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Plan

* This week in antibiotics resistance
*Your projects

* Sequencing genomes

* 2" generation sequencing



Ehe New Pork Times

This Stomach Bug Isn't
Responding to Antibiotics.
Scientists Are Worried.

Five percent of Shigella infections are now resistant to standard
antibiotics. This could be a predictor of what’s to come with other
bacteria.
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450,000 cases / yr in USA
6400 hospitalized

15t resistant case = 2016
Now = 5% of all cases

Causes bloody diarrhea
Resolves in a few days

Typically treated with
azithromycin, cipro,
ceftriaxone,
trimethoprim-sulfamthoxazole
and ampicillin

Resistant to all 5 antibiotics
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* Apoptosis of macrophage
e Survival of bacteria

® |nitiation of inflammation

450,000 cases / yr in USA
6400 hospitalized

1% resistant case = 2016
Now = 5% of all cases

Causes bloody diarrhea
Resolves in a few days

Typically treated with
azithromycin, cipro,
ceftriaxone,
trimethoprim-sulfamthoxazole
and ampicillin

Resistant to all 5 antibiotics
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HAN00486 Summary
The Centers for Disease Control and Prevention (CDC) has been monitoring an increase in extensively drug-resistant (XDR)
HAN00485 Shigella infections (shigellosis) reported through national surveillance systems [1]. In 2022, about 5% of Shigella infections
reported to CDC were caused by XDR strains, compared with 0% in 2015. Clinicians treating patients infected with XDR
2022 strains have limited antimicrobial treatment options. Shigella bacteria are easily transmissible. XDR Shigella strains can
spread antimicrobial resistance genes to other enteric bacteria. Given these potentially serious public health concerns, CDC
2021 asks healthcare professionals to be vigilant about suspecting and reporting cases of XDR Shigella infection to their local or
state health department and educating patients and communities at increased risk about prevention and transmission.
2020
Shigellosis is an acute enteric infection that is an important cause of domestically acquired and travel-associated bacterial
2019 diarrhea in the United States. Shigellosis usually causes inflammatory diarrhea that can be bloody and may also lead to
fever, abdominal cramping, and tenesmus. Infections are generally self-limiting; however, antimicrobial treatment may be
2018 indicated to prevent complications or shorten the duration of illness [2]. CDC defines XDR Shigella bacteria as strains that

are resistant to all commonly recommended empiric and alternative antibiotics — azithromycin, ciprofloxacin, ceftriaxone,
trimethoprim-sulfamethoxazole (TMP-SMX), and ampicillin. Currently, there are no data from clinical studies of treatment of
XDR Shigella to inform recommendations for the optimal antimicrobial treatment of these infections. As such, CDC does not
have recommendations for optimal antimicrobial treatment of XDR Shigella infections.



Figure: Percentage of Shigella isolates that showed an extensively drug resistant (XDR)* phenotype or
genotype in the United States, by year, 2015-20221
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*XDR Shigella bacteria (n=239) are defined as resistant to azithromycin, ciprofloxacin, ceftriaxone,
trimethoprim-sulfamethoxazole, and ampicillin.



Background

Shigella bacteria are transmitted by the fecal-oral route, directly through person-to-person contact
including sexual contact, and indirectly through contaminated food, water, and other routes.
Shigella bacteria are easily transmitted because of the low infectious dose (as few as 10-100
organisms), and outbreaks tend to occur among people in close-contact settings [2-6].

Historically, shigellosis has predominantly affected young children (age 1-4 years) in the United
States. More recently, CDC has observed an increase in antimicrobial-resistant Shigella infections
among adult populations [4,5] especially

e Gay, bisexual, and other men who have sex with men (MSM)
e People experiencing homelessness

e |nternational travelers

e People living with HIV



Plan

*Your projects

e Sequencing genomes
* Understand how are genomes assembled from sequences.

* 2" generation sequencing

* Understand how 2nd generation sequencing technology works.
* Contrast with Sanger sequencing.



Week 8 No Lecture: Independent project Independent project
March 6 Independent project proposals during lab time Week 1: proposals
proposals
Week 9 Sequencing and IP: Sample preparation & Independent project
March 13 bioinformatics || enumeration of bacteria Week 2: sample prep
Week 10 Metagenomics Metagenomics lab Metagenomics lab
March 20 | introduction lecture
(Paul Scheid, milrd.org)
Week 11 Lecture TBD, IP: AMR gene & 16S PCR, | Independent project
March 27 | depending on Week 3: AMR gene
independent projects PCR
Week 12 No Lecture No Lab Sections Spring Break
April 3
Week 13 No Lecture on Monday | Open Lab time Open Lab time
April 10 Lecture on Wednesday
4/12
Week 14 Presentation info IP: Gel of PCR from IP Independent project
April 17 Lecture TBD, Week 3 and qPCR setup Week 4: qPCR & Gels
depending on
independent projects
Week 15 Lecture TBD, Final data analysis and Independent project
April 24 depending on presentation prep Week 5: data analysis
independent projects and wrap up
Week 16 Final Exam review, Presentations

April 1

semester wrap-up




Plan

e Sequencing genomes
* Understand how are genomes assembled from sequences.

