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Studying microbiomes

Targeted Sequencing
16S rRNA

Shotgun Sequencing
DNA/cDNA

Bacterial Census
Taxa & Abundances

All Microbes
Taxa & Genes

Community
Bacteria 
Viruses 

Eukaryotes

Bacteroides 279

Prevotella 54

Ruminococcus 123

Escherichia 17

Clostridium 84

Bacteroides 321

Prevotella 67

Ruminococcus 432

Escherichia 9

Clostridium 65

Bacteroides 123

Prevotella 45

Ruminococcus 231

Escherichia 73

Clostridium 54

Calculate pairwise 
distances/similarities

HMPZ.159672603 700032087 Stool BI 01 V3 V5.fasta chimera.free.txt

HMPZ.764831721 700114749 Stool WUGSC 02 V3 V5.fasta chimera.free.txt

HMPZ.159713063 700033749 Stool WUGSC 01 V3 V5.fasta chimera.free.txt

HMPZ.158256496 700097710 Stool BI 02 V3 V5.fasta chimera.free.txt

HMPZ.158458797 700098381 Stool BCM 02 V3 V5.fasta chimera.free.txt

HMPZ.764447348 700024673 Stool WUGSC 01 V3 V5.fasta chimera.free.txt

HMPZ.764325968 700024615 Stool WUGSC 01 V3 V5.fasta chimera.free.txt

HMPZ.158479027 700097196 Stool BI 02 V3 V5.fasta chimera.free.txt

HMPZ.160259276 700035953 Stool BI 01 V3 V5.fasta chimera.free.txt

HMPZ.763435843 700024470 Stool WUGSC 02 V3 V5.fasta chimera.free.txt

HMPZ.160643649 700095235 Stool BI 01 V3 V5.fasta chimera.free.txt

HMPZ.161028021 700097022 Stool JCVI 01 V3 V5.fasta chimera.free.txt

HMPZ.937415040 700102541 Stool JCVI 01 V3 V5.fasta chimera.free.txt

HMPZ.158984779 700015703 Stool JCVI 01 V3 V5.fasta chimera.free.txt

HMPZ.158398106 700095372 Stool BCM 02 V3 V5.fasta chimera.free.txt

HMPZ.161270782 700097589 Stool JCVI 01 V3 V5.fasta chimera.free.txt

HMPZ.160906640 700095975 Stool JCVI 01 V3 V5.fasta chimera.free.txt

HMPZ.158013734 700013596 Stool BCM 01 V3 V5.fasta chimera.free.txt

HMPZ.764710340 700037026 Stool WUGSC 01 V3 V5.fasta chimera.free.txt

HMPZ.763456073 700105723 Stool WUGSC 02 V3 V5.fasta chimera.free.txt

HMPZ.158721788 700100041 Stool BI 02 V3 V5.fasta chimera.free.txt

HMPZ.160461578 700034641 Stool BI 01 V3 V5.fasta chimera.free.txt

HMPZ.160663879 700095543 Stool BI 01 V3 V5.fasta chimera.free.txt

HMPZ.160866180 700096612 Stool JCVI 01 V3 V5.fasta chimera.free.txt

HMPZ.857980665 700106784 Stool WUGSC 01 V3 V5.fasta chimera.free.txt

HMPZ.764588959 700024752 Stool WUGSC 01 V3 V5.fasta chimera.free.txt

HMPZ.765074482 700024998 Stool WUGSC 01 V3 V5.fasta chimera.free.txt

HMPZ.158276726 700099081 Stool BCM 02 V3 V5.fasta chimera.free.txt

HMPZ.970836795 700097994 Stool JCVI 01 V3 V5.fasta chimera.free.txt

HMPZ.763536994 700021876 Stool WUGSC 01 V3 V5.fasta chimera.free.txt

HMPZ.763921366 700023477 Stool WUGSC 01 V3 V5.fasta chimera.free.txt

HMPZ.763901136 700023788 Stool WUGSC 01 V3 V5.fasta chimera.free.txt

HMPZ.763516763 700023023 Stool WUGSC 01 V3 V5.fasta chimera.free.txt

HMPZ.764002286 700023539 Stool WUGSC 01 V3 V5.fasta chimera.free.txt

