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ABSTRACT 

        The population of Thai swamp buffalo is steadily decreasing in Thailand and this 

may result in the loss of genetic diversity in this species in the future. The use of 

marker assisted selection in animal breeding programs can be exploited in the 

conservation of the Thai swamp buffalo. The objectives of this study were to develop 

the Amplified Fragment Length Polymorphism (AFLP) markers that are specific to a 

fertility trait, and to convert the AFLPs to Sequence Characterized Amplified Region 

(SCAR) markers. Primer combinations of EcoRI-ANN and MseI-CNN were used to 

screen two sets of pooled DNA from high and low fertility buffalo classified according 

to calving interval. A total of 6 AFLP markers were identified from the high fertility 

pool whereas the other 13 markers were from the low fertility pool. The AFLP 

polymorphic bands were converted to SCAR primers and tested with individual DNA 

samples. The results showed polymorphisms that were identified from the 

SAFE12M29 SCAR marker with approximately 60% accuracy of phenotype 

prediction. Sequence analysis using BLAST searches showed that the sequence of 

some markers were similar to known genes of reproductive performance such as the 

prostaglandin f2α receptor gene and the follicle stimulating hormone receptor gene. 

The identified AFLPs were tested with individual samples contributing to the pooled 

DNAs and a correlation between the phenotype and the genotype results was found on 

the following markers: AFE14M30 (80%), AFE10M22 (75%), AFE12M25 (70.8%), 

and AFE16M25 (70.8%). The identified SCAR and AFLP markers that showed high 

correlation between genotype and phenotype should be useful tools in a marker 

assisted selection program for high fertility trait of the Thai swamp buffalo. 
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บทคัดยอ 
        ในปจจุบนั จํานวนกระบือปลักในประเทศไทยไดลดลงอยางรวดเร็วซ่ึงอาจสงผลตอการสูญ 
พันธุในอนาคตได ดังนัน้การประยกุตใชเครื่องหมายพันธุกรรมเพือ่ใชในการคัดเลือกสายพันธุจึง
เปนแนวทางหนึ่งในการเพิ่มจํานวนและการอนุรักษกระบือปลักได ในการวจิัยครั้งนี้มีวัตถุประสงค
เพื่อพัฒนาเครือ่งหมายพนัธุกรรม AFLP ที่จําเพาะตอลักษณะความสมบูรณพันธุของกระบือปลัก
และการเปลี่ยนเครื่องหมายพันธุกรรมชนดิ AFLP ไปเปนเครื่องหมายชนิด SCAR โดยไดทําการ 
คัดเลือกและจาํแนกกระบือเพศเมียออกเปนสองกลุมที่มีชวงวนัของการมีลูกแตกตางกัน คือกลุมทีม่ี 
ความสมบูรณพันธุสูงและต่าํ ดีเอ็นเอจากแตละกลุมถูกสกัดและนํามารวมกันเปนตัวแทนของกลุม
เพื่อนํามาใชในการวิเคราะหหาความแตกตางทางพันธกุรรมดวยเทคนิค AFLP โดยใชไพรเมอรเพื่อ
เพิ่มปริมาณ DNA ในกระบวนการพีซีอารจํานวน 256 คู ผลการวิเคราะหพบเครื่องหมายพันธุกรรม
ซ่ึงเปนแถบดีเอ็นเอที่แตกตางกันระหวางตวัอยางกระบือสองกลุมจํานวน 19 เครื่องหมายในจํานวน 
นี้ 6 เครื่องหมายพัฒนาจากกลุมสมบูรณพันธุสูง และ 13 เครื่องหมายจากกลุมสมบูรณพันธุต่ํา 
เครื่องหมายพนัธุกรรมที่พบทั้งหมดถูกเปลี่ยนเปนชนดิ SCAR และพบวาเครื่องหมาย SAFE12M29 
สามารถใหผลจีโนไทพที่สอดคลองกับฟโนไทพไดประมาณรอยละ 60 ของตัวอยางทดสอบ สวน
การวิเคราะหลําดับเบสของแถบดีเอ็นเอ AFLP ในฐานขอมูล พบวามีความคลายคลึงกับยีนที่เกี่ยว 
ของกับระบบสืบพันธุ เชน prostaglandin f2α receptor gene และ follicle stimulating 

hormone gene และเมื่อนาํเครื่องหมายพันธุกรรม AFLP ทั้งหมดมาทดสอบกับตัวอยางทั้ง 24 
ตัวอยางทีใ่ชในการวิเคราะห AFLP เพื่อดูความสัมพันธระหวางฟโนไทพและจีโนไทพ พบวา
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CHAPTER I 

INTRODUCTION 
 

 

1.1  Classification of buffalo 

        There are three types of buffalo in the world; the Africa buffalo (Syncerus caffer), 

the Asiatic water buffalo (Bubalus bubalis), and the Anoa buffalo (Anoa 

depressicornis) (1). The Asiatic water buffalo is divided into two types, the river 

buffalo (2n = 50) and the swamp buffalo (2n = 48). River buffalo are commonly found 

in the Indian subcontinent, the Mediteranean region of Europe, South America and the 

Caribbien. Swamp buffalo are mainly found in Southeast Asia and China (2). Most of 

buffalo found in Thailand are classified as the swamp type, usually dark grey but may 

also be black and having long, gently curved horn (Figure 1). The dark color also 

makes buffalo heat intolerant, that is why they must stay near swamps. 

 

1.2  The Thai swamp buffalo 

        Traditionally, the Thai swamp buffalo were raised by small farm holders for 

multipurpose roles as complementary with their crop production (3). Buffalo are 

native to Thailand and are well-adapted to poor conditions, especially in the 

northeastern part of the country. These animals were used as draught power and were 

called as a royal worker. Thai farmers use them to pull rice-digged instruments for 

preparing land or paddy field to grow rice and as transportation animal. The buffalo 

also provide fertilizer because they produce an abundance of waste that is fertile for 

the crop land. The fertilizer from buffalo is free of toxic chemical residues found in 

commercial fertilizers that are harmful to the ecological system. Buffalo are often used 

as financial security for the household that can be sold when need arise (3). Moreover, 

buffalo can also be used as a food source for farmers (4). Buffalo meat is tasty and 

lean. It contains lower saturated fat than beef and pork, and hence is considered as of 

good dietary value. In addition, the integration of cropping and livestock production  
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Figure 1. Thai swamp buffalo 
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can be used to utilize farm waste and crop by-product more effectively, for example, 

rice straw and weed are fed to the animals while farm waste is used as a fertilizer (3). 

 

1.3  The situation of the Thai swamp buffalo in Thailand 

        According to FAO statistics in 2004 (5), there are about 170 million buffalo 

raised continuously throughout the world (Figure 2). Although the world buffalo 

number is increasing at about 1.3 percent annually, the number of this animal in 

Thailand is declining dramatically. The buffalo population in Thailand has been 

decreasing from 5 to 1.8 million heads from 1990 to 2003 as shown in Figure 3. There 

are several reasons for the reduction in the number of Thai swamp buffalo as follows: 

        (1) Socio-economic changes in the country during the past two decades 

(1977-1997). During this period, Thailand was fast moving towards industrialization. 

Large rice paddy areas were diverted to industry. Rural youth in a large numbers 

moved from agriculture to industry for employment. Therefore, the need for buffalo to 

work in fields was declined. 

        (2) Government programs had increasingly promoted the use of 

machinery, especially two-wheeled tractors even for small farms. The tractors also 

have been considered as goods that would improve the social status of farmers. 

Buffalo do not receive similar recognition as the past but they are considered as old-

fashioned animal. 

        (3) Demand for meat from buffalo has expanded due to growth of human 

population, and overall increase in income level. Buffalo meat is not yet intensively 

produced but is still a by-product of the traditional Thai farming system. The decline 

in number occurs because there is not enough replacement for the slaughtered animals. 

        (4) The use of chemical fertilizers is increasing that leads to less 

recognition and reliance on buffalo manure as bio-fertilizer. 

        (5) Buffalo production systems tend to exhibit low productivity, especially 

a low calving rate which is about 30% and because the owners do not realize that 

increasing of the frequency of calving would have the largest effect on income. The 

reasons for the low calving rate include lacking of bull. This is because most of the big 

males are sold before sexual maturity or the productive females are unable to have  

 



Benchamart Moolmuang  Introduction / 4 

 

 

 

 

 

 

 

 Heads (million) 
 

 170
165 
160 
155 
150 
145 
140 

 

 

 

Figure 2. Th

                 (F

 

1990       1992     1994     1996     1998     2000       2002        Year
e number of buffalo population in the world  

rom FAOSTAT data, 2004). 



Fac. of Grad. Studies, Mahidol Univ.  M.Sc. (Mol. Genet. Genet. Eng.) / 5 

 

 

 

 

 

 

 

Heads (million) 

1

2

3

4

5

 

 

 

 

 

 

 

 

 

 1990         1992        1994         1996        1998         2000         2002         Year 
 

 

Figure 3. The number of buffalo population in Thailand 

                 (From FAOSTAT data, 2004). 

 



Benchamart Moolmuang  Introduction / 6 

access to the bull, as well as the lack of effective breeding improvement programs for 

the Thai swamp buffalo (3). 

 

1.4  Development of the Thai swamp buffalo selection and improvement program 

        With the development of agricultural production and socio-economic changes, it 

has been also predicted that the Thai swamp buffalo may become extinct in Thailand 

if breeding improvement programs are not effectively established. Thus, buffalo are 

not only eligible for, but also require conservation as well as sustainable utilization in 

the production system. There is a need to establish the program for the development of 

buffalo population such as the selection of good breeding stock, improvement of 

feeding system and health care. Therefore, more research and development programs 

should be created for farming systems to increase the productivity of buffalo, 

especially the reproductive system. The farmers are more likely to promote buffalo 

raising if the calving interval can be shortened. Therefore, research and development 

programs as well as the selection and improvement of economic traits such as fertility 

traits like high offspring production should be created for farming systems to increase 

the productivity of the buffalo. 

 

1.5  Reproductive efficiency and fertility trait  

        Reproductive efficiency is the primary factor affecting productivity and is 

hampered in female buffalo by (i) inherent late maturity, (ii) poor estrus expression in 

summer, (iii) distinct seasonal reproductive patterns, and (iv) prolonged calving 

interval (2). Fertility is a very important production trait but it is difficult to study, 

partly because phenotypic records are primarily available on breeding animal. It is a 

complex trait that made up of several component traits and is greatly affected by 

differences or changes in the environment, such as health and the nutritional status (6, 

7). Fertility might be considered as two traits which are inherent fertility and 

expressed fertility (6). Inherent fertility refers to the genetic potential for reproductive 

performance and is not directly measurable. Genes that affect overall physiological 

and endocrine functions may control inherent fertility and account for the genetic 

relationship of measures of early reproductive fitness with growth as well as milk and 

overall productivity. On the other hand, expressed fertility can be measured by calving 
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interval, calving rate, service per conception, age of the first calving and day to 

calving (6, 8). However, this trait has been overlooked in classic breeding programs 

because of low heritability (9, 10). To overcome this problem, the selection of sires 

and dams carrying the fertility trait in question are preferred for mating to produce 

progeny in the next generation. As a result, identification of molecular markers linked 

to the trait of interest such as fertility trait is an essential step toward both marker-

assisted selection (MAS) and map-based gene cloning (11). 

 

1.6  Genetic markers  

        Genetic markers are any genes or DNA sequences that present in the population 

in several different alleles and their inheritance can be followed through a pedigree (9). 

These genetic markers can be used to identify the genes that are responsible for 

genetic variation of economically important traits. Most traits of interest in animal 

breeding such as fertility and growth rate are determined by more than one gene or 

even a large number of genes that is called quantitative trait (12). The identification of 

the major loci influencing these traits can be used to assist in the selection of desired 

animal. Furthermore, the genetic markers are also appropriate to improve the traits 

with low heritability such as fertility trait or any traits that are expressed only in one 

sex or in mature individuals (9).  

        Detection of polymorphism in the genome of different trait populations can be 

used to develop the genetic markers that are responsible for that trait. The presence of 

these genetic markers in the animal genome can also explain a significant proportion 

of the variation observed in the trait of interest. The advantages of using genetic 

markers for the improvement and selection of economically important traits of animal 

are to increase the accuracy of evaluation, to reduce the undesirable trait(s), and to 

select the desire trait(s) in the immature animals (9). 

        Genetic markers and series of techniques such as Amplified Fragment Length 

Polymorphism (AFLP), Random Amplified Polymorphic DNA (RAPD), Restriction 

Fragment Length Polymorphism (RFLP), Simple Sequence repeats (SSR) or 

microsattellites, and Sequence Characterized Amplified Region (SCAR) have been 

developed to study the genetic diversity, and to construct the genetic maps. The 

mapping of genes that control the traits of economic importance will ultimately lead to 



Benchamart Moolmuang  Introduction / 8 

the unraveling of the molecular basis of genetic variation. The main prerequisite for 

mapping of the unknown genes is a sufficient number of highly polymorphic marker 

loci, which are evenly distributed along the chromosomes (13). 

