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ABSTRACT: This report describes a set of seven informative single-nucleotide polymorphisms 

(SNPs) and one insertion-deletion (INDEL) distributed over 24 cultivars that can be used for 

tobacco (Nicotiana tabacum L.) cultivar identification. We analyzed 163,000 genomic DNA 

sequences downloaded from Tobacco Genome Initiative database and assembled 31,370 contigs 

and 60,000 singletons. Using relatively long contigs, we designed primer sets for PCR 

amplification. We amplified 61 loci from 24 cultivars and sequenced the PCR products. We 

found seven significant SNPs and one INDEL among the sequences and we classified the 24 

cultivars into 10 groups. SNP frequency of tobacco, 1/8,380 bp, was very low in comparison 

with those of other plant species, between 1/46 bp and 1/336 bp. For exact identification of 

tobacco cultivars, many more SNP markers should be developed. This study is the first attempt 

to identify tobacco cultivars using SNP markers. 
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   Traditionally, plant classification has depended 

on the polymorphism of morphological, physiological, 

and biochemical traits of the organisms and it 

needs long experience and know-how. However, 

as the number of cultivars has increased, new 

cultivars are no longer distinguishable from older 

ones based on these traits. For these reasons, 

molecular markers based on DNA sequences 

were developed for making it easy to differentiate 

among plant species and cultivars. Common 

molecular markers include random amplified 
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polymorphic DNA (RAPD), amplified fragment 

length polymorphism (AFLP), restriction fragment 

length polymorphism (RFLP), simple sequence 

repeat (SSR) and single nucleotide polymorphism 

(SNP), etc. These marker technologies diminished 

the need of highly trained human resources and 

cost-consuming field trials for cultivar 

identification. 

Of the DNA-based markers, SSR markers 

have been used widely. Highly polymorphic SSR 

markers have been used for forensic and paternity 
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analysis in humans (Grubwieser et al., 2007; 

Jacewicz et al., 2004; Rowold and Herrera, 

2003). However, SNPs are more frequent than 

SSRs in animal and plant genomes and the 

mutation rate is lower, 10
-8 (Kondrashov, 2003; 

Nachman and Crowell, 2000) than in SSRs, 10
-3 

(Brinkmann et al., 1998); therefore, SNPs are 

more reliable as molecular markers for organism 

identification. 

Nicotiana tabacum (2n=4x=48) is a eudiploid 

species derived from N. sylvestris (2n=24) and 

N. tomentosiformis (2n=24) (Kenton et al., 1993; 

Lim et al., 2004; Lim et al., 2006). The genome 

size is about 4.5 x 10
9 bp (Arumuganathan and 

Earle, 1991). In spite of the economical 

importance of this plant, sequence data are very 

restricted and genetic analysis of tobacco is 

still in its infancy. Some molecular markers 

related to disease resistance genes and linkage 

maps of tobacco have recently been reported, 

but the markers are restricted to SSRs, RAPDs, 

and AFLPs (Bindler et al., 2007; Julio et al., 

2006; Nishi et al., 2003). Tobacco Genome 

Initiative completed  a draft of the tobacco 

genome, but it is not yet available to the public.

These days, the cultivar determination of 

the tobacco leaf depends on the label of the 

stock and appearance of the leaves. However, 

cultivar determination of dried leaves is very 

difficult because the original shape is changed 

during the curing process and there are more 

than 10,000 cultivars in existence. Until now, 

no attempt had been made to find molecular 

markers to identify tobacco cultivars. In this 

study, we tried to find SNP or insertion-deletion 

(INDEL) markers to use in identifying of 

tobacco cultivars using selected 24 cultivars and 

primers designed from relatively long genomic 

DNA sequences. 

MATERIALS  AND  METHO DS

P lant Material and DN A Isolation

Twenty-four cultivars were used for the 

development of SNP markers. These 24 

cultivars included traditional varieties collected 

from Europe, America, and Asia (Table 1). 

DNA was extracted from leaf disks of 2-cm 

diameter using a Plant Genomic DNA Mini Kit 

(RBC, Taiwan) according to the manufacturer’s 

manual, then stored at -20℃.

