Chapter 8

DNA sequencing &
genomics



DNA Seq'wn(‘mﬁ ¢ GCMM'\cS

So “Far
“Lolved "
b L ame £y
FTRUE e
—0— (64 il ¥ green)
xS
Haat cold b deeched
0" ( \
Mv“m‘hﬁ'\ bY‘ ! M?
fry, £4)
Cl,o ASuger

—\'\mL +

S L~10-10  vinses
—b IV\ vah(t’ (avcvwmes Canla'm M-LVV 31{'65 L~ lo‘-\t? badera

q
=) dln,'l' kvow uhat pkmlchs tutein s 107 by
@ Iwesc sides ngucf, or how Yo

measut Reem "‘, co\my (ouw\m; assa\/...



H'\S‘\ Oﬁc«u7l, Q‘Qﬁ;\ﬂ"\'\"\\ ewluhion elied on (on()c-\ﬂiq -ﬁ-lnss

oaj.n, 5} C‘mjg: b/
™ anl¢
— L= J' - -~ ﬂ ()_9
%’“"‘l‘“) '°'°‘°"I:°’ ﬁ ﬁ_, E H-) E Y‘ ......
)  —oso000 A <
¥s 0 | day
~ ,

® e g -

:> 5'}0\'\'\5"\65 of X@}) wlin ¢ boween P"P\'I'fhﬂhs
"’C\\ V3 Somb“\'\l\9 aLM Qﬂlu‘l'»av\wy dynmu-; o{' ‘5

ﬁ do..m'\okt‘ “mA'\ﬂ,CU. many different o{ymmﬁci o‘fg
consistent | sawe dhyiamics of X(3).-

+ mopging fom G X(§) porly ondoslond



N_O_(ﬁ: DNA scq\rcv\c'\,\? allws us +o measm gthomes Ol"“""y*

Qevowe FWL’)‘ . VL - - 4 \
ror U0 I
¥S o 4
has do 1
E:j‘i‘:;\ easwt \V\'(o
) ) In S\Qi(, noluu\c?
A
‘\‘\ML, t
y-5
1. L~10 ~ vinses

Recll:  gerome = IR I W
AR «.(9 m?\emu\-\-m\/ LA (0 bd'e'\o\
shonds (10" humans

-_—> &c? | for ,-CWJ‘,\S genomes - amolift cation !

need qwml’rhes
AT - ~ of our ONA malecule
n=| molcwle \ g (""/ )

+o work with ..



= easy for lab badein' use buikt-in o\b'»lﬂy + gaw QXYav\thl\n”yi

G"“’"" o +2‘-Ik(5 Ractena| "' | mm Saw $hat
‘\’C Ca‘ony ~10 68“5 ColomeS will be
nearl7 clonal
W/UT ""6|°
(ie. ~ some sequcnce)
\/
d -l-echv\]alucs Lor bru\k“\r\j a?afJT cells (‘.\/_‘_'5)
\\/ ¢ C)d'rnd'\f\j J\E‘_\' e ONA mdewles ...
] v b D @n e i el
QOIO‘F , plate for A
— 0 & <35 /ucll THEH
geromic NA

() ) (G billos of dvideal cells)

— ~§5 Gouelc DNA
g W o B
J \ " ONA _\"\,\ Lrom

S'm\,\{, e\l (fee) edadion’ w 10%10" cels




Pf&)\ﬁ"’\: L’ \06 $'|%¢J Sfmmcﬁ 400 Ol'rmwu o(o MEasuC Auu‘l'b/
'-'—» mos\' chvmc‘m} webhods ww'l: |~I Shor‘t sequinces (ﬁlo3 L?)

tnowme
SRR G target sequinet k\f*—-—-'

-
7

~ 1K Y

\

P4
&
’
II

Bow o gdt o macosopic amouet of Yoot Fls vegion”?

Ay\ngp'- PCR (” QOHWWISL chain rmjnu\“)

5 et ot b 2

bU‘ \)05" -For pﬁl- d(" Gewome. .