 

        1.6.1  Amplified fragment length polymorphism (AFLP)  

                  The AFLP technique is based on the detection of genomic restriction 

fragments by PCR amplification that can be used for any region of DNA (14). The 

technique is reliable and efficient because it combines the rapidity of PCR with the 

reliability of the RFLP technique. AFLP involves restriction of DNA and ligation of 

oligonucleotide adapters, selective PCR amplification of restriction fragment from a 

total digestion of genomic DNA. The diagram of the AFLP analysis is shown in figure 

4. PCR amplification of restriction fragments is achieved using the adapters and 

restriction sites as target sites for primer annealing. The selective amplification is 

based on the recognition of unique nucleotides flanking each restriction site (14). The 

amplified restriction fragments originate predominantly from unique loci on the 

genome. Optimal amplification of genomic DNA fragments is obtained by using a 

combination of a rare cutter and a frequent cutter for the template preparation, 

followed by detection of the amplified fragments on denaturing polyacrylamide gel. 

By this method, restriction fragments may be visualized by PCR without knowledge 

of nucleotide sequence (14). 

        The molecular basis of the AFLP polymorphisms will usually be sequence 

polymorphisms at the nucleotide level. The advantages of the AFLP analysis are that 

it can be generated for any organism with DNA and no prior knowledge of nucleotide 

sequence of genome under investigation is required (14, 15). In addition, deletion and 

rearrangement affecting the presence or size of restriction fragments will result in 

polymorphisms detected by the AFLP. It has the capacity to detect a large number of 

polymorphisms per gel from a single PCR reaction than RFLP, RAPD, or SSR (16).  

        The AFLP has been applied to large number of applications such as the 

identification of genes, detection of quantitative trait loci (QTL), the construction of 

genetic maps and biodiversity studies in several animals including rat (17), cattle (18, 

19, 20), pig (21, 22) and chicken (23, 24). In plant species, this technique is also  
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Figure 4. The diagram of AFLP analysis. 
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widely used to identification trait-specific genes such as in rice (25), barley and wheat 

(26, 27, 28), sorghum (29), apple (11, 30) and Brassica (31). 

        The primary application envisioned for AFLP in agricultural animal is the 

identification of markers linked to heritability phenotype in resource population (24). 

The use of the AFLP genetic markers makes it possible to visualize differences in 

DNA sequences between individuals with great efficiency. It also provides a means to 

identify DNA markers that are associated with desired traits. For instance, the markers 

associated with the fertility trait can be used for the selection of animal to find out that 

phenotype without waiting for the mature animal (10). Thus, the AFLP genetic 

markers are powerful tool in the breeding improvement programs in the future. 

However it is difficult to employ the AFLP technique directly in a MAS program 

because of its high cost and complicated methodology. After AFLP markers that are 

closely linked to the QTL of interest are identified, it will often be desirable to clone 

those AFLP bands for purpose of the marker assisted selection (24). Therefore, 

conversion of the AFLP marker into simple PCR-based marker is critical to expanding 

for their usefulness in the breeding program. 

 

        1.6.2  Sequence characterized amplified region (SCAR) 

                  SCAR is a short DNA sequence, easily to be located and amplified by the 

polymerase chain reaction that uniquely identifies polymorphisms at a physical 

genomic location (32). The SCARs are used as genetic markers that can contain both 

single and repetitive sequence. In addition, the SCARs are determined by the primer 

sequences and their spacing that are produced by cloning and sequencing the two ends 

of the AFLP (26 25, 31, 30) or RAPD (33) markers amplified products. The use of 

SCAR marker is easily manipulated for rapid selection with one step PCR as well as is 

necessary for high-throughput genotyping scoring (11, 31, 34). 

 

1.7  Marker assisted selection in animal breeding 

        During the last ten years, a number of tools for genome analysis have been 

developed for the identification of genes and polymorphisms underlying the genetic 

variation for complex traits including quantitative traits (35). Genetic markers can be 

used to identify specific regions of chromosome where genes affecting quantitative 
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traits are located, known as quantitative trait loci (QTL). The knowledge about genetic 

markers linked to genes affecting QTL can increase the selection response of animal 

breeding program, especially for the traits that are difficult to improve when using 

traditional selection method (36). Therefore, the use of DNA markers to predict the 

performance or trait of an animal is a powerful aid to animal breeding (12, 37). The 

molecular markers related with the genes of interest can be applied to the breeding 

programs, termed marker-assisted selection (10, 38, 39). Information about the genetic 

markers is applied to the MAS of the livestock selection program to identify 

individuals with favorable combination of QTLs (40, 41) and offers the advantages of 

reducing the number of year it takes to introduce genetic improvement into a livestock 

species. In addition, combining the MAS technology with advanced reproductive 

technologies should lead to shorten generation interval, increase selection intensity, 

decrease time and cost and more rapid selection in the breeding programs (10, 35, 42). 

Moreover, the MAS is mainly important in situation where the current accuracy of 

selection is low, for example, traits with low heritability, limited, late-in-life, or after 

slaughter recording (36). The genetic makers linked with the QTL have been detected 

in experimental and commercial populations of cattle, swine, and sheep. The linked 

markers and QTL with a number of traits have been reported in several livestock such 

as milk production (43, 44, 45, 46), growth and carcass fatness (47) and calving and 

fertility trait (48) in dairy cattle, fertility (49) and back fat and growth traits (50, 51) in 

swine, fecundity (52) and muscle hypertrophy traits (53) in sheep. 

 



Benchamart Moolmuang  Objectives / 12 

CHAPTER II 

OBJECTIVES 

 

 
        The development of genetic markers specific to fertility is useful for 

identification of high fertility buffalo that can be applied to assist the selection buffalo 

in the breeding program as well as the construction a genetic map of the Thai swamp 

buffalo. Therefore the objectives of this study are to develop AFLP markers for 

identification of high and low fertility buffalo using pooled DNA of the selected 

animals and to convert the identified AFLP to SCAR markers as well as testing the 

identified AFLP and SCAR markers against individual animals in order to analyze the 

correlation between the phenotypic and genotypic results. 
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CHAPTER III 

MATERIALS AND METHODS 

 

 
3.1  Materials 

 

        3.1.1  Experimental animals and blood samples 

      The animals used in this study were selected from three research stations of 

the Department of Livestock Development, Surin, Lopburi, and Payao station. Each 

animal was treated with similar surrounding environments including nutrition and 

breeding period. Blood samples of female buffalo were collected and used for AFLP 

analysis. The Samples were divided to two sets and each set was classified to two 

groups, high and low fertility groups according to the calving interval (CI). The 

buffalo with CI of less than 500 days were classified into high fertility group, whereas 

those with the CI of greater than 500 days were classified into low fertility group. For 

the first set of samples, both of high and low fertility groups composed of seven 

buffalo with the mean of CI of 392 and 812 days, while high and low fertility groups 

of the second set were made of five buffaloes with the mean of CI of 401 and 701 days, 

respectively. The details of all individual animals are showed in Table 1. 

 

        3.1.2  Instruments 

Gene Amp PCR system 2400, Perkin Elmer Cetus, USA 

Gene Amp PCR system 9600, Perkin Elmer Cetus, USA 

Horizontal gel electrophoresis, MINI SUB™ DNA CELL, Bio-Rad, USA 

Vertical gel electrophoresis, GIBGO BRL Sequencing System, USA 

MegaBACE 500 sequencer, Amersham Pharmacia Biotech Inc., UK 
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Table 1. The details of experimental animals   

Phenotypes Sample 
sets 

Sample 
No. Animal Tag Research 

station 
Calving Interval 

(Days) 
H1 39129SRS    Surin 416 
H2 40003SRS    Surin 415 
H3 37078XLP    Lopburi   375 
H4 36032LPS    Lopburi 377 
H5 37062XLP    Lopburi 379 
H6 37053LPS    Lopburi 393 
H7 37139LPS    Lopburi 395 

1 

   Mean = 392.9 

H8 37086LPS    Lopburi 395 
H9 37148LPS    Lopburi 402 
H10 37036XLP    Lopburi 403 
H11 36012XLP    Lopburi 403 
H12 36031XLP    Lopburi 405 

High fertility

2 

   Mean = 401.6 

L1 39022LPS    Lopburi 605 
L2 39082SRS    Surin 758 
L3 39171SRS    Surin 707 
L4 37045XLP    Lopburi 1225 
L5 36004XLP    Lopburi 882 
L6 37079XLP    Lopburi 778 
L7 37041XLP    Lopburi 729 

1 

   Mean = 812 

L8 37040XLP    Lopburi 674 
L9 37070XLP    Lopburi 674 
L10 35062XPY    Payao 838 
L11 35055XPY    Payao 672 
L12 35012XPY    Payao 648 

Low fertility 

2 

   Mean = 701.2 
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        3.1.3  Chemicals 

40% w/v acrylamide monomer solution, 

containing 5% w/w N,N’-methylenebisacrylamide Amersham 

N,N,N’,N’-tetramethylethylenediamine (TEMED) USB 

Ammonium persulfate, (NH4)2S2O8   USB 

Formamide      MERCK 

Bromophenol blue      USB 

Xylene cyanol FF      USB 

LE Agarose      Seakem 

Silver nitrate, AgNO3     MERCK 

37% Formaldehyde solution    MERCK 

Sodium thiosulfate, Na2S2O2.5H2O   Fisher Scientific 

Urea       AMRESCO 

Acetic acid 100%      Analar®, BDH 

Sodium carbonate, Na2CO3    Analar®, BDH 

Bind-silane      Amersham 

Rain shield      Blue Power 

The other chemicals and solvents were purchased from USB, Merck and Sigma. 

Most of them are analytical grade. 

 

        3.1.4  Enzymes and accessory buffers 

EcoRI restriction endonuclease               Premega 

MseI restriction endonuclease               Biolabs 

T4 DNA ligase                 USB 

Taq DNA polymerase                Premega 

Taq DNA polymerase 10X buffer, 15mMMgCl2             Promega 
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        3.1.5  Bacterial strain and plasmid 

      Escherichia coli, DH5α [supE44 ∆lacU169 (ф80 lacZ ∆M15) hsdR17 

recA1 endA1 gyrA96 thi-1 relA1] was used as a host for plasmid propagation. The 

pGEM®-T easy vector (Promega) was used in all cloning steps. Physical map of the 

pGEM®-T easy vector is shown in Figure 5. 

 

        3.1.6  Oligonucleotide primers and adapters 

      All synthetic oligonucleotides (primers and adapters) used in this study 

were purchased from PROLIGO, Singapore. The sequences of all adapters and 

primers are shown in Table 2. 

 

        3.1.7  Miscellaneous 

QIAamp DNA blood kit     QIAGEN 

3’-Deoxycytosine 5’-triphosphate or dCTP  Promega 

3’-Deoxyguanosine 5’-triphosphate or dGTP  Promega 

3’-Deoxycythymidine 5’-triphosphate or dTTP  Promega 

3’-Deoxyadenosine 5’-triphosphate or dATP  Promega 

100 bp DNA ladder marker + 1.5 kb   SibEnzyme 

HindIII-digested lamda DNA    Promega 
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Figure 5. pGEM®-T easy vector circle map and cloning sites 

                (Taken from: pGEM®-T easy vector manual book) 
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Table 2 Sequences of adapters and primers 

 

Adapters and primers Sequence (5’-3’) 

Adapters  

EcoRI adapter 1           CTCGTAGACTGCGTACC 

EcoRI adapter 2           AATTGGTACGCAGTCTAC 

MseI adapter 1           GACGATGAGTCCTGAG 

MseI adapter 2           TACTCAGGACTCAT 

Pre-selective primers  

EcoRI-A           GACTGCGTACCAATTC A 

MseI-C           GATGAGTCCTGAGTAA C 

Selective primers  

E1 GACTGCGTACCACTTC AAA 

E2 GACTGCGTACCACTTC AAC 

E3 GACTGCGTACCACTTC AAG 

E4 GACTGCGTACCACTTC AAT 

E5 GACTGCGTACCACTTC ACA 

E6 GACTGCGTACCACTTC ACC 

E7 GACTGCGTACCACTTC ACG 

E8 GACTGCGTACCACTTC ACT 

E9 GACTGCGTACCACTTC AGA 

E10 GACTGCGTACCACTTC AGC 
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Table 2 Sequences of adapters and primers (cont.) 

Selective primers Sequence (5’-3’) 

E11 GACTGCGTACCACTTC AGG 

E12 GACTGCGTACCACTTC AGT 

E14 GACTGCGTACCACTTC ATC 

E15 GACTGCGTACCACTTC ATG 

E16 GACTGCGTACCACTTC ATT 

M17 GATGAGTCCTGAGTAA CAA 

M18 GATGAGTCCTGAGTAA CAC 

M19 GATGAGTCCTGAGTAA CAG 

M20 GATGAGTCCTGAGTAA CAT 

M21 GATGAGTCCTGAGTAA CCA 

M22 GATGAGTCCTGAGTAA CCC 

M23 GATGAGTCCTGAGTAA CCG 

M24 GATGAGTCCTGAGTAA CCT 

M25 GATGAGTCCTGAGTAA CGA 

M26 GATGAGTCCTGAGTAA CGC 

M27 GATGAGTCCTGAGTAA CGG 

M28 GATGAGTCCTGAGTAA CGT 

M29 GATGAGTCCTGAGTAA CTA 

M30 GATGAGTCCTGAGTAA CTC 

M31 GATGAGTCCTGAGTAA CTG 

M32 GATGAGTCCTGAGTAA CTT 
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3.2  Methods 

 

        3.2.1  Genomic DNA preparation 

            3.2.1.1  Isolation of buffy coat 

                         Whole blood samples were collected from selected female buffalo and 

centrifuged at 3,300 rpm for 10 min at room temperature. After centrifugation, three 

different fractions are distinguishable. The upper clear layer is plasma, the 

intermediate layer is buffy coat containing concentrated leukocytes, and the bottom 

layer contains concentrated erythrocytes. The buffy coat was collected and transferred 

to new tube by pipetting and stored at -20 oC until used for genemic DNA isolation. 