* 2" generation sequencing
* Understand how 2nd generation sequencing technology works.
* Contrast with Sanger sequencing.



Sanger Sequencmg developed in 1977

| V5 Fred Sanger (1918-2013)

2x Nobel Prize winner in
chemistry.

- 1958 - Amino acid sequence

of insulin

Proved that proteins have
defined amino acid
sequences (1951)

- Pre-DNA structure (1953)

- 1980 - DNA sequencing

Sequenced the first genome
phage ®X174 (5386 bp)




Review

e What reagent does modern Sanger sequencing rely on to label and
generate sequences?

o A) Gel electrophoresis

e B) Fluorescently labeled primers
e C) Fluorescently labeled dNTPs
e D) Fluorescently labeled ddNTPs




ddNTPs

Ribose

ddNTP = Chain
Termination
Growin
- Prevents
incorporation
g of the next
Nucleotide will HO
join on here at : base.

3' position

R What if you set up
roak tiis bl a PCR with ddGTP
| instead of dGTP?



Dye Terminator Sequencing

o four fluorescently labeled ddNTP chain terminators
e The newly synthesized DNA fragments are different from each other in

one nucleotide increments and labeled according to the incorporated
ddNTP

EXTENSION PRODUCTS
Enzyme, dNTPs, Al®
dye-labeled terminators AlCl®
A C[Cl®
7@ —— A C C G T A[T]®




Review

o About how long are sequencing reads from Sanger sequencing?

A) 100 bp

B) 1000 bp

C) 10,000 bp
D) 100,000 bp



Review

e« About how long is the human genome?

A) 3,000,000

B) 30,000,000 bp

C) 300, 000, 000 bp
D) 3, 000, 000, 000 bp



Sanger sequencing requires a primer, so how
do we sequence an unknown genome?

* 3,000,000,000 /500 =

* 6, 000, 000 Sanger
sequence reads.




Sanger sequencing requires a primer, so how
do we sequence an unknown genome?

1) Break it all up into small
pleces.

e At the time Sanger was the

only option so this needed

to be done ~ 500bp at a
time.

* BUT, we need a primer.




Cloning DNA

Developed in the 1970s

Uses plasmids that self-replicate in
bacterial hosts
Gene of interest ° UsuaIIy E. CO/I

Restriction enzymes:

* Bacterial defense mechanisms that
chop up DNA from viruses

* Cut only at specific short sequences
(4-8bp).

* Allowed a cut-and-paste mechanism to
insert DNA into plasmids.

BAC = Bacterial artificial chromosomes

The BAC plasmids all had the same
sequence

* Allows the use of the same primer for
all unknown sequences.




Sanger sequencing requires a primer, so how
do we sequence an unknown genome?

1) Break it all up into small
pleces.

*2) Clone it all into BACs




Hierarchical Shotgun Sequencing

1) Break it all up into small
pieces.

2) Clone it all into BACs
* 3) Sequence the ends:
Large inserts clones are placed in order usng

hybridization, fingerprinting, and end sequencing. Tl I | n g

This tiling path consists of individual large insert
clones that will be sequenced. . .

- e Use a primer directed to
the BAC

Each ordered clone is fractionated * Then allgn the ?equenced
ends computationally

 Produces an ordered
sequence of BACs

Large insert libraries of
nuclear DNA are created in
BAC, PAC or YAC vectors.

into small fragments and cloned mto
a plasmid vector. This is called
shotgun cloning. : o~ \ ‘ ™o

r -~

Each clone is then end-sequenced,
and the sequences of all the clones
are aligned.

ATTCGTTAGCGATTA
AGCGATTATTAGATAC



Hierarchical Shotgun Sequencing

— * 1) Break it all up into small pieces.

- _ .
» 2) Clone it all into BACs
‘ DNA strand * 3) Sequence the ends
* Use a primer directed to the BAC
¢ —- * Then align the sequenced ends
| — A computationally
[L——

* Produces an ordered sequence of
BACs

* BUT, BAC cloned DNA is large: >
10,000 base pairs

* AND, Sanger can only do ~ 500bp at
a time

DNA strand ‘

~|

H J
C— : . i i
— k. 4) Prlm_er walklng
fom———— } N8 * Design new primers after each
*' Sanger Sequencing
New primer from sequenced region * Fills in the BAC sequence

p -




Hierarchical Shotgun Sequencing

_GTGTAACGTG
CETCTTCCCT . .
CCCTAAGGAA 1) Break it all up into small
STGATTTGOGE..
GTGTAACGTGTTCCCTAAGGAAGTG TGATTTGCGC *2) Clone it all into BACs

Sequence assembly based on sequence overiaps * 3) Sequence the ends

| *4) Primer walking
{ ] .
Bt ey sl e * ‘Contiguous overlapping

Contg
(assembled from the overiapping
= sequence reads)




Hierarchical Shotgun Sequencing

DNA broken into larger fragments with
ends sequenced (bling path shown in green)

c These smaller fragments are sequenced

1) Break it all up into small
pieces.

