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Sequencing of Difficult DNA Templates:
Study Design

Invitation to Participate in the 2008 DSRG Difficult Template Study:

The DSRG has designed a study to identify a general set of guidelines that constitute the best
approaches for sequencing difficult templates. This is a continuation of previous DSRG research
group studies performed in 1998, 2000, and 2003.

We will be distributing a set of 8 difficult templates (with a variety of difficult regions to
sequence) to participating labs with the goal of collecting the electropherograms and the
conditions and formulations used by individual labs (Phase I). When these data have been
collected and analyzed, an optimal protocol for each category will be selected. Then, this
information will be distributed to participating labs to allow a second round of sequencing to
evaluate the general applicability of the optimized protocols. Results from this second round will
be collected and and analyzed (Phase II).

The results of this study will be presented at the ABRF annual meeting in Salt Lake City.

If you wish to participate, please send an email with contact information and a shipping address
for your laboratory to: jkieleczawa@wyeth.com
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Sample Preparation and Distribution

o All 8 DNAs were transformed- SM D1 D2 D3 D4 D5 D6 D7 D8 LM SM

(Electro competent TOP 10 cells
from Invitrogen) - M. Mader

o Large scale Marligen’s Maxi DNA
preps (4 to 20 mg of DNA) -

K. Marquette

o 30 sets of DNAs, pGem3zf control
and associated primers
distributed and sent

» 100 pg of each DNA (enough to try > 30
conditions in triplicate)

» 100 pl of 5 yM primers
(720 tubes labeled) - E. Mazaika

o Approximately 200 ng of each
DNA run on 1% gel to check for
guality/quantity
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Study Participation

Location : USA Canada Europe Australia

Sets sent/Phase I/Phase Il :  27/19/10 2/2/2 0/0/0 1/0/0
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Data Collection and Analysis

e Finished data from both Phase | and Il were deposited
at (thanks to H. Escobar for
providing this ftp) and/or emailed to JK

e Q (KB) > 20 values and signal strength were calculated
using Sequence Scanner v1.0 from ABI

e All RL/SS data and associated information (ng of
DNA/additives/PCR instrument/cleanups...) were
assembled in Excel
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ftp://ftp.genetics.utah.edu/

Sequencing Ranges for Phase | and Il

Range for Readlength Q > 20
_ . Phase 11 Phase 11
DNA # | Primer | DNA characteristics Phase | Protocol 1 Protocol 2
L F 94%GC over 200 bases/101 base non-repeat G/C 0-931 34-907 0-442
R 90%GC over 200 bases/73% GC over next 400 bases 0-960 0-936 0-521
) F 70% GC over 300 bases 0-1026 191-868 0-761
R 78% GC over 150 bases 0-1040 0-1009 0-1068
. F 24 base hairpin with T, >95°C 0-891 0-889 263-903
R 24 base hairpin with T, >95°C 0-238 0 0
A F 18 Cs/10 Cs, separated by 7 bases 0-767 0-531 0-252
R 18 Gs/10 Gs, separated by 7 bases 0-830 0-674 0-602
5 F 456 base non-repeat T/C 0-569 0-601 0-611
R 456 base non-repeat G/A 0-811 0-828 0-615
6 F 147 base non-repeat G/A 134-1093 0-1053 213-956
R 147 base non-repeat T/C 0-1011 0-953 0-853
. F 19 and 15 bases inverted repeats, followed by 19 Cs and 41 base non-repeat T/A 0-961 0-925 0-789
R 19 and 15 bases inverted repeats, followed by 19 Gs and 41 base non-repeat A/T 0-910 0-746 0-607
8 F Alu repeat + 22 base inverted repeat/84 base loop 0-1020 0-975 0-983
Control F pGem3zf control 683-1054 296-1001 0-1011
.
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List of Best Sequencing Protocols From Phase |