HMPZ.765013792 700037200 Stool WUGSC 01 V3 V5.fasta chimera.free.txt

HMPZ.158357646 700035256 Stool BI 02 V3 V5.fasta chimera.free.txt

HMPZ.160239046 700035321 Stool BI 01 V3 V5.fasta chimera.free.txt

HMPZ.208027353 700106579 Stool WUGSC 01 V3 V5.fasta chimera.free.txt

HMPZ.763860675 700023578 Stool WUGSC 01 V3 V5.fasta chimera.free.txt

HMPZ.764143897 700023902 Stool WUGSC 01 V3 V5.fasta chimera.free.txt

HMPZ.764062976 700023654 Stool WUGSC 01 V3 V5.fasta chimera.free.txt

HMPZ.764224817 700024437 Stool WUGSC 01 V3 V5.fasta chimera.free.txt

HMPZ.159753524 700032244 Stool BI 01 V3 V5.fasta chimera.free.txt

HMPZ.764184357 700023987 Stool WUGSC 01 V3 V5.fasta chimera.free.txt

HMPZ.375450439 700105822 Stool WUGSC 01 V3 V5.fasta chimera.free.txt

HMPZ.763880905 700023633 Stool WUGSC 01 V3 V5.fasta chimera.free.txt

HMPZ.765701615 700038414 Stool WUGSC 01 V3 V5.fasta chimera.free.txt

HMPZ.763597684 700023313 Stool WUGSC 01 V3 V5.fasta chimera.free.txt

HMPZ.161554003 700097773 Stool JCVI 01 V3 V5.fasta chimera.free.txt

HMPZ.465578759 700103328 Stool WUGSC 01 V3 V5.fasta chimera.free.txt

HMPZ.764953101 700114419 Stool WUGSC 02 V3 V5.fasta chimera.free.txt

HMPZ.159085930 700016029 Stool WUGSC 01 V3 V5.fasta chimera.free.txt

HMPZ.161412393 700096180 Stool JCVI 01 V3 V5.fasta chimera.free.txt

HMPZ.159733294 700033153 Stool WUGSC 01 V3 V5.fasta chimera.free.txt

HMPZ.160765029 700096380 Stool BI 01 V3 V5.fasta chimera.free.txt

HMPZ.158337416 700097859 Stool BI 02 V3 V5.fasta chimera.free.txt

HMPZ.160704339 700095669 Stool BI 01 V3 V5.fasta chimera.free.txt

HMPZ.159207311 700016470 Stool BI 01 V3 V5.fasta chimera.free.txt

HMPZ.160400887 700095486 Stool BI 01 V3 V5.fasta chimera.free.txt

HMPZ.370027359 700038978 Stool WUGSC 01 V3 V5.fasta chimera.free.txt

HMPZ.764487809 700024318 Stool WUGSC 01 V3 V5.fasta chimera.free.txt

HMPZ.765661155 700038322 Stool WUGSC 01 V3 V5.fasta chimera.free.txt

HMPZ.160178356 700035804 Stool BI 01 V3 V5.fasta chimera.free.txt

HMPZ.160218816 700035861 Stool BI 01 V3 V5.fasta chimera.free.txt

HMPZ.159288231 700016716 Stool BI 01 V3 V5.fasta chimera.free.txt

HMPZ.178713055 700105087 Stool WUGSC 01 V3 V5.fasta chimera.free.txt

HMPZ.158802708 700015250 Stool WUGSC 01 V3 V5.fasta chimera.free.txt

HMPZ.159632143 700033989 Stool BI 01 V3 V5.fasta chimera.free.txt

HMPZ.840279516 700102678 Stool JCVI 01 V3 V5.fasta chimera.free.txt

HMPZ.863126187 700103575 Stool WUGSC 01 V3 V5.fasta chimera.free.txt

HMPZ.158499257 700098561 Stool BI 02 V3 V5.fasta chimera.free.txt

HMPZ.158822939 700014956 Stool WUGSC 01 V3 V5.fasta chimera.free.txt

HMPZ.159166850 700016610 Stool WUGSC 01 V3 V5.fasta chimera.free.txt

HMPZ.159268001 700016765 Stool BI 01 V3 V5.fasta chimera.free.txt

HMPZ.184349034 700106723 Stool WUGSC 01 V3 V5.fasta chimera.free.txt

HMPZ.368533040 700102062 Stool JCVI 01 V3 V5.fasta chimera.free.txt