 

            3.2.1.2  Total genomic DNA isolation by QIAamp DNA blood kit 

                         Genomic DNA of all individual animals was isolated from the buffy 

coat according to the manufacture’s instructions. 20 µl of QIAGEN Protease was 

added into the bottom of 1.5 ml microcentrifuge tubes following by adding 200 µl of 

isolated buffy coat. 200 µl of AL Buffer was added into the mixture and mixed by 

pulse-vortexing for 15 sec then incubated at 56 oC for 10 min in order to lyse cells. 

The samples were briefly centrifuged to remove the drops from the inside of the lid. 

200 µl of 100% ethanol was added and mixed again by pulse-vortexing for 15 sec, and 

briefly centrifuged. The mixture was carefully applied to the QIAamp spin column in a 

2 ml collection tube and centrifuged at 8,000 rpm for 1 min. The columns were placed 

on a clean 2 ml collection tubes and discarded the tube containing the filtrate. 500 µl 

of AW1 Buffer was added into the column then closed the cap and centrifuge at 8,000 

rpm for 1 min. The columns were transferred in a clean 2 ml collection tubes and 

discarded the tubes containing the filtrate. 500 µl of AW2 Buffer was added into the 

column then closed the cap and centrifuge at 14,000 rpm for 3 min. The columns were 

transferred to 1.5 ml microcentrifuge tubes and 200 µl of AE Buffer was added into 

the column. The mixture was incubated at room temperature for 2 min to increase the 

yields then DNA was eluted by centrifugation at 8,000 rpm for 1 min. The DNA 

solution was stored at -20 oC. 
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            3.2.1.3  DNA concentration and purity determination 

                         The concentration and purity of extracted genomic DNA were 

determined by spectrophotometry. A total of 2 µl of DNA samples was diluted with 98 

µl of distilled water (1:50 dilution). Optical density (OD) at wavelengths 260 and 280 

nm of the diluted DNA solution was measured. The DNA concentration was 

calculated from absorbance value measured at 260 nm by the following formula; 

  DNA concentration (µg/µl) = OD260 x (dilution factor) x 50 

            1000 

 The absorbance ration of OD260/OD280 was calculated in order to determine 

DNA purity and the result should be between 1.8-2.0. 

 

            3.2.1.4  DNA electrophoresis 

                         Agarose gel electrophoresis was used to determine the quality and 

integrity of DNA by size fractionation on 0.8% agarose gels. Agarose gels were 

prepared by completely dissolving of agarose power upon boiling in 0.5X TBE buffer 

and allowed to cool down to around 50 oC before pouring into an electrophoresis 

chamber set with comb inserted. One microliter of DNA solution was mixed with 1 µl 

of 6X loading dye (25% glycerol, 60 mM EDTA, 0.25% bromophenol blue) and 

loaded into gel slots in a submarine condition. Electrophoresis was performed at 80 

volts for 1-2 hr. After electrophoresis, the gel was stained with 10 µg/ml ethidium 

bromide solution for 5 min and destained by soaking in distilled water for 10 min. The 

integrity of DNA was visualized and photographed during UV light exposure. 

 

        3.2.2  DNA pooling 

                  A total of 1 µg of genomic DNA of individual animal of high and low 

fertility groups of both sets were pooled in order to obtain high-pooled (H1 and H2) 

and low-pooled (L1 and L2) DNA samples of the two sample sets. Pooled genomic 

DNA samples were used directly for AFLP analysis. 
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        3.2.3  AFLP analysis 

                  AFLP analysis was performed as described by Vos et al. (1995). The AFLP 

reactions composed of four steps: digestion, ligation, pre-selective amplification, and 

selective amplification. 

 

            3.2.3.1  Digestion  

                         A total of 500 ng of pooled genomic DNA was double digested with 

MseI and EcoRI restriction enzymes. 10 U of MseI was firstly used to digest pooled 

DNA in a final volume of 10 µl. The mixture was incubated at 37 oC for 3 hr. The 

digestion reactions were inactivated by incubating the mixture at 65 oC for 5 min. The 

MseI digested DNA was then digested by 12 U of EcoRI in a final volume of 30 µl at 

37 oC for 3 hr. The digestion reactions were up as follows: 

               MseI digestion 

 Genomic DNA (500 ng) 

 Buffer N           1 µl 

 MseI enzyme (10U/ µl)         1 µl 

 Distilled water to final volume     10 µl 

 

               EcoRI digestion 

 MseI digested DNA        10 µl 

 Buffer H                      1 µl 

 EcoRI enzyme (12U/ µl)                 1 µl 

 Distilled water to final volume     30 µl 

 

            3.2.3.2  Ligation 

             Digested DNA samples were subsequently ligated to EcoRI and MseI 

adapters. The sequences of adaptors are shown in Table 2. The ligation reactions were 

performed with 0.5 µM EcoRI adapter, 5 µM MseI adapter, 1X ligation buffer, and 1 

U of T4 DNA ligase enzyme. The reactions were incubated at 16 oC for 16 hr. 
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            3.2.3.3  Pre-selective amplification 

             The digested-ligated DNA samples were diluted 10 fold in distilled 

water. 3 µl of diluted samples were pre-amplified using two primers which are 

complementary to the EcoRI and MseI adapters with one additional selective 

nucleotide at the 3’ end. The primer combination used in this step was EcoRI+A and 

MseI+C. The primer sequences are shown in Table 2. The pre-amplification reaction 

was undertaken using 10 pM EcoRI+A primer, 10 pM MseI+C primer, 200 µM dNTP, 

1X PCR Buffer, 1.5 mM MgCl2, and 1.5 U Taq DNA polymerase. The PCR 

conditions consisted of 28 cycles of 94 ºC  for 10 sec, 56 ºC for 30 sec, 72 ºC for 1 min, 

and 1 cycle of 72 ºC for 5 min. 

 

            3.2.3.4  Selective amplification 

                         The pre-amplified products were diluted 50 fold in distilled water and 

1 µl of dilution was used for selective amplification with the EcoRI and MseI primers 

containing additional three selective nucleotides at the 3’ end (EcoRI+ANN and 

MseI+CNN). The names of each primer with specific selective bases used in this step 

are shown in Table 2. The PCR reaction was performed with 10 pM EcoRI+ANN, 10 

pM MseI+CNN, 200 µM dNTP, 1X PCR Buffer, 1.5 mM MgCl2, and 1.5 U of Taq 

DNA polymerase in a final volume of 20 µl. The PCR profiles were modified to be a 

touch-down PCR that was carried out as follows: 11 cycles of 94 oC for 30 sec, 65 oC 

(-0.7 oC/cycle) for 30 sec, 72 oC for 60 sec, and 25 cycles of 94 oC for 10 sec, 56 oC 

for 30 sec, 72 oC for 60 sec. The PCR products were analyzed on 5% denaturing 

polyacrylamide gel electrophoresis. 

 

        3.2.4  Polyacrylamide gel electrophoresis 

            3.2.4.1  Preparation of glass plates 

                         Gibgo BRL sequencing system model SA and S2 were used in the 

electrophoresis step. The glass plates that composed of short and long plates were 

cleaned by wiping with 70% ethanol using tissue paper. In order to allow the 

polyacrylamide gel stick on the long glass plate, the plate was treated with binding 

solution (Bind silane, 95% ethanol, and glacial acetic acid) and Rain shield solution 

was thoroughly applied to short glass plate. After 5 min, both glass plates were gently 
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wiped to remove the excess solution and dirt using tissue paper. Two plates were 

assembled to form a mold with a pair of 0.5 mm spacer. The mold of glass set was 

clamped on the two sides with black iron clamps.  

 

              3.2.4.2  Preparation of polyacrylamide gel 

                           Five percent denaturing polyacrylamide gel was freshly prepared by 

mixing 30 ml of 5% stock bis-acrylamide (containing 125 ml 40% w/v acrylamide 

solution with 5% N,N’-methylenebisacrylamide, 100 ml 10X TBE, and 450 g of urea 

in total volume of 1 liter), 250 µl of 10% ammonium persulfate, and 30 µl of TEMED. 

This volume is for pouring a gel with the dimension of 17x23 cm (WxH). The 

polyacrylamide solution was immediately mixed and poured in horizontal assembled 

glass then inserted the flat side of the shark’s-tooth 0.5 mm comb about 7 mm into the 

gel without air bubbles to become trapped under the comb. Clamps were used to fix 

the comb into its place and allow the gel to polymerize for at least 3 hr.  

 

              3.2.4.3  Gel electrophoresis 

                         After gel polymerization, the glass plates set (containing the gel) was 

placed to the electrophoresis chamber and 0.5X TBE buffer was filled in the upper and 

lower chambers. The comb was carefully removed and the wells were gently flushed 

out by a syringe and needle then pre-ran the gel for 30 min. The shark’s tooth side of 

comb was inserted into the gel about 1 mm to form the wells. The PCR products were 

mixed with 15 µl of denaturing solution (98% formamide, 0.05% xylene cyanol, and 

0.04% bromophenol blue), denatured at 94 oC for 5 min and kept on ice for 10 min 

before loading. The gel was run at a constant volt (1500 V) until the upper dye 

(bromophenol blue) was away from the gel about 30 min. 

 

        3.2.5  Visualization of AFLP fingerprint by Silver Staining method 

                  After gel electrophoresis, the plates containing the gel were carefully 

separated using a spatula. The gel should be strongly attached to the long glass plate. 

In fixing step, 10% glacial acetic acid was prepared by adding 150 ml of glacial acetic 

acid into 1,350 ml of distilled water. The gel plates were placed in a plastic tray 

containing fixing solution and agitated for 20 min. The gel plates were then rinsed 3 
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times with 1 liter of distilled water for 2 min each using agitation. The fixing solution 

was kept for termination the developing reaction in the following step. The gel plates 

were transferred from distilled water to staining solution that was freshly prepared by 

combining 2g of silver nitrate and 3 ml of 37% formaldehyde in 2L of distilled water. 

The gel plates were agitated well for 30 min and then briefly rinsed with distilled 

water before transferring to developing step. The developing solution was prepared by 

dissolving 30g of sodium carbonate in 1L of distilled water and kept at -20 oC for 2 hr. 

The gel plates were agitated in the first chilled developing solution until the first band 

was visible then transferred to the second chilled developing solution and continued 

developing until all bands appeared. To terminate the developing reaction, 1L of fixing 

solution from the previous step was directly poured to the developing solution and the 

gel plates were incubated with shaking for 1 min. In final step, the gel plates were 

washed with distilled water for 2 min then let the gel dry at room temperature. 

 

        3.2.6  Identification and confirmation of polymorphism 

                  The polymorphisms which showed as presence or absence of AFLP 

fragments comparing between H-pool and L-pool were identified from the AFLP 

fingerprints. The AFLP polymorphisms were initially identified from the first set of 

pooled DNA (H1 and L1). The identified polymorphisms were tested with the second 

set of pooled DNA (H2 and L2). The confirmed polymorphic bands were converted 

into SCAR markers.  

 

        3.2.7  Conversion of AFLP into SCAR markers 

            3.2.7.1  Excision of AFLP fragments  

                         The identified polymorphic AFLP fragments were excised from dried 

polyacrylamide gels, rinsed twice for 30 min with 50 µl distilled water at room 

temperature and then incubated in 20 µl of distilled water at 37 oC overnight. The 

supernatant was transferred to new tubes and used as template for PCR reamplification 

step.  

            3.2.7.2  Reamplification reaction 

                         Eluted DNA was re-amplified using the same primer combination and 

PCR condition as previously used in the AFLP reaction. The reaction was undertaken 
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using 50 ng of each primer, 0.3 U of Taq polymerase, 200 µM dNTP, 1X PCR buffer, 

and 1.5 mM MgCl2. Cycle conditions were 1 cycle at 94 ºC for 2 min followed by 30 

cycles of 94 ºC for 45 sec, 56 ºC for 45 sec, 72 ºC for 1 min, and 1 cycle of 72 ºC for 5 

min.  

 

            3.2.7.3  DNA purification  

                         Reamplified products were analyzed by electrophoresis through 1.2% 

agarose gels. The expected bands were excised from agarose gel and transferred to a 

microcentrifuge tube. 3 volume of 6 M sodium iodide (NaI) was added to the gel. The 

gel was molten by incubating at 55 ºC until the gel slice was completely dissolved. 