*2) Clone it all into BACs
* 3) Sequence the ends:
Tiling
*4) Primer walking
* Contigs

* ‘Contiguous overlapping
sequences’



Hierarchical Shotgun Sequencing

Sequenlc:e(eads
ey g 4 — 1) Break it all up into small
— — — — — —i .
—_ —! o 2) Clone it all into BACs
- " ] 3 .
el kG e o s i be b *3) Sequence the ends:
S Tiling
Mate pairs < -~ . .
P W~ *4) Primer walking
"ll A~ 'I: Tl *5) Gap closure
[ 5o — Y DEEEEEEEEEEESS—————] e —— . .
Contig 1 Contig 2 Contig 3 * Most time-consuming
{ * Still going on today
D Scaffold with gaps closed




Hierarchical Shotgun Sequencing

Erthhrtfbegl \Mglhp ry“ Prtlcclt
to yield its secrets p d .77

1) Break it all up into small

Smence

*2) Clone it all into BACs

//A FILLING * 3) Sequence the ends:
([ THE GAPS Tiling

Closing in on a complete
human genome p.42

* Still going on today

’ *4) Primer walking

N\ N *5) Gap closure
= \- II_I [l . .
\ o — e Most time-consuming




A second approach: Shotgun sequencing

Nuclear DNA is fractionated into
several size classes. The most

abundant class used for clone . 1) Break it a” Up into a

qeation is 2kb in size. Large ) vl . .
mserls(10—50kb)arealsoused/ \') ) Va rlety Of Sma” pleceS-
~ * 100s bp to ~ 2000 bp

/ / ",ﬁ'\..
' - -
Laatiie N il VO S 5z \

5 L e e By * Also some large clones

) o ( ~

—
v
P e
.,(‘\s,--‘ i
N .

~ Nhefragmemsarerhenclonedmtoa g 2) Clone into a Vector (nO

¢

e = et e

s BACs)

* 3) Sequence

Si——" e 4) Let the computer put it
together

Each clone is then end-sequenced
from both ends to develop read pairs
or mate pairs. The sequences of all
the clones are aligned.

ATTCGTTAGCGATTA
AGCGATTATTAGATAC



A second approach: Shotgun sequencing

e 1) Break it all up into a variety
of small pieces.

LTR retrotransposons 8% e 100s bp to ~ 2000 bp
DNA transposons 3% SINEs 13% * Also some large clones

simple sequence repeats 3%

main components of the human genome

e S |  2) Clone into a vector (no BACs)
segmental ) AR
duplications 5% 4 b * 3) Sequence

LINEs 20% * 4) Let the computer put it

miscellaneous
heterochromatin 8%

miscellaneous —-—\— protein coding together
unique sequences 12% QI L * Problem: repetitive DNA > 50%
* Telomeres
introns 26% * LINES, SINES

* Centromeres



A second approach: Shotgun sequencing

Read = 3 “words” (<= length of repeat) * 1) Break it all up into a variety of

. . . . small pieces.
it was the best of times it was the worst of times N
it was the age of wisdom it was the age of foolishness * 100s bp to ~ 2000 bp

* Also some large clones
it was the, was the best, was the worst, was the age o :
the age of ... 2) Clone into a vector (no BACs)
* 3) Sequence

* 4) Let the computer put it

together
A best caolish i
p| 1ORlSHNEeSS * Problem: repetitive DNA > 50%
» of times % it was the - » age of - * Telomeres
4 Worst Twisdom | * LINES, SINES

* Centromeres
e Difficult to align computationally



A second approach: Shotgun sequencing

5.11X Celera Reads Public Bactigs

39X mate pairs from 33,421 BACs

Shredder

2.96X Faux

Celera-unique

WGA Combining
Assembler

BAC

Scaffoids

Components,

Components,
WGA+Shredder

Components,,

v
WGA Assembly CSA Assembly

Bactigs & Celera pairs
(binned by BAC)

* 1) Break it all up into a variety of
small pieces.

e 100s bp to ~ 2000 bp
* Also some large clones

 2) Clone into a vector (no BACs)
* 3) Sequence

* 4) Let the computer put it
together

* Celera: private company founded
after personality conflicts in the
public consortium effort

* Used public BAC assembly data to
finish its computational assembly.