-,5 ‘\‘a\«s ao‘w«r\ooc a(: ONA rqa\'ucnj'im mc}n'mr,y “wm‘m‘ ‘07 [M]tv;a\

% But requits VS Yo kaas some of He sequence pear -lu,-j,,-}

—_——
—_—
—_—

/WIE Target Regin Pa.

. 7
konown “Flanks ")‘ SequUniL




@ can vt comguy synesize “pamers’ (shod sepences of wloLg)
Het corspond do 01« P2 .

@ MIX W / ONA polymens. |
TP (e A C5T5,6'5) |~

+ uywr gewmic ONA. ’{
g e X
@ HCD\'\' Saw\f\{, So ‘]"M\“’ ATTc .. )W
U hods "l (150) ST
14
@ }\\Ou Cool So\m?\t (~€(‘)7 L) So
‘pnd'\’ pdn\trs anntsl * 4o 'M‘?J\' D”A ' tuget P
‘—‘7 Mt“'\n) ~ aﬂhu\‘lvl\) 1% p\ﬂ)lﬁ'lCS ?YMLW\ : f(_bw_:‘l ~ e’ %TE‘
P[unhmd)
of AE2 % mdded bp

(very muahly...)



Q wank ?ﬁmﬁ to bind 4o kinaun
regon ) bot nd anyuhec ¢lse! Juger |2

* we SAL n BSET | mod of B.coli gtnomt 13 on';qvcb'
dontidisble | £=20bp Sequince =) ~20by pimes sands ok #

( movrC Sf,hfﬂ\\l\/ '—"5 //'V!'QM,T"!M -“Atlvy N‘g\”w\‘]'\\ :
# ynique locations (L) < #wnique sub- sequences ( "l“e>

. ~ 10 (E.(oli)
> 272 |07q(l’) ~ I'a': (Humms) )

@ A{:-\-cr‘ Qt'\mcﬁ At ‘owf\d) ONA Qo\\/m{’ﬂ\x will sl—ar'l
.ln(,ar’?()nr\mj dNTPs gnto o oreae Cam(:\mur\wy Shvand ...

AGTC‘ <t 2 —
Ll ._,> T ll

[ gk (R hget P2
(4 oc\-(w)'wq Q\'\O\S(\,\B




dorget [P LT P | [

@ R(’,?ea‘\' for K~20-730 Q\/C\QS...
'."—b Q(?W\(,V\‘ht\\ U\W\'\'PICI\‘\"OV\ U'F' Inl T Jﬂ.] Se,qvmc(,!

( ”Amyhun“ )
7 A\ R Mulbﬁl?h_
clem vp Yo rmae lefwer pAmen, ee. D [ »o
G aw\pliav\sl,

=) Niﬁ cin also use PR 4o add edn bit
ot DNA sequnce 4o Your 'l'lfjd' region....

=) OV‘(}V medified 96M{r6'~
0 [omiswmi] < Of1nobr)




Q Q

-=§ ~~ * Thr— => T 1N “
%
Y L &< mmrTIw
11
I,

Avn?\‘-(-:lc& chwvxtf,i (Exl

Recoxg‘-
P @ R N

Al N D Bedt? @ PR < awglicens |
”Gmm\c ” PR .
ONA" pmﬂvc}

= How do we rod ot Wformation fiam PR pm}uc}s?

Tmaﬂ'loaa\\ aggroao\/\’ Samper chu{mci«j
(Fke | edve rod of PR )




:EA\Q’:: mix PR Qmavc\’ l~| , (NA?’ dkm’s}
+ sqeda\ Querescent dNTPs Hhad M‘ DUAY 6*+¢*

(Aq‘) G*» C*' Tdk) 46

=) Mer A round of ﬁc‘rcv\Sim, andim iy ot
r 2] + T ) + T [2) +

Flow n dedic fidd (SW fn,mwl‘s m&s‘o«)
SN

E: ¢t :A“ DT *

i

ml/\/

Laser 4o reed o
dNTP ¥ fugrseence.