The glass bead was added depending on the amount of DNA. If the estimated DNA 

was less than 5 µg, 5 µl of glass bead was used. The mixture was incubated at room 

temperature for 5 min to allow binding of the DNA to the silica matrix and mixed 

every 1-2 min by vortexing. The mixture was centrifuged at maximum speed for 5 sec 

to collect the pellet. After the supernatant was discarded, the glass bead was washed 3 

times with 500 µl of NEW wash buffer (10 mM Tris-Cl (pH 7.4), 0.5 mM EDTA, 50 

mM NaCl and 50% ethanol). After the third wash, the pellet was air dried at room 

temperature for 10 min. The DNA was eluted by incubating at 55 ºC for 5 min and 

centrifuged at maximum speed for 1 min to make solid pellet. The supernatant 

containing the DNA was transferred to a new tube by pipetting and 1µl of purified 

DNA was taken for estimating DNA concentration by DNA agarose gel 

electrophoresis. 

 

            3.2.7.4  Cloning of AFLP fragments 

               3.2.7.4.1  Competent cell preparation 

                               Competent cells, E. coli strain DH5α, were prepared using CaCl2 as 

described by Sambrook, 1989. A single bacterial colony was picked from LB plate 

that had been incubated for 16-20 hr at 37 oC and transferred into 100 ml of LB broth 

in a 1L flask. The culture was incubated for 3 hr at 37 oC with vigorous agitation. 

Cells growth was monitored by measuring OD at 600 nm until the OD of the culture 

reached 0.3-0.4. The culture was immediately kept on ice and transferred to 2 of sterile 

ice-cold 50-ml polypropylene tubes. The culture was kept on ice for 10 min. The cells 
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were recovered by centrifugation at 4100 rpm for 10 min at 4 oC using a Beckman 

C0650 rotor. After discarding media from the cell pellets, the tubes was standed in an 

inverted position for 1 min to allow the last traces of media to drain away. Pellet was 

re-suspended by swirling in 30 ml of ice-cold MgCl2-CaCl2 solution (80 mM MgCl2, 

20 mM CaCl2). The cells were recovered by centrifugation at 4100 rpm for 10 min at 4 
oC. The medium was discarded from the cell pellets. The pellet was then resuspended 

by swirling in 2 ml of ice-cold 0.1 M CaCl2 for each of 50 ml of original culture. To 

prepare the frozen cells, 900 µl of glycerol was added to the solution and the cells 

were dispensed into 100 µl aliquots and kept frozen at -80 oC until needed. 

 

                3.2.7.4.2  DNA ligation 

                                The purified DNA was directly ligated to pGEM®-T easy vector in 

a molar ratio of 1 : 3 (vector : insert). An appropriate amount of DNA used in ligation 

reaction was calculated from the following formula: 

        insert (ng) = vector (ng) x size of insert (kb) x (insert : vector molar ratio) 
       size of vector (kb) 

              In this study, 25 ng of pGEM®-T easy vector was used in a total volume of 10 

µl. The ligation mixture contained 5 µl of 2X rapid ligation buffer of T4 DNA ligase, 

0.5 µl of pGEM®-T easy vector (50 ng/µl), 1 unit of T4 DNA ligase, and sterile 

distilled water. The reaction mixture was incubated overnight at 16 oC. 

 

                3.2.7.4.3  Transformation of competent E.coli DH5α cells 

                                An aliquot of competent cells was removed from -80 oC to an ice 

box. After the competent cells were completely molten, 5 µl of the incubated ligation 

mixture was added. The mixture was mixed by swirling gently and stored on ice for 30 

min. The tube was then incubated at 42 oC in water bath for 90 sec and immediately 

placed on ice for 5 min. Tube of transformed cells was added with 900 µl of LB 

medium and incubated at 37 oC for 45 min with shaking. 200 µl of transformed 

reaction was spread on LB agar plate containing 100 mg amplicilin, 20 µl X-Gal (20 

mg/ml) and 4 µl IPTG (200 mg/ml). The plates were left at room temperature until 

liquid had been absorbed and then incubated overnight at 37 oC. 
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            3.2.7.5  Plasmid DNA extraction  

                         Three to five white colonies of each transformation were selected for 

plasmid DNA extraction using alkaline lysis method (54). The colonies of transformed 

bacteria were inoculated in 2 ml of LB medium containing 100 mg amplicilin 

overnight at 37 oC with vigorous shaking. The culture was transferred to a micro tube 

then centrifuged at maximum speed for 30 sec in order to collect the cells. The 

medium was removed as much as possible by aspiration and the bacterial pellet was 

resuspended in 100 µl of ice-cold alkaline lysis solution I (50 mM glucose, 25mM 

Tris-HCl, 10 mM EDTA) by vigorous vortexing. 200 µl of fresh alkaline lysis solution 

II (1:1 ratio of 0.4N NaOH: 2% SDS) was added to each bacterial suspension and the 

contents were mixed the by inverting the tube rapidly five times and then stored the 

tube on ice for 3 min. 150 µl of ice-cold alkaline lysis solution III (5M potassium 

acetate, glacial acetic acid) was added and dispersed through the viscous bacterial 

lysate by inverting the tube several times. The tube was stored on ice for 5 min. The 

bacterial lysate was then centrifuged at maximum speed for 5 min and the supernatant 

was transferred to a new tube. 10 µl of RNase A (10 mg/ml) was added into the 

supernatant and the mixture was incubated at 37 oC for 15 min. An equal volume of 

chloroform was added and the mixture was mixed by vortexing and then centrifuged 

the emulsion at maximum speed for 2 min. The upper layer aqueous was transferred to 

a new tube. DNA from the supernatant was precipitated by adding 2 volume of 

isopropanol then mixed the solution by vortexing. The mixture was allowed to stand at 

-20 oC for 30 min to increase the efficiency of precipitation. The precipitated DNA 

was collected by centrifugation at maximum speed for 15 min and the supernatant was 

removed. DNA pellet was washed twice with 70% ethanol. After the second washed, 

the DNA pellet was air dried at room temperature for 5-10 min. Finally, the DNA was 

dissolved in 20 µl sterile distilled water. The extracted plasmid DNA was analyzed by 

digestion with EcoRI restriction endonuclease enzyme to check the inserted AFLP 

fragment in the final volume of 10 µl. The reaction was incubated at 37 oC for 1 hour 

followed by agarose gel electrophoresis.  
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            3.2.7.6  Automate DNA sequencing 

                         After gel electrophoresis, the plasmid containing the inserted AFLP 

fragment was sequenced using DYEnamic ET Dye Terminator Cycle Sequencing Kit 

and MegaBACE 500 sequencer (Amersham Pharmacia Biotech Inc., Sunnyvale, CA). 

Sequencing of the 5’-end was performed following the manufacturers’ protocol using 

the M13 forward primer. Two to four sequences of each transformation were 

compared in order to design SCAR primers. If there were different AFLP fragment 

sequences of one transformation those sequences were used to design for SCAR 

primers. Sequences were also subjected to BLASTN search against the GenBank 

database. 

 

            3.2.7.7  SCAR primer design 

                         The sequences of each AFLP band containing the EcoRI+ANN primer 

at one end and the MseI+CNN primer at the other end were compared to ensure that 

the PCR products selected for sequencing were predominant. The forward and reverse 

SCAR primers were designed from the AFLP sequences beginning at the three 

additional nucleotides with a length of about 18-20 bases. 

 

        3.2.8  Testing of SCAR primer with individual genomic DNA 

                   Each of designed SCAR primer pair was tested with the individual 

genomic DNA samples that were isolated from Thai swamp buffaloes with known 

phenotype (CI) and used to construct pooled DNA samples. The reactions were 

performed in 20 µl reaction volume with 50 ng of genomic DNA, 30 ng of each 

forward and reverse primers, 200 µM dNTP, 1X PCR buffer, 1.5 mM MgCl2, and 0.3 

U of Taq polymerase. The reaction was undertaken for 1 cycle at 94 ºC for 2 min 

followed by 30 cycles of 94 ºC for 45 sec, Tm (ºC) for 30 sec, 72 ºC for 1 min, and 1 

cycle of 72 ºC for 5 min where the Tm of each reaction depended on the calculated 

annealing temperature of the specific SCAR primers. The PCR products were mixed 

with 15 µl of denaturing solution, denatured at 94 oC for 5 min and kept on ice for 10 

min before being separated on 5% denaturing polyacrylamide gels and visualized by 

silver staining as described in step 4 and 5. 
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        3.2.9  Screening of AFLP markers with all individual animals 

                   All identified AFLP markers were used to screen the 24 individual DNA 

samples isolated from 12 high and 12 low fertility buffalo that were used to construct 

the two pooled DNA samples. The PCR products were also analyzed on 5% 

denaturing polyacrylamide gel electrophoresis and visualized by silver staining. The 

expected polymorphism was identified by comparing with that found on pooled DNA 

and the correlation between the genotype results and the phenotype data (CI) was 

calculated in order to obtain the percentage of phenotype prediction. Moreover, new 

polymorphisms were identified from AFLP fingerprints of individual samples and the 

percentage of phenotype prediction was also calculated. 
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CHAPTER IV 

RESULTS 

 

 
4.1   Genomic DNA preparation 

         The genomic DNA of individual buffalo was isolated using QIAGEN DNA 

blood kit. DNA concentration of all samples was then measured by the absorbance at 

260 nm and DNA purity that was calculated from the absorbance ratio of OD260/OD280 

were between 1.8-2.0. The quality of DNA were detected by agarose gel 

electrophoresis that shown in Figure 6. The DNA samples of high and low fertility 

groups from the first and the second sets were pooled in order to obtain high fertility 

pool 1 (H1), high fertility pool 2 (H2), low fertility pool 1 (L1) and low fertility pool 2 

(L2). Pool DNA samples were used directly in AFLP analysis. 

 

4.2   AFLP analysis and identification of AFLP polymorphisms 

        The AFLP fingerprints were generated comparing between high and low fertility-

pools of the first and the second sets of pooled DNA in order to screen for 

polymorphisms. H1 and L1 samples were tested with 256 of EcoRI and MseI primer 

combinations (E-ANN/M-CNN) and the polymorphic bands with the size of 200-600 

base pairs were scored. Of these, 205 polymorphic bands were identified from 120 

primer combinations. All identified polymorphisms were then confirmed with the H2 

and L2 samples, resulting 19 AFLP markers (Table 3). Within these polymorphisms, 6 

markers presented in high fertility pools (Figure 7-11) whereas the other 13 markers 

were identified from low fertility pools (Figure 12-23).  
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Table 3. Identified polymorphic AFLP markers and specificity  

Phenotype 

specific 
Markers Primer combinations ~ size (bp.) 

      AFE7M24 E-ACG/M-CCT 360 

      AFE12M25 E-AGT/M-CGA 260 

      AFE12M29 E-AGT/M-CTA 210 

      AFE16M25 E-ATT/M-CGA 280 

      AFE4M25 E-AAT/M-CGA 220 

High fertility 

      AFE4M28 E-AAT/M-CGT 450 

    

      AFE6M18 E-ACC/M-CAC 450 

      AFE6M26 E-ACC/M-CGC  250 

      AFE6M27 E-ACC/M-CGG 230 

      AFE7M27 E-ACG/M-CGG 250 

      AFE10M22 E-AGC/M-CCC 230 

      AFE11M27 E-AGG/M-CGG 250 

      AFE14M21 E-ATC/M-CCA 450 

      AFE11M28 E-AGG/M-CGT 260 

      AFE14M28 E-ATC/M-CGT 420 

      AFE14M30 E-ATC/M-CTC 450 

      AFE15M24 E-ATG/M-CCT 350 

      AFE1M28 E-AAA/M-CGT 460 

Low fertility 

      AFE4M26 E-AAT/M-CGC 280 
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Figure 7. AFLP fingerprints on 5% denaturing polyacrylamide gels of the 

AFE7M24 marker using primer combination E-ACG/M-CCT 

               L1: low fertility pool 1, H1: high fertility pool 1, L2: low fertility pool 2, 

               H2: high fertility pool 2 and M: 100 bp DNA marker. The arrows indicate the 

polymorphic bands. 
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Figure 8. AFLP fingerprints on 5% denaturing polyacrylamide gels of the 

AFE12M25 marker using primer combination E-AGT/M-CGA 

               L1: low fertility pool 1, H1: high fertility pool 1, L2: low fertility pool 2, 

               H2: high fertility pool 2 and M: 100 bp DNA marker. The arrows indicate the 

polymorphic bands. 
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Figure 9. AFLP fingerprints on 5% denaturing polyacrylamide gels of the 

AFE16M25 marker using primer combination E-ATT/M-CGA 

               L1: low fertility pool 1, H1: high fertility pool 1, L2: low fertility pool 2, 

H2: high fertility pool 2 and M: 100 bp DNA marker. The arrows indicate the 

polymorphic bands. 
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Figure 10. AFLP fingerprints on 5% denaturing polyacrylamide gels of the 

AFE4M25 marker using primer combination E-AAT/M-CGA 

      L1: low fertility pool 1, H1: high fertility pool 1, L2: low fertility pool 2, 

   H2: high fertility pool 2 and M: 100 bp DNA marker. The arrows indicate 

the polymorphic bands. 
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Figure 11. AFLP fingerprints on 5% denaturing polyacrylamide gels of the 

AFE4M28 marker using primer combination E-AAT/M-CGT 

                  L1: low fertility pool 1, H1: high fertility pool 1, L2: low fertility pool 2, 

   H2: high fertility pool 2 and M: 100 bp DNA marker. The arrows indicate 

the polymorphic bands. 
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Figure 12. AFLP fingerprints on 5% denaturing polyacrylamide gels of the 

