar Fodder Turnip 52 Japan Neep Green 

23 China Oil Type 53 Japan Neep Green 

24 China Oil Type 54 China Pak Choi 

25 Finland Oil Type 55 Japan Neep Green 

26 Argentina Oil Type 56 Japan Neep Green 

27 China Oil Type 57 Japan Neep Green 

28 India Oil Type 58 China Oil Type 

29 India Oil Type 59 China Chinese  Cabbage 

30 Nepal Oil Type 60 Japan Pak Choi 
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Plot No. Origin Type Plot No. Origin Type 

61 Japan Pak Choi 100 China Chinese  Cabbage 

62 Japan Neep Green 101 Japan Chinese  Cabbage 

63 China Unknown 102 China Chinese  Cabbage 

64 Russia Pak Choi 103 Japan Chinese  Cabbage 

65 China Pak Choi 104 Korea Chinese  Cabbage 

66 Japan Pak Choi 105 Japan Chinese  Cabbage 

67 China Pak Choi 106 Japan Chinese  Cabbage 

68 Japan Pak Choi 107 China Chinese  Cabbage 

69 Japan Pak Choi 108 Japan Chinese  Cabbage 

70 Japan Neep Green 109 China Chinese  Cabbage 

71 China Pak Choi 110 Japan Chinese  Cabbage 

72 China Pak Choi 111 Netherlands Chinese  Cabbage 

73 China Pak Choi 112 Japan Chinese  Cabbage 

74 China Pak Choi 113 Japan Chinese  Cabbage 

75 Japan Chinese  Cabbage 114 Japan Chinese  Cabbage 

76 China Chinese  Cabbage 115 China Chinese  Cabbage 

77 China Chinese  Cabbage 116 Canada Chinese  Cabbage 

78 Japan Chinese  Cabbage 117 Kazakhstan Chinese  Cabbage 

79 China Chinese  Cabbage 118 Sweden Unknown 

80 China Pak Choi 119 India Oil Type 

81 China Pak Choi 120 Pakistan Oil Type 

82 Japan Neep Green 121 Italy Oil Type 

83 Japan Neep Green 122 India Oil Type 

84 Japan Neep Green 123 Nepal Oil Type 

85 Japan Neep Green 124 Pakistan Oil Type 

86 Japan Chinese  Cabbage 125 Peru Oil Type 

87 Japan Chinese  Cabbage 126 Spain Oil Type 

88 Kazakhstan Chinese  Cabbage 127 Nepal Oil Type 

89 China Chinese  Cabbage 128 China Oil Type 

90 China Chinese  Cabbage 129 Butan Oil Type 

91 Japan Chinese  Cabbage 130 Ukraine Vegetable Turnip 

92 Kirgyzstan Chinese  Cabbage 131 Italy Unknown 

93 Japan Chinese  Cabbage 132 Indonesia Unknown 

94 China Chinese  Cabbage 133 Japan Unknown 

95 Japan Chinese  Cabbage 134 Japan Unknown 

96 Korea Chinese  Cabbage 135 Japan Unknown 

97 Japan Chinese  Cabbage 136 Unknown Unknown 

98 Korea Chinese  Cabbage 137 India Unknown 

99 Korea Chinese  Cabbage    
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The collection was planted and grown in the field of the Rijk Zwaan Breeding Station in Fijnaart, 

The Netherlands (Latitude: 51.633, Longitude: 4.467). The plantlets were sown in plugs on June 

20th (week 25) in the greenhouse and 16 plants per accession were transplanted to the field on 

July 17th (week 29), with a plant spacing of 50 x 30 cm. 

 

Figure 3 Experimental Field with the 137 B. Rapa accessions planted for evaluation of leaf and seed pod traits. 
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2.2. Morphological Analysis 

In total 14 morphological traits were measured (Table 4 and Figure 4).  

Table 5 Traits Measured  for Morphological analysis 

Trait 
type 

Trait 
Code 

Trait Name Trait Description Reference 

Flower
ing 
  

DFl Days to 
Flowering 

Days from sowing to opening of the first flower Li, 2009 

FS Fuit set Self Compatibility test Kelly, 2006 

 Leaf 
  
  
  
  
  
  

LL Leaf length Length from the base of the petiole to the tip of the 
lamina 

Zhao, 2010 

LaL Lamina 
length 

Length from the bottom to the tip of the lamina Zhao, 2010 

LaW Lamina width Lamina width at the widest point Li, 2009 

LA Leaf Area Area of the full leaf surface Zhao, 2010 

LH Leaf 
Hairiness 

0: no trichomes; 1: few trichomes; 2: many 
trichomes;  

Zhao, 2010 

LES Leaf Lobes 1=entire, 2=slightly serrated, 3=moderately 
serrated, 4=fully serrated 

EU project 
RESGEN 

LC Leaf Color Red Green Blue 2007 

LPL Leaf Petiole 
length 

Length from the base of the petiole to the bottom 
of the lamina 

Zhao, 2010 

 Siliqu
e 
  
  

SL Silique length Distance from the silique base to the base of the 
beak 

Zhao, 2010 

BL Beak length Distance from the end of the silique to the tip Zhao, 2010 

ST Silique width Width at the lengthwise midpoint of the silique Zhao, 2010 

SPL 
Petiole length 
silique Distance from the silique stem to the silique base Zhao, 2010 

For the analysis of the leaf traits pictures were made from fully developed leaves (around 10 

leaves per accession) in weeks 30 and 31. However the leaves had not reached their maximum 

size at the date. Flowering time was scored as the total number of days from sowing to the first 

flower that opened. For the accessions that had flowered pictures were also made of mature 

seed pods in week 44. Photographs were analyzed using image analysis software. In Figure 3 

is represented a scheme of the leaf and silique measurements. 

