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 Recently, Drs. E. Graham and P. Hanson reported (2007) that the Ty-2 
locus, which was derived from S. habrochaites, was located between RFLP 
markers TG36 (84.0 cM) and TG26 92.0 cM) on chromosome 11 and that the 
TG105A marker is closely associated with the introgression and could be used to 
follow the introgression in breeding populations.  The PCR primers for TG105A 
(90 cM) (TG105AF, 5’ CTTCAGAATTCCTGTTTTAGTCAGTTGAACC 3’, and 
TG105AR, 5’ ATGTCACATTTGTTGCTTGGACCATCC 3’, at an annealing 
temperature of 55oC) were shown by L. Mejia and D. P. Maxwell (2002) to give 
different sequences for H24 (Ty-2 gene) and a susceptible line, M82.  Also, the 
introgression associated with H24 was nearly identical to the sequence from S. 
habrochaites LA1223 (DNA from D. Spooner, UW-Madison).  Graham and 
Hanson showed that the restriction enzyme digestion with TaqI of the PCR 
products generate polymorphic bands for H24 (introgression from S. 
habrochaites) and S. lycopersicum (susceptible).  
 
 As part of a study to detect the Ty-2 gene in different begomovirus-
resistant breeding lines being developed in Guatemala, the TG105AF/TG105AR 
primers were used to amplify fragments from the following germplasm:  H24 (Ty-
2 locus, derived from an unknown S. habrochaites), Gc143-2 [resistant in 
Guatemala to begomoviruses, derived from a cross of Gc9 (introgression for 
resistance from S. chilense LA2779) x Marina], GIh902b (resistant in Guatemala, 
introgression from S. habrochaites LA1777 and/or LA0386), and M82 
(susceptible in Guatemala). 
 
 Alignment of these sequences showed that H24 had a unique 
introgression that was nearly identical to the sequence from S. habrochaites 
LA1223 (see below).  Gc143-2 and GIh902b had identical sequences and they 
also had an introgression that was different than the introgression associated 
with H24. 
 

The next step was to analysis these sequences for their restriction 
patterns with TaqI.  There were four TaqI restriction sites associated with M82 
and the approximate fragment sizes are 15, 30, 90, and 200 bp.  Two restriction 
sites are in the H24 sequence giving fragment sizes of approximately 40, 100, 
and 315 bp.  Two restriction sites are also associated with the introgression 
present in Gc143-2 and GIh902b, which give fragments sizes of approximately 
40, 90 and 310 bp.  Thus, it would be difficult to distinguish between the 
introgression associated with H24, which has the Ty-2 locus, and the 
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introgression in Gc143-2 and GIh902b, which does NOT have the Ty-2 locus 
using normal agarose gel electrophoresis.   
 
 The M82 sequence was identical to the sequence from TY50 (S. 
lycopersicum sequence) and from S. lycopersicum var. cerasiforme.  These data 
provide additional evidence that M82 sequence is that of S. lycopersicum. 
 
Sequence alignment: 
 
M82_105F-R    CTTCAGAATTCCTGTTTTAGTCAGTTGAACCCTCACTTGTTCCTTTTTGAAACCTGCAGA     60 
Gc143-2-105FR CTTCAGAATTCCTGTTTTAGTCAGTTGAACCCTCACTTGTTCCTTTTTGAAACCTGCAGA     60 
902b-105FR    CTTCAGAATTCCTGTTTTAGTCAGTTGAACCCTCACTTGTTCCTTTTTGAAACCTGCAGA     60 
H24-105FR     CTTCAGAATTCCTGTTTTAGTCAGTTGAACCCTCACTTGTTCCTTTTTGAAACCTGCAGA     60 
Consensus     cttcagaattcctgttttagtcagttgaaccctcacttgttcctttttgaaacctgcaga 
 
