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Abstract A cDNA-AFLP based linkage map of Caixin (Brassica rapa var. parachinensis) was constructed by an F2 population 

with 92 individuals from a cross of the parents of early flowering and late flowering Caixin. The fifteen selective primers generated 

total 229 bands with the average of 15.3 bands per primer 113 bands were polymorphic accounting for 17.5 bands per primer. The 

high banding primer combination was ME1M1 yielding 30 bands while the low banding primer combination was E2M5 only 

yielding 8 bands. The primer combination, E3M1, generated the most polymorphic bands (120), but the E1M4 and E2M5 were the 

least (4). Chi square test (χ2) showed there was significant segregation distortion existing in the population. The linkage map was 

constructed based on cDNA-AFLP data, which consists of 4 linkage groups including 67 loci and spanning 334 cM with an average 

genetic distance of 4.99 cM. 
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Background 
The genetic linkage map is the important basis for 
QTL analysis of plant traits and gene mapping and 
cloning. Choosing the appropriate genetic markers are 
considered as the key in the process of the 
construction of genetic maps. However, the amount of 
traditional morphological genetic markers is very 
limited, and it is easy to be influenced by environment 
changing as well as difficult to use directly. Yet 
molecular markers have significant advantages 
overcoming shortcomings mentioned above and have 
been widely used in the genetic linkage map of 
cabbage (Song et al., 1991; Ajisaka et al., 1995; 
Nozaki, et al., 1997; Matsumoto et al., 1998; Zhang et 
al., 2000; Kim et al., 2006).  

AFLP, as a molecular marker, combined the 
advantages of the RFLP and the RAPD, has a plenty 
of polymorphism, in formativeness and reproducibility. 
So that AFLP was considered as one of an idea tools 
to construct high-density molecular genetic map in 
cabbage (Wang, 2004; Zhang et al., 2005; Sun et al., 

2006; Zhang et al., 2004; Geng et al., 2007). 

cDNA-AFLP derived from the AFLP technology is 
kind of RNA fingerprinting approach, which mole- 
cular polymorphism was generated by the expression 
of gene coding region. Nowadays it became a simple 
and practical new method to construct transcriptome 
map (Brugmans et al., 2002; Pan et al., 2007; Fan et 
al., 2008).  

Caixin (Brassica rapa var. Parachinensis) is a special 
landrace of the flowering cabbage in southern China. 
The edible parts are the flower stalk so that the 
important traits of bolting and initial flowering stage 
are very closely associated with the yield and 
commodity. Although there are many cabbage genetic 
linkage maps to be constructed in the past years, 
cDNA-AFLP based linkage map was not yet to be 
reported in Caixin as a relative of cabbage family. In 
this study a pair of extremely late or early flowering 
Caixin varieties were employed to make a cross to 
generate an F2 population that included 92 individual 
plants applied to construct a cDNA-AFLP based 
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genetic linkage map, the research purposes aimed to 
provide reliable genetic information for mapping and 
cloning of the flowering gene as well as comparative 
genomic research.  

1 Results and Analysis 
1.1 cDNA-AFLP analysis  
Fifteen primer combinations were selected for 
cDNA-AFLP amplification (Figure 1), which gene- 
rated 229 bands in total with a range from 8 to 21 and 
average of 7.5 bands each pair (Table 1). 113 

polymorphic fragments were scored with the average 
bands from 4 to 14 per pair in range, of which the 34 
bands (32%) came from parents. 7 (6.5%) bands from 
the maternal parent, 8 (7.5%) from paternal parent, 
whereas the remaining 64 (54%) bands were not 
associated with any parent. The size of the bands was 
distributed in the range from 100 bp to 500 bp in 
length. The Chi-square (χ2) tests indicated that the 104 
loci were not in line with the expected Mendelian 
segregation ratio (1:2:1), the segregation distortion 
was up to 45.4%.  

 
 
 
 
 
 
 
 
 
 
 
Figure 1 The selective amplification in F2 population by E2M1 primer combination 

 
Table 1 cDNA -AFLP analysis in the F2 population  

Primer combination Polymorphic bands Total bands Primer combination Polymorphic bands Total bands 

E1M1 14 30 E2M2 5 10 

E1M2 9 19 E2M3 5 10 

E1M3 10 21 E2M4 5 11 

E1M4 4 9 E2M5 4 8 

E1M5 6 13 E2M6 8 16 

E1M6 9 19 E2M7 5 11 

E1M7 9 20 E3M1 12 15 

E2M1 8 17 Total 113 229 

Note: Core sequence: E-: GACTGCGTACCAATTC; M-: GATGAGTCCTGAGTA; E: EcoRI ; M: MseI; Selective amplification 
primer sequences for the core sequence were added to the three selective bases: E1-AAC/E2-AAA/E3-ATG /; M1-CAC / M2-CAG / 
M3-CTC / M4-CTG / M5-CCT / M6-CCG / M7-CGA / 

 
1.2 The cDNA-AFLP based linkage map constructed  
Four linkage groups were generated with the LOD 
score 3.0 that contained 67 loci , which span    
334 cM of the genome (Table 2) The linkage group 
(LG)1 contained 33 markers spanning 190 cM; 
while the LG2 even distributed 27 markers spanning 
72.4 cM with mean distance 2.68 overall and the 
maximum distance was 6.80 cM between markers. 