 

 

 

 
 
  

Figure 4 Scheme of the leaf and silique measurements 
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The pictures were taken under controlled light with a Nikon D7000 device and NKRemote 

software with a black background. Prior processing, the pictures were cropped to eliminate 

empty space and compressed to either 25 or 50% of their original size using the software 

FSResizer (http://www.faststone.org/). Compression and cropping are done in order to reduce 

the time needed for the analysis.  

After cropping the pictures were processed with the software PhotoFiltre to define the division 

between leaf lamina and petiole and then were loaded into CellProfiler for analysis (Figure 5). 

CellProfiler is open-source and available for free download at http://www.cellprofiler.org/. 

CellProfiler pipelines are developed at Rijk Zwaan for the purpose of this project. The dimension 

unit is expressed in pixels after picture processing but converted in centimetres for statistical 

analysis. The output data for leaf colour is expressed in 3 variables representing the absolute 

amount of red-green-blue in the picture (scored from 0 to 255).  

 

Figure 5 Pictures from the image analysis. A, Leaf Image Analysis; B, Silique Image Analysis 

 

2.3. Interspecific Crosses 

From the accessions that were flowering in the field three plants were potted and transferred to 

the greenhouse. In an earlier stage, 40 direct and 40 reciprocal crosses were performed 

between each one of a subset of 56 accessions and RZ spring cauliflower tester lines. This set 

of crosses was performed only by pollen transference without emasculating the flower buds. 

Anyway later a set of crosses was done with emasculated flower buds, both direct and 

reciprocal. Twenty direct crosses between84 B. Rapa accessions and RZ spring cauliflower 

tester lines were made.  

These 84 accessions include the subset of 56 accessions already previously crossed and 

correspond to all the accessions that flowered during the experimental time available for this 

project. Reciprocal crosses were performed in a subset of 56 accessions trying to represent all 

the morphotypes present in the set of 84 accessions and included some X. Campestris pv. 

campestris resistant accessions described in the literature. 

The crossings were performed with immature flower buds and non-hand pollinated flowers were 

removed at the peduncle. It is well known that self-incompatibility can be overcome by 

A B 
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pollinating immature flower buds, perhaps because the self-incompatibility machinery has not 

yet been synthesized (Cabin et al., 1996). 

2.4. Self Compatibility Scoring 

For self compatibility scoring 10 open flowers of 3 plants per flowering accession were self-

pollinated by hand. The self-pollinations were performed with emasculated flowers and non-

hand pollinated flowers were removed at the peduncle. The self compatibility was then scored 

based on the number of seeds set per pollination as follows according to a scale previously 

used to score self compatibility at Rijk Zwaan (Table 5). 

Table 6 Self compatibility scoring with seed set 

Seeds/Cross Scoring 

0-0.3 Self Incompatible 
0.3-1 Moderate Self Incompatible 

1-2 Moderate Self Compatible 
> 2 Self Compatible 

To check the pollen tube growth in the microscope, pollination tests were performed in two 

flowers for each plant and repeated in three plants per flowering accession. After anthesis, the 

stigmas were covered with a layer of pollen grains, and the pollinated flowers were kept for 2 

days. Pollen tube growth in the stigma were observed under a UV fluorescence microscope 

after staining. For this purpose the pistils were placed in water bath at 60 °C with a NaOH 1N 

solution during 30 minutes and after at least one hour in the staining Aniline blue solution (17,3 

g K3PO4 . H2O) at room temperature. 

The level of self-incompatibility observed in the microscope was scored as presented in Table 6.  

Table 7 Self compatibility scoring under UV fluorescence microscope after staining with Aniline blue solution. 

Score Description 

Self Incompatible no pollen tube penetrating a papilla cell 
ModerateSelf 
Incompatible 

less than 5 pollen tubes penetrating papilla cells 

Moderate Self Compatible more than 6 and less than 20 pollen tubes penetrating papilla 
cells 

Self Compatible 20 or more pollen tubes penetrating papilla cells 

 

2.5. Disease Test Assessment 

Resistance to the X. campestris pv. campestris races, 1 and 4, was screened in two individual 

trials. The race 1 test was sown on September 4th and the race 4 on October 1st. Three isolates 

from different locations and from each race were used.  

The tests are sown in sowing substrate (Klasmann ® substrate 4) and the plants are raised at 

18/15 °C day/night with additional light, when necessary, from 6.00 to 18.00. When the first true 

leaf is visible, in general between 14-21 days after sowing depending on the its development, 

the plants are potted with potting peat substrate (Klasmann ® substrate 4) in 8 cm Jiffy pots. 

Plant protection was only done if it is necessary and the treatment does not influence X. 

campestris pv. campestris development.  
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Two or three days before inoculation fresh colonies were sub cultured in YDC media in a 300 ml 

erlenmeyer flask (3 bottles each isolate) and incubated at 28 °C.  

The inoculation was performed by pulverization at 2-3 leaf stage, in general about 4 weeks after 

sowing depending on its development. All Erlenmeyer flasks are washed with 25 ml tap water 

each. The suspensions from all the isolates are mixed together and diluted 1:10; 1:100; 1:1000 

and the bacteria concentration is determined. The plants are inoculated with a mixture of three 

isolates of 1x108 cfu/ml+ 0,5 ml/l Tween.  