Announced at The White House in June 2000

Abstract

Since its initial release in 2000, the human reference genome has covered only the
euchromatic fraction of the genome, leaving important heterochromatic regions
unfinished. Addressing the remaining 8% of the genome, the Telomere-to-
Telomere (T2T) Consortium presents a complete 3.055 billion—base pair sequence
of a human genome, T2T-CHM13, that includes gapless assemblies for all chromo-
somes except Y, corrects errors in the prior references, and introduces nearly 200
million base pairs of sequence containing 1956 gene predictions, 99 of which are
predicted to be protein coding. The completed regions include all centromeric
satellite arrays, recent segmental duplications, and the short arms of all five acro-
centric chromosomes, unlocking these complex regions of the genome to varia-
tional and functional studies.

Still not quite done 22 years later, but getting
closer...



Hierarchical Shotgun Sequencing

Erthhrtfbegl \Mglhp ry“ Prtlcclt
to yield its secrets p d .77

1) Break it all up into small

Smence

*2) Clone it all into BACs

//A FILLING * 3) Sequence the ends:
([ THE GAPS Tiling

Closing in on a complete
human genome p.42

* Still going on today

’ *4) Primer walking

N\ N *5) Gap closure
= \- II_I [l . .
\ o — e Most time-consuming
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Generational changes

First Generation
Shotgun Sequencing

Second Generation
Massively Parallel Sequencing

Primer
5" previoen
3‘

Sl

T |
MTIpEe ® daare ¢ dacTe

ddGTP P ddTTe

S v 3
e T o £
S FrrmmrT PP 3
S'Wiiiiﬁ?ﬁ’f? 3
ST o ad TAC T
« Sequencing by synthesis
« High accuracy
« Long read lengths

« Relatively small amount of
data generated

A T C

« Sequencing by synthesis

- Amplified templates are generated
during sequencing, reducing the
requirements for starting material

« High accuracy

- Short read lengths

e.q. ABI capillary sequencer (ABI)
e.g., MiSeq (lllumina), lon Torrent

(Thermo Fisher Scientific)

Third Generation
Single-molecule Sequencing

111414
;. ~—~ N

== Mask hairpin
sequences

Generate consensus
sequence

» Single-molecule templates
«Low accuracy
«Long read lengths

e.g., Single-Molecule Real-Time (SMRT) —
Sequencing (Pacific Biosciences),
MinlON (Oxford Nanopore Technologies)



e lllumina sequencing technology is
based on sequencing by synthesis
(SBS)

e responsible for generating more than
90% of the world's sequencing data

e supports massively parallel sequencing
that detects single bases as they are
incorporated into growing DNA strands.




- Target DNA is immobilized in a ‘flow cell’

lllumina Sequencing

- A solid support that allows reagents to flow over
the DNA to be sequenced

- Immobilization requires an ‘adapter’ homologous to
anchor DNA in the flow cell

: ,lsmmu pr——

— [ -
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- < coated with 3 kywm of
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A. Library Preparation I I I um | NAa

CeNOMIC DN A ——— SequenC|ng
l Fragmentation DNA is isolated and fragmented into small
pieces
— s Adapters are ligated to the pieces of DNA
Adapters L= LA pe—
_ J— Allow binding to the flow cell slide
l Ligation B) Bound DNA is amplified to create clonal
clusters that increase signal-noise during
sequencing/imaging
[— |
Sequencing C) Sequential rounds of individual addition
Library P — of reversible dye-terminator bases
I — D) Translation of imaging records to

sequence data. Export and analysis of
sequence data.

NGS library is prepared by fragmenting a gDNA sample and
ligating specialized adapters to bath fragment ends.



B. Cluster Amplification

Flow Cell

Bridge Amplification
Cycles

Clusters

Library is loaded into a flow cell and the fragments are
hybridized to the flow cell surface. Each bound fragment

Is amplified into a clonal cluster through bridge amplification.

lHlumina
seguendn

DNA isisolated and fragmented into small
pieces

Adapters are ligated to the pieces of DNA

- Allow binding to the flow cell slide
B) Bound DNA is amplified to create clonal
clusters that increase signal-noise during
sequencing/imaging

C) Sequential rounds of individual addition
of reversible dye-terminator bases

D) Translation of imaging records to
sequence data. Export and analysis of
sequence data.



C. Sequencing

Sequencing Cycles ( )

Data is exported to an output file l

Digital Image

Cluster 1 > Read 1: GAGT...
Cluster 2 > Read 2: TTGA...
Cluster 3 > Read 3: CTAG...
Cluster 4 > Read 4: ATAC... Text File

Sequencing reagents, including fluorescently labeled nucleo-
tides, are added and the first base is incorporated. The flow

cell is imaged and the emission from each cluster is recorded.

