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Galaxy at 5AM Solutions

5AM: Custom software and bioinformatics services
company
Galaxy converts for one year

o http://info.5amsolutions.com/blog/bid/86705/DIY-Bioinformatics-
A-Whole-New-Galaxy

Galaxy in action
o Internal bioinformatics resource

o Client 1: data source integration 0%
*

o Client 2: custom workflows for assay design !
*

o Client 3 (in progress): deploy Galaxy for assay design



What is Molecular Assay Design (MAD)?

Design

o In-silico process to identify oligos (probes, primers) to detect
and/or quantify nucleic acid targets

Balance

Technologies

o PCR, TagMan, molecular inversion p

Applications




The MAD Workflow

Target Selection

o ldentify locations on genome/transcriptome of interest while
avoiding trouble regions

Assay Design

o Select sets of primers and/or probes against targets

Assay Prioritization/Filter

o Filter, prioritize and annotate assay designs

Ensemble Selection

o Select final combination(s) of assays



Cell-Free DNA Testing — A MAD Example

Client developing a multiplexed PCR
assay for detection of trisomies in
cfDNA

Requires sensitive assay to detect
fetal cfDNA in high background of
maternal cfDNA

Short assay lengths needed because
cfDNA highly fragmented

Genetic variation (SNPs, CNV) can
confound detection
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Targets for cfDNA Testing

-
RefSeq §

Exons X Cluster b4
— Cluster intervals of
output
[ )
Scale (nc“n e;rr 5 ko—74 { hg19
chr2t: | 19,625,000 19,626,000 | 19627001 ezsoe 19,629,000 9,630,000 &agé)ol 19,632,000 | 19633G000| 19,634,000 | 19,635,000 | 19636000' 19,637,000 19,638,000 1 19,639,000 | 19,640,000 19,641,000 |
B RefSeq Genes -
fofariie N leN |n lymorph dt;iSNP132F din>= 1% of
imple Nucleotide Polymorphisms on|n>-°/o es
Common SNPs(132) 1111 I N[ |I‘1—|ﬁH——H—“~r~H——1+—i-——|§-£—D . fy’P "B“? i m[ai eyl Sl 1R TTI  R | N R BRI RAS I R AIL R ML
uplications of >1000 Bases of Non-RepeatMasked Se uence
1 Seamental m{ZZW& i CEREREN ; =
" S
Tab-delimited mask interval file Extract Genomic DNA %
File with sequences (FASTA or Tabular) Fetch sequences for intervals in

dbSNP

Mask-Seq x

Tab-delimited mask interval file

— . —
_—
TR

[ S

21

22.1

222
223

File with sequences (FASTA or Tabular)

output (txt)

output (txt)

Using reference file

out_filel




An Aside: Galaxy Powered MAD Analysis

Depletion of CNVs from Features
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Assay Design

