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Abstract         The objective of  the present research was to find out markers 
linked with multileaflet trait on alfalfa, thus the Bulked Segregant Analysis 
(BSA) method was applied.  
F2 segregating population necessary for study was obtained by self-
pollination of a selected multileaflet individual from the F1 generation. The F2 
plants were grouped according to the expression of the interest trait. Two 
types of bulk DNA was extracted – from three foliated (86 % from the 
individuals) and from multi foliated plants (14% from the individuals). The two 
types of DNA, named B1 and B2, were analyzed with different molecular 
markers. We used 18 RAPD and 64 SSR markers primers both selected as 
results of our research and mentioned in the literature as valuable on 
tetraploid alfalfa maps. From both DNA types, all the mentioned markers 
amplified the same fragments. No molecular markers linked with the interest 
trait was identified. The most recent data suggest that the leaf architecture 
could be a result of some gene overexpression and in this case the 
identification of a gene responsible for this trait it is not possible. 
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Alfalfa, Medicago sativa L. is one of the most 

important fodder plants all over the world due to its 

high biomass production and high nutritional quality. 

Alfalfa contains between 15 to 22% crude protein as 

well as an excellent source of vitamins and minerals. In 

addition, alfalfa’s ability to fix atmospheric nitrogen 

makes it valuable both for crop rotation and for a more 

sustainable and environmentally safe agriculture [10].  

In this study the multileaflet trait was 

investigated because this is of great importance for 

alfalfa yield increasing and to provide a large amount 

of protein. Therefore we tried to identify the genetic 

basis of the mutant phenotype by looking for linkage to 

markers whose physical locations in the genome are 

known, using the Bulked Segregation Analysis (BSA) 

method. 

Bulked Segregation Analysis (BSA) is a 

widely used method for rapidly identifying molecular 

markers linked to a trait of interest. It involves 

genotyping two pools (bulks) of DNA samples from 

individual plants originating from an experimental 

cross. Plants are assigned to one of the two bulks based 

on the trait of interest. The bulks are screened with a 

large number of markers to identify those that 

distinguish the bulks and, by inference, must be 

genetically linked to the trait locus [6]. The success of 

the BSA approach relies on the dramatic reduction in 

the number of marker assays when compared to 

building a genetic map for the purpose of identifying 

markers associated with a phenotype.       

To obtain a segregating population for the trait 

conditioning the interested phenotype a mutant 

multileaflets plant was used. Thus, the mapping 

population consisting of 90 individuals F1 was 

obtained by hybridizing the maternal genitor, line 

72031 / 8 plant with small trileaflet leaves with narrow 

and oval small leaflets and the paternal genitor, line 

73029 / 2 plat with leaves composed predominantly of 

five or four leaflets, rarely trifoliate. This material was 

created, belongs and was made available by INCDA 

Fundulea [1].  

From the F1 generation a plant (F1-M8), 

showing strong multileaflet character, was chosen to 

perform the bulk segregating analysis.  

Of the different types of molecular markers 

that have been developed for Medicago species two 

types were chosen for this study: RAPD (Random 

Amplified polymorphic DNA), which identifies the 

variability of a random amplification being non-

specific and dominant,  and microsatellite markers - 

SSR (Single Sequence Repeat ), which are specific, co-

dominant, suitable for  polymorphism identification, 

with a high reproducibility. These markers were 
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mapped for model plant Medicago truncatula L. [3; 7] 

and tetraploid Medicago sativa L. also [5]. 

 

Material and Methods 
 

Biological material 

The individual F1- M8, emphasizing a strong 

multileaflet character was self-pollinated. The seeds 

were harvested when fully ripe and stored for a week in 

the dark at a temperature of 4°C. After this period the 

seeds were treated by physical methods and then they 

were sterilized and germinated on 1% agar in the dark, at 

19 ºC, After two days the plantlets were transferred to 

soil. During 50 days the morphological observations 

were done, especially regarding the leaflets number. 

Finally the plants were divided into two types – tri and 

multileaflets. The DNA was extracted from 10 plants 

from each category.  

 

DNA extraction 

 The DNA was extracted from 100 mg fresh 

leaves, collected from each plant, after 50 days from 

the soil transfer, using the CTAB method [8]. The 

DNA was resuspended in 50 μl TE solution (Tris-

hidroxy-metil amino-methan 10mM; EDTA 1mM). 

