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Post-TILLING HRM-based screening



Å Epigenetics:

ï Heritable changes in phenotype or gene 
expression caused by mechanisms other than 
changes in the underlying DNA sequence
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Experimental material

Rapid cycling Brassica rapa

ssp. trilocularis (Roxb.) Hanelt 

(Yellow Sarson) line (R-o-18)

2n=20

Possesses the óAô genome 



Technical challenges

Á Bisulfite sequencing ñthe golden standardò 

is expensive and lengthy.

Á Enzymatic-based methods ïlimited to few 

restriction sites; incomplete digestion; 

low resolution.

Á HPLC-based methods ïnot sequence-

specific.



HRM-Assisted Bisulfite Sequencing

Advantages

ÅLocus-specific

ÅQuick

ÅCheap

ÅPCR-based - small amount 

of DNA required

Rotor-Gene

LightScanner



Internal control: Unmethylated palsmid DNA @ 1:10,000.

Sister clones

BraA.BAN gene
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Filled circle   = methylated (C not converted)

Empty circle  = unmethylated (C converted to T) 
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Bisulfite sequencing revealed hypermethylation of Brassica  BANYULS gene

Circles  in the diagram represent cytosines in DNA. There may be other bases (A, T, or G) between the circles but 

they are not shown here. DNA was treated by two rounds of Bisulfite conversion (Qiagen). A section of BANYULS

gene was amplified, cloned and sequenced and analysed using Kismeth software.



Embryo
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Silique tissue
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B. rapa orthologue of ATS1a is differentially methylated  

between developing embryo and silique pericarp tissue
B. rapa orthologue of ABI3a is differentially methylated  

between developing embryo and silique pericarp tissue

Differential methylation of Brassica rapa ABI3a and ATS1a in silique 

and developing embryos 30DAP 

The HRM is a highly sensitive technique for detecting differences in DNA molecule population. The internal control 

which is unmethylated plasmid DNA did not show any differences between the two tissues.



Post-TILLING HRM assay for BraA.MET1 genes
designed to flank the region containing all three mutations identified. 

 

AB251937

9041 bp

BraA.MET1a

 

 

TGCGATGATAAGGAGAAAGGGAAAGGCGTGAAGTGTGATGGCTTTGGACGCGTGGAGAATTGGAGTATCTCGGGGTATGATGATGG

CTACCCGGTGGTTTGGTTCTCGACGGAGCTGGCGGATTATGACTGTGGTAAGCCTGCTACTAGTTACAAGAAGATGTATGACTATT

TCTATCAGAAGGCGTTTGCTTCTGTGGAGGTTTATAAGAGAGTGGCTAAGTCTGCGGGTGGGGACTCTGGTGTTAGTCTTGATGAG

TTGCTTGTGGCGGTTTCGAGGTCTATGAGCCTTGAAAGTAAATGCTTTTCTACTGATTTCTTGGTTATTAGAAATTTCCTTATACG

GCAAGGAGAGTTTATATATAACCAGCTTGCTGGTTTGGATGAGACGGCAAAGAAA 

 

 

 

 

AB251938

9864 bp

BraA.MET1b

 

Fig. 5.9. BraA.MET1a and BraA.MET1b genes. The part of the gene that contained 

the mutations and the amplicons that were used for the HRM assay. Bases highlighted  
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                              *        440         *        460         *        480               
R- o- 18_MET1a_WT           :  ATSYKKMYDYFYQKAFASVEVYKRVAKSAGGDSGVSLDELLVAVSRSMSLESKCFSTDFLV :   234
met 1a_G/ E_mut at i on        :  ATSYKKMYDYFYQKAFASVEVYKRVAKSAGGDSGVSLDELLVAVSRSMSLESKCFSTDFLV :   234
met 1a_A/ T_mut at i on        :  ATSYKKMYDYFYQKTFASVEVYKRVAKSAGGDSGVSLDELLVAVSRSMSLESKCFSTDFLV :   234
met 1a_A/ V_mut at i on        :  ATSYKKMYDYFYQKVFASVEVYKRVAKSAGGDSGVSLDELLVAVSRSMSLESKCFSTDFLV :   234
Br assi ca_r apa_MET1a       :  ATSYKKMYDYFYQKAFASVEVYKRVAKSAGGDSGVSLDELLVAVSRSMSLESKCFSTDFLV :   234
Br assi ca_r apa_MET1b       :  ATTYKKVYDYFFQKAYASVEVYKKVANS- - - - DLMSLDELLVAVARAMSLETKCFSSDYLA :   232
Ar abi dopsi s_t hal i ana_MET1 :  AASYRKVYDYFYEKARASVAVYKKLSKSSGGDPDI GLEELLAAVVRSMSSGSKYFSSG- AA :   227
Ar abi dopsi s_t hal i ana_MET2 :  SKKYKKLYDYFFEKACACVEVFKSLSK- - - - NPDTSLDELLAAVSRSMS- GSKI FSSG- GA :   217
Ni cot i ana_t abacum_MET1    :  SGGYKKFYDHFLAKATACI EVYKKLSKSSGGNPDLSLDELLAGVVRAMS- GLKCFSGG- VS :   252
Daucus_car ot a_MET1        :  SASYKKHYEHLFAKATACVEVYKKLSKSSGGNPDLSLDELLAGVVRGLS- GMKCFSRS- VS :   251
Daucus_car ot a_MET2        :  SAAYKKHYEHFFAKATACI EVYKKLSKSSGGNPDLSFDELLAGVVRAMN- GMKCFSRG- VS :   467
Sol anum_l ycoper si cum__CAA :  SGSYKKFYDHFLAKATACVEVYKKLSKSSGGNPDLSLDELLAGVVRAMT- GI KCFSGG- VS :   257
Pi sum_sat i vum__AAC49931_  :  AGTYKKYYDLFFEKARACLEVYKKLAKSSGGDPDI SLDELLAGMARSMS- GSKYFSGT- AS :   254
Or yza_sat i va_MET1A        :  ASSYRSYFEHFSEKARVCVEVYKKLARSVGGNPQVDLEELI AGVVRSI N- SNRSFNGT- - V :   252
El aei s_gui neensi s_MET1    :  ASSYRRFYDHFYDKACI CVEVYRKLARSAGGNPDLSLEELLAAVVRSMN- GTKNASGG- FV :   256
Or yza_sat i va_MET1B        :  AGNYKSYYDHFYEKAQVCVEVYRKLARSVGGNPNLGLEELLASVVRSI N- AI KGYSGT- - L :   252
Zea_mays__AAC16389_       :  STNYKSYFDHFYEKAQVCVEVFKKLAKSVGGNPNQGLDELLASVVRSTN- AMKGYSGT- - M :   238
                                                                                                