#Assayld For Primer S e A SRl ApSes Compl End|Compl Any[Target Id Chrom [Amp Star{Amp Stop [For Primer TM
chr21:9907188-9908432_PR1 TAAATTACGAGGGTCCTCCC GGAATGGAAAGAACTGAGCC 121 | TAAATTACGAGGGTCCTCCCAGGGAGCGCGGGC 0 3[chr21:9907188-9908432 |chr21 9907620 9907741 59.793
chr21:9907188-9908432_PR2 GCATCCGTTAACARGGGAAA CCACCTCTGGTGGARAGTAT 82 |GCATCCGTTAACAAGGGARACARAAGGACGGCC! 1 3|chr21:9907188-9908432 |[chr21 9907832 9907914 60.018
chr21:9907188-9908432_PR3 ACAAGGGAAACAARAGGACG CCACCTCTGGTGGARAGTAT 72 | ACAAGGGAARACAARAGGACGGCCCATCTATGCCY 0 4|chr21:9907188-9908432 |chr21 9907842 9907914 60.162
chr21:9907188-9908432_PR4 GCAGGGAAGGAAGAAAGGTA TTTCCCTTGTTAACGGATGC 64 | GCAGGGAAGGAAGAAAGGTACTTAGGCTCAGAA 1 6|chr21:9907188-9908432 |chr21 9907788 9907852 60.604
chr21 JIU/180-TFIUCHIZL_FRO SGUTCAGTTCTITTCUATTCU TACCTTTCUTTCUTT CTGU SGUICAGTTCTTICCATTCUTGATATTTGALUG \u 2 |CNTZ1L. 9907 10067900954 ChrZx 77U Z1 FIU76UC 0‘09
chr21}9907188-99088Cak_PR6 TCGATGAAGAGACTGTTGGT CCTCAAGGACATCCACATGA | | DU DaSB& TCoATGARGACAC TSI TG TCATGGCAC 1 hg4 chr21:9907188-9908432 ©907313 9907379 59.943
chr21}9907188-9908A@2; PR7 ] %%@%&%%ﬁ}'ﬁ%ﬂ K% 19 A% 012 %%%ﬁ '%&TT Bl do.018
chr21}9907188-9908432 PRE 0 10| dGTTIARTEAITAIATA] TCAd57035 [ TTH867 6LATCARGARCTdo 018
chr21£9907188-9908432_PRS GGTACTTAGGCTCAGARGGG 4, ; ©907804| 9907914 §0.454
chr21£9907188-9908432_PR10  |GCAGGCAAGGAAGAAAGCTA .y l6f €907788| 9907862 60.604
chr21£9909046-9909277_PR1 GAAGGATGCAGTCCACCE o ;4 ©909159 9909246 60.533
chr21£9909046-9909277_PR2 AAGGATGCAGTCCACCAG chpofas5164 9495883~ PRR NG - oS sahioh ety ©909160| 9909246 60.534
chr21£9909046-9909277_PR3 GAAGGRTGCAGTCCACCA C ©909159 9909247 60.533
chr21£9909046-9909277_PR4 AAGGATGCAGTCCACCAG 9909160 9909247 60.534
chr21f9909046-9909277_PR5 GAAGGRTGCAGTCCACCAG ©909159 9909247 61.66
chr21£9909046-9909277_PR6 AGGATGCAGICCACCAG ©909161 9909246 59.765
chr21£9909046-9909277_PR7 GAGGTGTCGCGAAGGAT ©909149( 9909246 60.277
chr21£9909046-9909277_PR8 GAAGGRTGCAGTCCACCA ©909159 9909247 60.533
chr21£9909046-9909277_PRS ARGGATGCAGTCCACCAG ACCAAGTTCACACAGGACA ©909160( 9909247 60.534
chr21] 99090%%5@%%_!”110 GAAGGRTGCAGTCCACCA AAGTTCACACAGGACAATCTS = -y Mavpra ©909159 9909244 60.533
chr21(9915249-9916547_PR1 CCCGCTTCTCAARACTCATT TGACECTCCGGGCATATARA 4|chr21:9915249-9916547 |chr21 ©916317| 9916428 §0.018
chr21 9915%”12 CCCGCTTCTCAAAACTCATT ATGACACTCCGGGCATATAA 2 4|chr21:9915249-9916547 |[chr21 ©91631.7 9916429 60.018
chr2179915249- ~PR3 CAGGGACITCTCTACACCAG | TCACACTCCGGGCATATAAR G [GAGGGACTTCT CTACACCAGGACCTATIALT 7 TTChr21:0015240-0016547 [chr2l | 9916349] 9916428 50.089
chr21:9915249-9916547_PR4 ARAACATACAGCTTACCCGC TGACACTCCGGGCATATARA 126 | AARACATACAGCTTACCCGCTTCTCAAARACTCAT 1 4[chr21:9915249-9916547 |chr21 9916302 9916428 60.091
chr21:9915249-9916547_PR5 CCCGCTTCTCAAAACTCATT  |GCCTACAACAGACACATCAG 132 [CCCGCTTCTCAAAACTCATTGCACAATAGGTTG 2 3|chr21:9915249-9916547 |chr21 9916317 9916449 60.018
chr21:9915249-9916547_PR6 CCCGCTTCTCAAAACTCATT CTGCCTACAACAGACACATC 134 |CCCGCTTCTCAAAACTCATTGCACAATAGGT TG, 0 3|chr21:9915249-9916547 |chr21 9916317 9916451 60.018
chr21:9915249-9916547_PR7 GAGGGACTTCTCTACACCAG ATGACACTCCGGGCATATAA 80 | GAGGGACTTCTCTACACCAGGACCTATTATTAAY 2 3[chr21:9915249-9916547 |chr21 9916349 9916429 60.089
chr21:9915249-9916547_PR8 ARAACATACAGCTTACCCGC ATGACACTCCGGGCATATAA 127 | AARACATACAGCTTACCCGCTTCTCAAAACTCA] 2 4|chr21:9915249-9916547 |chr21 9916302 9916429 60.091
chr21:9915249-9916547_PR9 GAGGGACTTCTCTACACCAG GCCTACAACAGACACATCAG 100 [GAGGGACTTCTCTACACCAGGACCTATTATTAR] 1 3|chr21:9915249-9916547 |chr21 9916349 9916449 60.089
chr21:9915249-9916547_PR10 GAGGGACTTCTCTACACCAG CTGCCTACAACAGACACATC 102 |GAGGGACTTCTCTACACCAGGACCTATTATTAR] 1 3|chr21:9915249-9916547 |chr21 9916349 9916451 60.089
chr21:9968515-9968593_PR1 ACAGGGACATAGAACCAAGC ATTTTCCTCCGGRAGTGCG 76 | ACAGGGACATAGAACCAAGCCCCAGGCCTGCTC 1 4|chr21:9968515-9968593 |chr21 9968517 9968593 60.967
chr21:9968515-9968593_PR2 ACAGGGACATAGAACCAAGC |TTTTCCTCCGGAAGTGCG 75 |ACAGGGACATAGAACCAAGCCCCAGGCCTGCTC 1 3|chr21:9968515-9968593 |chr21 9968517| 9968592 60.967
chr21:9968515-9968593_PR3 GACATAGAACCAAGCCCCAG  |ATTTTCCTCCGGARAGTGCG 71 |GACATAGAACCAAGCCCCAGGCCTGCTCAGCTA 1 3|chr21:9968515-9968593 |[chr21 9968522 9968593 61.685
chr21:9968515-9968593_PR4 CAGGGACATAGAACCAAGCC ATTTTCCTCCGGAAGTGCG 75| CAGGGACATAGAACCAAGCCCCAGGCCTGCTCA 1 4|chr21:9968515-9968593 |chr21 9968518| 9968593 61.685