Three single plant assessments were performed 14, 21 and 28 days after inoculation 

respectively, and the selection of the interesting plants was done in the last.The disease 

symptoms were scored according to the disease symptoms described in Table 7. 

Table 8 Disease symptoms Score in the disease screening of B. Rapa core collection with X. campestris pv. 
campestris races 1 and 4. 

Score Symptom Description 

1 Plant without symptoms  
2l Only necrotic spots on leafs, no systemic infection 
2 First small lesions at leaf margins of  plants 
3 Typical V-shaped lesions up to 25 % infested leaf surface 
5 Up to 50 % infested leaf surface 
7 Up to 75 % infested leaf surface 
9 Plants dead caused by Xcampestris pv. campestris (but not rotten by other reasons) 

 

2.6. Chromosome counting 

Since the morphotype of some accessions used was not well described and for some of them 

was not even clear if they were B. rapa. As, after the disease screenings, the two most resistant 

accessions were not well describe an experiment was set up to count the number of 

chromosomes in order to confirm if they were B. rapa. 

Seeds from theseaccessions were sown on wet filter paper in a petri dish and germinated. After 

the germination the very young root tips, with high rates of mitotic division, were used to count 

the number of chromosomes during mitosis. The procedure involved several steps, namely 

fixation, rinse, enzymatic digestion, spread preparation and the chromosome counting at the 

microscope. 

2.6.1. Fixation 

The root tips of germinated seeds are transferred into 0.002 M 8-Hydroxyquinoline solution an 

incubated for at least 2,5 hours at 17 °C and then fixed with Carnoy-fixation solution 

(EtOH:Hac=3:1) for at least 24 hours. After that the root tips were rinsed 3 times during 5 

minutes with MQ water and then washed with 10mM Citrate buffer during 5 minutes, seeming to 

work better if longer. 

2.6.2. Enzyme Stock Preparation 

An enzyme stock was prepared in advance (1% cellulose, 1% cytohelicase, pectolyase 1%), 

aliquoted, 200 ul into 1.5 mL microcentrifuge tubes and stored at -20 ° C. 
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2.6.3. Enzymatic digestion 

The 600 uL enzyme stock is diluted in 6 mL 10mM Citrate buffer. The rinsed root tips were 

transferred into dishes containing the enzyme mixture and then it was verified if they were fully 

immersed (with a binocular microscope). The dishes were then incubated at 37 ° C in a sealed 

box with moist filter paper. Usually 1.5 hours is sufficient but after 1 hour of incubation is 

checked if the back of the root easily detaches. The enzyme mix with Citrate buffer is 

exchanged and transfer to ice. 

2.6.4. Spread Preparations 

The heating plate was set to 55 ° C. A slide was removed from EtOH with tweezers and dried 

with a lint-free tissue. A drop of 45% acetic acid was placed on top of the slide so that 

immediately after withdrawal of the enzyme mix there was direct contact with the acid. With the 

help of a spatula it was ensured that the upper portion of the root tip was located at the centre of 

the object slide. With a piece of filter paper the excess liquid was removed ensuring the plant 

tissue does not dry out. 

The root tissue was disrupted in the drop of 45% acetic acid with a needle and then the slide 

was placed on the heating plate for 3 minutes. The drop of acetic acid on the hotplate must not 

dry out, so more 45% acetic acid was added if needed. Finally the slide was rinsed with Carnoy 

preparation and dried. 

After the spread preparations the slides were visualized with a microscope in order to identify 

cells in metaphase where it is possible to count the number of chromosomes. The slides where 

dividing cells were identified cells were coloured with DAPI (4', 6-diamidino-2-phenylindole) in 

order better visualize them at the microscope. 

2.7. Statistical Anlyses 

2.7.1. Principal Component Analysis 

Principal component analysis was performed to visualize the contribution of the different traits to 

the phenotypic variation. This analysis was performed with the help of the software GeneMaths 

XT ®. Two Principal component analyses were run: one only with leaf measurements including 

all the 137 accessions and other with leaf and seedpod measurements only in the accessions 

that have flowered during the experimental time of the internship period. Specifically, the turnips 

were left out of because no seed pod and flowering data were available.. Biplots were used as a 

tool to visualize the variability of traits and their correlation as well as their space in relation to 

groupings of accessions. 

2.7.2. Regression Analysis 

In order to check if there was influence of the seedpod dimensions in the seed set a regression 

analysis was performed between the seed set of interspecific crosses and self pollination seed 

pod length and seed pod width. 

Yi = β0+ β1Xi+ εi 

Where Yi is the seed set, either from the crosses or from the selfings and Xi is either the seed 

pod length or the seed pod width. β0 is the interception, β1 is the slope and εi is the random term 

error. All the analysis was conducted in GenSat ® version 15th. 
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2.7.3. Generalized linear model 

The effect of  morphotype on the seed set of interspecific crosses and self pollination was 

investigated. Since the data were counts and did not follow a normal distribution  a generalized 

linear model assuming a Poisson distribution and a Logit Link function was fit. 

Logit Yij=µ+αi+ +εi 

Where Yij is the Number of seeds set, µ is the grand mean, αi is B.rapa type and εi is the 

random term error. All the analysis was also conducted in GenSat ® version 15th. 

2.7.4. Anova 

In order to check if there was effect of the X. campestris pv. campestris race and the B. rapa 

type in the resistance level it was performed one “Two Ways Anova” with interaction X. Race 

and B. rapa type as factors. 