 The bulks were obtained by mixing equal volumes (10 μl) of DNA samples from 10 multileaflet plants – B1 and 10 wild plants – B2. The two DNA bulks were used as templates in the future PCR reactions.  

 

Amplification using  RAPD (random Amplified 

Polymorphic DNA) markers 
Ten nucleotide length primers G03,  B 07,  

G04,  G06,  G10,  G16,  G17,  G18,  G19,  L02,  L03,  

L07,  L12,  L13,  L14,  L17,  M 07,  M10, placed on 

Medicago  truncatula L. genetic map (9) were used. 

The amplification mixture had the following 

composition: 200 ng DNA , primer 5 pmol/ reaction, 

dNTP 200 M, Taq polimerase 0,5 U, MgCl2  2,4 mM, 

Buffer 1x, Sterile water to 20 l 

The amplification conditions were as follows: A.  

Denaturation 94°C  - 3 min, B. 45 cycles  94°C  - 3 min, °C  

- 1,5 min, 72°C - 2 minute, C. DNA synthesis 72°C - 3 min. 

The amplification products were analysed by 2% 

agarose gel electrophoresis and visualised in UV light, in 

ethidium bromide presence. 

 

Amplification using SSR (Single Sequence Repeat) 

markers 

              The microsatelit (SSR) primers identified on 

Medicago truncatula L. map  MtIC 153, MTIC 86, 

MTIC 61, MTIC 51, MTIC 19, MTIC 1, MTIC 43, 

MTIC 59, MTIC 35, MTIC 36, MtB 319, MtB 296, 

MtIC 134, MtB 136, MTIC 36, MtB 196, MtIC 55, 

MtIC 343, MtB 55, MtB 297, MtB 30, MtB 261, MtB 

340, MtB 29, MtB 287, MTIC 185, MtIC 249, MtB 

157(3, 7) were used. 

The microsatelit (SSR) primers identified on 

tetraploid Medicago sativa L. map MAL368684 , 

MAL369471 , MTIC84 , MTIC107 , MTIC233 , 

MTIC247. MTIC258, MTIC 314, MTIC447, B21E13, 

MTIC12, MTIC21, MTIC27, MTIC210, MTIC365, 

MTIC451, MTIC452, MTLEC2A, AI974357, 

MTIC51, MTIC77, MTIC124, MTIC131, MTIC169, 

MTIC189, MTIC237, MTIC272, MTIC338, 

MAW208206, MAA660456, MTIC331, MTIC332, 

B14B03, E318681, MTIC238, MTIC14, MTIC250, 

MTIC183, MTIC273, MTIC432, MTIC 318, 

MTIC103, MTIC135, MTIC185, MTIC248, 

MTIC251(5) were also used. 

The amplification mixture had the following 

composition: 200 ng DNA,  Taq buffer 1x, 0.2 mM 

dNTP, 5 pmol each primer, 1 U Taq polimerase, 2.4 

mM MgCl2, sterile water to 25 µl. 

For the amplification a Touchdown program was 

used, with a range between  65-55
 o
C for the annealing step. 

The amplification products were analysed by 2% agarose 

gel electrophoresis and visualised in UV light, in ethidium 

bromide presence. 

 

Results and Discussions 
  

From the direct crossing of the two parental 

forms 100 offsprings were obtained. In F1 generation 

the multileaflets character was observed in 

approximately 5% of the plant. Due to the segregation 

model of polyploid species, usage of F1 generations is 

not recommended to study a trait using molecular 

markers. Thus F2 generation was developed from one 

F1 multileaflet individual (F1-M8) by self pollination.  

Within 30 days after germination, multileaflet 

trait was not observed in any of the descendants. 

Further on it was emphasized for 14% of the 

descendants: the number of leaflets per each leave 

varied between 4 and 6. From the F2 individuals, 

which were divided into two categories depending on 

the presence or absence of multileaflet trait, the B1 and 

B2 DNA mixture were obtained.  

The first step of the study was to transfer 

molecular markers that were developed for Medicago 

truncatula L., to the parental forms of the mapping 

population, and identify those markers that are 

polymorphic for the individuals that have been studied. 