HMPZ.764750800 700113035 Stool WUGSC 02 V3 V5.fasta chimera.free.txt

HMPZ.517810313 700106930 Stool WUGSC 01 V3 V5.fasta chimera.free.txt

HMPZ.675950834 700106259 Stool WUGSC 01 V3 V5.fasta chimera.free.txt

HMPZ.159227541 700016564 Stool BCM 01 V3 V5.fasta chimera.free.txt

HMPZ.160481808 700034100 Stool BI 01 V3 V5.fasta chimera.free.txt

HMPZ.404239096 700038626 Stool WUGSC 01 V3 V5.fasta chimera.free.txt

HMPZ.414519462 700102135 Stool JCVI 01 V3 V5.fasta chimera.free.txt

HMPZ.159470302 700033438 Stool WUGSC 01 V3 V5.fasta chimera.free.txt

HMPZ.158418336 700095429 Stool BCM 02 V3 V5.fasta chimera.free.txt

HMPZ.159571453 700016961 Stool BI 01 V3 V5.fasta chimera.free.txt

HMPZ.160582958 700034794 Stool BI 01 V3 V5.fasta chimera.free.txt

HMPZ.160097436 700035594 Stool BI 01 V3 V5.fasta chimera.free.txt

HMPZ.764366428 700024809 Stool WUGSC 01 V3 V5.fasta chimera.free.txt

HMPZ.937495960 700111596 Stool JCVI 01 V3 V5.fasta chimera.free.txt

HMPZ.764872181 700113093 Stool WUGSC 02 V3 V5.fasta chimera.free.txt

HMPZ.158924089 700015407 Stool WUGSC 01 V3 V5.fasta chimera.free.txt

HMPZ.764285508 700024233 Stool WUGSC 01 V3 V5.fasta chimera.free.txt

HMPZ.161351702 700096962 Stool JCVI 01 V3 V5.fasta chimera.free.txt

HMPZ.764811490 700106914 Stool WUGSC 02 V3 V5.fasta chimera.free.txt

HMPZ.370425937 700098691 Stool JCVI 01 V3 V5.fasta chimera.free.txt

HMPZ.158883629 700100249 Stool BCM 02 V3 V5.fasta chimera.free.txt

HMPZ.161230322 700096887 Stool JCVI 01 V3 V5.fasta chimera.free.txt

HMPZ.159025240 700015398 Stool JCVI 01 V3 V5.fasta chimera.free.txt

HMPZ.159429842 700032133 Stool BI 01 V3 V5.fasta chimera.free.txt

HMPZ.160947100 700096066 Stool JCVI 01 V3 V5.fasta chimera.free.txt

HMPZ.866653606 700111244 Stool BCM 01 V3 V5.fasta chimera.free.txt

HMPZ.161007791 700096722 Stool JCVI 01 V3 V5.fasta chimera.free.txt

HMPZ.763719065 700113541 Stool WUGSC 02 V3 V5.fasta chimera.free.txt

HMPZ.275382046 700105001 Stool WUGSC 01 V3 V5.fasta chimera.free.txt

HMPZ.355657046 700038950 Stool WUGSC 01 V3 V5.fasta chimera.free.txt

HMPZ.441369442 700099237 Stool JCVI 01 V3 V5.fasta chimera.free.txt

HMPZ.686765762 700107208 Stool JCVI 01 V3 V5.fasta chimera.free.txt

HMPZ.147406386 700106978 Stool WUGSC 01 V3 V5.fasta chimera.free.txt

HMPZ.159510762 700033941 Stool BI 01 V3 V5.fasta chimera.free.txt

HMPZ.159328691 700016214 Stool BI 01 V3 V5.fasta chimera.free.txt

HMPZ.158216035 700097253 Stool BCM 02 V3 V5.fasta chimera.free.txt

HMPZ.159591683 700015923 Stool BI 01 V3 V5.fasta chimera.free.txt

HMPZ.336497421 700100184 Stool JCVI 01 V3 V5.fasta chimera.free.txt

HMPZ.514014184 700101793 Stool JCVI 01 V3 V5.fasta chimera.free.txt

HMPZ.159369152 700015876 Stool BI 01 V3 V5.fasta chimera.free.txt

HMPZ.533247696 700098131 Stool JCVI 01 V3 V5.fasta chimera.free.txt

HMPZ.246515023 700099531 Stool JCVI 01 V3 V5.fasta chimera.free.txt

