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Time Topic Speaker Room
Dr. Dawei Lin, UC

8:30am - , ! , aw.e1. . , GBSF

Welcome & Course Overview Davis Bioinformatics

9:15am 1005
Core Manager

9:15am - Next Generation Biology Through Next . GBSF

i i Dr. Dawe1 Lin

10:15am Generation Sequencing 1005

10:30am - GBSF

113 022 Sequence Assembly 1 Dr. Dawe1 Lin 1005
Dr. Joe Fass, UCD

11:30am - Bioinformatics Core GBSF

Sequence Assembly 2 C e

12:30pm Lead Scientific 1005
Programmer
Dr. Teri Mueller,
Roche, Field

1:30pm -  ||Overview of the Roche 454 Genome o ,e ,16 SLB
Applications

3:00pm Sequencer 2060
Consultant -
Bioinformatics

. . The UCD

3:15pm -  |[Hands On Exercises: Linux Boot Camp; .. . SLB
Bioinformatics Core

5:30pm Neubler assembler for 454 sequence data 2060
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. The UCD
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3:00pm ChIP-Seq 2060
Team
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8:30am - , Dr. Dawei Lin and GBSF
Hands On Review o .
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Dr. Gary Shroth,
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Time Topic Speaker Room
8:30am - , . GBSF
Informatics Issues Dr. Dawer Lin
9:15am 1005
Dr. Dawei Lin, Dr. Joe
9 15am - | | Fass,. Nikh'%l Joshi, Dr. GBSF
Interesting Topics From Students Monica Britton,
10:15am , 1005
Analyst, UC Davis
Bioinformatics Core
Dr. Luca Comai, UC
10:30am - | A GBSF
TILLING by Next Generation Sequencing ||Davis Plant Biology,
11:30am 1005
Professor
Dr. Marta Matvienko,
UCDh G Cent
11:30am - |[Lettuce Transcriptome Sequencing and ) .enome .en o GBSF
, and Bioinformatics
12:30pm Assemblies 1005
Program, Assoc.
Project Scientist
, , Dr. Charles Nicolet,
Sequencing Services at the DNA ,
1:30pm - Technologi {E o Analvs UC Davis, Manager GBSF
echnologies and Expression Analysis
2:30pm & P Y DNA Tech & Exp.  [1005
Cores
Core
2:30pm. - Experimental Design and Cost Estimatio Dr. Dawel Li GBSE
Xperimen 1gn an imation r. Dawei Lin
3:30pm P & 1005
3:15 - GBSF
pm Question & Answer Session Dr. Dawei Lin
4:00pm 1005
4:00 - Dr. Judy Kjelstrom, Dr.||GBSF
pm Final Remarks & Certificates ' u y' Jelstrom, Bt
5:30pm Dawel Lin 1005

10




P R

PR

SCB UC Davis HEPHPRL - 5V VBB RIRIPEE - PUAP 0 B B O

FRIERY A T HRES RS W - AP SRR > 2T PR
~ % DNA @R RCR A 5Y7 B ERSEHHRRET « EIH15) 7 BFRL £ & 1%

PO [P SR T BT RIS R e SR ey g[[g

PPV HBAR o 2T PR - B 55 6 0 2 RURLSCRS! Yo »

A A RN R N TR A N e H G AR BETF%JI???
IR S5 B A

(= )P SRR ) ML PR o

P EFRAER AL - (UC Davis Genome Center)kl S Fif I LN
PRSHIORL P 4RI o SR ~ ) P IPORLENPESERE P RSP S i
VPIPORL L A o GRT) o ISP SRR P O T RS A
FE PRI o BLPNBRIF o )RR [P [0 91 220 R L BL PR 50 R L |
0 F VS IPHEL = (A9 IR 57 IER RS (Genomics) B4R

(Transcriptomics) * & ¥ (Proteomics) ~ (*BHEIS (Metabolomics) * % Y

2. (Bioinformatics)= > 77 Y[ -

Lo
IR PR A SRR INRS I o EI SR S R
P~ P APPSR RLINEIREER S o [HRE DNA - f%?%?%[?“@é'_&ﬁlrg[[ 2~

S|t PSR SL PRI o - (S DNA FE RIS (i PR L
AR 2 TR

11



S A A R o .*ﬁﬁlﬁdﬁ?@%@%[nﬁwﬁg RNA 53 F $LiEg
F%anscrmtome)  PAHSI R SRS < R 2B R e
- (IS [ AR S]] POR FR LR S 7 G il 1A FLT A7
rpt s |1 SR e [ I FIR - £ DNA F4% 055 15 gl 4
TP - AP VP TAGE W R ST 2 PR e