M82_105F-R    ATTTCAACATGACAATAAATGTGAAAAAAGACCATAATATAAGCTACATCGAT....ATG    116 
Gc143-2-105FR ATTTCAAtATGACAATAAATGTGAAAAAAGACCATAATATAAGCTACAcCGAT....ATG    116 
902b-105FR    ATTTCAAtATGACAATAAATGTGAAAAAAGACCATAATATAAGCTACAcCGAT....ATG    116 
H24-105FR     ATTTCAACATGACAATAAATGTGAAAAAAGACCATAATATAAGCTACATCaATcaatATG    120 
Consensus     atttcaa atgacaataaatgtgaaaaaagaccataatataagctaca c at    atg 
 
M82_105F-R    CACTGGCGGACGCAGGATTTTCATTAAGGAGTACAGTAAAAAAAATAGGCACACACGACC    176 
Gc143-2-105FR CACTaGCGGACGCAGGATTTTCATTAAGGAGTACAGTAAAAAAAATAGGCACACACGACC    176 
902b-105FR    CACTaGCGGACGCAGGATTTTCATTAAGGAGTACAGTAAAAAAAATAGGCACACACGACC    176 
H24-105FR     CAgTGGCGGACGCAGaATTTTCATTAAGGAGTACAGTAAAAAAA.TcGGCACACACcACC    179 
Consensus     ca t gcggacgcag attttcattaaggagtacagtaaaaaaa t ggcacacac acc 
 
M82_105F-R    TCATATAGTGTTTGCAAACCCCTAACAAATAGACTAAGCCCTTTAACTTGTTTTAAGAGA    236 
Gc143-2-105FR TCATATAGTGTTTGCAAACCCCTAACAAATAGACTAAGCCCTTTAACTTGTTT.AAGAGA    235 
902b-105FR    TCATATAGTGTTTGCAAACCCCTAACAAATAGACTAAGCCCTTTAACTTGTTT.AAGAGA    235 
H24-105FR     TCATAcAGTGTTTGtAAACCCCTAACAAATAGACaAAaCCCTTcAACTTGTTTTAAGAcA    239 
Consensus     tcata agtgtttg aaacccctaacaaatagac aa ccctt aacttgttt aaga a 
 
M82_105F-R    TGTCAATTTATGTATTTATATTTATAAAACTAAAATTTAATCACTATATACAACGTAATT    296 
Gc143-2-105FR TGTCAATTTATGTATTTATATTTAcAAAACTAAAATTTAATCACTATATACAACGTAATT    295 
902b-105FR    TGTCAATTTATGTATTTATATTTAcAAAACTAAAATTTAATCACTATATACAACGTAATT    295 
H24-105FR     TGTaAATTTATGTATTTATATTTATAAAACTAAAATTTAAcCACTATATACAACGTAATT    299 
Consensus     tgt aatttatgtatttatattta aaaactaaaatttaa cactatatacaacgtaatt 
 
M82_105F-R    TTCCGACAAAGGAGTGTCG..............AGCCAAGGTAGGTCCTGCACTGTCGAT    342 
Gc143-2-105FR TTCCGACAAAGGAGTGTCG..............AGCCAAGGTAGGTCCTGCACTGTCGAT    341 
902b-105FR    TTCCGACAAAGGAGTGTCG..............AGCCAAGGTAGGTCCTGCACTGTCGAT    341 
H24-105FR     TTCCGACgAAGGAGTGTCGctcgacaccccttggaCCAAGGTAGGTCCTcCACTGTCGAT    359 
Consensus     ttccgac aaggagtgtcg                ccaaggtaggtcct cactgtcgat 
 
M82_105F-R    ATGCTATGTTGCTCGAACTCTTCAAAAATCTGTCCGTTTTTAGAGAATCTAACACAGATA    402 
Gc143-2-105FR ATGCTATGTTGCTtGgACTCTTCAAAAATCTGTCCGTTTTTAGAGAATCTAACACAGATA    401 
902b-105FR    ATGCTATGTTGCTtGgACTCTTCAAAAATCTGTCCGTTTTTAGAGAATCTAACACAGATA    401 
H24-105FR     ATGCTATGTTGCTCGgACTCTTCAAAAATCTGTCCGTTTTTAGAGAATCTAACACAGATt    419 
Consensus     atgctatgttgct g actcttcaaaaatctgtccgtttttagagaatctaacacagat 
 