AFE6M18 marker using primer combination E-ACC/M-CAC 

                  L1: low fertility pool 1, H1: high fertility pool 1, L2: low fertility pool 2, 

   H2: high fertility pool 2 and M: 100 bp DNA marker. The arrows indicate 

the polymorphic bands. 
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Figure 13. AFLP fingerprints on 5% denaturing polyacrylamide gels of the 

AFE6M26 marker using primer combination E-ACC/M-CGC 

                  L1: low fertility pool 1, H1: high fertility pool 1, L2: low fertility pool 2, 

   H2: high fertility pool 2 and M: 100 bp DNA marker. The arrows indicate 

the polymorphic bands. 
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Figure 14. AFLP fingerprints on 5% denaturing polyacrylamide gels of the 

AFE6M27 marker using primer combination E-ACC/M-CGG 

                  L1: low fertility pool 1, H1: high fertility pool 1, L2: low fertility pool 2, 

H2: high fertility pool 2 and M: 100 bp DNA marker. The arrows indicate 

the polymorphic bands. 
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Figure 15. AFLP fingerprints on 5% denaturing polyacrylamide gels of the 

AFE7M27 marker using primer combination E-ACG/M-CGG 

                  L1: low fertility pool 1, H1: high fertility pool 1, L2: low fertility pool 2, 

   H2: high fertility pool 2 and M: 100 bp DNA marker. The arrows indicate 

the polymorphic bands. 
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Figure 16. AFLP fingerprints on 5% denaturing polyacrylamide gels of the 

AFE10M22 marker using primer combination E-AGC/M-CCC 

                  L1: low fertility pool 1, H1: high fertility pool 1, L2: low fertility pool 2, 

   H2: high fertility pool 2 and M: 100 bp DNA marker. The arrows indicate 

the polymorphic bands. 
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Figure 17. AFLP fingerprints on 5% denaturing polyacrylamide gels of the 

AFE11M27 marker using primer combination E-AGG/M-CGG 

                  L1: low fertility pool 1, H1: high fertility pool 1, L2: low fertility pool 2, 

H2: high fertility pool 2 and M: 100 bp DNA marker. The arrows indicate 

the polymorphic bands. 
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Figure 18. AFLP fingerprints on 5% denaturing polyacrylamide gels of the 

AFE14M21 marker using primer combination E-ATC/M-CCA 

                  L1: low fertility pool 1, H1: high fertility pool 1, L2: low fertility pool 2, 

   H2: high fertility pool 2 and M: 100 bp DNA marker. The arrows indicate 

the polymorphic bands. 
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Figure 19. AFLP fingerprints on 5% denaturing polyacrylamide gels of the 

AFE11M28 marker using primer combination E-AGG/M-CGT 

                  L1: low fertility pool 1, H1: high fertility pool 1, L2: low fertility pool 2, 

H2: high fertility pool 2 and M: 100 bp DNA marker. The arrows indicate  

the polymorphic bands.
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Figure 20. AFLP fingerprints on 5% denaturing polyacrylamide gels of the 

AFE14M28 marker using primer combination E-ATC/M-CGT 

                  L1: low fertility pool 1, H1: high fertility pool 1, L2: low fertility pool 2, 

   H2: high fertility pool 2 and M: 100 bp DNA marker. The arrows indicate 

the polymorphic bands 
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Figure 21. AFLP fingerprints on 5% denaturing polyacrylamide gels of the 

AFE14M30 marker using primer combination E-ATC/M-CTC 

                  L1: low fertility pool 1, H1: high fertility pool 1, L2: low fertility pool 2, 

   H2: high fertility pool 2 and M: 100 bp DNA marker. The arrows indicate 

the polymorphic bands 
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Figure 22. AFLP fingerprints on 5% denaturing polyacrylamide gels of the   

AFE15M24 marker using primer combination E-ATG/M-CCT 

                  L1: low fertility pool 1, H1: high fertility pool 1, L2: low fertility pool 2, 

H2: high fertility pool 2 and M: 100 bp DNA marker. The arrows indicate 

the polymorphic bands 
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Figure 23. AFLP fingerprints on 5% denaturing polyacrylamide gels of the 

                  AFE1M28 marker using primer combination E-AAA/M-CGT 

                  L1: low fertility pool 1, H1: high fertility pool 1, L2: low fertility pool 2, 

   H2: high fertility pool 2 and M: 100 bp DNA marker. The arrows indicate 

the polymorphic bands 
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4.3   Conversion of AFLP to SCAR markers 

       A total of 17 of the 19 identified AFLP markers were successfully reamplified 

and showed a single band PCR product with the expected size on 1.2% agarose gels. 

The PCR products were purified from the agarose gels and cloned into pGEM-T easy 

vector followed by transformation into E. coli strain DH5α. A total of three to five 

positive white colonies from each transformation were selected for plasmid DNA 

extraction and sequencing. The sequence results showed 10 of the individual AFLP 

markers contained 2-3 different sequences, suggesting that these AFLP bands 

composed of a number of different fragments which was nearly identical fragments 

size that differs in sequences (34). However none of the sequence products was 

EcoRI/EcoRI or MseI/MseI amplification products. Both EcoRI and MseI flanking site 

sequences were obtained for almost AFLP fragments. The AFLP sequences were then 

used to design candidate SCAR primers starting from the three selective bases and the 

next internal sequences from both ends with 18-20 bases in length (Figure 24). For this 

step, a total of 32 pairs of primers were obtained from those different sequences of 

polymorphic AFLP bands. The sequences of SCAR primers are shown in Table 4. 

 

4.4   Testing of SCAR primers  

        Amplification of the 24 individual DNA samples with the candidate SCAR 

primers revealed that the SAFE12M29-2 marker generated a polymorphic pattern that 

showed differences between the high and low fertility samples (Figure 25). The PCR 

products composed of two major bands, allele # 1 and # 2. Eight of the twelve samples 

from the high fertility buffalo had both alleles, while 6 of the 12 samples from the low 

fertility buffalo carried only allele # 2. Assuming that the genotype of high fertility 

buffalo carry both allele # 1 and # 2 whereas samples in low fertility group carry only 

allele # 2, it can be concluded that the genotype results of the SAFE12M29-2  

marker can correctly predict the phenotype of these animals with approximately 60% 

accuracy. The polymorphic bands of allele # 1 and allele # 2 were sequenced and 

compared. The results showed that the differences were due to insertion/deletion of 

nucleotide sequences that shows in Figure 26. However, the accuracy of phenotype 

prediction using the SAFE12M29-2 marker seems to be lower than expected, and this  
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                 Forward primer 

 5’-AGTCTGTCCTGCACTGAC-3’ 

AGTCTGTCCTGCACTGACCATGGGAGGACACTGATGGATTTGAGTCA

GGGCTCAAGATGGAACCAGAGAAGTAGAAAGAGGAGGAGAGAGTGTG

GCCTCAGAAAGTACACTCCCCTAAAGCAGTGAAAACCAACAAGCAAGC

AAGCAAACACCACCAACAAAATGCGTGCATACATAG 

                                                    5’-GTTTTACGCACGTATGTATC-3’ 

                                                                         Reverse primer 

 

Figure 24. SCAR primers design 

     The forward and reverse primers of the SAFE12M29-2 SCAR marker that 

were designed from the AFE12M29 AFLP marker. 
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Table 4. Sequences of designed SCAR primers. 
 

Markers Forward 5’-3’ Reverse 5’-3’ 

Size 
Tm 

(oC) 

Expected  

PCR 

products (bp) 

SAFE6M18-1 ACCTGTAATGCAGGAGAC CACCAAGACTACATGTCC 18,18 54,54 409 

SAFE6M26-1 ACCGGTCTTAGGCTGCTG CGCCCTTCGAGTTCTAG 18,17 58,54 207 

SAFE6M27-1 ACCAGGCAAGAATACTGG CGGAGCATACATACACTG 18,18 54,54 191 

SAFE6M27-2 ACCTGCAAAGCAATAAGGG CGGCACATAAAAGTGCTTG 19,19 56,56 198 

SAFE7M24-2 ACGTTCCATGGGCTACAA CCTTGACTTCCCCATGAAGG 18,20 54,54 329 

SAFE7M27-1 ACGTTTAGAATCAAACCC GCGACCTCCTCCAAGAG 18,17 50,56 208 

SAFE7M27-2 CGGCGACCTCCTCCAAGA ACGTTTAGAATCAAAGCCCC 18,20 60,58 211 

SAFE10M22-1 AGCACAGTGCAGACATTG CCCTCCCAAGTTAGTCAG 18,18 54,56 189 

SAFE10M22-4 CCCAACTTGATCATGGTG AGCATTCAGCTGGGTATA 18,18 54,52 188 

SAFE11M27-1 CGGCATGTATCTGGAGC AGGTGCGTATATCTTTCC 17,18 54,52 212 

SAFE11M27-4 AGGTTCACAGAAAGAACAAG CGGCTAGCAAGGTTTAGC 20,18 54,56 206 

SAFE14M21-1 CCAGGCAACTTAATGGC ATCTAAGCTAGAGTGACA 17,18 52,50 419 

SAFE12M25-1 AGTGAGCCCAGAGGCTTAC CGAAAAGCTACAGTCACAAC 19,20 60,58 230 

SAFE12M29-1 TCCTTTGCCTTGCGTCA CTAGATCTAGGTTCCGCTTG 17,20 52,60 171 

SAFE12M29-2 AGTCTGTCCTGCACTGAC CTATGTATGCACGCATTTTG 18,20 56,54 178 

SAFE12M29-3 AGTGGGAGCCAGGAGATG CTAAGGGAAAAGCAAATATC 18,20 58,54 176 

SAFE14M28-1 TGCAGGAGACTCAGGTTC TGCTAAGTCGCTTCAGTC 18,18 56,54 355 

SAFE14M28-2 ATCCTGGAACCAACATGA CGTCTCTGCATCTGCCTC 18,18 52,56 384 

SAFE14M30-1 ATCATACAGGAATTGGGAG CTCCTGTCTTTCTCTGCC 19,18 54,56 414 

SAFE15M24-2 CCTGGATTCTTTGGATGC ATGGTCTTTGTATGCTGATG 18,20 54,56 359 

SAFE15M24-3 ATGAGCCAAGGCTGTTCC CCTCCACACCACACTGTC 18,18 56,58 301 

SAFE16M25-1 GTGATTTATGAATCACTCTT CGACGATGAGTCCTGAG 20,17 52,54 235 

SAFE16M25-2 ATTGATTAGCTACAGTGGTC CGACCCCATGGACTGCAG 20,18 56,60 244 

SAFE16M25-3 CGACGATGAGTCCTGGG ATTACCCCGACTCTAGTC 17,18 56,54 242 

SAFE1M28-1 AGTCGATCAGGCAAAAGTG CTGATACAATGCATGGTCTG 19,20 56,58 423 

SAFE1M28-2 AAAGTGTTACACGATGCC CGTCTGGCTTCTTTTGTT 18,18 52,52 438 

SAFE4M25-1 AATATGCCATGGGATGCTG CGACGATGAGTCCTGAGT 19,18 56,56 176 

SAFE4M25-2 CGATAAGAAAGTGAAAGAAA AATAAAGCACCCGTGTTC 20,18 52,52 182 

SAFE4M28-2 CGTGGCTTGTCCGAATGA AATCTGATGCATGAACAAGG 18,20 56,56 416 
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Figure 25. Polymorphism of the SAFE12M29-2 SCAR marker. 

                  The PCR products of individual genomic DNA samples of low and high 

fertility buffalo using the SAFE12M29-2 SCAR marker were analyzed on 

5% polyacrylamide gel. The genotypic results of using this marker showed 

approximately 60% accuracy of phenotype prediction. 
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L1 : AGTCTGTCCTGCACTGACCATGGGAGGACACTGATGGATTTGAGTCAGGGCTCGAGA 
H2 : AGTCTGTCCTGCACTGACCATGGGAGGACACTGATGGATT-GAGT-ANTGCTC-AGA 
H1 : AGTCTGTCCTGCACTGACCATGGGAGGACACTGATGGATTTGAGTCAGGGCTCAAGA 
L2 : AGTCTGTCCTGCACTGACCATGGGAGGACACTGATGGATT-GAGTCAG-GCTCAAGA 
L3 : AGTCTGTCCTGCACTGACCATGGGAGGACACTGATGGATTTGAGTCAGGGCTCAAGA 
H3 : AGTCTGTCCTGCACTGACCATGGGAGGACACTGATGGATTTGAGTCAG-GCTCAAGA 
                 ****************************************   ****  ***  *** **** 
 
L1 : TGGAACCAGAGAAGTAGAAAGAGGAGGAGAGAGTGTGGCTTCAGAAAGTACACTCCC 
H2 : TGGAACCAGAGAAGT-GAAAGAGGAGGAGAGAGTGTGGCTTCAGAAAGTACACTCCC 
H1 : TGGAACCAGAGAAGTAGAAAGAGGAGGAGAGAGTGTGGCTTCAGAAAGTACACTCCC 
L2 : TGGAACCAGAGAAGTAGAAAGAGGAGGAGAGAGTGTGGCTTCAGAAAGTACACTCCC 
L3 : TGGAACCAGAGAAGTAGAAAGAGGAGGAGAGAGTGTGGCTTCAGAAAGTACACTCCC 
H3 : TGGAAGCAGAGAAGTAGAAAGAGGAGGAGAGAGTGTGGCTTCAGAA-GTACACTCCC 
     ***************   ****************************** ********** 
 
L1 : CTAAAGCAGTGAAAACCAACAAGCAAGCAAGCAAGCAAACACCACCAACAAAATGCG 
H2 : CTAAAGCAGTGAAAACCAACAAGCAAGCAAGCAA----ACACCACCAACAAAATGCG 
H1 : CTAAAGCAGTGAAAACCAACAAGCAAGCAAGCAAGCAAACACCACCAACAAAATGCG 
L2 : CTAAAGCAGTGAAAACCAACAAGCAAGCAAGCAA----ACACCACCAACAAAATGCG 
L3 : CTAAAGCAGTGAAAACCAACAAGCAAGCAAGCAA----ACACCACCAACAAAATGCG 
H3 : CTAAAGCAGTGAAAACCAAGAAGCAAGCAAGCAA----ACACAACCAACAAAATGCG 
           **********************************               ******************* 
 
L1 : TGCATACATAG 
H2 : TGCATACATAG 
H1 : TGCATACATAG 
L2 : TGCATACATAG 
L3 : TGCATACATAA 
H3 : TGCATACATAG 
     ********** 
 

Figure 26. Sequence alignment of polymorphic bands of the SAFE12M29-2 SCAR 

marker. 