The emission wavelength and intensity are used to identify
the base. This cycle is repeated “n” times to create a read
length of “n” bases.

lHlumina
sequencin

DNA isisolated and fragmented into small
pieces

Adapters are ligated to the pieces of DNA
- Allow binding to the flow cell slide

B) Bound DNA is amplified to create clonal
clusters that increase signal-noise during
sequencing/imaging

C) Sequential rounds of individual addition
of reversible dye-terminator bases

D) Translation of imaging records to
sequence data. Export and analysis of
sequence data.



o Makes use of - A camera takes images of the

o four types of fluorescently labeled gggggggeor}tlkl/_l[%gegg?hneuE:)Iﬁ%:tide after each
ddNTPs

. . . o An Imaging based technique
; termlnaIdB oloeleer IS ElnsmieElly - then the dye along with the terminal 3'
Ve blocker is chemically removed from the
« DNA can only be extended one nucleotide ~ DNA, allowing the next cycle

at a time: - Several 100 Mio sequences

\ \

5

o ATC, G, thenA, T C, Gthen A, T....

A A




lllumina Sequencing

AGCTTTTCATTCTGACTGCAACGGGCAATATGTCTCTGTGTGGA

T®
AGCTTTTCATTCTGACTGCAACGGGCAATATGTCTCTGTGTGGA

T
AGCTTTTCATTCTGACTGCAACGGGCAATATGTCTCTGTGTGGA

TC@®
AGCTTTTCATTCTGACTGCAACGGGCAATATGTCTCTGTGTGGA

TC
AGCTTTTCATTCTGACTGCAACGGGCAATATGTCTCTGTGTGGA

To be continued......




A. Library Preparation

Genomic DNA
l Fragmentation
=== ] = |
-
Adapters —_— —
= [—
l Ligation
[—
Sequencing T —
Library
P

NGS library is prepared by fragmenting a gDNA sample and
ligating specialized adapters to bath fragment ends.

C. Sequencing

47

£
Sequencing Cycles B

| 3 &

Data is exported to an output file l

Digital Image

Cluster 1 > Read 1: GAGT...
Cluster 2 > Read 2: TTGA...
Cluster 3 > Read 3: CTAG...
Cluster 4 > Read 4: ATAC... Text File

Sequencing reagents, including fluorescently labeled nucleo-

tides, are added and the first base is incorporated. The flow

cell is imaged and the emission from each cluster is recorded.

The emission wavelength and intensity are used to identify
the base. This cycle is repeated “n” times to create a read
length of “n” bases.

B. Cluster Ampilification

l Flow Cell

y | _?"h_

o \
By K
y )

Bridge Ampilification fw
Cycles B

Clusters

Library is loaded into a flow cell and the fragments are
hybridized to the flow cell surface. Each bound fragment

is amplified into a clonal cluster through bridge amplification.

D. Alignment and Data Anaylsis

ATGGCATTGCAATTTGACAT
TGGCATTGCAATTTG
Hoad AGATGGTATTG
eads GATGGCATTGCAA
GCATTGCAATTTGAC
ATGGCATTGCAATT
AGATGGCATTGCAATTTG

Relerence e TG AT TEOAATTTGAGAT

Genome

Reads are aligned to a reference sequence with bioinformatics

software. After alignment, differences between the reference
genome and the newly sequenced reads can be identified.

lHlumina
segquencin

DNA isisolated and fra
pieces

ented into small

Adapters are ligated to the pieces of DNA
- Allow binding to the flow cell slide

B) Bound DNA is amplified to create clonal
clusters that increase signal-noise during
sequencing/imaging

C) Sequential rounds of individual addition
of reversible dye-terminator bases

D) Translation of imaging records to
sequence data. Export and analysis of
sequence data.



* https://www.youtube.com/watch?v=fCd6B5HRaZ8



Sanger Sequencing vs lllumina sequencing

« Accurate and reproducible e accurate
« Expensive, time-consuming, and o fully automated

labor-intensive . Expensive but produces 10s-100s
« Requires capillaries or sequencing Million reads per run

gels . Read lengths are around ~100-300
« But, method capable of producing bp

long sequencing runs (~800 bp) . Suitable for genome sequencing

and transcriptomic studies



FASTQ File Format Analysis

. The member of a pair,
. Flow Tile humber _
Unique i & 1 or 2 (paired-end or
. cell ID within the _ .
instrument mate-pair) 0 when none of the control bits
; flowcell lane 5 B
name | are on, otherwise it is an even
; ‘ Y if the read number
RunID | | | Flowcell XandY g
| , is filtered, N
'. Lane coordinate ]
'I | L otherwise
.' | ‘| within the
| .
| | | tile
‘I ' l'
\ ’ I
' {
ln| ' {
.' | ', | Index sequence
\ ‘{ | -
- .. ¥ » P
HsQ-7001360f292 fiNnTwwacxxh 1101 §460:2131 MGGCAGAAATCTTATCCTCT
ATTATGCCCATAGAAGGCAAGCTTGCGGAAAAAGCATTGCCTCTGATTGATCAACAACTNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
GCGTACGAAGCGTATTTTGCAGAAAAACCGTATCAATTACTGATCTTGGCGGCGGGCAATTCAAATGTTGTTTCCGACACTCCACTGGATTTAGGTTCATTGAACAAATTGGCCAACGCAACG GGGG
GGGIIIIININGHGHIIINIIINNIGES #2228 RS SRR R SR R R RS R R RS SRR R R RESR A GGINGHIINNGHIIIIIININGHGHIIIIIGIIGHIGIG]
IGHGIIGHIIIINGGNIGHIGHIGIGGHIGHI P
The “+” indicates the break )
Encodes the quality values
between sequence and
. for the sequence letters
quality.