Table 1. Tobacco varieties used for SNP finding

Number       Cultivars Type

1 PV-08 Flue Cured 

2 MSKF0102-37 Flue Cured

3 Hicks Flue Cured

4 BY4 Flue Cured

5 Orinoco Tobacco Flue Cured

6 KB103 Burley 

7 VA528 Burley

8 White burley Burley

9 Goose Creek Red Burley

10 Xanthi Orient

11 Basma Orient

12 Ismir Orient

13 Shirey Dark

14 Lizard Tail Turtlefoot Dark 

15 Greenwood Dark Dark 

16 Little Crittenden Chewing

17 Havana 608 Cigar Binder

18 Walker's Broadleaf -

19 Monte Calme tobacco -

20 Mokgicho Korean Local 

21 Hyangcho Korean Local

22 Chilean Tobacco -

23 Perique Tobacco -

24 Iranian Tobacco -

Tob acco G enomic DN A S equences 

Tobacco genomic DNA sequences (AGN_OF3_ 

05222007.all.fasta) were obtained from Tobacco 

Genome Initiative (www.tgi.ncsu.edu/data/new_ 

raw/2007-11-NOV/AGN_OF/) and assembled 

using PCAP program (Huang et al., 2003). 

From the original 163,000 sequences, we 

assembled 31,370 contigs and about 60,000 

singlets. 
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Table 2. Accession numbers, primer sequences, and PCR product sizes of the DNA fragments 

analyzed for Nicotiana tabacum SNP identification 

Contig # Accession # Forward primer Reverse primer
Product 

size (bp)