3. RO -

FLPREHE AR RNA - RNA ASEEE & e 17> G (FTRLE sese
BITPREO3 o AU S e VTS R R A+ R [
E“"HWF BR(LC-MS-MS)E 7 3 ETLAI3 T » 191 » S VIORhA = By i
VR BT b RIS P TSR LR S TS L
TR R

4. RIS

FLPNAT MR F RNA » RNA ADEIIEE & S 187 Sy 10T s F« =t
F[mui , J@r‘g_ﬁri KIS RE Pqﬁxgwgﬁgggmﬁ%gﬁﬁ o (N o
R PR LpU S [ R O AR [ 5RERE (chemical fingerprints) » ]

;FJI»}IU?;;;, TERTR2 2 Ay SR % [ 55 =7 U (small-molecule metabolite)f! Jir&f

5. FPreyE
4Py RLE- (8 DNA F- ﬁ(ﬁ“ Eﬁ;ﬁ*ﬂ ;Fsr'F p J{ﬁ[}d%ﬂ U— Fo PJ v
4 i HERLIFR it « (R iy PRS0 T - (™ = i
[IREETALT ATk S e (2 DNA i) o gl i At B s =
Ip ASIREREFTAT » 53 SRR SERAIATIIE B A ~ BTt
fHET R G AN R PR AR DR #r 7 DNA - reiogs

12



O R Y ) B R o 9 0 KL PO B DNA
L LR | TS ?F*“Jg?w Y SRR I b B P Sl
B F[\J]E[El I T bﬂgp gj‘—ktfjﬁin:fmw@ o

(Z) #r- [ DNA @ 31

$r— % DNA F75+4% %5 (Next-Generation Sequencing Technology) > = FIRLEH|
ST FOERART I B (S - il R SE SR R T - PR
S | I SRR Sanger VGEIE PG D £TE- R DNA FITE A
IPFE R PR LT AR o7 R R i pHe fﬁJE’fiﬁi%iﬁlE@%‘?’Flfﬂ M
TR RS [ RLE R I PGS A TR E A RIVE Y e P [l L
PR s EURCRIE ) IO ] o IR RS B S S]] 3 [ o P S ey
)= % > i |fIES Mlumina * FiIfY Solexa % 5™~ Roche ** Fil[iV 454 $%1%57 ABI * F

[ SOLID 5= 1" S3 B[ /7 3 1§ FL P RCR -

1. Solexa JJ=-FCE!

Solexa "4 5~ 7] DNA % ¢ Tl A1~ iy HFEH 1 FEDNA IS f)
=3 i B PSR A AR T TR aE S R preEl H o dNTP > dATP, dTTP,
dGTP ¥ dCTP 55 WA E T [FIFVE L BLEL > [RIFRG ~ e BrE | po dNTP i 7 3" 5
Hl’%’%ﬁl@"Elﬂﬁfjfﬂﬁi[%i{“fﬂ’ﬁ@“ RGES R R L ’5‘“’%%
FATIRMFAR IS B - R 50—l i o0 < POERV BRI I - 8 SRR
f‘t}ﬁi’ TEVE e L= — Hj@’ﬁ% ’ ijﬁ@r‘gﬂﬂlsﬂ% T”IE[} S [ﬁEﬂF ?ﬂﬂﬁg 1 F;}E[
S-S

o TRREPR L @7 B I A P PR R 3 I R
B (linker) > TRESI R PR O3 A R R I gwcﬁﬁﬁ g

A et I R A PRI P Ry SRR A RO R IR [

13



VISR R R o AP S BRI RO FE 0 TR SRS e EROR
P > [ (primen) I I [T DNA 9 534910 » | Sofahi nb T T
HE= B AT o B9 RS 3RO~ (92 R
By R S R i OB IR DNA 5 IR o B

HUGEARF I 1= 5E g0 HE A A Prpo e R P S gl s S5
DNA * SHURSRp{Ea JIA » F VR Aff o8 SIS eI A
30 PEBUHE > % 2 BT YGTAV IR "DNA B3 o JiHTE[IY "DNA BRI
Genome Analyzer 73173 = F(~ iz - Nifﬁlﬁﬂﬁtéagﬁvgfﬁ R A RS 30
TRy FI e oo ot Pt (=R e PR A 150 #f1 Pe (OI™ [D

- '
& i ! Baquancing by reversitie dyit larminators

Fig. 2 lllinlia Gename Analyser sesinclig

eispre=siocift, pingie-simncind DA 18 aored 1 the Ty ce] ired vvnasiizsd  y ytvitE=aion Bide-simificesion

e e clissess Clustery pre sinatiomd i Crewetl, sequenceng b kit e, sbfites of puimer,

wmmrmtiuu d4 mnlllunpmmn Pustincaranrticn Nunnesmoce i jecorded. The fluor and Diodk wme prmoved.
i ol <pele.