HMPZ.158438567 700099609 Stool BCM 02 V3 V5.fasta chimera.free.txt

HMPZ.160441347 700035176 Stool BI 01 V3 V5.fasta chimera.free.txt

HMPZ.901775393 700114767 Stool WUGSC 01 V3 V5.fasta chimera.free.txt

HMPZ.160056975 700035400 Stool BI 01 V3 V5.fasta chimera.free.txt

HMPZ.763638144 700023226 Stool WUGSC 01 V3 V5.fasta chimera.free.txt

HMPZ.160016515 700035392 Stool BI 01 V3 V5.fasta chimera.free.txt

HMPZ.160987560 700096123 Stool JCVI 01 V3 V5.fasta chimera.free.txt

HMPZ.158236265 700098954 Stool BCM 02 V3 V5.fasta chimera.free.txt

HMPZ.964271349 700099400 Stool JCVI 01 V3 V5.fasta chimera.free.txt

HMPZ.160542498 700034857 Stool BI 01 V3 V5.fasta chimera.free.txt

HMPZ.872848689 700111767 Stool BCM 01 V3 V5.fasta chimera.free.txt

HMPZ.159146620 700016142 Stool WUGSC 01 V3 V5.fasta chimera.free.txt

HMPZ.160421117 700032944 Stool BI 01 V3 V5.fasta chimera.free.txt

HMPZ.161068481 700096437 Stool JCVI 01 V3 V5.fasta chimera.free.txt

HMPZ.295137534 700098754 Stool JCVI 01 V3 V5.fasta chimera.free.txt

HMPZ.160845950 700095850 Stool BI 01 V3 V5.fasta chimera.free.txt

HMPZ.764508039 700024711 Stool WUGSC 01 V3 V5.fasta chimera.free.txt

HMPZ.763759525 700023845 Stool WUGSC 01 V3 V5.fasta chimera.free.txt

HMPZ.765094712 700037074 Stool WUGSC 01 V3 V5.fasta chimera.free.txt

HMPZ.764245047 700024173 Stool WUGSC 01 V3 V5.fasta chimera.free.txt

HMPZ.160158126 700035533 Stool BI 01 V3 V5.fasta chimera.free.txt

HMPZ.160886410 700096285 Stool JCVI 01 V3 V5.fasta chimera.free.txt

HMPZ.338793263 700106465 Stool WUGSC 01 V3 V5.fasta chimera.free.txt

HMPZ.159247771 700015981 Stool WUGSC 01 V3 V5.fasta chimera.free.txt

HMPZ.160825720 700095793 Stool JCVI 01 V3 V5.fasta chimera.free.txt

HMPZ.764305738 700024566 Stool WUGSC 01 V3 V5.fasta chimera.free.txt

HMPZ.159450072 700033382 Stool BI 01 V3 V5.fasta chimera.free.txt

HMPZ.765034022 700037738 Stool WUGSC 01 V3 V5.fasta chimera.free.txt

HMPZ.160319967 700034188 Stool BI 01 V3 V5.fasta chimera.free.txt

HMPZ.159389382 700016921 Stool BCM 01 V3 V5.fasta chimera.free.txt

HMPZ.763395383 700114017 Stool WUGSC 02 V3 V5.fasta chimera.free.txt

HMPZ.257905678 700111178 Stool BCM 01 V3 V5.fasta chimera.free.txt

HMPZ.764042746 700024044 Stool WUGSC 01 V3 V5.fasta chimera.free.txt

HMPZ.638754422 700097928 Stool JCVI 01 V3 V5.fasta chimera.free.txt

HMPZ.650853796 700098888 Stool JCVI 01 V3 V5.fasta chimera.free.txt

HMPZ.159490532 700033503 Stool BI 01 V3 V5.fasta chimera.free.txt

HMPZ.206906765 700099464 Stool JCVI 01 V3 V5.fasta chimera.free.txt

HMPZ.160744799 700096656 Stool JCVI 01 V3 V5.fasta chimera.free.txt

HMPZ.432193348 700098621 Stool JCVI 01 V3 V5.fasta chimera.free.txt

HMPZ.158114885 700099021 Stool BCM 02 V3 V5.fasta chimera.free.txt

HMPZ.158964549 700016012 Stool WUGSC 01 V3 V5.fasta chimera.free.txt

HMPZ.161331472 700097376 Stool JCVI 01 V3 V5.fasta chimera.free.txt

HMPZ.764669880 700024930 Stool WUGSC 01 V3 V5.fasta chimera.free.txt