‘U/ ? C\\NMA“O - ,7 ﬂw\\\

\ ” Con ved
il ( " * il U | fome

T - |r'?) —

il

Fluorescence =



=> costs ~ % (SmJa»mythm'\JH-'-

=) 50 hae seen ha 4o ge from

~ ts* ~$5 - |
_— ATCGATTAGCC

Seqvmc\f? sequente aF ~|K nyu\
SONA

=7 n Doskemn 1 of BET X, Ly Mumy vicd oy SC4
to geavtne  URA3 oS ™~ 300 \/'(AS'} Colonie

=) $1500 k|
= Bt PO VL {o Sequince whike 3”‘""‘(5!

. 6
) E-coli ¢ Idone = 10 bf 2 '0350"9«‘ = $5k
Seq un3

.- Humans 'pmon = |0‘15r = lo ?;“Z:;S——) $5M



=> Mou '\'\\'mjs W uch d\meo' w/ @L\&-gtl\ 5_@4@/\7
(7 Dilvemina chw.m'mj‘)

=) Same | Aea\, bot W\J\«U‘ ‘H\WS\«Q\T} ‘

: — Swall bit of
S‘\’g {.\. : Sfefu\\ g sy
v W ,% + mokewle (244=2)
Lib My YR S s
,/M l n SDNA

QL. ity o]
3 —
3wm\c ONA mndom¥*

ldul'\'toq

5‘|’€£ & N()w n Qos'rl'uon o c&o PCR + odd Qx'h"\ knwn sequen (e |

( Shl \ -
W T52

! Sequontoy odagher” O e .
(Ferined ) (sA rcverm)




T\A‘\s a’ms us

LN ~$10 MuOSRiL

dl — / + ot

cell \ M%t}\m hc_ IL \ - /'\. divers
S Per S awplions!

50“A " sequnciag
Librany

S‘\'ﬁ 3 . ’ISeq\’U,\c’\(\\)\\ ‘.h ,I\
(_'I“UM-\/\O\ MM,\\M{,) ’,'I [Em
A o el
o | 'lb arcto c\f ; / -

W/ pribes ‘}kn+ /5_5 ( Y
bind S'(,t’vmcin, aJ«\u‘ : £ & o te\l“

S‘\'eg L(: do Mot P(«R on bound 'F\'RSMW\‘I'S "‘0 "Vm eﬂ‘-\'\
Mo\cw\{ ’i'\"‘o macmsw?"\_c d uS+tr 0"! “\(’lnjﬂca‘.‘e MO"CLU"(,S

@ Cluster
+o? doun el @t

View:
0 c\»‘z\v‘ k..




Jteo St Ao pfmer + fuocsert WTPs et Sncarpomke once (hen

(sA) skp )
W Aake p'w}urt T 1 vk ‘
D W sl | o el ol
i N = nudeic N\'Ol
0 f,\\)_z\-er“ Cn @ fist poridion

5“( 147 Q: rewovt ’F\um%mt ?ﬁr‘\‘ (d- L\o(,k)
=) A pos'nl'nm_
¢ rcvm} \vl new awd of JNTPs

S"'@f q“ Con r(,qdlf 'Gf 9(\00) Cyl\tS [w}il p'quuns R dwymlmi%wl]

@_}&’81 Can a\sa VCVM‘\‘ —Cn' v’ A\m(‘l‘?ov\ (SA’L)

. QONA fragmunt
N(’J" rﬁu“‘ Sk | | “
E ATGCAT [ATTCAT L

e~ e et
& lwobg) Olwb)
Srecd ‘o’ roversc rad”

=) get Olioky) rtad oct From
eoch end of single DNA Fagment



':‘7 u’ anﬂm quwm W\I\L\O\l/\l,sl pm(xSS 1S v‘(,/yl'\ig]r\ ’l‘lo\wujl'\pu‘]'!