PRIMER INTERNAL H.AX SIZE=36 # Max probe length

PRIMER_INTERNAL_OPT_SIZE=24 # Opt probe length

PRIMER INTERNAL_ MIN_TM=64.0 # Min probe TM (Santa Lucia)

PRIMER_INTERNAL_OPT_TM=70.0 # Opt probe TM (Santa Lucia)

PRIMER INTERNAL MAX_ TM=80.0 # Max probe TM (Santa Lucia)

INTERNAL_S5PRIME_BASE_EXCLUDE=G # No G at 5' end

PRIMER MAX_SELF_ANY=8.0 # Primer annealing (anywhere) to itself

PRIMER PAIR MAX COMPL_ANY=8.0 # Pair compl (anywhere)

PRIMER_INTERNAL_ MAX_ SELF_ANY=8.0 # Probe annealing (anywhere) to itself




Assay Prioritization and Filtering
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Assay Ensembles

s T T « Combine multiplexed
T o T3 e pools
9 e 9 e 9 . . . .
< o Avoid misamplification
> <
> <

o Avoid oligo interactions

Select “optimal” subset
o Coverage
o Expected performance

o Best multiplex

Programs to help
o MultiPLX
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Looking Back

11

No more Perl soup

Data sets, parameters,
steps preserved

Reproducible design

Sharable with client



Looking Ahead

Tool Shed submission

Extend workflows to ensemble
selection

Automate report generation

« Sweave for Galaxy?
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Bcaaxy



Thanks!
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Andy Evans Will FitzHugh

The Galaxy Community!
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