Based on literature information 18 RAPD markers 

were selected. The transfer of all RAPD markers was 

possible without changing the recommended 

amplification conditions for related diploid species. 

The polymorphism was emphasized for 14 markers and 

for four markers it was not registered: B07, G10, G19, 

L12. 

Further on 74 SSR markers that were 

developed for the Medicago truncatula L. specie were 

analyzed. 28 belong to the genetic map of this specie 

and 46 have been successfully used in tetraploid alfalfa 

genetic mapping. The markers were selected to cover 

each of the eight alfalfa linkage group. 

All of the 28 selected SSR markers were 

transferred to the mapping population, 13 of them were 

polymorphic, 10 were multialelic, and 15 had identical 

molecular fingerprint in both plants (Table 1). 
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Table 1 

Results of SSR markers transfer from Medicago truncatula L. specie to the  

mapping population parental forms  

  monoallelic 

SSR markers 

diallelic SSR markers trialelici SSR  

markers 

 SSR markers   with 

identical molecular 

fingerprint in both cases 

MtIC 1, MtIC 43, MtIC 59, MtIC 36, 

 MtB 319, MtB 136, MtIC 55, MtB 297, 

MtB 340, MtB 287, MtB 55 

MtIC 86, MtIC 19. 

MtIC 35, MtB 343 

  

 SSR markers 

polymorphic 
MtIC 135, MtIC 61, MtIC 14, 

MtB 196, MtB 30, MtB 261, 

MtIC 249 

 MtB 296, MtIC 134, 

MtB 29,  MtIC 185, 

MtB 157 

MtIC 51 

 

          
The 46 markers positioned in each of the 8 tetraploid 

linkage groups were transferable;  

29 were polymorphic, 18 were multialelic and 17 had 

identical molecular fingerprint in both plants (Table 2).

 

 
Table 2 

Results of SSR markers transfer from tetraploid Medicago sativa L. specie to the  

mapping population parental forms 

  monoallelic 

SSR markers 

diallelic SSR 

markers 

Trialelic 

SSR 

markers 

tetralelic 

SSR 

markers 

SSR markers with identical 

molecular fingerprint in both 

cases 

MtIC 103, MtIC 185, MtIC 20, 

MtIC 233, MtIC 248, MtIC 251, 

MtIC 258, MtIC 273, MtIC 338, 

MtIC 365, MtIC 447 

AI 97 557, B21 E13, 

MtIC 12, MtIC 51, 

MtIC 124, MtIC 452 

    

SSR markers 

polymorphic 

MAW 208 206, MAL 369 471,  

B14 B03, MtIC 14, MtIC 27, 

MtIC 64, MtIC 84, MtIC 107, 

MtIC 169, MtIC 189, MtIC 237, 

MtIC 247, MtIC 250, MtIC 314,  

MtIC 332, MtIC 432, MtIC 451 

MT LEC 2A, MAA 

660 456, MAL 368 

684, E 318 681,  

MtIC 77, MtIC 183, 

MtIC 238, 

MtIC 331 

MtIC 135,  

MtIC 272, 

Mt IC 21,   

MtIC 131, 

 
Further on all of the markers were used to 

screen the two bulks, B1 and B2 previously prepared. 

In the first step all of the 18 RAPD markers were 

analyzed. The amplification products were separated 

by 2% agarose gel electrophoresis (Fig 1 and 2).

  

 

 

 

 

 

 

 

 

 

 
Fig. 1 Screening of F2 generation with RAPD molecular markers.: M – molecular weight marker; 

1,2 (B1, B2) – G 03; 3,4 (B1, B2)  –  B 07; 5,6 (B1, B2)  – G 04; 7,8 (B1, B2)  – G 06;  9,10 (B1, B2)– G 10; 

11,12 (B1, B2) – G 16; 13,44 (B1, B2)  –  G 17; 15,16 (B1, B2)  – G 18; 17,18 (B1, B2)– G 19; 
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Fig. 2  Screening of F2 generation with RAPD molecular markers.: M – molecular weight marker; 

 

1,2 (B1, B2)– L 02; 3,4 (B1, B2) – L 03; 5,6 (B1, B2)  – L 07; 7,8 (B1, B2)  – L 12; 9,10 (B1, B2)  – L 13;  

11,12 (B1, B2) – L 14; 13,14 (B1, B2) – L 17; 15,16 (B1, B2)  – M 07; 17,18 (B1, B2)  – M 10; 

 

Analyzing the gels it was pointed out that the 

fingerprints generated by RAPD markers were 

relatively similar for the two bulks, revealing minor 

differences. Although the analyzed plants are 

morphologically different, these couldn’t be detected at 

the molecular level by screening with the selected 

RAPD markers. 