= Yo’ vl o5 1n ~Few days For ~ $2000
(cﬁg\\’ cand do swallev Md,\<§>

R—eﬁo;e: NOLJ L\A\rt MQJ('\M(J '(Zar 30'\/\3 ‘FV‘OW\“

 fual of ~ el
~$§ / »#2000 ,/;_’ 1\ shad read oairs
FN - /‘\
a\\\ N‘\%& o "C I\L"f?"’\’“ -5 -
seqvmdn
) ~50-30bp

Ned: whet can we do wilh s Kind of datn?

:» V\'CCJ +o px)‘" Qu‘%%l-(, loac‘rt "’09-6“\5(‘,,\ 9\ Main MC‘}L\OJ5



” De novo GCV\OM(, Ass\’,m‘oly N

- ool o “l‘l\‘l()g Ii‘\_‘ ‘Odk ";r mJS ‘l’l"\l Qh'lmny D\rtr'ﬁr
2200\ Swat e g
///\‘/‘\ > (“0 o - (C:?ZZOLF)
> T
~30-300bp Constnsys SUInCC
= "(onl'),“

D s'\mg\ﬁ " p;\,\(\?l«e, bt (ks ot comer anses ..

-_Q ¢4, ulz\a"' W+ 2 Htgan s of Gtront. O 'lo‘ln-’ica\
for = 10by (o- Icv~5\1~a'ﬁ n:ad?)

— 1
/
\ Y
/
— 7 /, \
_> —_—— == “fokin asscmL}y‘
. === - X
l‘—’—"l \\\
90\'@ Sq\l“((. \\\\\ N



_—D for Ahese + other rwsms, asstw\U)/ "y(ica”y
\,'\(,\(15 Col\echov\ o-[: 0l|$crd-( Covrl‘jsz

\r\ \ y OY ' . p——e) (——————(}
~ - \ =g LXSE NN
eal 0-| l’? 6V\7 adigl  condy Cm‘n) 3
2

G

=) midh hade~ (“' manual effert ) Y Q .

4o ”-rm'\s\\‘\ o complet genemt %)

+ HUGE  momey rq\}mvvxmjrs (~336L- Th o{chm'hj on L)
(since netd do omere al® oma of riads Fo tach o%mm-)




@ Al'\gnvvm* of rr,o\JS 4o Refecnce Genome,

:v ;F a\m\oly have mSchnUuh ﬂgmM -f:,m rclaL,l SIM'\q,\,
(an QL&I\ I'U‘(Jj "}o bff"-m‘m\iv p'a(,t o look ,G,r-

" allemake allel”

///‘_ - ) ‘ __N_ ___> eﬂ‘ /llik{ Re? sevmmt.) bu’* w
TR g’ § =S = T 6 st b
O ”Jev\\-“g =% A @s:__ &
" g m/'A Refeenct fename.

alkele "

% Major winkle : equencng emors | ( AT by dhnie; ot

2 where could et ems wome fom ?

- (o) =) bt hapgen of o e
@ initia) gow g ~O S vy (-6 i)
@ lbray preg + AR ~— [

X~TBTE |




¢ ~
) K\ﬂ\ﬂ‘ mes ~ |0 /b?/oyc\f_ ~>) IOL’/LP 4elal.

@ Ermns on Sagw\dfy madhne =) eshmaed ~ lo:s/ bp
*é‘/_'\' vanes from siketo-sile

. ) - "'o -Z,M
ﬁ o‘q'ﬁ/\ domvwf\' Sovrce of noise = €ef¢‘" (¢ 3 (::aioll(c)ascs--)

=) \)94/\0‘\' \ow e per S_'r&c, bot # sies > !

= dHemo pergoume = | xp  ~ 10° enors /Ew‘i genome.