                  The results of alignment show the differences between fragments occurring 

due to insertion/deletions of nucleotide sequences (GCAA).  

                  L1 and H1 : the sequences of allele # 1 of low and high fertility samples 

                  L2 and H2 : the sequences of allele # 2 of low and high fertility samples  

                  L3 and H3 : the sequences of homozygous of allele # 2 of low and high 

fertility samples. 
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may be the results of the fertility trait is multifactorial which is both of genes and the 

environment influence to the trait (12). In order to determine the efficiency of using 

this marker to predict the phenotype, more samples with known phenotype will be  

needed to be tested with this marker. For the rest of SCAR primers, 14 of them 

showed a single amplified band with the same size in both high and low fertility 

animals, while the other 9 primers showed more than one PCR products with no 

phenotype specificity, and the last 8 markers gave no amplification product.  

 

4.5   Sequence analysis 

        The AFLP sequences were analyzed by BLAST search against GenBank database 

and the results showed that some of the AFLP sequences had similarity with known 

genes of other bovine species, such as Bos Taurus (Table 5). The AFLP sequences of 

the AFE7M24-2 marker showed similarity with the prostaglandin F2α receptor gene. 

The prostaglandin F2α has shown to enhance fertility in cattle (55, 56). It may also 

exert a fertility effect by stimulating a release of luteinizing hormone (LH) upon 

decrease of the corpus luteum and reduced progesterone concentrations (55). The 

sequences of the AFE16M25-2 and AFE4M28-3 markers, both showed homology 

with the follicle stimulating hormone (FSH) receptor gene of sheep (Ovis aries). The 

FSH is one of major hormones involved in follicle development (57, 58, 59) and 

directly affects fertility. Moreover it was examined as candidate gene for swine 

reproductive trait (60). 

 

4.6   Screening of AFLP markers with all individual animals  

        The identified AFLP markers were used to screen the 24 individual DNA samples 

(12 high fertility and 12 low fertility) that were used to construct the two pooled DNA 

samples. Analysis of the amplification pattern using the AFE14M30 marker found that 

expected polymorphic bands presented in 10 out of 12 of low fertility samples, 

whereas absented in 9 out of 12 high fertility buffalo (Figure 27). These results 

represented that 19 of 24 of the genotypic results using the AFE14M30 marker 

correlated with the phenotypic results. This marker therefore shows 80% accuracy of 

phenotype prediction (P = 0.01). Several other markers showed a high correlation  
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Table 5. BLAST results of identified polymorphic AFLP fragments. 

 

AFLP  
sequences Putative genes 

GenBank 
accession 

no.  
Species  Probability Score 

alpha-
lactalbumin-
like gene 

AF327256 Tragelaphus 
eurycerus 254 1e-64 

regakine-1 
protein gene, 
exons 1-3 

BTA313203 Bos taurus 186 2e-44 
AFE6M18-1 

interleukin 1, 
alpha (IL1A) NM_174092 Bos taurus 125 6e-26 

prostaglandin 
F2α receptor 
gene 

AY030405 Ovis aries 145 6e-32 

AFE7M24-2 

alpha-S1 
casein gene  AY154895 Bos taurus 180 1e-42 

AFE7M27-1 kappa casein 
(CSN3) gene AY380229 Bos taurus 113 1e-22 

AFE12M29-1 

X-inactivation 
center region, 
Jpx and Xist 
genes. 

AJ421481 Bos taurus 111 4e-22 

AFE14M28-1 
interleukin 1, 
alpha (IL1A) NM_174092 Bos taurus 406 e-110 

follicle 
stimulating 
hormone 
receptor gene 

AF090438 Ovis aries 163 2e-37 

lactoferrin 
gene Z93399 Bos taurus 151 7e-34 

CSN3 gene AF164024 Bubalus bubalis 121 7e-25 
AFE16M25-2 

steroid 21-
hydroxylase 
gene, 
 

AF163768 Bubalus bubalis 135 4e-29 

gamma globin 
gene  M63452 Bos taurus 349 2e-93 

AFE4M28-3 sex-specific 
gonadal 
PISRT1 
mRNA, 

AF404302 Capra hircus 299 2e-78 
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Figure 27. The AFLP fingerprint of the AFE14M30 AFLP marker.  

                     Polymorphic AFLP bands of individual samples on 5% denatu

polyacrylamide gels using E-ATC/M-CTC primer combination. 

arrows show the polymorphic bands that present in 10 of 12 low fert

buffalo and absent in 9 of 12 high fertility buffalo. Genotypic re

show an 80% accuracy of phenotype prediction. M is 100 bp DNA la
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between phenotype and genotype in particular AFE10M22 (75%, P = 0.02), 

AFE12M25 (70.8%, P = 0.09), AFE16M25 (70.8%, P = 0.03), AFE6M27 (66.7%, P = 

0.21), AFE1M28 (66.7%, P = 0.21) and AFE4M25 (66.7%, P = 0.19) markers as 

shown in Figure 28-32, while the remaining of AFLP markers showed approximately 

50% of phenotype prediction. 

 

4.7   Identification of new AFLP markers from AFLP fingerprints of individual   

sample screening 

         More AFLP markers were also identified from AFLP fingerprints of individual 

samples using primer combinations that showed polymorphisms when screened 

against pooled DNA samples. Clear polymorphic bands with more than 60% 

phenotype prediction were recorded as new AFLP markers and are shown in Table 6 

and Figure 33-36. 
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Figure 28. The AFLP fingerprint of the AFE12M25 AFLP marker. 

                  Polymorphic AFLP bands of individual samples on 5% denaturing 

polyacrylamide gels using E-AGT/M-CGA primer combination. The 

arrows show the polymorphic bands that present in 9 of 12 high fertility 

buffalo and absent in 8 of 12 low fertility buffalo. Genotypic results 

showed 70.8% accuracy of phenotype prediction. M is 100 bp DNA ladder.   
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Figure 29. The AFLP fingerprint of the AFE16M25 AFLP marker. 

                  Polymorphic AFLP bands of individual samples on 5% denaturing 

polyacrylamide gels using E-ATT/M-CGA primer combination. The 

arrows show the polymorphic bands that present in 5 of 12 high fertility 

buffalo and absent all low fertility buffalo. Genotypic results showed 

70.8% accuracy of phenotype prediction. M is 100 bp DNA ladder.  
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Figure 30. The AFLP fingerprint of the AFE10M22 AFLP marker. 

                  Polymorphic AFLP bands of individual samples on 5% denaturing 

polyacrylamide gels using E-AGC/M-CCC primer combination. The 

arrows show the polymorphic bands that present in 7 of 12 low fertility 

buffalo and absent in 11 of 12 high fertility buffalo. Genotypic results 

showed 75% accuracy of phenotype prediction. M is 100 bp DNA ladder.  
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Figure 31. The AFLP fingerprint of the AFE4M25 AFLP marker. 

                  Polymorphic AFLP bands of individual samples on 5% denaturing 

polyacrylamide gels using E-AAT/M-CGA primer combination. The 

arrows show the polymorphic bands that present in 10 of 12 high fertility 

buffalo and absent in 6 of 12 low fertility buffalo. Genotypic results 

showed 66.7% accuracy of phenotype prediction. M is 100 bp DNA ladder.  
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Table 6. The AFLP markers identified from individual AFLP fingerprints. 

 

Phenotype 

specificity 
Markers 

Percentage of 

phenotype prediction 
P-value 

     AFE7M27-350 79.2 0.01 

     AFE12M29-270 70.8 0.06 

     AFE6M26-220 66.7 0.15 

     AFE6M27-330 62.5 0.40 

     AFE7M27-650 62.5 0.37 

     AFE7M27-320 62.5 0.37 

     AFE12M25-600 62.5 0.37 

Low fertility 

     AFE15M24-400 62.5 0.21 

     AFE16M25-470 75.0 0.13 

     AFE1M28-300 70.8 0.07 

     AFE4M28-390 70.8 0.09 

     AFE4M28-380 70.8 0.06 

     AFE4M25-320 66.7 0.15 

     AFE1M28-210 66.7 0.15 

     AFE16M25-520 66.7 0.15 

     AFE16M25-250 66.7 0.15 

     AFE11M27-500 66.7 0.15 

     AFE11M28-750 66.7 0.21 

     AFE11M28-600 66.7 0.21 

     AFE10M22-500 62.5 0.37 

     AFE1M28-350 62.5 0.41 

     AFE14M28-160 62.5 0.31 

     AFE11M27-280 62.5 0.31 

     AFE7M27-180 62.5 0.40 

High fertility 

     AFE6M26-800 62.5 0.37 

Note: P-value was calculated using Fisher’s exact test  

          (http://www. matforsk.no/ola/fisher.htm)  
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Figure 33. The AFLP fingerprint of the AFE7M27-350 marker. 

                  Polymorphic AFLP bands of individual samples on 5% denaturing 

polyacrylamide gels. The arrows show the polymorphic bands. The marker 

shows 79.2% accuracy of phenotype prediction. M is 100 bp DNA ladder.  
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Figure 34. The AFLP fingerprint of the AFE16M25-470 marker. 

                  Polymorphic AFLP bands of individual samples on 5% denaturing 

polyacrylamide gels. The arrows show the polymorphic bands. The marker 

shows 75% accuracy of phenotype prediction. M is 100 bp DNA ladder.  
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Figure 35. The AFLP fingerprint of the AFE1M28-300 marker. 

                  Polymorphic AFLP bands of individual samples on 5% denaturing 

polyacrylamide gels. The arrows show the polymorphic bands. The marker 

shows 70.8% accuracy of phenotype prediction. M is 100 bp DNA ladder.  
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Figure 36. The AFLP fingerprint of the AFE12M29-270 marker. 

                  Polymorphic AFLP bands of individual samples on 5% denaturing 

polyacrylamide gels. The arrows show the polymorphic bands. The marker 

shows 70.8% accuracy of phenotype prediction. M is 100 bp DNA ladder.  
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CHAPTER V 

DISCUSSION 

 

 
        Current approach in animal breeding is to estimate the genetic value of an 

individual that depends upon phenotype observation on the individual itself or 

relatives. For almost all of the traits of interest, differences in phenotypic observation 

are due to genetics and environmental factors. If the genes and their effects on the 

traits of interest are known, typing of animals at the DNA level would make it possible 

to estimate breeding value and results in a reduction of the generation interval (61). 

        This project, the AFLP analysis was applied to identify the AFLP markers 

specific to fertility trait of the Thai swamp buffalo using the extreme phenotype of 

animals. The calving interval data was used as the phenotype information to classify 

the experimental animals into high and low fertility groups. DNA pooling was used to 

identify the AFLP markers. A total of 19 AFLP markers, 6 and 13 derived from high 

and low fertility, respectively, were identified from pooled DNA. This implies that 

using pooled DNA instead of individual sample results in less markers being identified 

due to high variation of genetic background. DNA pooling method was also used to 

identify QTL for ovulation rate in cattle (62). In their studies, the individuals with the 

highest Estimated Breeding Value (EBV) were included in the high pool and those 

with the lowest EBV were included in low pool. A genome-screen was preliminary 

conducted with pools and then with individual genotyping. In addition, the use of 

extreme resource population was also conducted in both plant and animal species such 

as barley and swine. Barley mapping population was selectively genotyping 10-70% 

extreme using microsattelite markers and showed that the lower the percentage of 

extreme samples, the higher the proportion of detected loci associated with trait (63). 

Moreover, selective genotyping of AFLP was also successfully applied in swine using 

about 10% of extreme animals (22).  



