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Abstract: Expressed sequence tags (EST) are widely used in gene function research and molecular marker development. In order to
obtain a large number of EST sequences of tobacco, a variety of tissues and organs from Nicotiana tomentosiformis and Nicotiana
sylvestris were taken as plant materials, and two full-length enriched cDNA libraries were constructed using the CloneMiner cDNA
method. The EST sequences were used for sequence assembly, functional annotation, phylogenetic analysis and molecular marker
development. The normalized full-length ¢cDNA libraries were constructed successfully from Nicotiana tomentosiformis and
Nicotiana sylvestris. The titer were 0.72x108 and 1.12x10% pfu/mL, respectively, and the recombination rates were approximately 94%
and 93%, respectively. The average length of inserted cDNA fragments was 1.4 kb. 20 953 ESTs were generated from the full-length
enriched cDNA libraries, and assembled into 10 504 unigenes. All of the ESTs from allopolyploid tobacco (Nicotiana tabacum) and
its two diploid progenitors, Nicotiana tomentosiformis and Nicotiana sylvestris were assembled, resulting in 34 450 contigs and 123
511 singletons. The global assembly showed that the transcripts from the resident T- and S-genomes in the allotetraploid nucleus
were more closely related to their diploid homologs than they were to each other. In total, 104 915 coding sequences were identified,
of which 73 670 sequences contained functional domains. Approximately 81% of the unigenes had homologs in tomato. Furthermore,
we found 11 869 putative simple sequence repeats (SSR) and 55 369 single nucleotide polymorphisms (SNPs). The EST resources
have important implications for gene function research and molecular breeding.
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1 EST
Table 1 Summary of tobacco EST libraries

EST
Lib. ID Tobacco accession Numbers of ESTs Library description
Lib.14090 Bright Yellow 2 13700
Lib.16492 Bright Yellow 2 5512
Lib.20805 Petit Havana 2668 3
Lib.16263 5927
Lib.18153 K326 4361
Lib.18173 K326 4692 2
Lib.18782 K326 4540
Lib.18783 K326 5288
Lib.19510 Burley 21 1938
Lib.19511 K326 4422
Lib.19512 K326 3755
Lib.19513 K326 5150
Lib.19514 K326 4351
Lib.19515 K326 4844
Lib.19516 TN86 3205
Lib.23331 K326, Samsun, Burley 21 2145
Lib.23332 Samsun 3183
Lib.23333 Burley 21 1950
Lib.23334 K326 1163
Lib.23335 K326 1690
Lib.23336 K326 2308
Lib.21783 Samsun NN 28 477 5d
Lib.21784 Samsun NN 22418
Lib.21785 Samsun NN 18 052
Lib.23036 Hicks Broadleaf 8264
Lib.23037 Hicks Broadleaf 29526
Lib.23038 Hicks Broadleaf 7845
Lib.23040 Hicks Broadleaf 24044
Lib.20776 Hicks Broadleaf 8048
Lib.20778 Hicks Broadleaf 1500
Lib.20779 Hicks Broadleaf 1085
Lib.23330 Petit Havana 11216
Lib.24954 65102 11 24 48d
Lib.26713 SR1 2356
Lib.26715 SR1 2149
Lib.26714 SR1 1964
Lib.26545 SR1 1864

A
N. tabacum GO
28210
(auxiliary
transport protein) (protein tag)
A (metallochaperone)
Mo i ' 3 104 915
E >1E-10
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Fig. 2 Venn diagram of the contig contents of the three

Nicotiana species
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Fig. 3 Profile of GO annotations for tobacco and Arabidopsis

72.51%

SSR

19%

4054

4434

516

33%

1592

1273

SSRs

EST-SSR

AGI/CT

SSRs

56.2%

Tomato
Poplar
Grape

14000

AAG/CTT

2
SSRs

38.9%
53

2 SSR
Table 2 SSR motifs and their frequency
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3 SSR
Table 3 Frequency distribution of SSRs in tobacco by motif and repeat length
Numbers of repeats
Type 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32
AG — 846 505 322 201 161 81 83 36 50 30 27 16 35 15 12 6 5 6 6 5 5 1 10 3 4 1 2
AC — 443 245 203 105 51 46 11 15 24 6 7 3 1 2 1 0 0 1 O 01 0 2 1 2 1
AT — 249 105 87 56 38 31 18 16 10 10 11 16 6 6 4 7 6 7 7 8 6 2 9 5 5 7 0
cG — 6 3 0 0 O 0 O0O0OOOOO OO 0O 0O OGO OO OGO OGO OGO OUOTOUOTOTU OO0 O
AAC 408 142 51 28 11 5 2 1 0 0 0 0O O O O O O O O O O O O O O O O O
AAG 85 382 114 59 44 30 12127 107 6 5 9 1 4 1 0 2 1 1 2 1 0 0 5 0 1
AAT 142 66 23 16 16 6 1 2 8 6 4 1 3 1 0 0 0 3 0 3 0 0 0 0 0 0 0 0
ACC 15 59 22 9 1 0O 0 1 0 0 0 0O 0O 0 0O O O O O O O O O O O 0 0 0
ACG % 7 5 1 0 1 0 00 O0OO0OO0OO0OO0O0O0TO OGO OGO OGO OUOTOTOUOUO0OTUO0O0 O
ACT 85 5 18 2 2 2 0 0 0 0 0O 0O 0 0 0 0 0 0O 0O O O 0 O O O O O O
AGC 185 86 3 9 4 2 1 1 0 0 0 0 0 0 0 0 0O O O O O O O O O O 0 O
AGG 73 77 16 6 5 1 1 2 0 0 0 0 0 0 0 0 0O O O O O O O O O O O O
ATC 187 63 16 10 6 7 3 1 0 0 0 0 0 0 0 0O 0O O O O O O O O O O 0 O
ccG 75 6 22 9 0 1 0 0 0 0 0O 0O 0 000 0 O0O0UOUOUOUOUOUO0TUO0O0 O
EST 9475 Mb SSR cDNA EST
10 kb 125 SSRs 6.8% CloneMiner cDNA
cDNA
25 SNP
33734  contigs 103027 SNP
24 760 / insertions/deletions indels)
EST SNP EST
SNP
[31-32] [12-14]
42 355 SNP EST
11014  InDel SNP 4805 5699  unigenes
26 294 16 061 7 [12-14]
SNPs 4 contigs cDNA
EST Genbank
SNP 20 SNP/kb EST
25209 SNP EST
157961  unigenes 104 915
3
2013
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SSR 25 209 SNP
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EST

SSR  SNP [17.37]
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