Raw sequence letters




@ mckKenney — Iess ~/Labata/NMor_Laiti_i/l1oo_Lairi_lraw_seqs/riterea/wi c-CLo-a4q_RK_THL.Taslq — 1ceX/ <

@MO1159:125:000000000-C27D6:1:1101:13501:1796 2:N:0:64
CCTGTTTGCTACCCACGCTTTCGAACCTCAGCGTCAGTCACAGACCAGAGAGCCGCCTTCGCCACTGGTGTTC ATA
A

BCCBCGDEFFGGGGGGGGE : , @F8FGGFFGFDB8BCFE , C@6@<FFGGDAC7FFEG7C7=DFEFE9==96C:F ,FCF8, : ENCGFGGGGGGG, CECEBBICDEEC, ,=A+6=D+=C<=+=
@MO1159:125:000000000-C27D6:1:1101:24630:2415 2:N:0:64
CCTGTTTGCTACCCACGCTTTCGAACCTCAGCGTCAGTTACAGACCAGTGAGCCGCTTTCGCCACTGGTGTTCTTCCAT
+

CCCCCGGFFGGGGGGG: FFFFGB<, CFGFFGCEFCGGFGGFFY, BFFF , ; CFFCCF+BFABFG, @=D=: 9F@CECF<@RAIECFFGFDCGD8EFGGGE>5?C>F<=,=0, ,62A,BA4@+D
@MO1159:125:000000000-C27D6:1:1101:24147:3631 2:N:0:64
CCTGTTTGCTCCCCACGCTTTCGCACCTGAGCGTCAGTCTTCGTCCAGGGGGCCGCCTTCGCCACCGGTATTCCTCCAGAT
e
CCCACGF@EEFGGGGGFGGFFFBF@FGGF@F D=@FEGGFFFGFGGGGF<F7CFFFFGCC? , BFFGFE>@+COEEFGGGGDCEFGFGGFFGGGGGFGFEEF6CFGGGFG+?=?D8CFFF+@
@M91159:125:000000000-C27D6:1:1101:23336:3677 2:N:0:64
CCTGTTTGCTCCCCACGCTTTCGCACCTGAGCGTCAGGCTGCGTCCAGGGGGCCGCCTTCGCCACCGGTATTCCTCCAG
=

ACBC<EFFF , FFGGGGEG=F FDCFFGGC<EGFC8BEC, BC, : @8FGEFFEDEGGGGG, 87 6CFGGGGC+@, , <@, CAF?E<< ; ADDFFGG+=+59EECBIC=EGF ? DDFF+2D+ACFGFE
@MO1159:125:000000000-C27D6:1:1101:25248:4012 2:N:0:64
CCCTTTCGCTCCCCTGGCCTTCGTGCCTCAGCGTCCGTTAATGTCCAGGAACTCGCCTTCGCCACGAGTGTTCCTCTCGATATCTACGCATTTCCCTGCTACACCGAGAATTACGGTTCC
e
CC@BCGGGFCFGGGFDCFGGFFG@<FGFEFGF>BF8: FEDDGFAEF F@@DGE , 6BCE : : DFGGF : CEGE7CEFCFF<EFGCC=FD=F@BDC63A4CI8S : DF IFGG++6@+=6=+4:61,
@MO1159:125:000000000-C27D6:1:1101:25243:4029 2:N:0:64
CCCTTTCGCTCCCCTGGCCTTCGTGCCTCAGCGTCAGTTAATGTCCAGGAACTCGCCTTCGCCACGAGTGTTCCTCTCGAT.
+
CCCCCGGGGEFGGGFCCFGGGEDECFFFFFFDCBFCEFAFOFFGFGFFGGGG, CCFGEEDBFEFFD6@: : CEED<FEFBA? ,=FFGG,@DCC=A=@@=DD, 69EFE+=2C?DDGA+86@E
@MO1159:125:000000000-C27D6:1:1101:24408:4316 2:N:0:64
CCTGTTTGCTCCCCACGCTTTCGCACCTGAGCGTCAGTCTTTGTCCAGGGGGCCGCCTTCGCCACCGGTATTCCTCCACAT
+

CCCCCGGFFEFGGGFG@G7=<E7FGGGES, D@C7BEFAF@CCFFGFFGFD+@CGCFEC: ? , BBBFFG686 , CCE?FFCGG<F=FFGGEEC>8DFFFGEE9=8BF=8@D?+6+=DFFFFEC
@MO1159:125:000000000-C27D6:1:1101:25453:4501 2:N:0:64
CCTGTTTGCTACCCACGCTTTCGAACCTCAGCGTCAGTTACAGACCAGAGAGCCGCTTTCGCCACTGGTGTTCTTCCAT
5