Fac. of Grad. Studies, Mahidol Univ.  M.Sc. (Mol. Genet. Genet. Eng.) / 71 

        After identifying the AFLP markers from pooled DNA, 17 markers were then 

converted to SCAR markers that are high-throughput genetic markers for marker 

assisted selection program. The polymorphic AFLP fragments were cloned and  

sequenced in order to use in SCAR primers design. A total of 32 SCAR primers were 

designed from the different sequences of the polymorphic AFLP bands. Testing of 

those SCAR primers with all individual samples revealed that the SAFE12M29 

generated a polymorphic pattern that showed differences between the high and low 

fertility samples. However the results of our work showed that a number of SCAR 

makers that were developed from AFLP markers are lower than expected. The similar 

results have also been observed in wheat (26). The possible explanation of the results 

of the conversion may come from the nature of the AFLP polymorphism that is mainly 

generated due to mutation at the recognition sites of the restriction enzymes and the 

differences of nucleotides that are specific to the AFLP primers. Therefore, 

polymorphisms that showed in the AFLP would possibly be lost when internal SCAR 

primers were derived (26). Additionally, the polymorphic sites of AFLP screening are 

3’ end of the AFLP primers including three selective bases, when the SCAR primers 

were designed from 5’ to 3’ of the internal sequence, therefore they may force to 

prime with all samples and generate the same PCR products. 

        Although conversion of AFLP markers seems technically easy, some hurdles 

need to be taken (34). The first hurdle is the extraction of an AFLP fragment from a 

polyacrylamide gel. Often, these extracts contain multiple fragments, which are the 

result of co-isolation of background amplification products of the AFLP fragment of 

interest. The second hurdle is the relative short size of AFLP bands. DNA sequence of 

the AFLP fragment is therefore often too short to optimally design PCR primers, and 

too short to expect internal polymorphism, which can be used to differentiate between 

alleles (26, 31, 64).  

        The AFLP sequence analysis against BLAST search showed that some of the 

AFLP sequences had similarity with known genes and cloned sequences of other 

bovine species, such as cattle (Bos Taurus) and sheep (Ovis aries). Considerably, there 

is little sequence of buffalo (Bubalus bubais) in the database that showed similarity 

with the Thai swamp buffalo sequences of this project. This may result from limitation 

of knowledge about the genetic background of the buffalo, especially swamp type. 
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Moreover, the study and development of genetic map and molecular markers of 

swamp buffalo are less when compare with other types of buffalo in Bubalus species 

such as Murrah or river buffalo (65). The genetic physical map in river buffalo (B. 

bubalis, 2n=50) was also constructed by chromosome in situ hybridization and a total 

of 54 markers from cattlesyntenic groups were assigned to the river buffalo genome 

(66). According to sequence analysis from BLAST search, the genetic background of 

buffalo seems to closely relate to that of cattle. Consequently, the use of genetic 

markers linked to the important trait of cattle such as reproduction, health as well as 

disease resistant traits may also lead to the selection of swamp buffalo in breeding 

program. 

        Besides genotyping of SCAR markers with all individual samples, the identified 

AFLP markers from pooled DNA were also genotyped in individual animals that were 

used to construct the pools. The polymorphic bands were identified according to 

presence or absence of the AFLP fragments comparing between high and low fertility 

groups. Moreover, several bands on the same fingerprint were also observed and 

combined with the identified polymorphic bands in order to compare whether these 

bands pattern would provide higher correlation between phenotype and genotype. The 

results showed that those patterns had on effect on the results that were identified 

using only one expected polymorphic band. The individual genotyping results also 

showed high correlation between phenotype and genotype. Some markers that showed 

lower percentage of phenotype prediction may results from the fertility trait is 

multifactorial traits (7) and it is more complicated as the traits are likely to be 

controlled by multiple genes. Generally, most of the economic traits, including fertility 

trait, considered in animal selection are quantitative traits. The genetic variation of 

these traits is thought to be based on the cumulative interaction of different alleles of 

several genes along with environmental factors. Indeed of quantitative trait loci, a 

generally accepted hypothesis is that the genetic architecture of a QTL consists of a 

large number of genes, each having a small effect on the phenotype (67). Moreover, 

there is general agreement that the heritability value of fertility trait is quite low that is 

ranged between 0.02 and 0.15 (68). In addition, the heritability estimate of calving 

interval is 0.1 which is low when compare with other traits such as growth and carcass 

traits that have the heritability of 0.3-0.4 and 0.5-0.7, respectively (69). Heritability is 
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the single most important consideration in determining appropriate animal evaluation 

methods, selection method and mating system. It measures the relative importance of 

hereditary and environmental influences on the development of a specific quantitative 

trait. The numerical value of the heritability estimate is given as a percentage or a 

decimal and should lie between 0 and 1. 

        In order to ensure that both AFLP and SCAR markers identified in this project 

are specific to the trait of interest, more buffalo samples with known phenotype will be 

needed to be examined with the markers. However, all buffalo samples used in this 

project come from different families and are likely that the amount of linkage 

disequilibrium is a major effect involved in the trait. Therefore, if the buffalo 

population within the related family of half-sib family can be developed and used to 

test with the SCAR and AFLP markers identified from this project, it should be able to 

confirm whether the markers are closely linked to the trait of interest and also useful 

for construction of genetic linkage map of the buffalo. Basically, association between 

genetic markers and the traits can be studied by comparing the phenotype performance 

of F2 or backcross individual with different marker genotype (67). A special case of 

such design is the use of inbred line. For farm animal inbred lines are seldom 

available. In some experiment, crosses between lines with extreme phenotype have 

been used instead. In addition, rearing large number of F1 and F2 individual is only 

possible for some farm animal for example chicken, but not for others such as cattle 

and buffalo because of a long generation interval and cost of the experiment. An 

alternative to a designed experiment therefore involved using outcross population (67). 

        Several studies have demonstrated relationship between molecular variant and the 

phenotypic expression in several animal species (43, 70). This has stimulated the idea 

to add the genomic to the phenotypic information to increase the selection response to 

the traditional method which known as marker assisted selection (71). This approach 

rests on the ability to determine the genotype of individuals using DNA analysis. The 

information is then used to assess the genetic value of the individual, which can be 

captured in a molecular score that can be used for selection (37). However if 

information phenotypic data are available along with molecular data, selection on a 

combination of molecular score and phenotypic information is the most powerful 

strategy (37).  
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        Most importantly, all identified markers that have high correlation with fertility 

trait which were found in this study, can be applied to marker assisted selection 

program of the Thai swamp buffalo. The markers should be used to test with 

individual sample in order to identify the genotype of animals and predict their 

phenotype. The buffalo that give the positive result to the marker are more likely to 

have high fertility performance. Using genetic markers in selection program will 

increase the opportunity to select the Sires and Dams with desired trait as well as 

produce a number of better progeny. 
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CHAPTER VI 

CONCLUSION 
 

 

        In this study, the AFLP analysis was used to develop the genetic markers having 

the correlation with high fertility trait of the Thai swamp buffalo that will be useful for 

marker assisted selection in animal breeding. A total of 24 female buffalo with the 

recorded calving interval as the phenotype data were used to perform the AFLP 

analysis. DNA samples of the selected buffalo with high and low fertility were isolated 

and pooled in order to obtain high and low pools DNA. The pooled DNA samples 

were used in the AFLP screening with 256 primer combinations and 19 AFLP markers 

were identified from 19 primer pairs. Within these, 6 markers were derived from high 

and 13 markers were from low fertility pools. All identified AFLP markers were 

converted into SCAR that is high-throughput DNA markers for effectively apply in 

marker-assisted program. The SAFE12M29-2 SCAR marker gave the polymorphism 

between high and low fertility in individual animal with approximately 60% of 

phenotype prediction. Sequence analysis against BLAST search of the AFLP 

fragments showed high homology of Thai swamp buffalo with Bos taurus and some 

sequences had similarity with known genes relating with reproductive performance 

such as AFE7M24-2 marker had similarity with the prostaglandin f2α receptor gene 

while AFE16M25-2 and AFE4M28-3 markers showed similarity with the follicle 

stimulating hormone receptor gene. All identified AFLP markers were also screened 

with all individual animals. The results showed that the AFE14M30 marker had 80% 

correlation between phenotype data and genotype results and others marker also 

showed the correlation in particular AFE14M30 (80%), AFE10M22 (75%), 

AFE12M25 (70.8%), AFE16M25 (70.8%), AFE6M27 (66.7%), AFE1M28 (66.7%) 

and AFE4M25 (66.7%). Moreover, new AFLP markers with high correlation between 

phenotype and genotype were also identified from the AFLP fingerprints of individual 

sample such as AFE7M27-350 (79.2%), AFE16M25-470 (75%), AFE12M28-270 

(70.8%), AFE1M28-300 (70.8%) and AFE7M28-390 (70.8%). These markers will be 
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useful for selection of buffalo in the breeding program as well as construction of 

genetic linkage map of the Thai swamp buffalo in the future. 
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AFE6M18 
ACCTGTAATGCAGGAGACTCCAGTTCGATTCCTGGGTCGGGAAGATTCCCGTGGAGAA
GGGATAGGCTACCCACTCCAGTACTCTTGGGCTTCTCTGGTGGCTCAGATGGTAAAGA
GTCCACCTACAATGTGGGAGACGTGGGTTCAATTCCTGGGTTAGGATGATCCCCTGGC
AGAGGGCATGGCAACCCACTCCAGTATTCTTGCCTGGAGAATCCCCATGGACGGAGGA
GCCTGGCAGGCTACTGTCCATGGGGTCGCAAAGAGTCAGACATGACTGAGCAACTTAC
CACAACACATGAGTTCAAAGAGCAAGCCATTGTATATGTTGCAGGAATAGGCTTGCAT
TCATACCCCAATGTGCCCATCCATTGGTTGGCAGCAGTCCTTGGGACATGTAGTCTTG
GTG 
 

AFE6M26 
ACCGGTCTTAGGCTGCTGTCTTACCACCCCGAAGCAGCTGGCCTGACAGGAAACGGTG
GAACGATCTTGAGAAGACTCAGCTGTGGAAACAGCTGGACAGCAACATCCTTGAGGGC
TGAAGTAATTTCTCCTAGAATTAGGTATAGTATCTGCATCTGAGACCAAAATTAGGGT
GCTGTTTCTCCCACAGCTAGAACTCGAAGGGCG 
 

AFE6M27-1 
ACCAGGCAAGAATACTGGAGTGGGTAACCATTCCCTTCTCCTGGGGATCCTCCAGACC
CAGGGATTGAACCTGGGTCTCCTAACTGCAGGCAGATTCTTTATGGTCTGAACCACCA
GGGAAGCCCACCATTGTTATATATCCAAATCAAATTATGCAAGCAAGAGAATAGCTAC
AGTGTATGTATGCTCCG 
 

AFE6M27-2 
ACCTGCAAAGCAATAAGGGATGCGGATTGGATCCCTGGGTCAGGAAGATCCCCTGGAA
GGAGNGCCTTGGCGACCCACTCCAATAGTCGTTGCCTGGAAGAATCCTATGGACGAGA
GGAGCCTGGATGCGCTACAGTCTATGGAGTTGCAAAGAGTTAGACACTACTGAAACAA
CTTAGCAAGCACTTTTATGTGCCG 
 
AFE7M24 
ACGTTCCATGGGCTACAAATTAGTCACCTGGACACCTAACAGCAAAGAATATCTGCCA
AGAAGAGGAAATTGACATTCCAACCCATGAGGAAATGAGGTGAAGTAAAGTGAAGTCG
CTCAGTCATGTCCAACTCTTTGCAATCCCATGGAGTGTAGTCCACCAGGCTTCTCTGT
CCATGGGATTTTCCAGGCAAGAGTACTGGAGAGGGTTGCCATTTCCTTCTCCAGGGGT
CTTCCTGACCCAGGAATCAAACCCATGTCTCCTGCGTTGGAGGCAGATGCTTTACCTT
CTGAGCCACCAGGGAAGCCCTTCATGGGGAAGTCAAGG 
 

AFE7M27-1 
ACGTTTAGAATCAAACCCCATTCCCGCCAGAGATGCTCAGAAGGCTAAAATAAACCTT
GTGCACACCAGGACCCAGGGACCCCACAGAGACTGAGACATAACTGTGTTTGAGTGTC
TCCTGTGGGTCAACAGTGGACAGTCACAGGGACAGGGGCTCTGGGTGCGGCAGACTTG
AGTATGGCATAAGCCCTCTTGGAGGAGGTCGCCG 
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AFE7M27-2 
CGGCGACCTCCTCCAAGAGGGCTTATGCCATACTCAAGTCTGCTGCACCCAGAAGCCC
CTGTCCCTGTGACTGTCCACTGTTGACCCACAGGAGACACTCAAACACAGTTATGTCT
CAGTCTCTGTGGGGTCCCTGGGTCCTGGTGTGCACAAGGTTTATATTTAGCCTTCTGA
GCATCTCTGGCGGGAATGGGGCTTTGATTCTAAACGT 
 

AFE10M22-1 
AGCACAGTGCAGACATTGAGTGGAAAGAATGGGAAATAGAGGAAGCAGCTAGAAGCTA
ATGGCAGGAGTGCAGGTGAGGGGATGCAAGGATCACAGGTGCGACTTTGTTCAAGGCT
GCCTTTCACCAGGCCCCCTCTGTGCCTGGCCCCTCACATCATCATCTCTGACCCTCTG
ACTAACTTGGGAGGG 
 