~ IO" 3 / hvman genome

= -fo(-"'una-kl\/ , @on correct emor3 “/ @nsensvs  sgpuen(es \

j:A -3 wmeet o vs —X - Cﬂﬂtc‘t ‘}0
= “AY pour g
/—’Aﬂ h—\’—ﬁ/\_’
Ret genome,

:7 h’lgker‘ covwmgc [ V\dp@u\.,‘ how mud'\ Jo we nheed 7



Ferm prblem :

NSENSUS = <0) A = forc 0 ( Per *B)D/l = ferc'0
Fr(mp)"zw—"f-o)e x B0 ¢
A= 6/2 A‘ (o/z')|

=) H#wnsensus ems in genome = Lx Pr(nsensus efwr)

* ol lgl- Dz, )| = et < 60)

S osde e T D 5~ Mok ~§c, £ Lr108 grni6S
8 # L~lo?

3 ()
= Uesl‘a-\—: need 2 10x CNVErAGL Yo delect 51/9'\: mutations ...
= How many rods 9s his ?
Ei: 0= %10°bp S b = I0°
ooty & site Y 7 > 0 5

> bot & sivle. wn of Tllomina seq prduces ‘/*108 raads ..
= overkill\  ((waskes momy)



SO\\)-}.\O(\ : ,,W\,U“"l Ql'()(“ : A(M s_‘_'ﬂl_f- 5?"""""'(-,’5”50‘18 sequnce
d\,;\.&) |'\\mv7/ e 3—\1?

N 90NA ;fngmv\‘"

TS

1)
Lsa | ec | - — [mel| ac| sAL

|
l‘) (—k\\s W Wach Yest e QY‘j\W‘* Caws, ’F"'W\)

UQ&ME" o sea,utv\c(, ~ 100 E.coli Ibranes on one {lo cel
¢ 9& 200-dd CTAYC of E. ol Jwam

/ \any prt \
aﬁ\ ™~ & scqw\c'm; e Eadk vf "hlbc

N short reed QA1

e (~$3000) ATCG - Ch
s R
cd\\ “'50-300l9?

x ~ |00



:.7 A-ﬁ.cr Q“g"‘."‘) '_les & dd«cc"iv\) "']’JV'(,“ MU'I'Q'hO‘/\j)
3€;\— sequunct s of SfMOMQS“

> dme 1 —X —X M— Or '5‘
> dine L X—)F- e §7,
> dme 3 X— 33 e VP 1o "'31,0 ?““V tasll)/

e.9. Sm,k n\:c\fah(‘t \Iaﬁavrl)
but also 'mo‘ds, olelchm’ <ebe..

Question:
How arc sawpled genomts rthated to o@\ of genomes  in popn ¢

= lek ng = # samled clones w/ 30"0'%-5 (rwdion from sf‘-"?h“))

5(3') = -cm?umcy of gtmmcg in pogulation

‘—‘> ‘H\ef\ Samp\\r\j prc)ocjj N M\)H’mam'ml dish'\tu*\oq

Prli"a’s\?%@)’s] « T80

5 gl

detol & Clomes somled



=7 Gev\«rly?t space. 19 k_ug_e‘.

=) often Coarse- 8m\r\ us'mj
ES 1: r\_LE # individuals (NI Wlu'e/n @ Si’L—(, L = Z 3,_";
9

:’7 can Show Pr["x,\".%ﬂi)i]: B'W'“"‘\\ (V\,ﬁ)

wherc. J.q = Zg 35(9) = fmﬂgiz

Eﬁa" "'da\ H O'F mﬂl’w}'wv\s Www\hj L aewms
=) Sine degends on Jorant kangjf\'\, oPon normalized |97 L

- Mtr‘ro\'\'\ons \ae}uuf\
A rwdem lone$ =

L

W« fom sawe pop'n

i fom diff “soectes’
(cr Psoladedl SVL-ms)

3_3. in homans s~ |5 -
behten Wumans + C\/\\m‘)S is ~|0
-t
behwetn E.co"l In olh%-\% hvwan s 19 ~ lO



Con we relate T Fo Fhe M?& d\%ﬁbvllm, £(3)7
=) No‘t -Hw} for ga_eirc_ic: Pa'\r of Senomes) '3),*.9)2 X

_L-: [3& (-922) + (1-9,,) - 9@6]

=> Avcmge, over Smnp\'mj PCesSs 9‘ 5:@)3)