HMPZ.289996019 700106350 Stool WUGSC 01 V3 V5.fasta chimera.free.txt

HMPZ.516889361 700105334 Stool WUGSC 01 V3 V5.fasta chimera.free.txt

HMPZ.553359145 700106542 Stool WUGSC 01 V3 V5.fasta chimera.free.txt

HMPZ.763820215 700021934 Stool WUGSC 01 V3 V5.fasta chimera.free.txt

HMPZ.160502038 700034254 Stool BI 01 V3 V5.fasta chimera.free.txt

HMPZ.159551223 700033665 Stool BI 01 V3 V5.fasta chimera.free.txt

HMPZ.764892411 700038386 Stool WUGSC 02 V3 V5.fasta chimera.free.txt

HMPZ.159005010 700016021 Stool WUGSC 01 V3 V5.fasta chimera.free.txt

HMPZ.158944319 700101243 Stool BI 02 V3 V5.fasta chimera.free.txt

HMPZ.160380657 700035747 Stool BI 01 V3 V5.fasta chimera.free.txt

HMPZ.161493313 700097437 Stool JCVI 01 V3 V5.fasta chimera.free.txt

HMPZ.160603188 700034926 Stool BI 01 V3 V5.fasta chimera.free.txt

HMPZ.604812005 700102318 Stool JCVI 01 V3 V5.fasta chimera.free.txt

HMPZ.159814214 700033797 Stool BI 01 V3 V5.fasta chimera.free.txt

HMPZ.892969023 700099978 Stool JCVI 01 V3 V5.fasta chimera.free.txt

HMPZ.159308461 700033202 Stool BI 01 V3 V5.fasta chimera.free.txt

HMPZ.451588811 700111461 Stool BCM 01 V3 V5.fasta chimera.free.txt

HMPZ.668248235 700105904 Stool WUGSC 01 V3 V5.fasta chimera.free.txt

HMPZ.159611913 700033435 Stool BI 01 V3 V5.fasta chimera.free.txt

HMPZ.765135172 700037284 Stool WUGSC 01 V3 V5.fasta chimera.free.txt

HMPZ.161473083 700097503 Stool JCVI 01 V3 V5.fasta chimera.free.txt

HMPZ.160684109 700095736 Stool BI 01 V3 V5.fasta chimera.free.txt

HMPZ.159915365 700108618 Stool BCM 02 V3 V5.fasta chimera.free.txt

HMPZ.737052003 700106093 Stool WUGSC 01 V3 V5.fasta chimera.free.txt

HMPZ.763982056 700023936 Stool WUGSC 01 V3 V5.fasta chimera.free.txt

HMPZ.643185023 700105496 Stool WUGSC 01 V3 V5.fasta chimera.free.txt

HMPZ.763698834 700023096 Stool WUGSC 01 V3 V5.fasta chimera.free.txt

HMPZ.763721271 700111318 Stool BCM 01 V3 V5.fasta chimera.free.txt

HMPZ.663835652 700114246 Stool WUGSC 01 V3 V5.fasta chimera.free.txt

HMPZ.953045535 700105632 Stool WUGSC 01 V3 V5.fasta chimera.free.txt

HMPZ.160036745 700032414 Stool BI 01 V3 V5.fasta chimera.free.txt

HMPZ.763476303 700038520 Stool WUGSC 02 V3 V5.fasta chimera.free.txt

HMPZ.764467579 700024379 Stool WUGSC 01 V3 V5.fasta chimera.free.txt

HMPZ.763840445 700023267 Stool WUGSC 01 V3 V5.fasta chimera.free.txt

HMPZ.764649650 700024866 Stool WUGSC 01 V3 V5.fasta chimera.free.txt

HMPZ.158742018 700098289 Stool BCM 02 V3 V5.fasta chimera.free.txt

HMPZ.508703490 700038761 Stool WUGSC 01 V3 V5.fasta chimera.free.txt

HMPZ.160967330 700097135 Stool JCVI 01 V3 V5.fasta chimera.free.txt

HMPZ.492786515 700098220 Stool JCVI 01 V3 V5.fasta chimera.free.txt

HMPZ.612472597 700105181 Stool WUGSC 01 V3 V5.fasta chimera.free.txt

HMPZ.861967750 700038902 Stool WUGSC 01 V3 V5.fasta chimera.free.txt