M82_105F-R    CAGCAAAACTTTTGGATGGTCCAAGCAACAAATGTGACAT                        442 
Gc143-2-105FR CAGCAAAACTTTTGGATGGTCCAAGCAACAAATGTGACAT                        441 
902b-105FR    CAGCAAAACTTTTGGATGGTCCAAGCAACAAATGTGACAT                        441 
H24-105FR     CAGCAAAACTTTTGGATGGTCCAAGCAACAAATGTGACAT                        459 
Consensus     cagcaaaacttttggatggtccaagcaacaaatgtgacat 
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Computer generated restriction analysis for TaqI (TCGA): 
 

Restriction sites on H24-105FR 
 
1      CTTCAGAATTCCTGTTTTAGTCAGTTGAACCCTCACTTGTTCCTTTTTGAAACCTGCAGA 
       GAAGTCTTAAGGACAAAATCAGTCAACTTGGGAGTGAACAAGGAAAAACTTTGGACGTCT 
 
61     ATTTCAACATGACAATAAATGTGAAAAAAGACCATAATATAAGCTACATCAATCAATATG 
       TAAAGTTGTACTGTTATTTACACTTTTTTCTGGTATTATATTCGATGTAGTTAGTTATAC 
 
121    CAGTGGCGGACGCAGAATTTTCATTAAGGAGTACAGTAAAAAAATCGGCACACACCACCT 
       GTCACCGCCTGCGTCTTAAAAGTAATTCCTCATGTCATTTTTTTAGCCGTGTGTGGTGGA 
 
181    CATACAGTGTTTGTAAACCCCTAACAAATAGACAAAACCCTTCAACTTGTTTTAAGACAT 
       GTATGTCACAAACATTTGGGGATTGTTTATCTGTTTTGGGAAGTTGAACAAAATTCTGTA 
 
241    GTAAATTTATGTATTTATATTTATAAAACTAAAATTTAACCACTATATACAACGTAATTT 
       CATTTAAATACATAAATATAAATATTTTGATTTTAAATTGGTGATATATGTTGCATTAAA 
 
                          TaqI                               TaqI 
301    TCCGACGAAGGAGTGTCGCTCGACACCCCTTGGACCAAGGTAGGTCCTCCACTGTCGATA 
       AGGCTGCTTCCTCACAGCGAGCTGTGGGGAACCTGGTTCCATCCAGGAGGTGACAGCTAT 
 
361    TGCTATGTTGCTCGGACTCTTCAAAAATCTGTCCGTTTTTAGAGAATCTAACACAGATTC 
       ACGATACAACGAGCCTGAGAAGTTTTTAGACAGGCAAAAATCTCTTAGATTGTGTCTAAG 
 
421    AGCAAAACTTTTGGATGGTCCAAGCAACAAATGTGACAT 
       TCGTTTTGAAAACCTACCAGGTTCGTTGTTTACACTGTA 
 
 

Restriction sites on 902b-105FR 
 
1      CTTCAGAATTCCTGTTTTAGTCAGTTGAACCCTCACTTGTTCCTTTTTGAAACCTGCAGA 
       GAAGTCTTAAGGACAAAATCAGTCAACTTGGGAGTGAACAAGGAAAAACTTTGGACGTCT 
 
61     ATTTCAATATGACAATAAATGTGAAAAAAGACCATAATATAAGCTACACCGATATGCACT 
       TAAAGTTATACTGTTATTTACACTTTTTTCTGGTATTATATTCGATGTGGCTATACGTGA 
 
121    AGCGGACGCAGGATTTTCATTAAGGAGTACAGTAAAAAAAATAGGCACACACGACCTCAT 
       TCGCCTGCGTCCTAAAAGTAATTCCTCATGTCATTTTTTTTATCCGTGTGTGCTGGAGTA 
 