Yij=µ+αi+βj+αiβj+εij  

Where Yij is the Score, µ is the grand mean, αi for X. campestris pv. campestris race i, βj is the 

B. rapa type j,  αiβj  is the interaction between X. campestris pv. campestris race and B. rapa 

type and  εij the random term error. Least Significance differences were calculated to compare 

the differences of the means between the two races (1 and 4) and the B. rapa types. All the 

analysis was also conducted in GenSat ® version 15th. 
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3. Results and Discussion 

3.1. Morphological Analysis 

In figure 6 it is presented some seedlings observed in different B. Rapa morphotypes. Great 

differences were observed in the morphology of different morphotypes. 

 

   

  

 

 

 

 
Figure 6 Seedlings of different B. rapa mophotypes. A, Neep Green (Mizuna); B, Pak Choi; C, Oil Type; D, Turnip; E, 

Chinese Cabbage. 

In Figure 7 it is presented the PCA plot and in Figure 8 the explanatory traits 
 

 

Figure 7 PCA diagram showing the phenotypic 

variation with the leaf traits with the principal 
components 1 and 2. 

 

 

 

 

 

 

 

 

 

 

 

Figure 8 Explanatory variables plot showi and the 

contribution of leaf  traits with the principal 
components 1 and 2. 
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In the first PCA plot (Graphs 1 and 2) the first dimension explains 33.6% and the second 

dimension explains 22.2% of the variation. The oil types are in general in the upper left quadrant 

with all the leaf colours as explanatory variable: Red, Green and Blue. The Chinese cabbage is 

in the upper right side of the plot, together with hairiness all the leaf measurements are 

important explanatory variables: leaf area, leaf length, leaf lamina, leaf lamina length. The Pak 

Choi are in the lower left quadrant with petiole length as explanatory variable. The vegetable 

turnips are mainly in the lower right quadrant with flowering week as explanatory variable. 

Fodder turnips are in the upper left quadrant, close to the centre, with the leaf lobes level as 

explanatory variable. Neep Greens don’t form a clear group. 

In Figure 9 it is presented the PCA plot and in Figure 10 the explanatory traits 

  

Figure 9 PCA diagram showing the phenotypic 

variation with the leaf and seed pod traits with the 
principal components 1 and 2 

 

 

 

 

 

 

 

 

 

 

 

Figure 10 Explanatory variables plot show and the 

contribution of leaf and seed traits with principal 
components 1 and 2 

In the second PCA (Graphs 2 and 3), with leaf and seed pod traits the first dimension explains 

33.9% and the second dimension explains 19.5% of the variation. It is clear that the Oil types 

are in the left and the Chinese Cabbage in the right. Oil type are mainly in the upper left 

quadrant with the leaf lobes level as main explanatory variable and the Chinese Cabbage are 

mainly in right upper part with the leaf parameters as main explanatory variables. Pak Choi do 

not form a clear group but tend to be in the bottom, with the petiole parameters as main 

explanatory variables. 

Even though the second plot has less noise than the first, as we can see that silique 

measurements didn’t improve the explanation of the grouping. It is important to note that the 

number of accessions including silique measurements is smaller than the sample only with the 

leaf measurements. Since adding variables generally improve the grouping, it is likely that the 

size of the sample is the reason why adding the silique measurements didn’t improve the 

explanation of the model. 

3.2. Interspecific Crosses 

In Figure 11 is presented the frequencies of the number of seeds per cross.  
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Both direct and reciprocal crosses were made. However B. rapa seed setting and ripening is 

quicker than B. oleracea so that the reciprocal crosses (B. oleracea as mother) did not ripen 

during the experimental time and only the results for the direct crosses (B. rapa as mother) were 

available. 

 

Figure 11 Frequencies of Seeds/Cross. 

We can see through Graph 5 that around 55% of the accessions did not set any seed, 35 % 

between 0 and 0.5 seeds per cross and only 10% between 0.3 and 2.5. 

In Table 8 are presented the accessions that set more thant 0.3 seeds per cross.  

Table 9 Accessions that set more than 0.3 Seeds per Cross 

Plot No. Type No. Seeds/Cross 

59 Chinese Cabbage 0.3 

75 Chinese Cabbage 0.3 

97 Chinese Cabbage 0.3 

106 Chinese Cabbage 0.3 

137 Oil type 0.5 

38 Oil type 0.7 

20 Oil type 0.9 

58 Oil type 1.2 

135 Unknown 1.7 

17 Oil type 2.0 

74 Pak Choi 2.5 

 

The number of seeds set could be dependent on the potential seed set that could be enhanced 

by the size of the seed pods. Therefore the relationship between the seed set and the seedpod 

size was investigated (Table 8). 
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After performing linear regression to find out if morphotype had an influence on the seed set of 

the interspecific crosses, no significant effects were found at 5% significance level. 

3.3. Self Compatibility Scoring 

Since the number of seeds set is dependent on the potential seed set that could be enhanced 

by the size of the seed pods it was checked if there was some relationship between the seed 

set and the seedpod size in order to correct the means.  

After performing a linear regression to find out if the type had an influence in the seed set of the 

selfings, also no significant effects from the type were found at 5% significance level. 

In Figure 12 is presented the frequencies of the number of seeds per selfing. 

 

Figure 12 Frequencies of Seeds/Selfing 

We can see through Graph 6 that nearly 60% of the plants set less than 2 seeds per selfing, 

20% between 2 and 6 and another 20% between 6 and 15. 
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In Table 10 are presented accessions that set more than 0.3 Seeds per Selfing. 