AB@, AF9EEFFGGG, BFGRRAE8<CEGEFEEEC6@EGCFEFFFFGGGFFFF@DFBF@, : 2BFF7CD89: , 9BCFFEF<FEGGCFFGGDG8>, ?FEF94<5=CDCC, , 6, ,6+6C,9-9,@
@MO1159:125:000000000-C27D6:1:1101:6102:4739 2:N:0:64
CCTGTTTGCTCCCCACGCTTTCGCACCTGAGCGTCAGTCTTCGTCCAGGGGGCCGCCTTCGCCACCGGTATTCCTCCAG
+

ACC6AFFFEDSFFGGG@FFGGFCE , CGG=EG8E@CECEAC@FFGGGGBFE>FFD: FFGGDDFGGEGGC@>FGFCFGG, BEEEEGFFFEED6=DFGGGGFBGCEEF , , ++==+?+4:A@66
@MO1159:125:000000000-C27D6:1:1101:24076:4867 2:N:0:64
CCTGTTTGCTCCCCACGCTTTCGAGCCTCAACGTCAGTTACCGTCCAGTAAGCCGCCTTCGCCACTGGTGTTCCTCCTAATATCTACGCATTTCACCGCTACACTAGGAATTCCGCTTAC
+

CCCCCGGGFGGFGGGG@FFGGGEFCFGGGFF=@: CEFFFFF@FGGGGFGGGFEFFGGECDFFEFGGF8: 6 : CCAFGGGFGGGGFGGGGCGC8FECC@@BCC>F, , : 2DID+==9B-@8F
@M81159:125:000000000-C27D6:1:1101:7818:4890 2:N:0:64
CCTGTTTGCTCCCCACGCCTTCGCACCTGAGCGTCAGTCTTCGTCCAGTGGGCCGCCTTCGCCACCGGTATTCCTCCAGATCTCTACGCATTTCACCGCTACACCTGGAATTCTACCCCC
"

BCCCCGDFFGFGGGGGFG, AFFFG: FGGDFG@=@FGGGGF , CRFEGCF 6 ; <@DDFEGG@D<FFGEGGG@: CEFE<FE=EGGGGGFFFFCD ,==FGFFEDADDEFF , 4=+=AFD@CFF8EE
@MO1159:125:000000000-C27D6:1:1101:26172:5225 2:N:0:64
CCTGTTTGCTCCCCACGCTTTCGCACCTGAGCGTCAGTTTTCGTCCAGGGGGCCGCCTTCGCCACCGGTGTTCCTCCTGATCTCTACGCATTTCACCGCTACACCTCGAATTCTACCCCC
=

CCCCCGFEFGGGGGGECFGCFEFC, FFG, EGECFFGGE, <; @F , BFGG, 8+@@@@FEGD?BFECC=C+6+8=E , :CA, , : CEFGFGG@FGGC=EEGGEBBCDGGG, , 6+++==+4C?=1@
@MO1159:125:000000000-C27D6:1:1101:24620:5360 2:N:0:64
CCTGTTTGATACCCACACTTTCGCGCATCAGTGTCAGTTTCAGTCCAGTGAGCTGCCTTCGCAATCGGAGTTCTTCGTGATATCTAAGCATTTCACCGCTACACCACGAATTCCGCCCAC
i

ACBACGGACFICFFGG: FGEGFC, +@FFCFF ; DFGFGF< , <@<FGGG<CE<FF<FFGFFDIC,@@EG8, +BFF8, ECA, , E<DF ?E<EADGGDGGFG@A>DDCFGFFD8+, =D89BF@1A
@MO1159:125:000000000-C27D6:1:1101:23711:5425 2:N:0:64
CCTGTTTGCTACCCACGCTTTCGAACCTCAGCGTCAGTTACAGACCAGAGAGCCGCCTTCGCCACTGGGGGTCTTCCAGATATCTACGCATTCCACCGCGACACATGGAGTTCCACCGTC
+

AC6A@<FCFCFGFGEG@F , 8,@B<CEGBAFGEC8BCE , 5CFGFDFGGGD@FEFGCG7BB6ABFGGC?86++88, <99E, C, B=F+@EAFD8O=?E9E4<) ?>CG=89=F6+6+6=F46 , +
@MO1159:125:000000000-C27D6:1:1101:24692:5437 2:N:0:64
CCTGTTTGCTCCCCACGCTTTCGAGCCTCAACGTCAGTTACCGTCCAGTAAGCCGCCTTCGCCACTGGTGTTCCTCCTAATATCTACGCATTTCACCGCTACACTTGGCATTCCACTTAC
A
CCCCCFFCFGCFGGGGFFFEGGFG<FGGGG, DCDFGG@ECFIC , BC@F6CE@FFBE@: @?BCE@FGCFE8FCFFGGF<, CEFCFDCD7FD6, ?FCFFCEBGDGG, , , ,06A?=D, ?<, ,@
@MO1159:125:000000000-C27D6:1:1101:26890:5483 2:N:0:64
CCTGTTTGCTCCCCACGCTTTCGCGCCTCAACGTCAGTTACCGTCCAGTAAGCCGCCTTCGCCACTGGTGTTCCTCCTAATATCTACGCATTTCACCGCTACACTAGGAATTCCGCCTAC
+