The polymorphism detected in the analysis of 

parental forms with this markers type appear due to 

other morphological differences and not to those 

related to the leaflets number. 

Then 28 SSR markers mapped for diploid 

specie were used for specific amplifications. The 

products analyzed by agarose gel electrophoresis for 

seven markers are shown in the Fig. 3. 

 

 

 

 

 

 

 

 

 
Fig. 3 Screening of F2 generation with Medicago truncatula’s  SSR molecular markers.: M – molecular weight 

marker; 

1,2 (B1, B2)  – Mt B 340; 3,4 (B1, B2)  – Mt B 29;  5,6 (B1, B2)–Mt B 287; 7,8 (B1, B2)– Mt IC 185; 9,10 

(B1, B2) – Mt B 249; 11,12 (B1, B2) – Mt B 157; 13,14 (B1, B2) - Mt B 55. 

 

The DNA fingerprints were identical for all  

28 SSR markers even they emphasized or not 

polymorphism to the parental forms.  

Because the polymorphism was not detected 

when the microsatelites markers from the model plant 

Medicago truncatula L. map were analyzed we were 

looking for an opportunity to extend the research.

  

 

 

 

 

 

 
Fig. 4  Screening of F2 generation with tetraploid Medicago sativa L. SSR molecular markers.:  

M – molecular weight marker; 

1, 2 (B1, B2) - MTIC 210; 3, 4 (B1, B2) – MTIC 233; 5, 6 (B1, B2) - MTIC 237; 7, 8 (B1, B2) - MTIC 238; 9, 10(B1, 

B2) – MAL 369; 11, 12(B1, B2) - MAL 368; 13, 14 (B1, B2) – MAA 660 456; 15, 16 (B1, B2) - MAW 208 206; 17, 18 

(B1, B2) – MT LEC 2A; 19, 20 (B1, B2) – MTIC 21; 21, 22 (B1, B2) - MTIC 14; 23, 24 (B1, B2) -  MTIC 12. 
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Thus, other microsatellite markers from the 

genetic map of tetraploid alfalfa were selected, since 

germplasm analyzed in this study have the same degree 

of polyploidy. It was considered that this is more likely 

to highlight potential difference between the two DNA 

bulks, B1 and B2.  The results for 12 markers from a 

number of 46 are shown in Fig. 4. 

In the second step of analysis the fingerprints generated 

by microsatellites primers selected from tetraploid 

alfalfa were also identical for the two bulks (B1 and 

B2), whether or not the primers showed polymorphism 

in the parental forms. 

In the present study a number of 92 molecular 

markers (RAPD and SSR) were analyzed, from both 

model plant Medicago truncatula L. and tetraploid 

Medicago sativa L. map, but it was not possible to 

identify markers linked to the multileaflet trait which 

could be the basis for marker assisted selection 

processes. Thus, the comparative analysis of the two 

types of DNA, correlated with tri and multileaflet trait 

pointed out that the interested phenotype is not 

necessarily due to a mutation at the gene level, but 

rather to different expression of the genes involved in 

the leaf morphology namely the leaflets number. 

 

Conclusions 

 
The analyses performed in this project did not 

allow identification of markers linked to the 

multileaflet trait. Recent data published in literature 

shows that in the group of vascular plants, class 1 

KNOTTED1 genes (KNOX 1) seems to play a critical 

role in compound leaf development. It seems that 

overexpression of this gene in the specie Medicago  

sativa  L. determine complex leaves compared with the 

wild type (4, 2). The mechanisms which determine the 

gene overexpression are not yet known enough, being 

necessary many studies at the molecular level to find 

out why this gene have lost its function in the 

Medicago sativa species and only induction of the  

gene overexpression leads to complex leaves.  
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