Table 10 Accessions that set more than 0.3 Seeds per Selfing 

Plot No. Type No. Seeds/Selfing 

30 Oil Type 2.2 

114 Chinese Cabbage 2.3 

31 Oil Type 2.3 

28 Oil Type 2.5 

120 Oil Type 2.6 

59 Chinese Cabbage 2.9 

86 Chinese Cabbage 3.0 

23 Unknown 3.1 

94 Chinese Cabbage 3.4 

87 Chinese Cabbage 3.5 

24 Oil Type 4.4 

124 Oil Type 4.6 

102 Chinese Cabbage 4.6 

80 Pak Choi 4.7 

97 Chinese Cabbage 4.9 

35 Oil Type 5.6 

108 Chinese Cabbage 5.7 

111 Chinese Cabbage 5.8 

76 Chinese Cabbage 6.3 

137 Oil Type 6.4 

65 Pak Choi 6.6 

90 Chinese Cabbage 7.2 

17 Oil Type 7.4 

58 Oil Type 7.6 

106 Chinese Cabbage 8.3 

75 Chinese Cabbage 9.8 

19 Oil Type 10.0 

18 Oil Type 10.3 

20 Oil Type 10.4 

74 Pak Choi 10.6 

115 Chinese Cabbage 11.5 

21 Oil Type 13.0 

133 Unknown 14.3 

135 Unknown 14.9 
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In Figures 13 and 14 it is presented the frequency of self compatibility according to self seed 

counting and pollen tube ingrowth scoring at microscope, respectively.

 

Figure 13 Frequency per self compatibility score 

according to self seed counting 

 

Figure 14 Frequency per self compatibility score 

according to pollen tube ingrowth scoring at 
microscope

SI = Self Incompatible 
MSI = Moderate Self Incompatible 
MSC = Moderate Self Compatible 
SC = Self Compatible 
 

After scoring the self on compatibility in 4 levels with respect to seed setting, 40% of the 

accessions flowered were classified as Self Compatible (SC) and 13% as Moderate Self 

Compatible (MSC). 21% were classified as Self Incompatible (SI) and another 22% as Moderate 

Self Incompatible (MSI) (Figure 13). 

When looking at the Self Compatibility scored by pollen tube in growth (Figure 15) it is not in 

agreement with the scoring with the seed set. 33% of the accessions were classified as Self 

Incompatible (SI), 36% as Moderate Self Incompatible (MSI). 23% were classified as Moderate 

Self Compatible (MSC) and only 8% as Self Compatible (SC) (Figure 14).  

20% 21% 

13% 

41% 

0% 

5% 

10% 

15% 

20% 

25% 

30% 

35% 

40% 

45% 

SI MSI MSC SC 

Self Compatibility Seed Counting 

33% 
36% 

23% 

8% 

0% 

5% 

10% 

15% 

20% 

25% 

30% 

35% 

40% 

SI MSI MSC SC 

Self Compatibility Microscope 



 

27 
 

 

Figure 15 Pictures from the Self Incompatibilty Scoring at the microscope. 

This is in contradiction with what is generally reported for B. Rapa in bibliography, where this 

specie is reported self incompatible (Zhao, et al., 2010). Considering the previous reports, self 

compatibility scoring with pollen tube ingrowth is the most reliable. A likely explanation for the 

differences registered in self compatibility scoring with seed setting would be that the pollinated 

flowers were not isolated and it is possible that there is some percentage of cross pollination 

with the neighbour plants. However the scoring scale is an adaption from cauliflower and may 

be that the thresholds of the classes are not suitable for B. Rapa.Since the number of seeds set 

is dependent on the potential seed set that could be enhanced by the size of the seed pods it 

was checked if there was some relationship between the seed set and the seedpod size in order 

to correct the means. However no significant effect was found at 5% significance level. (cf 

Annex) 

It was also checked if the morphotype had some effect in the seed set. Since the data were 

counts and did not follow a Normal distribution it was tried to fit a generalized linear model 

assuming a Poisson distribution and a Logit Link function to check if the morphotype had some 

effect in the seed set of the Crosses. No significant effects were found considering the 

overdispersion of the data.  
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3.4. Disease Tests Assessment 

After performing the disease test the data from the last assessment was analysed. In order to 

better handle the data, disease indexes were calculated per accession. In Figures 16 and 17 

are presented the score distributions of the screenings of B. Rapa core collection with X. 

campestris pv. campestris race 1 and race 4, respectively.  

 

Figure 16 Score distribution of the screening of B. 

Rapa core collection with Xcc Race 1 

 

Figure 17 Score distribution of the screening of B. 

Rapa core collection with Xcc Race 4 

In the screening for resistance against X. campestris pv. campestris race 1 isolates, most of the 

plants  scored more than 5, suggesting a general high level of susceptibility to race 1. 49% of 

the Plants tested scored 9, 30% scored 7 and 11% scored 5. 7% of the plants scored 3 and only 

2% of the plants scored both 1 or 2 (Graph 9). 

Two accessions registered a disease index of 1.3 with the most of the plants scoring 1 and the 

remaining plants scoring 2. Besides these two accessions only disease indexes above 3 were 

registered. However it is important to note that some accessions show segregation with both 

very susceptible and very resistant plants. The accessions reported to be resistant by (Griffiths 

et al., 2009) were susceptible. 

In the screening for resistance against race 4 isolates, most of the plants scored less than 3, 

suggesting some level of resistance. 12% of the plants score 1, 19% scored 2 and more than 

half, 54%, scored 3. 8% of the plants scored 5 and only 4 and 5% of the plants scored, 

respectively, 7 and 9 (Graph 10). 