Prot | DNA [Primer| BD | dGTP | 5X ABI |Additive/| Rxn | Preferred
# ng |l/5uM |v3.1 pl|v3.0 ul | Bffr pl pl Vol pl'| Cleanup | Cycling Protocol
1 (20| 10 | 15 | 05 0 Be;"’_‘b”e’ 10 |CleanSeq | [(96°C/10sec)(50°C/5sec)(60°C/4min)] x35—4°C/e
1 (o) 1 (o] (o] (o] 1
> | 100 1.0 20 10 0 Be;a.bne/ 10 BDX 5164%)21|n—»[(96 C/10sec)(50°C/5sec)(60°C/4min)] x25
Betaine/ 95°C/3min—+98°C/40sec—60°C/4min—
§ | A ) e L 16 | 10 | EOH 1 1989C/10sec)(60°C/ 4min)] x24—4°C/w
(o] H (o] (o] (o] H
4 | 300 10 3.0 10 0 DI\1/I%O/ 20 | G-50 96 S/1m|n—'[(96 C/10sec)(50°C/5sec)(60°C/4min)] x30
. n-house # | =4°C/x
(o) 1 (o] (o] (o] 1
5 | 200 20 10 0 0 None 15 | CleanSeq 329(_){1%?:[(98 C/45sec)(50°C/15sec)(60°C/2.5min)]
Betaine/ o o o : o
6 | 200 1.0 1.0 0 1.5 20 10 | CleanSeq | [(96°C/10sec)(50°C/5sec)(60°C/4min)] x35—4°C/
7 | 200 1.0 1.5 0.5 0 None 10 | CleanSeq | [(96°C/10sec)(50°C/5sec)(60°C/4min)] x35—4°C/«
(o) 1 (o] (o] (o] 1
s | 100 1.0 3.0 10 0 N 10 BDX 5184%‘/521|n—»[(96 C/10sec)(50°C/5sec)(60°C/4min)] x25
9 | 200 1.0 0.75 | 0.25 1.5 None 10 | CleanSeq 35:%)? AR REIR el S e Sl L A o
10 | 100 10 20 0 0 None 20 Edgs3DTR l Ogé)/gmin —[(96°C/30sec)(50°C/15sec)(60°C/4min)] x26

* If you have dGTPv1.0 instead of dGTPv3.0, use it and indicate so in your notes.
A This is what the best protocol used originally. If you can please use it, otherwise use your own cleanup protocol and indicate so in your notes.
# This was prepared in-house using G-50 Sephadex and Millipore MAHVN4550 plate.
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Q >20 Not Always a Good Predictor of Sequence
Quality, at Least for Difficult Templates

m

DNA3: 24 base hairpin with T_ > 95°C
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Phase Il: Assignment of Protocols to
Specific DNA Templates

ABRF 2008
Salt Lake City, UT

DNA # Primer Protocol 1 Protocol 2
F 1 2
DNA 1
R 1 3
F 6 8
DNA 2
R 6 1
F 1 4
DNA 3
R 5 10
F 6 1
DNA 4
R 1 10
F 1 7
DNA 5
R 1 7
F 9 6
DNA 6
R 6 1
F 1 3
DNA 7
R 1 3
DNA 8 F 1 7
pGem3zf F 9 10

arny | ._ ||I'| Il". .
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Phase |l: Possible Reasons for Uneven Data

Lack of specialized reagents

dGTPv3.0
Betaine
Others?

Various cleanup procedures
Various PCR machines
Experience factor

(sequencing instruments are not a factor, as all
contributors used ABI platforms)

ABRF 2008

3 A "I- 1 i Y | f
Salt Lake City, UT Rar 2

DNA Sequencing Research Group



DNA1(F): Comparison of Results from
Average & Best Sequencing Protocols
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94%GC over 200 bases/101 base non-repeat G/C
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DNA1(F): Comparison of an Average and the
Best Sequencing Protocols

Average
COGEACE AGCTGTCGLCE
.EETE ATCCGOCGLC

ERIE

GEGCTCTCCC
TGLECGAGGC:

94%GC over 200 bases /
101 base non-repeat G/C

ABRF 2008
Salt Lake City, UT

CTGTCGCGGE

e
(I B

- -

i
GEELALLCTC

CAGGAGGGEA
CCAAGGTCAC
TCCTGEGCCG

I-|-|-|

GACTTCCACG
CCCTTGCTGE

Best

GCCGGECAGT

CCGERAGCCCE

AGECCTC R
AARCTGAGECC

AGCGCCTCCT
ACGALAGGGT
GICGCCTGTG
GAGGGREAGE

. r‘ r‘ .T‘I-l r‘

CTCTGTCCGE
GCCTGGEAGL
TGCTTTCTET

Tad A

THHC

GLCGLACGAL

CCGCCCTCAT

GEGECEEETE

CCCCAAGETC
GBCCTCTCE
AAGGACGCGE
GAGCCBCCTE
AGGGCACCEG
CGGGABAGGE
-
GTCACAGGAG
GAGACCCTTG
-

S TICTGCE




DNA1: Examine Repeats Module Highlights
Many Different Types of Difficult Regions

Type
Direct
Direct
Direct
Direct
Direct
Direct
Direct

Irvert
Irvert
Irvert
Irvert
Irvert
Irvert
Irvert
Irvert
Palind
Palind
Palind
Palind
Palind
Palind
Palind