CCCCCFF=CCFGGGGG@FC=FFF : +CFGGFFFGDFGCEEFEDGFFGGGGFFGGG+@FBB? : CC,B9@8, : 6BF@<FECFGIFGGFGGDGGGGBAEFGEFFDDBD , =<6+?+6D=A=-=+@
@MO1159:125:000000000-C27D6:1:1101:26285:5742 2:N:0:64
CCTGTTTGCTCCCCACGCTTTCGCACCTGAGCGTCAGTCTTCGTCCAGGGGGCCGCCTTCGCCACCGGTATTCCTCCAG
+
BCC8BFE<FFFGGGFGEGEEFDFEFEGGGCCD=@CGFEF6CFFFGGGFGCEDFFFFGFB? : BCFGGE+CC@FGEAFFFG, ?FFGFGGDF>D+? FFFC89=DDIEFGF++6?=DC ; FF8DE
@M91159:125:000000000-C27D6:1:1101:27167:5804 2:N:0:64
CCTGTTTGCTACCCACGCTTTCGAACCTCAGCGTCAGTTACAGACCAGAGAGCCGCTTTCGCCACTGGTGTTCTTCCATATATCTACGCATTTCACCGCTACACATGGAGTTCCACTCCC
=

ACGCATTTCACCGCTACACATGGAGTTCCACCCAC

ACGCATTTCACCGCTACACATCGAGATCCGCCCTC

ACGCATTTCACCGCTACACCTGGCATTCTACCCCC

ACGCAGTTCACCGCTACACCTGGAAGTCTACCCCC

TACGCATTTCACTGCTACACCGAGAATTCCGGTTCC

TACGCATTTCACCGCTACACATGGAATTCTACCCCC

TACGCATTTCACCGCTACACATGGAGTTCCACTCTC

ACGCATTTCACCGCTACACCTGGAATTCCACCCCC

TACGCCTTTCACCGCTACACCTGGCATTCTACCCCC

Week 8 No Lecture: Independent project Independent project
March 6 Independent project proposals during lab time Week 1: proposals
proposals
Week 9 Sequencing and IP: Sample preparation & Independent project
March 13 bioinformatics I enumeration of bacteria Week 2: sample prep
Week 10 Metagenomics Metagenomics lab Metagenomics lab
March 20 | introduction lecture
(Paul Scheid, milrd.org)
Week 11 Lecture TBD, IP: AMR gene & 16S PCR, | Independent project
March 27 | depending on Week 3: AMR gene
independent projects PCR
Week 12 No Lecture No Lab Sections Spring Break
April 3
Week 13 No Lecture on Monday | Open Lab time Open Lab time
April 10 Lecture on Wednesday
4/12
Week 14 Presentation info IP: Gel of PCR from IP Independent project
April 17 Lecture TBD, Week 3 and qPCR setup Week 4: gPCR & Gels
depending on
independent projects
Week 15 Lecture TBD, Final data analysis and Independent project
April 24 depending on presentation prep Week 5: data analysis
independent projects and wrap up
Week 16 Final Exam review, Presentations

April 1

semester wrap-up




Generational changes

First Generation Second Generation Third Generation
Shotgun Sequencing Massively Parallel Sequencing Single-molecule Sequencing
Primer
5’ yrrrrTTTT
;I ; 1/ 11171
APt ® daare ¢ dacTe _C_‘r ety
ddGTP P ddTTe
5' v 3 e
== Mask hairpin
ST L sequences
S TP 3
Generate consensus
po— 3
.ﬁﬁﬁﬁiﬁff? | A T C G sequence

SFrmmmrer 93 TAC T —_—
« Sequencing by synthesis « Sequencing by synthesis +5ingle-molecule templates
« High accuracy - Amplified templates are generated I-Low accuracy I
« Long read lengths during sequencing, reducing the I'_LOLTQ_I'EEdI_QQQtES_I
« Relatively small amount of requirements for starting material

data generated B I-T"gl't_a?cu_rac_y - e.g., SiﬂglE'MO'ECUle Real-Time (SMRT) —

I+ Short read lengths | Sequencing (Pacific Biosciences),

e.q., ABI capillary sequencer (ABI) MinlON (Oxford Nanopore Technologies)

e.g., MiSeq (lllumina), lon Torrent
(Thermo Fisher Scientific)