1 contig303 AJ718105 GACCAAAACGCTTGGGTAAA TGCGAAGAAGGTTCTGAGGT 1270

2 contig309 X76982 GTGAACGGAGGGAGTACCAA GGGGGTTTGATTGCCTATTT 871

3 contig360 AJ718286 GCCATGTAACAGCCAAAGGT AGATGACAGGCTCTGCAGGT 1382

4 contig371 BA000042 TCTCCGGTATACCCTGCAAC TTGGGTTGGGACAGTAGGAG 1155

5 contig387 AJ717841 ATAAGGGGAAGGGGTTTCCT CACCAACAACAGCACCAATC 1792

6 contig442 Y13861 GCGAGCAACCTTTTTCAGTC GGGTAAGGCCTGCGTACATA 716

7 contig468 BA000042 GCCCCTATGTTAGCAGGACA CTCAACCCCTTCACCAAAAA 1120

8 contig474 AB289449 TTTGGTACGTCCTGCCTTTC CTCACAACTCTCGGATGCAA 954

9 contig487 AJ718809 TTGTGCCCTCCATATCACAC CGACATGAAAGGACAGGACA 898

10 contig492 AY351386 GATGGGCTACAACCTCTCCA TCGTCTGAGCTCCGGTTACT 1228

11 contig495 AJ007903 CTTGCCTGAGCTGAAGGTCT AGCCCTCGGAGCTCTAAATC 1114

12 contig500 AB193039 GATAGCCTGCAGCTCGAAGT TGTATTTGAGGGGTTCTTCCA 1361

13 contig502 AY998018 CCGAGTGGAACCGTTTTAGA GACATGCATGGGTTGAGATG 1389

14 contig507 AB029327 TCAAGCAATCCCATCACAAA TGTGACCTTGCAACCGATTA 1005

15 contig511 AJ538622 TTTCCCTCCAAAACACTTGG GGGTCGGAAACTGACCAATA 1774

16 contig514 U35619 TCTGGTAGGGGGTGACCATA CAAATGCTTTTGCCACCTTT 991

17 contig522 AJ538507 GCCCAACGTTTTTGAGAAGA TGTGTAGGTAAGCAGGCAGGA 1404

18 contig525 X52742 GGCTCCCATCAACACAACTT CACTCACACGTGGCAACTCT 810

19 contig535 AY383599 TGAGCAGCCCAAAAGAAGAT GCCTAAGCGAGGATGTGAAG 1055

20 contig570 AJ718542 TATCGCCCAAAACTCCATTC CTTTCCACAAGCAGTCCACA 864

21 contig572 AB445397 GTCCTTGTGGGAGGACAAAA AGCAGCAATTCCAGCTTGTT 1109

22 contig371 BA000042 TGGCTTCCAATTCCTTTTCA ATAGTACTCCCGCCGTCTCA 1549

23 contig474 AB289449 GCACATCTTGGAGCCATTCT CGTATGCCCAAATTCATTCC 1339

24 cintig522 AJ538507 AATTGTTGGTTCCCTGGACA CGTTTACATAATTCCCCGAAG 1765

25 cintig502 AY998018 AGATCATCTCAGCCGTCCAT CCACATGAAGCAACGTTCAG 1361

26 contig572 AB445397 TGAGGCTGACGAGTTCATTC CCCCCACTTTTCAATTTCCT 1444

27 contig511 AJ538622 TTTCCCTCCAAAACACTTGG TGATCACGACTCGGAGATTG 1309

28 contig511 AJ538622 CTCCGAGTCGTGATCATTCA AGCAGCTGAAGCTCCAATGT 1656

29 contig371 BA000042 CCCTTTTTCTTCGCTCTTCC AAAGAATCGGCAAGTCATGG 2047

30 contig687 AB024600 TGGACGTGTGAAAAACTTGC TCGAGCCCTCGAAATTAAAA 1541

31 contig688 AJ718359 GCAGCTCTGTGCATGGTTTA TGCTGGAAGAAGCCAGAGAT 1373

32 contig689 X70903 ACATAGCAGGGGATGACCAG GTTGTTGGGCTGCGTATTTT 1449

33 contig693 AJ627183 GGTTCGGCCGGTTATTTTAT GGATTGGCTGACAAGACCAT 1567

P rimer D esign and P CR Reaction

   Gene-specific primer pairs were designed 

according to the following criteria: length, 20∼22 

bp; optimum melting temperature, 60℃; length of 

PCR product, 500∼2,000 bp (Table 2). The PCR 

was performed in 40-μL reaction mixtures that

contained 10∼30 ng of genomic DNA. After the 

initial determination of the amplification via 

agarose gel electrophoresis, the PCR primers 

appeared to produce a single amplicon from the 

genomic DNA used for amplification of the 

amplicon from the 24 varieties. 
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Table 2. continued

Contig # Accession # Forward primer Reverse primer
Product 

size (bp)