The LG3 span 38.2 cM with 5 markers and LG4 
only included 2 markers (Figure 2). We thought the 
cDNA-AFLP marker trended to a clustering 
distribution in the constructed linkage map that 
need to adopt other types of molecular marker to 
overcome this problem possible caused by the 
separation distortion. The further studies are in 
progress.
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Table 2 The characteristics of genetic linkage map of Caixin 

Linkage 
group 

LG 
Distance  
(cM) 

No. of 
markers 

Mean LG 
Distance 
(cM) 

Max Distance 
between markers 
(cM) 

Min Distance 
between markers 
(cM) 

Polymorphism markers 
(Paternal : Maternal )  

0:0 1:1 1:0 0:1 
LG1 190.0 33 5.78 80.2 0.1 14 15 2 2 

LG2 72.4 27 2.68 6.8 0.2 8 17 2 0 

LG3 38.2 5 7.64 12.4 3.4 0 5 0 0 

LG4 33.4 2 16.70 33.4 － 0 2 0 0 

 334.0 67 4.99 － － 22 32 4 2 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2 The cDNA-AFLP map constructed with 67 loci in F2 population of 92 F2 individuals of Caixin 

 
2 Discussions  
Although AFLP and cDNA-AFLP markers both can 
be used for constructing cabbage molecular genetic 
map at the level of genome and transcriptome, AFLP 
would be much more popular used in practices 
because of its excellent advantages (Vos et al., 1995; 
Yu et al., 2003; Wang et al., 2004; Zhang et al, 2005; 
Sun et al., 2006; Wang et al., 2009; W et al., 2011). 
Due to DNA molecular markers being not a gene, lots 
of markers used to link the agronomic traits to 
construct a precise linkage map. In fact, it was not 
easy making the AFLP markers associated with the 

phenotype, which might be one of the reasons why 
many genetic maps in cabbage were not yet to be in 
practices. Another reason might be insufficient AFLP 
markers distributed on non-coding centromeric regions of 
chromosome (Vuylsteke et al., 1999; zhang et al., 2005). 

There were some examples of cDNA-AFLP markers 
used in construction of transcriptome map in 
Arabidopsis, potato, cabbage, and cotton and so on 
(Brugmans et al., 2002; Trindade et al., 2004; Fan et 
al., 2008; Pan et al., 2007). The advantages of 
cDNA-AFLP transcriptional markers were clear that 
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the polymorphism was generated from functional 
genomic sequence (Brugmans et al., 2002; Trindade et 
al., 2004).  

The segregation distortion is a common genetic 
phenomenon and do not have solid relationship with 
the marker types, although some studies showed that 
AFLP markers had the highest proportion of 
segregation distortion (Ding et al., 2012). In this study, 
104 of 229 markers being segregation distortion were 
found accounting 45.4%the lower than that of reported 
by Zhang et al (2005), Zhang et al (2005) and Zhang 
et al (2008), while higher than that of others such as 
Wang et al (2004), Geng et al (2007), San et al (2009) 
Wang et al (2009) as well as the cDNA-AFLP results 
of cabbage (Fan et al., 2008). 

It has been known that segregation distortion should 
be related to some factors, such as gametogenesis, 
homologous recombination, chromosome behavior, 
transposons and so on. It was not yet to know whether 
the significant segregation distortion was connected to 
the extremely different flowering parent or the smaller 
population size or developmental abnormalities, 
which might be further investigated. 

In view of the genetic map constructed based on 
varieties hybridization that may display the complete 
genetic information about the target traits, this would 
be one of the reason in this study that an F2 population 
was developed in order to maintain the whole 
separated diversity. Due to the limited individuals of 
the population and limited molecular markers used in 
this research, the results in this study could not 
generated linkage groups in coincidence with cabbage 
chromosome number (2n=10 ).  

3 Materials and Methods 
3.1 F2 population developed in this research  
The mapping population derived from a cross between 
extremely early flowering cultivar, GUIZAO and 
extremely late flowering cultivar, GUIWAN, as 
parents to generate the F1 seeds and then self- 
pollinated to develop F2 population that contained 92 
individuals. The parents and F2 populations were 
simultaneously planted and transplanted in the field at 
the three-leaf stage. The initial flowering date was 

recorded as days of bolting while picked young leaves 
to be stored in liquid nitrogen for RNA extraction.  

3.2 cDNA-AFLP analysis 
TRIzol kit (the product of the Life Technologies 
Company) was used to extract RNA from parents and 
F2 individual leaves. SMARTTM PCR cDNA 
Synthesis Kit (the product of the Clontech Company) 
was used to reverse transcript RNA to cDNA. 
cDNA-AFLP connector and primers were synthesized 
by Sangon Biotech (Shanghai) Co., Ltd and their 
sequences showed in Table 1. Chemicals such as 
EDTA, DEPC Acrylamide Bis-adrylamide, urea, 
ammonium persulfate, and TEMED were also 
purchased from Sangon Biotech Company. Taq DNA 
polymerase was purchased from the Invitrogen 
Biotechnology Co., Ltd. AFLP protocol was followed 
up the report used in our lab before (Wei et al., 2011).  

3.3 Data analysis  
ABH method was employed for data processing. 
AFLP maker is a dominant marker, so we assigned 'A' 
to homozygote representing the allele from maternal 
parent, 'B' to homozygote representing the allele from 
paternal parent, while 'H' to heterozygote that carried 
both alleles from parents and '-' representing missing 
data for the individuals at this locus. The name of 
cDNA-AFLP markers was tagged in accordance with 
the size of fragments following the name of primers 
combination. 

3.4 Linkage group construction 
Linkage analysis and map construction was done by 
Joinmap4.0 software with Kosambi's mapping 
function. 
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