                                                                                                
                             *        500         *        520         *        540                
R- o- 18_MET1a_WT           :  I RNFLI RQGEFI YNQLAGLDETAKKDEASFAEI PVLVALRDENSRLDNGAVI QMEGRPSNG :   295
met 1a_G/ E_mut at i on        :  I RNFLI RQEEFI YNQLAGLDETAKKDEASFAEI PVLVALRDENSRLDNGAVI QMEGRPSNG :   295
met 1a_A/ T_mut at i on        :  I RNFLI RQGEFI YNQLAGLDETAKKDEASFAEI PVLVALRDENSRLDNGAVI QMEGRPSNG :   295
met 1a_A/ V_mut at i on        :  I RNFLI RQGEFI YNQLAGLDETAKKDEASFAEI PVLVALRDENSRLDNGAVI QMEGRPSNG :   295
Br assi ca_r apa_MET1a       :  I RNFLI RQGEFI YNQLAGLDETAKKDEASFAEI PVLVALRDENSRLDNGAVI QMEGRPSNG :   295
Br assi ca_r apa_MET1b       :  I KNFVI SQGEFI YNQLAGLDDTAKKDDARFVEI PVLVALRDASSSSI - - - LEYDAGQPSNG :   290
Ar abi dopsi s_t hal i ana_MET1 :  I I DFVI SQGDFI YNQLAGLDETAKKHESSYVEI PVLVALREKSSKI DKP- - LQRERNPSNG :   286
Ar abi dopsi s_t hal i ana_MET2 :  I QEFVI SQGEFI YNQLAGLDETAKNHETCFVENRVLVSLRDHESNKI HK- - AL- - - - - SNV :   271
Ni cot i ana_t abacum_MET1    :  I RDFLI SQGEFVYKQLI GLDDTSKKTDQLFVELPVLASLRDESSKQEML- - SQPEPLSFGK :   311
Daucus_car ot a_MET1        :  I KDFI I SQGDFI YNQLVGLDETSKKTDQQFLELPVLI ALREESSKHGDP- - SI GKVASTNG :   310
Daucus_car ot a_MET2        :  I KDFI I SQGEFI YNQLVGLDETSK- DDQQFLELPVLVALRDESSRHVND- - FQERI GCTNG :   525
Sol anum_l ycoper si cum__CAA :  I RDFVI TQGGFI YKELI GLDDTSKKTDQLFVELPVLASLRDESSKHETL- - AQPETI SSGN :   316
Pi sum_sat i vum__AAC49931_  :  LKEFI I SQGDFI YKQLI GLDTMLKANDKGFEDI PALI ALRDESKKQAHF- - ANTQVRPSNA :   313
Or yza_sat i va_MET1A        :  TKDFVI SSGEFI YKQLI GLDHTAGNDDEMLATLPVLVALKDECKSRAGF- - THLPAMPSNG :   311
El aei s_gui neensi s_MET1    :  SKDFVI SLGDFI YKQLVGLDETTENNHANLATLPALVALRNECKSRI EY- - NRVPPMVSNG :   315
Or yza_sat i va_MET1B        :  SKDFVI SNGEFVYNQLI GLDETANTDDEKFATLPVLLALRDGCKSRVEV- - SKLQPNI SNG :   311
Zea_mays__AAC16389_       :  SKDLVI SI GEFVYNQLVGLDETSNNDDEKFATLPVLLSLRDQCRSRVEL- - TKLPSNFSNT :   297
                                                                                                

Conserved Alanine (small) changes to 

Valine (medium)

Conserved Alanine (hydrophobic) changes to 

Threonine (polar)

BraA.MET1a



HRM analysis of BraA.MET1aά¢L[[95έΦ 
High resolution melt (HRM) was used to screen plants for mutations. 

Shifted melting curve

Temperature

Difference curves (WT minus the rest)

Temperature

WT

TILL 683-4

TILL 683-2

TILL 683-3

TILL 683-1

TILL 686-1

Homozygous mutation

Heterozygous mutation

Wild type

Further analysis



Sequences of BraA.MET1aTILLING lines



Heterozygous were phenotypically indistinguishable from wild type

WT BraA.met1a heterozygous

Mutations were introgressed into wild 

type background. 

HRM was used to screen for mutations. 

Second Backcross has been made.

Positive calls (heterozygous)

Negative calls & WT

Backcross_1