HMPZ.161311242 700096530 Stool JCVI 01 V3 V5.fasta chimera.free.txt

HMPZ.763557224 700105459 Stool WUGSC 02 V3 V5.fasta chimera.free.txt

HMPZ.764083206 700024107 Stool WUGSC 01 V3 V5.fasta chimera.free.txt

HMPZ.706846339 700106170 Stool WUGSC 01 V3 V5.fasta chimera.free.txt

HMPZ.763678604 700021824 Stool WUGSC 01 V3 V5.fasta chimera.free.txt

HMPZ.764346198 700024254 Stool WUGSC 01 V3 V5.fasta chimera.free.txt

HMPZ.809635352 700098451 Stool JCVI 01 V3 V5.fasta chimera.free.txt
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16S rRNA Targets: Full-length is better

# OTUs created (99% identity)# amplicons not identified 
as correct species



PacBio full-length 16S rRNA sequencing
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• Averaging 10x coverage
• 5x around the “circle”
• 5x each strand

Cartoon from Fichot and Norman, 
Microbiome 2013,1:10



Species level is very important
Genus Level Species Level



Ribotype 
Nucleotide changes 

from RT1 
Number of 

subjects 
Number of 

clones 

Percentage 
of clones 
from acne 
patientsa 

Percentage 
of clones 

from normal 
individualsb 

p-valuec 

RT1 - 90 5536 48% 52% 0.84  

RT2 T854C 48 1213 51% 49% 0.36  

RT3 T1007C 60 2104 40% 60% 0.092  

RT4 G1058C, A1201C 23 275 84% 16% 0.049 

RT5 G1058C 15 205 99% 1% 0.00050 

RT6 T854C, C1336T 11 262 1% 99% 0.025 

RT7 G529A 10 188 99% 1% 0.12  

RT8 G1004A, T1007C 5 239 100% 0% 0.024 

RT9 G1268A 4 68 99% 1% 0.29  

RT10 T554C, G1058C 5 61 100% 0% 0.024 

Top 10 P. acnes ribotypes :
Subspecies level is very important

Full-length Sanger sequencing of >31,000 16S rRNA gene clones to define ribotypes

S. Fitz-Gibbon et al, J. Invest. Derm. 2012



Detection of single nucleotide 
variation using PacBio CCS

E. coli 16S rRNA genes observed

E. coli 16S rRNA genes in silico

Position in 16S rRNA gene



Detecting organisms of interest 
with mouse models
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David Haslam, MD
Cincinnati Children’s 

Hospital Medical Center

C. difficile mouse model 
JAX C57BL/6J

Sensitive

Clostridium difficile

Fecal 
transplant

Compare Microbiomes

Identify Differences

Test

WUSTL C57BL/6J
Resistant
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Identification of Protective Organisms

P
e
r
c
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n
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r
v
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Do 
they 

work?
NO!



C. difficile mouse model 
Treatment by fecal microbiota transplant (FMT) 

or a mix of 4 gut bacteria



Getting to 
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Getting to 
mechanism, 
causality, 
application
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Sample
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Single 
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Mix of 
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??