AFE10M22-4 
CCCAACTTGATCATGGTGTATGAGCTTTTTGATGCATTGCTGAATTGGTACGCAGTCA
TGATGAGTCCTGAGTAACCCCAAGAAGAAGGAATGCAAGAGGGCAAAGTGGTTGTCTG
AGGAGGCTTTACAAATAGCTGAGGAAAGTGAAAAGCAAGGGAGAAAGGTAAAGATATA
CCCAGCTGAATGCT 
 

AFE11M27-1 
CGGCATGTATCTGGAGCCAACTGAGAGAGAACGCCTACCATCGACTAAGATCATTCCT
CCCTCCCCTCTGCACTTTCAGGATCAACATTAGTAAACTCGCTGAAAAGCCTCCCAAA
GTCTATCCAGGAATTTATCAGGAACTTCTTCCTGTTTCTGCTCTATGTCAGCCAACAT
AGAAAAGCAAAGGAGAAACAGGAAAGATATACGCACCT 
 

AFE11M27-4 
AGGTTCACAGAAAGAACAAGTATGGGCCTGAGGCTTGTCCTCCTGCCTAGGGGTGAAG
AGCTAAAAATCACACACCCTTCACACATGGAAGATAAGCTTCAACTGTCATGATTTGG
GGCAAAGCCAACAGGTCTTATTTTCAAAGAAATCCCTATGACACTCATCTTCAACTTT
GAATTGAGCAAGTTGCTAAACCTTGCTAGCCG 
 

AFE14M21 
CCAGGCAACTTAATGGCCTCCCTTCTGTACCTACCCTCTCCCTACCCAGAGGAGAGTC
TGGCCTTTCCTCCAGAGAGATGCTATAAAAGTCTCTAAAAAGTGAAAGGGAGAGGGCA
GCCACATACACATTCTGCTGGCAACCACCACTCTAGTCTGGGTTAGTGGATCAGGTTG
ACTGGTTGATGCGGGCGGGTGCGTGGAATCCCCTGGCCACCTGGATTGCAGCAAGAAC
TTCTGATAGAGAAGATATCCAGACATGAGAGGACATGCAAGAAACATGGGAGGTGAAA
ACTGATACTGCTTGGTTAGTGGGTTGAATTGTGTCTCCTAAAAAGATATGTTGAAATC
TTTACCCTGGTACCTGTGAACATGACCTTGTTTGGAGCTAGGATCCTTGCAGATGTCA
CTCTAGCTTAGAT 
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AFE12M29-1 
AGTTATCCTTTGCCTTGCGTCATTTTGTTCACCAAGGCCAAACTTGCCTTTTACTCCA
GGTATATCTTGACTTTCTACTTTTGCATCCCAATCCCCAATGATGAATAACACGCTTT
GGGGTGTAGTTCTAGTAATAGATTCACAATGAATAGATTTCAAGCGGAACCTAGATCT
AG 
 

AFE12M29-2 
AGTCTGTCCTGCACTGACCATGGGAGGACACTGATGGATTTGAGTCAGGGCTCAAGAT
GGAACCAGAGAAGTAGAAAGAGGAGGAGAGAGTGTGGCCTCAGAAAGTACACTCCCCT
AAAGCAGTGAAAACCAACAAGCAAGCAAGCAAACACCACCAACAAAATGCGTGCATAC
ATAG 
 

AFE12M29-3 
AGTGGGAGCCAGGAGATGGTTCTCACCTGTCCTGCTTCCTCAGGGTTGATGGAGAGCC
CCTCTTCCACCTCAGCTTCTCCCCTCTCCTCACCATGGGCCCCTACTTCATCCTGTAG
AGATCCCAGGAGCCCTGCCCAGCAGGTCCCAGTTGTCTTGGATATTTGCTTTTCCCTT
AG 
 

AFE14M28-1 
ATCTGCGGTGCAGGAGACTCAGGTTCAGTTAGCCAGACTAATGAGTGTGAGGTGATAT
TTTATTGTGATTTTGATTTGCACTACTCTGATACTAACGTTCGGAGAAGGCGATGGCA
CCCCACTCCAGTACTCTTGCCTGGAAAATCCCATGGGCAGAGGAGCCTGGTGGGCTGC
AGTCCATGGGGTCGCGAAGAGTTGGACATGACTGAGTGACTTCACTTTCACTTTTCCC
TTTCATGCATTGGAGAAGGAAATGGCAACCCACTCCAGTGTTCTTGCCTGGAGAATCC
CAGGGATGGGGAGCCTGGTAGGCTGCCGTCTATGGGGTCACACAGAGTCGGACATGAC
TGAAGCGACTTAGCAGCAGCAGCAGGTACTAACG 
 

AFE14M28-2 
ATCCTGGAACCAACATGAAAACAGTGAGAGCCTCTGAGTGGAGGGGGCAGTGTCCGAG
GACAGAGCCCAGCACCGGGATGGACTTCTTTCCTGCTCATCAGCGTCCAAGGCTCTGA
AAAGTACTATGGTTCTCAGGATGTGGGGAGAAGTCTCTGAAGGCTGCGTGACCATCTG
GTGTCCGCAAGTGGAGGTGAGGGCGCGGAGTGGCCTGGGAGACAAACGCAGAGCTACT
CTCTGATATGGAGACTCCAGTGTCGGTGTGACTGCTGGAGCCAGAGCCATAGGGATGG
GAGAGGGCTAACTCCTACCGCAGGAGGGCTACCCCGCCAGCACTTCAACACTCATAAT
GTGGAAGGAGGGGAGTGAGAGGCAGATGCAGAGACG 
 
AFE14M30 
ATCATACAGGAATTGGGAGAATCAAGCTTCTGAAGGAAAGGCTAACTAGGTATGCCGT
AGTGTTACTTCTCGTCTTTATTGCCAGCTCAGCTCCCTCTGGACTCATATCTGGATTC
ATATCTCTCCCAAGGGAGGGAGAGAGCTGTGAACAACGAATGGGAAAAGGCTGTTTTC
CACCAAATTCTCTAATACATGAGAGAAAAAGCCACTTTGATAGACCCTCATGGTATAC
AACCCAGAAAATCAGAAAAGCACTGCATGCCGTAGCTTTGACATCTCCAGGGTTCCAA
GCTTTACTGGCAGTGACTATTGTACAGGGAAGTGTCCTTAGAAGCACAGGTGCTCGTT
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GTGATTACGGTATCTTTAGGATACATCAGTAGAGCCCAGAAGAGGTGAGGCAGAGAAA
GACAGGAG 
 

AFE15M24-2 
CCTGGATTCTTTGGATGCTGACGACGGCCCTGACACCTTCTCGACGGCCATGGGGAAG
TAGAGGGTCGCCCCTTTTGGCGAATTGGGCCGACGTCGCATGCTCCCGGCCGCCATGG
GCTCGAGAACCGCAGAGCCTCGAACAGCGTTACCACCACAAACACTTGGCTGGCTGTG
ACCAGGTTGTCAAGGAGCTCATTGGCGATGAAGGTGACAAAAATCATGATTTTGCTCA
CAGTGAAAAATGATGCCAAATTCATGCCCCGAAGGTAGGAACTTTTCAGAATCTTGCG
AAATTTCCTTACTGCTGAAAAGAAAGTAGGACAAAGGTTTTATAAGAAGCATCAGCAT
ACAAAGACCAT 
 

AFE15M24-3 
ATGAGCCAAGGCTGTTCCTTACCACAGTCTGCCTGTGACCTCACGCAGGTCCTAGTCT
GGACTTAGCTCAGGCTCTGGGGTGAACAACTTGACTTCTCAAAAGCTGACCCCATTTT
TCATTGTGTCAATGAAGACAGTGAGGGTCTGGAGCTTGCGATTACAAGGGGCACCCAA
CCAAGGTGAATCCCATGTCTCAGTCACCAAGGCTTTCAAGCGTTTAGCTTCCTGGATT
GTAAATATTCTGAATTGGGTTTTGGAGCCTGCATGTTTTTTTTCAACAGGAAGCAGTG
TGGTGTGGAGG 
 

AFE16M25-1 
ATTGTGATTTATGAATCACTCTTGGACATGCTCCAATCACATTTCTTTAACATACTAT
CTTTATTTAGGAGAGGTTCAAATGTAAGTTGGTATTATTTCTGATATTTCTGCTTTTA
GTAGAGTAGAATCCAATTCTAATGCTTTTAGAAGATAAGATAATTATATGATACTTGT
ACTACAGGTATATTTGTGATATAGGTATCTCAGGGGTACTCGATTTACTCAGGACTCA
TCGTCG 
 

AFE16M25-2 
ATTGATTAGCTACAGTGGTCTTCTTGTGGCATCGCTAGCATTTTCTATATATAGTATC
ATGTCATCTGCAAATAATGACAGTTTTATTTCTTCTTTTCCAATTTATATTCTTTTAT
TTCTTTTTCTTCTCTGATTGTTGTGGCTAGGACTTCTAGAGGAGAAGGCAATGGCACC
CCACTCCTGTACTCTTGCCTGGAAAATCCCATGGATGGAGGAGCCTGGAAGGCTGCAG
TCCATGGGGTCG 
 

AFE16M25-3 
CGACGATGAGTCCTGGGTAACTAGTATCTATTCCTGTCCAATAATCATGAAGTTCTCA
AGGCCATGCTTTCCAGTTTCCAATGAACACATTTATTTCTGTGCTTCTGGTATGTGGG
AATTGAGACCCTTTGCCATTGTCAATAATAAGTGAGTTTGAACACACTTATTGGGGAT
GCAGATGACTTTAGGGCTAATAATTGGCAAATGAGTTGGTATGGATATGAGACTAGAG
TCGGGGTAAT 
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AFE1M28-1 
AAACAGTCGATCAGGCAAAAGTGTTGCATCCACGTTACTCAGGACTCATCATTGACTG
CGTACCAATTCAAGCAGATGGATCCTGACTGGTTACTCAGGACTCATCATTGACTGCG
TACCAATTCAATCGGTTACTCAGGACTCATCATTGACTGCGTACCAATTCAAGCAGAT
GGATCCTGACTGGTTACTCAGGACTCATCATTGACTGCGTACCAATTCAAGCAGATGG
ATCCTGACTGGTTACTCAGGACTCATCATTGACTGCGTACCAATTCAAAGCCCATCAG
GAATGTTGAAACAAATTTGCTGAAGGGATGCAAAAACTGACTTCTACAACAGTGACGG
AAGTCAACTGAATGTCGGTAGCACACACACAAAAACTTACTGCCAATAATTTTTATCT
ACAGACCATGCATTGTATCAGTATTGTACACG 
 

AFE1M28-2 
AAAGTGTTACACGATGCCCCCGCCCAGACGGCTAAACGTAAAGGAACTGGCGACAGGA
AGTGTCAGAATGTGGAGACACTTGAACTCTCCGAGGTTGGTAAGAGGAGCAGAGAGCA
GCAGGACTGCTTTGGCACACAGTGCAGCCGCGTTTTCTAAAGCTTGAGAAAGACAGGT
GTACAGAACCAAGGAATCTCCTGGCGTATACTCAAGAGAGTGAGTACTCATCCCTCCA
GAAAATAAGCATGAGAATGACCATGGTTGCACCAACCTGGAGACAACGTGAATGTCTA
TCAACAAGAGAATGAATTAGCAAATGGTAGCGAGTCCACACAACGTATCCTACACAGC
GAGGTGAAGGGACAAAGTGTGAAACTACGGCAACATAACGGCAACTTGGATGATTTTC
TAAGCATAATATGGAACAAAAGAAGCCAGACG 
 

AFE4M25-1 
AATATGCCATGGGATGCTGGATTAGCAGCCCTGGAAACTGAAGGTGTCTCCCTCAGGA
CTGGGAAGCTGGGCAGCAGGAAAGGGAGTTTGACTGAAGTAGAAGAAATAGGGGTTAT
AATCAGATAGACTGAGTTTAGAAATCTGCTACAGTTTTTGTTACTCAGGACTCATCGT
CG 
 

AFE4M25-2 
CGATAAGAAAGTGAAAGAAAGATAGAGGCTAATATTCCCTGGGTTACGCAGCCAGCCT
TTGTGCTCCAGGGGAATCAGCCAGACACACAGAGAGAGAGTGAGAGAGAGAGAGAGAG
AAAGAGAGAGAGAGAGAGAAGGAAGGACATGGGGACCCAAGTCCGGTGGAACACGGGT
GCTTTATT 
 

AFE4M28 
CGTGGCTTGTCCGAATGATCCCACTAAGGGAGCAGGAGACGCACATGTGCGGGGCTCC
GGGAGGAGCAGGGCTCGTGAGGCAGCGGACGCCATGCGGCGCACCGGGCACCGGCTGG
ATTCCGCTCGGGAAGCAGCCTGACAGCTCAGGCAGCATCCTGGCAGCTGCGTGTCTGC
GCCCAGCAGCAGTGCCCGGGCCTCCACTAGGGCCGGGCCACCATGCAGAGTGGGTGTC
CCTCCCGCCAGCACCGCTCTGCAGTTAGCAAGCGTCCTCTCATGAACCCCTTTGGGTG
GTCTGCATGGATGCTCCTGTTGCAGCAATCATTCCAGACTGGTCAGAAACCTCTCAAT
TTCAAGTGACTTTGGTTCACTTTTCGTGGCGTTTCTTTTTCACTTGGACCTTGTTCAT
GCATCAGATT 
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