One accessions registered disease index of 1, with all plants scoring 1. In total 5 accessions 

registered disease index lower than 2. However it is important to note that some accessions 

show segregation with both very susceptible and very resistant plants.. In total 80 accessions 

registered a Disease Index lower than 3. 

Since there was segregation inside the accessions, the averages per se are not a good 

parameter to analyse these data. Most of the accessions are likely open pollinated populations, 

whose heterozygosity can explain the segregation observed.  
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Selection was performed with the resistant plants and not with the accessions with the lowest 

Disease Index. Since 3 assessments were performed, only the plants that scored 1 in all the 3 

assessments were selected. The selected accessions are listed in Tables 10 and 11.  

Table 11 Selected Resistant Accessions in Race 1 Test 

Plot No. Morphotype No. Resistant Plants Total No. Plants % Resistant Plants 

135 Unknown* 18 24 75 

133 Unknown* 4 6 67 

131 Unknown* 3 24 13 

132 Unknown* 1 24 4 

*The Type is not mentioned in the Gene Bank Data from Rijk Zwaan. 

Table 12 Selected Resistant Accessions in Xanthomonas campestris pv. campestris Race 4 Test 

Plot No. Morphotype No. Resistant Plants Total No. Plants % Resistant Plants 

101 Chinese Cabbage 10 24 42 

135 Unknown* 5 15 33 

44 Vegetable Turnip 5 17 29 

59 Chinese Cabbage 1 4 25 

94 Chinese Cabbage 5 21 24 

133 Unknown* 4 17 24 

130 Vegetable Turnip 5 22 23 

78 Chinese Cabbage 5 23 22 

116 Chinese Cabbage 5 24 21 

131 Unknonwn* 4 20 20 

46 Vegetable Turnip 3 22 14 

87 Chinese Cabbage 3 24 13 

82 Neep Green 3 24 13 

110 Chinese Cabbage 3 24 13 

97 Chinese Cabbage 3 24 13 

45 Vegetable Turnip 3 24 13 

79 Chinese Cabbage 2 16 13 

21 Oil Type 2 22 9 

108 Chinese Cabbage 2 22 9 

80 Pak Choi 2 23 9 

76 Chinese Cabbage 2 24 8 

95 Chinese Cabbage 2 24 8 

102 Chinese Cabbage 2 24 8 

*The Type is not mentioned in the Gene Bank Data from Rijk Zwaan. 

The fact that Chinese Cabbage is in the list of the accessions with highest percentage of score 

1 with X. campestris pv. campestris race 4 is in agreement with (Soengas et al., 2007), who 

identified quantitative trait loci for resistance against race 1 and 4 in Chinese Cabbage. Dias, 

Nogueira & Corvo (2010) also identified accessions of Chinese Cabbage resistant to both races.  
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In order to check if there was effect of the X. campestris pv. campestris race and the B. rapa 

morphotype on the resistance level, one Two Ways Anova with interaction Xanthomonas race 

and B. rapa type as factors was performed (Figure 18, cf. Annex). The interaction between the 

two factors was significant at 5% significance level, which means that the effect of the type 

depends on the race and vice versa. 

At Figure 18 is presented the average disease index per X. Campestris pv. campestris race and 

B. rapa morphotype. 

 

*=Unknown 
CC=Chines Cabbage 
FT=Fodder Turnip 
NG=Neep Green 
O=Oil Type 
PC=Pak Choi 
VT=Vegetable Turnip 

Figure 18 Average Disease Index per X. Campestris pv. campestris Race and B. rapa Morphotype. 

The main effects were significant. The effect of race 1 differed significantly from race 4 at 

significance level of 0.05%. It is important to note that all the types register one average disease 

Index superior to 6 for Race 1, meanwhile for Race 4 all the types register one average disease 

index below 4. This either means that the mixture of isolates for race 1 is much more aggressive 

that the mixture of isolates for race 4 or that the level of resistance against X. campestris pv. 

campestris race 4 is higher in A genome, in agreement with Taylor et al. (2002), who suggested 

A gemone as the origin of X. campestris pv. campestris race 4 resistance. The results of Corvo 

& Dias (1997) and Nogueira & Dias (2009) show also that it is more often found resistance to 

isolates of X. campestris pv. campestris race 4 than to isolates of  of X. campestris pv. 

Campestris race 1. 

In Table 12 is presented Fisher's protected least significant difference test to the means per B. 

rapa type and X. campestris pv. campestris race. 
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Table 13 Fisher's protected least significant difference test to the means per B. rapa type and X. campestris pv. 
campestris race. 

Race . Morphotype Mean   

Race 4 Chinese Cabbage 2.709  a 

Race 4 Oil Type 3.007  b 

Race 4 Unknown 3.117  bc 

Race 4 Vegetable Turnip 3.175  bc 

Race 4 Pak Choi 3.331  c 

Race 4 Fodder Turnip 3.84  d 

Race 4 Neep Green 3.85  d 

Race 1 Unknown 6.481  e 

Race 1 Pak Choi 7.041  f 

Race 1 Chinese Cabbage 7.251  f 

Race 1 Fodder Turnip 7.381  fg 

Race 1 Oil Type 7.526  g 

Race 1 Vegetable Turnip 7.569  g 

Race 1 Neep Green 7.714  g 

 

Looking at the effects of interaction between X. campestris pv. campestris Race and B. rapa 

type we can see that race 4 register the lowest disease indexes. Chinese Cabbage shows the 

lowest average Disease Index for Race 4 and the unknown morphotypes for Race 1. Neep 

Greens are the most susceptible morphotype in both Disease tests. 
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3.5. Chromosome Counting 

Two of the most resistant accessions for both races were not well characterized with respect to 

morphotype therefore chromosome counting was performed to confirm that they were indeed B. 

rapa accessions. Even though the accessions differed in leaf edge shape, both came from the 

same origin and are similar in the rest of plant and flower morphology. So the amount of 

chromosomes was counted for only one accession.  