181    ATAGTGTTTGCAAACCCCTAACAAATAGACTAAGCCCTTTAACTTGTTTAAGAGATGTCA 
       TATCACAAACGTTTGGGGATTGTTTATCTGATTCGGGAAATTGAACAAATTCTCTACAGT 
 
241    ATTTATGTATTTATATTTACAAAACTAAAATTTAATCACTATATACAACGTAATTTTCCG 
       TAAATACATAAATATAAATGTTTTGATTTTAAATTAGTGATATATGTTGCATTAAAAGGC 
 
                  TaqI                     TaqI 
301    ACAAAGGAGTGTCGAGCCAAGGTAGGTCCTGCACTGTCGATATGCTATGTTGCTTGGACT 
       TGTTTCCTCACAGCTCGGTTCCATCCAGGACGTGACAGCTATACGATACAACGAACCTGA 
 
361    CTTCAAAAATCTGTCCGTTTTTAGAGAATCTAACACAGATACAGCAAAACTTTTGGATGG 
       GAAGTTTTTAGACAGGCAAAAATCTCTTAGATTGTGTCTATGTCGTTTTGAAAACCTACC 
 
421    TCCAAGCAACAAATGTGACAT 
       AGGTTCGTTGTTTACACTGTA 
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Restriction sites on M82_105F-R 
 
1      CTTCAGAATTCCTGTTTTAGTCAGTTGAACCCTCACTTGTTCCTTTTTGAAACCTGCAGA 
       GAAGTCTTAAGGACAAAATCAGTCAACTTGGGAGTGAACAAGGAAAAACTTTGGACGTCT 
 
                                                       TaqI 
61     ATTTCAACATGACAATAAATGTGAAAAAAGACCATAATATAAGCTACATCGATATGCACT 
       TAAAGTTGTACTGTTATTTACACTTTTTTCTGGTATTATATTCGATGTAGCTATACGTGA 
 
121    GGCGGACGCAGGATTTTCATTAAGGAGTACAGTAAAAAAAATAGGCACACACGACCTCAT 
       CCGCCTGCGTCCTAAAAGTAATTCCTCATGTCATTTTTTTTATCCGTGTGTGCTGGAGTA 
 
181    ATAGTGTTTGCAAACCCCTAACAAATAGACTAAGCCCTTTAACTTGTTTTAAGAGATGTC 
       TATCACAAACGTTTGGGGATTGTTTATCTGATTCGGGAAATTGAACAAAATTCTCTACAG 
 
241    AATTTATGTATTTATATTTATAAAACTAAAATTTAATCACTATATACAACGTAATTTTCC 
       TTAAATACATAAATATAAATATTTTGATTTTAAATTAGTGATATATGTTGCATTAAAAGG 
 
                   TaqI                     TaqI             TaqI 
301    GACAAAGGAGTGTCGAGCCAAGGTAGGTCCTGCACTGTCGATATGCTATGTTGCTCGAAC 
       CTGTTTCCTCACAGCTCGGTTCCATCCAGGACGTGACAGCTATACGATACAACGAGCTTG 
 
361    TCTTCAAAAATCTGTCCGTTTTTAGAGAATCTAACACAGATACAGCAAAACTTTTGGATG 
       AGAAGTTTTTAGACAGGCAAAAATCTCTTAGATTGTGTCTATGTCGTTTTGAAAACCTAC 
 
421    GTCCAAGCAACAAATGTGACAT 
       CAGGTTCGTTGTTTACACTGTA 
 
 
Alignment of M82 (S. lycopersicum), H24 (Ty-2 locus introgression) and 1223 (S. 
habrochaites LA1223) for the TG105 marker. 
 