K. V. Voelkerding, S. A Dames, and J_ D. Durtschi (2009) Clin. Chem. 55, 641-658

2. 454 R

454 FE-HL 5 RLF|[ P | pyrosequencing Elfif'q]ﬂ% ) :U‘I’Fﬁ EIEPIEIR-g =" (specific
primer) 1 H19% DNA TEDI"??E&F[ » U1 DNA & HXF\ T (DNA polymerase) ~ ATP ’P’TE&[“
T (ATP sulfurylase) ~ #7943k T (luciferase) 1 SH3% & (apyrase) | » K $7 APS 7!
luciferin = > B¢T) f Fgk 5~ [ JJ?’C'“E ; :‘HFJH Aot { ANTPGEE © =

in
PR - 8 dATP, dTTP, dGTP g7 dCTP (- 1) » FIG R {5 (o

14



B GH%(PPY) - 7 Fp ATP jfik [TVl (> ™ > & RSAy PP A1 APS A f

\\\

9 ATP : 7 EPR SRTEVE (o F U ATP VR TR R R A S T

* o [FIF & 0 SLA o S CCD S S5 (= Al fr g i — |E*’fﬁ£:f UZHEf e I
5 Tl 1B ANTP ARFY D&l ATP ¥ Apyrase [I9{ B8] 5 4 i > G4 -
M I R E 0 ap P FEANTP - fj) R HGES > AT FIEV DNA
BN FUR 454 TR IR T 800 (WAS I (UMD

. M
DA fragmants

Emubion PCH . hue;‘ e,
Elrl"\‘vl ?ﬂi_&_
Break erruilbkers shd depos
BT N oCTod ity l

Saods with comally ampifies emplato DNAa and saquenoing aroymes

| o—
Termilishe
fﬂ'ﬂ W 1+
Vs
?‘uwn
# T
Lniciterame
LIGHT
Pryrosatiuanaing

Fly. L Aoche 452 U8 FLX saquencing.

Tottqlnte RS Fragereeind and- s, fgnted 1o s anf deoally i fied by emssan PE &ier smplilicmo,
e Lo g it hit prcties: plute: sl widh seguingng ercymes, The plcotits (lobe fuations e o fom oed el
ﬂmmnwmummnmmn Aluhhkhunwﬂnmﬂhmmmwmnmimm
mmeieree, AP admnezing 3 ghesshreutaie

3. SOLID i H-FizE!
SOLID " [ 155 et o FIJ2 | h po S SRR FUERE S @ - T
S A DNA S FS9Rq I3 - SOLID #5153 BITkL PL 55 FRTFH P2 BB -
S5 SOLD 4 FEEY H ] DNA M FS » 7 AR Ao i (7 1150 - SR
By — GEEA & PCR s HE[F] PLEE BRSSP0 P I > BT Pl

REFRPUZPr T PCR W] R 78 PCR ™ AT 3555 G4 PLRESHFAISF T

15



i o

P EEFRI P2 917 A 1 R AT A )
B 2 BRI S [l 2 SR O R SRR -
AR £ (1 DNA M5~ [ PLRESE - B POR ™ it » RE5F 47

Ry T S AR RO R P o DA e e ks

L R e R e i

CEIEY

RS | SR Y POR HTT 0 PP D RS > T

BRI B b (W S RV [ AT I T
SELEE T » SOLID kP 4 ¢ FY 8 sl = poghy jg@a%a HO3HEY 12
AR L AL CRESIRRIFARRG: - 5 HE EA ] T
FOPPAIRE {7 IEREAR LRIV E A B S f@%ﬁﬁéﬁ e | BT
JUFE LR - B AR A E'i’iﬂ TRRIBR TRV i DR ERusy
M P53 5 % 6 & REfRi= /g | PRETA RIS+ SRS~ e

'_“f:IJFEzT—I_‘BTE Bl LE‘/F‘EHI7 F[ [ ) UI{[JB{‘AELE}Q-L I/ 1 *%@ﬂ1‘2‘6‘7‘
119 12 00l 57 o Frid R Pl 5 e (sl o (= sl
b gl pud [ E 5 R 2= R R R R o PR ST T IR