Eventhough it was not clear the exact number, depending on the spreads between 34 and 36 

chromosome were counted (Figure 8), which strongly infers that the accessions are not B. rapa, 

which has 20 chromosomes. With this number of chromosomes it is most likely an allotetraploid 

species, either B. carinata (34 chromosome) or B. juncea (36 chromosomes). Also Nogueira & 

Dias (2009) found two accessions with high level of resistance to X. campestris pv. Campestris 

which were later identified as B. juncea (Dias, personal comunication).This is in agreement with 

(Taylor et al., 2002) who suggested B genome as origin for resistance to Race 1 and 4. 

 

Figure 19 Images from the Chromosome Counting of Accession Q3. 
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4. Conclusion 
In this study the Rijk Zwaan B. rapa Gene Bank core collection was characterized 

morphologically and X. campestris pv. campestris resistance sources were  identified.  

As expected, performing the morphological study we concluded that is possible distinguish 

between morphtoypes through the phenotype. The morphological traits contributed to 

distinguish between the morphotypes as previously reported by Zhao et al. (2010). However, in 

our case only the leaf traits were useful, since the seed pod traits didn’t improve the explanation 

to distinguish the different morphotypes. 

Analysing the results of the interspecific crosses we concluded that success rate of the 

interspecific crosses is very low, with less than half of the crosses setting some seed, as 

previously also reported by FitzJohn et al. (2007). Even though crosses were performed in both 

directions, the later ripening of the reciprocal crosses didn’t allow the analysis of the data during 

the internship experimental period (5 months) to determine in which direction the success rate is 

higher. There is no significant relationship between the seed set and the seed pod length or the 

plant morphotype. 

In the scoring self compatibility through assessment of pollen tube growth at microscope we can 

conclude that the majority of accessions were self incompatible or moderately self incompatible, 

in agreement with the previous reports of Zhao et al. (2010), who consider B. rapa as mainly 

self incompatible. The scoring through the seed set counting doesn’t agree with these results, 

most likely due to cross pollination, since the plants were not isolated. 

Comparison of the disease screening of the B. rapa core collection with two races of X. 

campestris pv. campestris suggest that the mixture of isolates race 1 was much more 

aggressive than mixture of isolates for race 4. In the race 1 screening only 4 accessions had 

plants scoring 1 (resistant) in all the three assessments. In the race 4 test 45 accessions had 

plants scoring 1 in all three assessments, 23 of them with more than 1 plant. These results are 

in agreement with Taylor et al. (2002) who suggested A genome as a source for resistance 

against race 4 of X. campestris pv. campestris. 

Looking at the Disease Indexes, there are also differences between the two screenings. Only 

two accessions registered DI below 2 in the race 1 test whereas 5 accessions registered a DI 

lower than 2 in the test for race 4. 

After counting the chromosomes of one of the resistant non identified accessions, it was 

concluded that it was not B. rapa but an allotetraploid, either B. carinata (BC) or B. juncea (AB), 

since the chromosome were either 34 or 36, both with B genome, what is in agreement with the 

literature, which refers X. campestris pv. campestris resistance for races 1 and 4 is present in 

high proportion in the B genome (Taylor et al. (2002). 

Finally, we can conclude that this work was useful to identify the presence of X. campestris pv. 

campestris resistance in B. rapa. Even though no good resistance to race 1 was identified, at 

least for race 4 it is clear that there are resistances in B. rapa population, as already suggested 

by (Taylor et al., 2002).  Despite the fact that this project involved already a larger number of B. 

rapa accessions, many more can be screened for the presence of X. campestris pv. campestris 

resistance, especially for race 1, whose screening results from this project are not promising. 
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Further work has to be performed to study the nature of the resistance and, once it is identified, 

to introgress it in B. oleracea, where it is not present. It is proved to be possible introgress traits 

from B. rapa to B. oleracea but most likely with the help of embryo rescue techniques, since the 

success rate trough natural sexual crosses is very low (FitzJohn et al., 2007). 
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Annexes 

Model Outputs 

Interspecific Crosses 

Regression analysis 

  
 Response variate:  Seeds_Cross 
 Fitted terms:  Constant, SeedPod_Lenght 
  
  

Summary of analysis 

  
Source d.f. s.s. m.s. v.r. F pr. 
Regression  1  0.02  0.0240  0.13  0.716 
Residual  80  14.41  0.1801     
Total  81  14.43  0.1782     
  
Residual variance exceeds variance of response variate. 
Standard error of observations is estimated to be 0.424. 
  