=> Avemje over evolotion (£2):

L L
= 2 25,0500 =L T (st sy
2] *l



What o choose Lo P(‘S:c)?
= eg. if genome 1> wllection of nevtnl sites (5=o)

> P(:S:.z)f‘c M

2

I
> <‘T|"> S&S(\ -g) JUeN,dS- = 3“:#'530"5)0'&

=  Netal heteozygosily : = dlpep  F¥X
PoPu\orhan n only Spread out /’M /
so far in 3&«\0}1\9& space. ! /
9
= Note: doesnt agree | humn data if N=lo?
> ol osed do 6 W= T s :l:—w‘a

s
(% bewar ! &)

=) Vadence. (6 distn) of T is much more complicated |
e P \
:-_-> corm\ovﬁms bdkﬂm 3g_+ Ye! = will see mac lmL&-'



Do *&u‘, have Jocsed on c[«m_cs

'-'-> Kiwn as ,/?oo\a! Seql/tvxc\v\j\ / ! w\c\'v\ﬁcv\mig 551“"“""\7“
?—5 T s casc ) aSStW\‘al)t M\ karder!
D) Payelt comes Pom refeence, mfr\:if\? :

T~ & oach red {‘Q&Mv fqu\f,b foam a oliferevd CL“

— cm— c—F
" ——

Refetnt, Genme



£ Ay = # rods o moldios @ stk L
=7 PF[_AL\ ng‘“ﬁ)ﬂ = [))Momﬁ«l (%,'&)

+ chml('\(\) / PR trars

e-().

SMC WL (an  Slguine ~ |00 .ol :?V\WKS
@ 7100x covtyt | wa o Tlumina sequmw‘\ﬁ

\II/

‘—'3 Can efﬁéivcly Sm?lt ~100 clores
~100x wat c\\twp\)/ L')/ Sa{vtmm] 900‘5(

Qoum‘\JCS"
® scquu\c'm? e ‘
/ ___-:::_;—:; @ U\’\\(-\’\ mu"o\‘ho"\ﬁ avt N
= A ———— same cells7 ( )
POO\ Refetnct Genme

v DD v OO



Caf\ 0\\$0 S(x{um(t Fools o*F amelicons :

E')' WMixed ?ﬂ'[\

Two  common "‘arycjﬁ :

Species composition (%)

—
’/M %&‘-aq\\

DNA

Z.

s

163 Rbema
[

W

al WA L\u\l(, .l“
S frak duadences

of diffornt specics

\

E.} | ?tﬁm’s mﬁcrb‘almt O\ru--'-i/k(,

—

PR

Anplian;

can 3tquthcc
v fo ~Yvio!
amrlical\s !

Bartode

T T
40 60

T
100

T
120

T
140

\

can 'x;“;d o A S"mMS

Ly 4k clascly ecebed shaing

|

B Hontuork Rableny

= Bacteroides vulgatus

= Bacteroides coprocola

= Bacteroides uniformis

= Bacteroides cellulosilyticus
Bacteroides eggerthii
Bacteroides faecis
Bacteroides massiliensis
Bacteroides caccae

= Alistipes sp
Alistipes onderdonkii
Alistipes finegoldii

Parabacteroides distasonis

= Paraprevotella clara
= Butyrivibrio crossotus

Coprococcus sp
CDpfOCOECUS comes

= Eubacterium rectale

Eubacterium siraeum
Eubacterium eligens

= Phascolarctobacterium sp

Other



Article

Wastewater sequencing reveals early cryptic
SARS-CoV-2 variant transmission

Published online: 7 July 2022

MGX Sequencing + road qlignmcn‘l‘

Delbs observed in
D — chinical 15olates

508 A \

Dec Jan Feb Mar Apr May Jun Jul Aug Sep
2020 2021 2021 2021 2021 2021 2021 2021 2021 2021

n Epsilon B Gamma ‘”\‘ ‘
W Alpha lota MEta
M B.1.1.318-like ®Delta MTheta

M Lambda