£% 30-35 [l (O™ )

NEPN
7%{:

L

[

2" Bace -

16

NSO (el

T AT e e T B 1 |

HIRA b 2L

¥ modifiod baads ara depositad
alida Dupnxi’:inn chamizern offar

s
o secommodete incraas Inud s
nsads par slide; which will rasutt
Taved of throughput trom tho sam

Primars hybiridize to the P1 adapt
seguence within the llbrary temp
of four fluerescantly labelad di-b
oompata for ligation fo tha sequa
primar. Speaificity of the dl-bass
i5 achisved by iInterrogating ever
and 2nd bage in sach ligation rea
Mutiple eyclas of ligation, detoot
cleavage are parformed with the
af cyolas determining The avaniu
Tength, Fallowing = serles of ligat
cyeles, (hegxtenslon product (s r
and tha tempilate 1s reset with 3.0
complamantary 1o the -1 pogitic
second round of ligation oycles. |
ol primer tasst are completad for
sedfliercs tag For mate-galred (It
antirs process ks repsatad for the
‘with primers complementary to t
ndaptar. Dats is analyzed in colar
rapld discrimination betwesn ay:
b b b e



Decoding

2nd Base TN 5
= ] Color Space Sequence
G TA AC

( AA (GA)
A GC CA CC TC N
— Possible Dinucleotides
:Zd C CG GT i\GG{i AG FO 3 INUCIEoNIC
E : @D @) 1T cr
AT_ I GG Decoded Sequence
.- Y YUY
L AT G G A Base Space Sequence

4, %?ﬁ :

L] BESR rf pe p RCEL B ] ERE - (R LY
AT~ & S RO - WS~ s & - fUE s 4 fr R S
FRLF 18 DNA G U DA e T IE T E| R 454 2 Solexa
HEFr- (¢ DNA @R ﬁff‘u HIIES 70-80 fﬁ“" 20- 30;E gl %‘;[ﬁsﬂﬁﬁfﬁfrﬁ’
THAHIR T <R BERAS RO USRS
[fi = ZACEPRRLERP- Z0#- [ DNA @ iEgos gt - mi flpy
P o FRS 454 SRV 19 DNA J5] > Pi-sipty e Jﬁiﬁd*ﬁaﬁlﬁjﬁl
PELY o (novel species) » ¥ foliZ 7 RLINFRAET o g SN 454 F AT - T
BN 454 ™ RS PO BL NPT O PR R F%M%d /?Jﬁ'ﬁwﬁi[ﬂ*ﬁﬂu I
TR it PSR AT PR 2 A Solexa B (FY SOLAD 1) B 1hL > BER solexa
i ﬁﬁjiﬁe‘ﬁ?vﬁfﬁﬁlmﬁ? > (ER=[RIFRfRIZVEY DNA M PR 2 > e Siisads pu gL B
73 Py o s el g R RO (SR R B PR -

17



Table 1. Comparison of massively parallel sequencing technologies

FLX [Roche)

Solexa (lllumina)

SOLID {Applied Biosystems)

Website addresses

Chemistry

Read length

Machine costs
Costs/mun
(reagents)
Availability
Capacity/run

Run duration

Advantages

http:ifwww.roche-
applied-science.com
Emulsion PCR [67] of
bead-anchored
oligos [68]. Clonal
plate amplification.
Pyrosequencing
using light emission
and detection
[69,70].

~250 bases

USS$500 000
Not currently
available
Immediate
0.1 Gb

7.5h

Relatively long
read length

hitp:iinvewillumina.com

Solid-phase-anchored

oligo bridge amplification
[71]. Cluster sequencing

using raversible
fluorescent dNTP
terminators [72].

~3%5 bases
USs520 000

Us$3000

Immediale
1Gb

67-91 h

Possible to sequence
through single-repeat
DNA nucleotide
stretches

hitp/hwww.applie dbiosystems.com/
index.cim

Paired-end oligo ¢loning. Emulsion
PCR of bead-anchored oligos.
Fluorescent olige ligation and
detection [73,74].