34 contig696 AJ719101 TTGGCTAAGCATGCTGTTTCT AATAGAATCGCAGCCGTCAT 1519

35 contig713 X70903 CTCGTGTGGGAGGTTGTTTT TGCACCTGCCTGTCTATCAG 1422

36 contig715 L04680 TCGAGACCCGATTCTTCATC CACTGCACAACAGCTCCCTA 1589

37 contig719 D89635 TTGCCTGTTTTACCGGATTC GCAAAAGAAGAAGGCTGGTG 1440

38 contig722 AJ718105 TGCGAAGAAGGTTCTGAGGT TCGCTTCTGCTTTGCACTAA 1610

39 contig740 AB032539 TGGTCACCAACATGGCTAAA TCTGCGTCAAGTCTTCATGG 1446

40 contig742 DQ350333 ATGTGCTGGAAAGGGTGAAG GAGCTGCAAAGTTGCATTGA 1491

41 contig765 X66784 AAATGGATGCGATGACACAA GGAATCACGGCATGAAGTTT 1564

42 contig772 AJ538640 GCAAAACTCAGACGCACTTG GTGCATGCAGACTTGTGTCC 1463

43 contig785 U64925 TCATCCCCTCCAGTGAAGAC CACGAACATTCCACGCTAGA 1426

44 contig801 AB032529 CAAACCTTTTCCCAGTTCCA AGCAGCTGAAGCTCCAATGT 1579

45 contig824 AY219234 AATTCCACAAGTGGGGTCTG TTGGATTTAGGGGTGGTTCA 782

46 contig824 AY219234 GCGTTGATTTCGGAAGTAGC TAGCAGGTTCTGCAACATGG 900

47 contig825 AF401735 GCAGGTGTTGAGAAACAGCA TGGGAATAAACCCCCTACAA 999

48 contig842 AB025714 CGCAGAAAGCATGAAATGAG GCAGTGGTACATCCCATAGTGA 1408

49 contig871 U22260 TGGCTGAAAATGGAATCACA GCCCAATCTAAAATGCGAAA 1577

50 contig880 AY528645 AGCAGCTGAAGCTCCAATGT AATGGTGGTTGCAGGAAGAG 1406

51 contig886 D84238 TATCGGTTTTGTTCGGGTGT TCCTTTTCCCAGAACCTCCT 1576

52 contig899 AJ012363 GTTTATAGCCTTGGCCGACA CAGCTCGTCACTGTCCACAT 1415

53 TOPO2 AY169239 ACCCTAAAATGGACGCAGTG CAGGAATGCGTTGTTCATTG 1181

54 BBF1 AJ009594 AATCCAGTTCGTTGGTCCAG TTGAGGGTTCCACAGCTTTC 880

55 contig563 AY528645 AAGCTCGGTGAAGTTCGAGA CCCCACTATTTGCCCTACAA 685

56 contig570 AJ718542 AAGCCATCCCGAATACTGTG TTGCTTTGTGCTGGAGAATG 1007

57 contig583 U66401 CTTGATCCTCGCTTCTCGAC ACTGATTTTTGGCCGTCTGT 1387

58 contig591 AB102806 TAGGGATTGAGGCAGTGGAG GAACTGGTCTGAACCGAAGC 1215

59 contig592 AC215407 TGAAGACGACGATGATGGAA TTGAAGACGGAGGAGTTGCT 1157

60 contig628 AF061106 GCCCACTGTTACGTTCCCTA TTGGTTATGCCAATCAAGCA 1119

61 contig648 AF368380 TCTGCCCAATTACTCGATCC TGTTGGACGAGCTGTTCTTG 1063

Seq uence Analysis and SN P Discovery

The PCR products were cleaned up using 

Wizard SV Gel and PCR Clean-Up kit 

(Promega, USA) and sequenced using both of 

the primers used for amplification in the 

labeling reaction. Sequences were analyzed on 

an ABI3730xl DNA Analyzer (Applied 

Biosystems, Foster City, CA). The sequence 

data from each amplicon were analyzed with 

sequence analyzing software: CLC Workbench 

(CLC Bio, Denmark), Clustal X (Larkin et al., 

2007), and Sequencher
TM 4.8 (Gene Code 

Corporation). The minimum and maximum PCR 

product length was 716 bp and 2,047 bp, 

respectively, and the average length was 1,295 

bp (Table 3). We removed the first 25 bp from 

the sequence and compared only the first 26 bp 

to 525 bp region.  
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Table 3. Sequence information of SNP or 

INDEL identification

Parameters Values

Number of cultivars 24

Number of alleles 61

Minimum PCR product length 716 bp

Maximum PCR product length 2,047 bp

Average PCR product length 1,295 bp

Total sequenced DNA length/cultivar 58,662 bp

Number of SNPs 7

Frequency of SNPs 1 per 8,380 bp

Number of INDELs 1

Frequency of INDELs 1 per 58,662 bp

Table 4. SNPs and INDELs identified from tobacco varieties 

SNP

ID

Contig #

(Accession #)
Primer sequence (5'→3')

Annealing 

Tempera-

ture(℃)

Product 

size

(bp)

SNP 

Motif

SNP 
position

from F 
primer

NTSL1
contig514

(U35619) 

F: TCTGGTAGGGGGTGACCATA
60  991 A/C 375

R: CAAATGCTTTTGCCACCTTT

NTSL2
contig522

(AJ538507)

F: AATTGTTGGTTCCCTGGACA
60 1765 C/T 313

R: CGTTTACATAATTCCCCGAAG

NTSL3
contig687

(AB024600)

F: TGGACGTGTGAAAAACTTGC
60 1541 A/C 65

R: TCGAGCCCTCGAAATTAAAA

NTSL4
contig785

(U64925)

F: TCATCCCCTCCAGTGAAGAC
60 1426 G/C 223

R: CACGAACATTCCACGCTAGA

NTSL5
TOPO2

(AY169239)

F: ACCCTAAAATGGACGCAGTG
60 501 T/C 307

R: CAGGAATGCGTTGTTCATTG

NTSL6
contig570

(AJ718542)

F: AAGCCATCCCGAATACTGTG
60 1007 AT/- 292

R: TTGCTTTGTGCTGGAGAATG

NTSL7
contig563

(AY528645)

F: AAGCTCGGTGAAGTTCGAGA
60 685 C/T 149

R: CCCCACTATTTGCCCTACAA

NTSL8
contig570

(AJ718542)

F: TCTCCGAGTGATGAAGCTGA
60 1179 T/C 243

R: ATGAGGAGCAGCGTTCAGAT

RES ULTS AND  D ISCUS SIO N

Overall, we compared 58,662 bp of genomic 

DNA sequence of each variety. We found 7 

SNPs and 1 INDEL from 24 varieties (Tables 

3, 4). Therefore, the SNP frequency was one 

per 8,380 bp. 

Table 5 summarizes the haplotypes of 

tobacco varieties. The 24 varieties were 

classified into 10 groups. Group I has Hicks, 

BY4, Walker's Broadleaf, Lizard Tail 

Turtlefoot, Shirey, Greenwood Dark, and Little 

Crittenden, group II has PV-08, MSKF0102-37, 

Xanthi, and Goose Creek Red. Group III, 

containing Korean local varieties Mokgicho and 

Hyangcho, is most closely related to group II. 