Message: the following units have large standardized residuals. 
 Unit Response Residual 
 80  1.700  3.69 
 81  2.000  4.32 
 82  2.450  5.41 
  

Message: the following units have high leverage. 
 Unit Response Leverage 
 16  0.000  0.078 
 17  0.000  0.064 
 41  0.000  0.067 
  
  

Estimates of parameters 

  
Parameter estimate s.e. t(80) t pr. 
Constant  0.269  0.270  1.00  0.322 
SeedPod_Lenght  -0.0271  0.0743  -0.37  0.716 
  

Regression analysis 

  
 Response variate:  Seeds_Cross 
 Fitted terms:  Constant, SeedPod_Width 
  

Summary of analysis 

  
Source d.f. s.s. m.s. v.r. F pr. 
Regression  1  0.00  0.0030  0.02  0.898 
Residual  80  14.43  0.1804     
Total  81  14.43  0.1782     
  
Residual variance exceeds variance of response variate. 
Standard error of observations is estimated to be 0.425. 
  



 

 

Message: the following units have large standardized residuals. 
 Unit Response Residual 
 80  1.700  3.66 
 81  2.000  4.39 
 82  2.450  5.40 
  

Message: the following units have high leverage. 
 Unit Response Leverage 
 17  0.000  0.062 
 20  0.000  0.069 
  
  

Estimates of parameters 

  
Parameter estimate s.e. t(80) t pr. 
Constant  0.141  0.245  0.57  0.567 
SeedPod_Width  0.054  0.417  0.13  0.898 
   

Analysis of variance 

  
  
Source d.f. s.s. m.s. v.r. F pr. 
Zhao_Type_reformulated  3  0.6496  0.2165  1.36  0.261 
Residual  71  11.2805  0.1589       
Total  74  11.9301  0.1612       
  

Information summary 

  
Design unbalanced, analysed by GenStat regression 
  
  

Predictions from regression model 
  
Response variate: Seeds_Cross 
  
  Prediction 
 Zhao_Type_reformulated   
 CC 0.0964 
 NG 0.0000 
 O 0.1917 
 PC 0.3696 
  
  
Minimum standard error of difference  0.1013 
Average standard error of difference  0.1777 
Maximum standard error of difference  0.2395 
  

Self Compatibility Scoring 

Regression analysis 

  
 Response variate:  Seeds_Selfing 
 Fitted terms:  Constant, SeedPod_Lenght 
  
  



 

 

Summary of analysis 

  
Source d.f. s.s. m.s. v.r. F pr. 
Regression  1  15.  14.68  1.00  0.320 
Residual  76  1112.  14.63     
Total  77  1127.  14.63     
  
Percentage variance accounted for 0.0 
Standard error of observations is estimated to be 3.83. 
  

Message: the following units have large standardized residuals. 
 Unit Response Residual 
 76  12.97  2.75 
 77  14.33  2.96 
 78  14.93  2.98 
  

Message: the following units have high leverage. 
 Unit Response Leverage 
 27  0.60  0.093 
 54  3.53  0.080 
  
  

Estimates of parameters 

  
Parameter estimate s.e. t(76) t pr. 
Constant  0.66  2.57  0.26  0.797 
SeedPod_Lenght  0.717  0.716  1.00  0.320 
  

Regression analysis 

  
 Response variate:  Seeds_Selfing 
 Fitted terms:  Constant, SeedPod_Width 
  
  

Summary of analysis 

  
Source d.f. s.s. m.s. v.r. F pr. 
Regression  1  14.  14.30  0.98  0.326 
Residual  76  1112.  14.64     
Total  77  1127.  14.63     
  
Residual variance exceeds variance of response variate. 
Standard error of observations is estimated to be 3.83. 
  

Message: the following units have large standardized residuals. 
 Unit Response Residual 
 76  12.97  2.78 
 77  14.33  2.89 
 78  14.93  2.95 
  

Message: the following units have high leverage. 
 Unit Response Leverage 
 27  0.60  0.072 
 41  1.60  0.082 
 59  4.93  0.066 
  



 

 

  

Estimates of parameters 

  
Parameter estimate s.e. t(76) t pr. 
Constant  0.95  2.31  0.41  0.683 
SeedPod_Width  3.95  3.99  0.99  0.326 

 

Xanthomonas Disease Tests 

Analysis of variance 

  
Variate: Score 
  
Source of variation d.f. s.s. m.s. v.r. F pr. 
Race 1  25862.806  25862.806  7358.68 <.001 
Zhao_Type_reformulated 6  409.103  68.184  19.40 <.001 
Race.Zhao_Type_reformulated  
 6  265.298  44.216  12.58 <.001 
Residual 5822  20461.980  3.515     
Total 5835  46999.186       
  

Tables of means 
          
Variate: Score         

          
Grand mean  
5.224  

        

          
Race 1 4       

 7.295 3.084       
 rep.   2965 2871       

         

 Zhao_Type * CC FT NG O PC VT 

  4.771 5.015 5.646 5.819 5.302 5.218 5.405 

  rep.   538 1708 237 420 1528 670 735 

          
Race Zhao_Type * CC FT NG O PC VT 

1  6.481 7.251 7.381 7.714 7.526 7.041 7.569 

  rep.   308 859 118 206 772 338 364 

4  3.117 2.709 3.840 3.850 3.007 3.331 3.175 

  rep.   230 849 119 214 756 332 371 

 

Race.Zhao_Type_reformulated 

  
  Mean   
 4 CC  2.709  a 
 4 O  3.007  b 
 4 *  3.117  bc 



 

 

 4 VT  3.175  bc 
 4 PC  3.331  c 
 4 FT  3.840  d 
4 NG  3.850  d 
 1 *  6.481  e 
 1 PC  7.041  f 
 1 CC  7.251  f 
 1 FT  7.381  fg 
 1 O  7.526  g 
 1 VT  7.569  g 
1 NG  7.714  g 

  



 

 

 