Humans: What’s Normal?
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Prevalence of nasopharyngeal 
bacteria from birth
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Manuscripts in preparation



Don’t Forget the Virome
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Viruses detected in nasal RNA samples
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0 0 3 2 11 0 0 5 0 0 8 0 4 1 11 Agaricus bisporus virus

0 50 0 0 0 0 0 0 0 0 0 0 0 0 0 Betapapillomavirus 2

0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 Fujinami sarcoma virus

0 0 0 0 0 0 1 4 0 0 0 0 0 0 0 Hepatitis C virus

0 1 0 3 0 5 0 2 0 0 0 0 0 0 0
Human immunodeficiency 

virus

0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 Murine astrovirus; virus

11 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Porcine reproductive and 

respiratory syndrome virus

1 2 4 6 49 430887 122120 106170 98961 35 783 0 0 2 0 Human rhinovirus

5 0 2 0 0 0 0 0 0 0 0 0 0 0 0 Semliki Forest virus

0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 Simian virus 40

0 0 0 2 0 10 0 0 0 0 0 7 13 0 0 Tomato mosaic virus

14 0 0 0 1 0 0 12 4 19 12 1 0 0 0 uncultured marine virus

31 53 9 13 61 430902 122123 106193 98965 54 805 8 17 3 11 Total Virus
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Back to Technology:
Solving the Gnarly Genomes
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Piperacillin -Tazobactam (TZP)

22

TZP broth microdilution and agar dilution produced 
different results 

o Piperacillin: β-lactam antibiotic, inhibits cell wall synthesis. 

o Tazobactam: inhibits bacterial β-lactamase (encoded by bla)

TZP-resistant E. coli have a blaTEM-1 gene 

o Tazobactam should inhibit the β-lactamase.

o Why not?
Over-expression of bla gene? 

High plasmid copy number leads to high bla copy number?

Efflux or porin alterations? 

Shubert C, et al., Antimicrobial Agents and Chemotherapy, March 2014



Estimate bla and plasmid copy #

Copy # (Estimated compared to MLST coverage)

JAX ID BMX ID
Antibiotic 

Conditions
bla (Illumina) bla (PacBio) TraI ColE1

J05301 907355 None 10.61 11.98 1.01 0.03

J05302 907355 TZP (4/4 µg/ml) 53.91 46.13 1.50 0.02

J05303 907355 TZP (8/8 µg/ml) 96.78 90.42 1.15 0.13

J05304 907357 None 7.94 9.30 0.66 0.00

J05305 907357 TZP (4/4 µg/ml) 64.67 55.23 1.09 0.00

J05306 907357 TZP (8/8 µg/ml) 59.83 41.23 1.13 0.00

J05307 907402 None 12.15 11.60 1.14 31.71

J05308 907402 TZP (4/4 µg/ml) 44.85 58.01 1.50 26.14

J05309 907402 TZP (8/8 µg/ml) 79.98 47.23 1.63 26.34

J05310 907700 None 1.80 2.63 0.77 0.13

J05311 907700 TZP (4/4 µg/ml) 34.48 45.22 1.61 0.13

J05312 907700 TZP (8/8 µg/ml) 76.06 39.92 1.62 0.10

J05313 907701 None 0.83 1.58 0.73 0.47

J05314 907701 TZP (4/4 µg/ml) 4.47 6.13 4.19 0.23

J05315 907701 TZP (8/8 µg/ml) 6.13 7.75 5.72 0.24

J05316 908524 None 1.13 0.39 0.00 0.27

J05317 908524 TZP (4/4 µg/ml) 8.48 1.92 0.00 0.34

J05318 908524 TZP (8/8 µg/ml) 5.42 2.53 0.00 0.37



907355, 0 ug/ml TZP, Illumina data:
bla-containing transposable element 
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0 10kb5kb

Annotation based on E. coli UMN026 homology

Illumina reads suggest tandem-repeats



PacBio reads supporting 
tandem resistance transposon

Repeat 
boundary

Repeat 
boundaryin silico 3x repeat:



Oxford Nanopore finds longer tandem 
repeats: but is that all?

26

1kb 10kb5kb

8x transposons

Align MinION reads to 8x tandem repeat transposon sequence

Longest tandem repeat: 

o No Antibiotic strain = 2

o 8 ug/mL TZP strain = 5



Where is the transposon located?
Finding junction fragments (or SVs) 
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More than one location?

In chromosome as well as plasmid? 

“junction fragments”

Algorithms 
evolving for 
ONT, PB, ILMN



Population Heterogeneity

28

Transposon- interrupted genes 

o traI

o astB

o araJ

Whole plasmid inserted in genes

o waaP

o Mer operon

Illumina: can find examples of these genes without 
apparent breaks => heterogeneity
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