M82_105F-R CTTCAGAATTCCTGTTTTAGTCAGTTGAACCCTCACTTGTTCCTTTTTGAAACCTGCAGA     60 
H24-105FR  CTTCAGAATTCCTGTTTTAGTCAGTTGAACCCTCACTTGTTCCTTTTTGAAACCTGCAGA     60 
1223-105s                                                                    0 
Consensus   
 
M82_105F-R ATTTCAACATGACAATAAATGTGAAAAAAGACCA.TAATATAAGCTACATCGAT....AT    115 
H24-105FR  ATTTCAACATGACAATAAATGTGAAAAAAGACCA.TAATATAAGCTACATCaATcaatAT    119 
1223-105s             ACAATAAATGTGAAAAAAGACCAcTAATATAAGCTACATCaATcaatAT     49 
Consensus             acaataaatgtgaaaaaagacca taatataagctacatc at    at 
 
M82_105F-R GCACTGGCGGACGCAGGATTTTCATTAAGGAGTACAGTAAAAAAAATAGGCACACACGAC    175 
H24-105FR  GCAgTGGCGGACGCAGaATTTTCATTAAGGAGTACAGTAAAAAAA.TcGGCACACACcAC    178 
1223-105s  GCAgTGGCGGACGCAGaATTTTCATTAAGGAGTACAGTAAAAAAA.TcGGCACACACGAC    108 
Consensus  gca tggcggacgcag attttcattaaggagtacagtaaaaaaa t ggcacacac ac 
 
M82_105F-R CTCATATAGTGTTTGCAAACCCCTAACAAATAGACTAAGCCCTTTAACTTGTTTTAAGAG    235 
H24-105FR  CTCATAcAGTGTTTGtAAACCCCTAACAAATAGACaAAaCCCTTcAACTTGTTTTAAGAc    238 
1223-105s  CTCATAcAGTGTTTGtAAACCCCTAACAAATAGACaAAaCCCTTcAACTTGTTTTAAGAc    168 
Consensus  ctcata agtgtttg aaacccctaacaaatagac aa ccctt aacttgttttaaga 
 
M82_105F-R ATGTCAATTTATGTATTTATATTTATAAAACTAAAATTTAATCACTATATACAACGTAAT    295 
H24-105FR  ATGTaAATTTATGTATTTATATTTATAAAACTAAAATTTAAcCACTATATACAACGTAAT    298 
1223-105s  ATGTaAATTTATGTATTTATATTTATAAAACTAAAATTTAAcCACTATATACAACGTAAT    228 
Consensus  atgt aatttatgtatttatatttataaaactaaaatttaa cactatatacaacgtaat 
 
 
M82_105F-R TTTCCGACAAAGGAGTGTCG..............AGCCAAGGTAGGTCCTGCACTGTCGA    341 
H24-105FR  TTTCCGACgAAGGAGTGTCGctcgacaccccttggaCCAAGGTAGGTCCTcCACTGTCGA    358 
1223-105s  TTTCCaACgAAGGAGTGTCGctcgacaccccttggaCCAAGGTAGGTCCTcCACTGTCGA    288 
Consensus  tttcc ac aaggagtgtcg                ccaaggtaggtcct cactgtcga 
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M82_105F-R TATGCTATGTTGCTCGAACTCTTCAAAAATCTGTCCGTTTTTAGAGAATCTAACACAGAT    401 
H24-105FR  TATGCTATGTTGCTCGgACTCTTCAAAAATCTGTCCGTTTTTAGAGAATCTAACACAGAT    418 
1223-105s  TATGCTATGTTGCTCGgACTCTTCAAAAATCTGTCCGTTTTTAGAGAATCTAACACAGAT    348 
Consensus  tatgctatgttgctcg actcttcaaaaatctgtccgtttttagagaatctaacacagat 
 
M82_105F-R ACAGCAAAACTTTTGGATGGTCCAAGCAACAAATGTGACAT                       442 
H24-105FR  tCAGCAAAACTTTTGGATGGTCCAAGCAACAAATGTGACAT                       459 
1223-105s  tCAGCAAAACTTTTGGATGGTCCAAGCAACAA                                380 
Consensus   cagcaaaacttttggatggtccaagcaacaa 
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