Burley varieties, KB103, VA528, and White 
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Table 5. Haplotypes of tobacco varieties

Group Varieties

SNP ID

NTSL

1

NTSL

2

NTSL

3

NTSL

4

NTSL

5

NTSL

6

NTSL

7

NTSL

8

Hicks C C C C C AT T C

BY4 C C C C C AT T C

Walker's Broadleaf C C C C C AT T C

I Lizard Tail Turtlefoot C C C C C AT T C

Shirey C C C C C AT T C

Greenwood Dark C C C C C AT T C

Little Crittenden C C C C C AT T C

PV-08 C C C C C - T C

II
MSKF0102-37 C C C C C - T C

Xanthi C C C C C - T C

Goose Creek Red C C C C C - T C

III
Mokgicho A C C C C - T C

Hyangcho A C C C C - T C

IV Orinoco  Tobacco C T C C C - T C

KB103 C T C G C - T C

V VA528 C T C G C - T C

White Burley C T C G C - T C

VI Monte Calme Tobacco A C C G C - T C

Chilean  Tobacco A C C C C - T T

VII Perique  Tobacco A C C C C - T T

Iranian  Tobacco A C C C C - T T

VIII Basma A C C C T - C C

IX Havana 608 A C A C T - T C

X Ismir A C C C T - T T

Burley, were grouped together (group V) and 

South American varieties, Chilean tobacco and 

Perique tobacco, were grouped together with 

Iranian tobacco (group VII). Interestingly, 

Oriental varieties, Xanthi, Basma, and Ismir, 

were not grouped together (Table 5).  

In comparison with other species, SNP 

frequency of tobacco, 1/8,380 bp, is very low 

(Table 6). SNP frequency of plant species is 

usually between 1/46 bp and 1/336 bp (Ching et 

al., 2002; Kolkman et al., 2007; Nasu et al., 

2002; Schmid et al., 2003; Zhu et al., 2003). 

SNP frequencies are sensitive to the regions 

tested and the number of genotypes sampled. 

SNP frequency of the noncoding region, 1/32 

bp, is higher than that of the coding region, 

1/63 bp, from sunflower inbred lines (Kolkman 

et al., 2007) and 1/32 bp in noncoding region 

and 1/124 bp in the coding region from maize 

inbred lines (Ching et al., 2002). Larger samples 

have a greater probability of capturing rare 

SNPs (Kolkman et al., 2007). In tobacco, two 

SNPs, NTS1 and NTS4, were found from 

coding regions and the others were identified 

from noncoding regions. We think it is not 

meaningful to calculate the SNP frequency from 
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Table 6. SNP frequency from plant species

                 Species SNP frequency      Reference

  Tobacco (Nicotiana tabacum L.) 1/8,380 bp This study

  Arabidopsis (Arabidopsis thaliana (L.) Heynh.) 1/336 bp Schmid et al., 2003

  Soybean  (Glycine max L. Merr.) 1/273 bp Zhu et al., 2003

  Rice (Oryza sativa L.) 1/89 bp Nasu et al., 2002

  Maize (Zea mays L.) 1/61 bp Ching et al., 2002

  Sunflower (Helianthus annuus L.) 1/46 bp Kolkman et al., 2007

each region of tobacco because the number of 

tobacco SNPs is too small.

Tobacco SNPs are of low frequency because 

tobacco is an autogamous, domesticated, and 

inbred plant. Typically, SNPs are less abundant 

in autogamous than allogamous organisms, less 

in domesticated than wild genotypes, and less 

in inbred than outbred plant types (Kolkman et 

al., 2007).    

In this study, the genotyping was done by 

direct sequencing of PCR products. For further 

genotyping of tobacco varieties, a more efficient 

system should be designed. A single base 

extension (SBE) assay would be a good 

candidate (Werbrouck et al., 2008) and new 

techniques, such as MassARRAY, could be 

considered for high-throughput assay of 

genotypes (Jones et al., 2007).  

CONCLUSION

Identification of tobacco cultivars is crucial 

for cigarette manufacturers. They have to know 

the exact cultivars of dried tobacco leaves that 

are used in blending the leaves. In this study, 

we discovered 7 significant SNPs and 1 INDEL 

that can be used for cultivar identification. This 

study is the first attempt to identify tobacco 

cultivars using SNP markers. However, the 

number of discovered SNPs or INDELs is too 

small for exact identification of tobacco cultivars.

Therefore, a high-throughput SNP discovery 

system will be needed for further identification 

of markers (Lijavetzky et al., 2007).
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