~25 bases

USs600 000
US5$3000

Immediate
1Gb

4 days for fragment library,

8 days for paired library

High base-calling accuracy (bases
are read twice), Homopolymer
sequencing.
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ERF £ DNA F-H0TH 7 fﬁm@m ¥ RS SR LT
F0Y VB EUEYR] A fi ARSI PR E RSO AL TIPS - R
Y (Y 2 AR O T Fre PNIF Velvet AV - (Y DNA FH-e v
FIETET T RIAVE &1 o F H RL Solexa % SOLID -#f A&V e vR RLgPI ik
M FEpY DNA H-9]] ﬂIV—"]’E E | FS P R Jﬂlrg Fifel o

4. Introduction to UCSC Genome Browser (http://gb.cenomecenter.ucdavis.edu) -

ENE R F' 1UC Davis FL NP 1< [Y Browser » AZF! Linux =38 > I'f = #r
— ¥ DNA %ﬁlﬂ‘»ﬁ'ﬁﬁﬁfﬂﬁéﬁ'J@?“fwﬂﬂﬁﬁP?féé > FrJE T UC Davis BLNER
Y Browser 1% 7i AradifN o4 25 Jgﬁﬂﬂﬁ bh 2RI lﬁg YL
,"JE'}’I’ZE"ET:SL &I PR

5. Paired and single End Assembly Comparision Using [llumina Reads :

# 2 BERLEESES Tllumina 2 ﬁJEIfJ Solexa i FARATRIZVAVERRE S T il ™
g Pk > (IS Solexa 1T EARHTFILIY DNA H:3[[4I4S Roche * FilfiY
454 FH 5k Pdﬁfit}%jfifﬁ}&gggfjﬁl%ﬁg fel » Solexa - Fakive vl i I
F'1 paired ends fVH =0 > [t PEHEEF Py Al o

6. A SNP Discovery using Pipeline -
42 FERL /YA Pipeline A=Y - FFHSNT RpFT- (¢ DNA FbaRRES T
FAEA - U RS SRS R PREE F R TRV LB B R

%11 (single nucleotide polymorphism, SNP) e
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7. Sissrs and MEME -
%_I;rmﬂﬁli Sissrs * MEME AH=4 o [FqRd =17 v flgsiF— (% DNA #
4 ST U BRI S |TE FRELE P =7 (transcription factor) s Eﬁf' PF‘

(binding site) » - ISR PRI (7 SRPAI 5T £ G 1S3 AT <

8. Finding miRNAs Using miRDeep -
ENE ) L;r"ﬂ miRDeep A=Y > FRIVE FLFTT) cDNA FbAR A &5 P
DNA FHVarRRE o0 pr o = RIRLH [ g il miRNAs FVAHZY o (15T miRNA
LB FEAY RNA » POIFF 2 050258 miRNA 6 ] ER[AIEE: » P! o
FIIF #— ¥ DNA @k e i o 7 | IV 1Y miRNAs » 7 %

t miRNA [ ARHTE 2

9. Using BWA, SAMTools, and R to analyze Differential Expression of Genes in
RNA-seq Data -
7+ JERLY A BWA, SAMTools % R > Sg At i | i)
L EVERFLV 55F o 7 T2V EGRF[ 2] DNA microarray ~ SAGE (Seridl
Analysis of Gene Expression) - cDNA-AFLP » SSH (Supression Subtractive
Hybridization) -~ DD (Differential Display) ~ (cDNA-Amplified Fragment

Length Polymorphic )3 = 2 f! AR5 > iy = Bt el - ik £ 50 _r%g o
10. Transcriptome Assembly with Velvet/Oases

ENER AN Velvet/Oases FEFC S PR ijﬂf" DRNPETRE LS Ty
i 5 Hu@}%ﬁy B P G B Ry B ECE T 9 EST library ©
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AT B P S TR AL S PR
P EERTAER 1o 1R P ORER © F A [ DNA
AR D ZEI ] 91 + ) PR B 7R e P [0 e
o B S I

LT ] SIOBE T V  PRRU -  E
= FoULE Vi W SN TSRO (SIS PRI » P e
mﬁ%kiw“éﬁﬂﬂi’ﬁﬂ$$ﬁﬁ&ﬁﬂﬁ~HEWA%Wﬁﬁﬁ
RSO  # RS #T [ DNA FI TRV B TERRL
R R

[T £ DNA G- 2 S AR » s 50 % POrf s
g P EE R R PESVSRIPY DNA FRRL > [ 2 ARV
ITRCE SRR + S0 e 2 40RO B ST o BRI el P B
e flsy

(R RN T R R U SRS ]
R LYY+ R PRI A [
FPEE 5 - By PR 1 2 Pov i » T isper- (4 DNA
S 1B OB - Sl PP S (155 DNA YRR
S o PR R R R TN B o BB YR
REB P AR -
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