Mor-repeat OM
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Trinucleotide (TH)
Trinucleotide (TH)
Trinucleotide (TH)

Length Count
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Positions
171,174
1369, 1372

27 b12,764
283012
19402 757
3471 314

134 927 B32 766
160,228
1,343 276,127 B42 760

24 072 408
16 961 969

7 452 7450
k1,182
181
a0
J749
165,178
24072418
166,177

1
1
1
1

Sequence

GCAGCAGCAG CAGCAGCAGC AGCAGCAGCA GLAGUAGCAG CAGCAGCAGT AGCAGCAGCA GCAGCA
GEOGECGGECG GLGECGEGE COGLEELGEE GELGGLGEEE GLEGELGEEG

GCAGCAGCAG CAGCAGCAG
CACCACCACT ACCAC
AGGCAGCAGC AGC
CCAGCACTAC CA
CTTCACAGCC 5

GTGGTGEETGE T66
TTGCTGCTGE TGO
GTGGTGETGE TG
GCAGCAGCAG CA
CAGGAATTCCT
AGCTTCTGEGGE T
GCTGCTGETG C
CTGGGETETGE A
TGCTGCTGCT GCAGCAGCAG CA
GCTGCTGCTG CAGCAGCAGC
CTGCTGCTGE AGCAGCAG
TGCTGCTGCA GCAGCA
GCTGCTGCAG CAGC
CAGGAATTCC TG
CTGCTGCAGC AG

GGLGGECGEGEG GLGECGGLGE COGLGEELEGEE GELGECGELG GCGGLEEEGEE T
GCGEGLGGECGEE CEGLGELGEE GELGELGEEE GLGELEGLEE CGGLLEGELGEE B
COECGGCGEE GECEGLEEEG GUEGELGELEE CEGLGELGEE GGLEELGE
GGLGGECGEGEG GLGECGGLGE COGLEELGEE GELGELGEEE GCGGLEELGE LG

e
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DNA3(F): Comparison of Results from
Average & Best Sequencing Protocols

24 base halrpln Wlth T, >95° C

e
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DNA3(F): Comparison of an Average and the
Best Sequencing Protocols

ABRF 2008

Salt Lake City, UT

Average

TCATCACAAG TTTGTACARL AAMGCTGLAC GAGRALCGETA
ALATGATATA AATATCALTR TATTALATTL I& TTTGCAT
ALARRACAGE CTACATALTR CTGTAMAACLK CARKCATATCC

_H_ITTI ,H_| Tﬂlh |'r| |'r|'r| Irl|1'|'r |'rT|'rﬂT|'r| I rI I}-U-H Trﬂ|'r| |'r

HJ-LTHHJ-LT}H | T|'rT|1'j-L| |r|1'j-!|_|!-L |1'j-LT| I| TT|

BB croocri raicolas BBofill
hhllﬂmﬁﬂllll I'ranHJI IIIlJmmI
GTTCCAACTT TCHCCATAAR cRasfRRBaT cEcTACERES

BETTTTTTTT GABTTATEGA GATTTICAGC AGCTAAGEL:
ocraaref Al CEclooATaR fccacofiTs
aflaraffccfl ErooBMTEeH ARRugaTT TToRcocHET
TCABTEARTT GETCAATCEA ErBafuacc

24 base hairpin with T,
>95°C

ATATATTALR
ATACTGTALR
CEEGTGATGC
ATCACCCGAC
GAAATCACT
TTGATACCGG
AGACGTTAT
LATGAAATLL
CEAGLTTTTC

AATCACTGRL

Best

A Fm
. CATCGEGGCGE

TT TTTTu
ACACAACATA
TGCCAACTTL
GCACTTTIGCG
TCGCAGALTL
GAAGCCCTGG
CGGCACGCAL
GATCACTACC
AGGAGCTALG

C ATTTTGAGGC

GTACCTATALD
TTTARLGACE
nerITMTr

ATGGGATAGT
CAMACTALL
ACGATTTCCG
GREGTGETAC
TTTATTGAG:
TGABTTTCAC

CCAGACCGTT
GTALAGALDL
ACATTCTTGE
> TATGGCALTG
GETCACCCTT
CGTTTTCATC
GCAGTTTCTL
HE (FEFEN
ATHTETTTE

GEATCATCAC

C .JLLTAAAAAA C

TCCAGTCACT
GCGGCCGCTL
CCGAATAMLT
AATARATCCT
BecaBTTTT
FAGGTTCCAL
AAGCTALLDL
TTFATATATC
ATTTCAGTCA
CAGCTGELTL
ATAAGCACAH
CCGCCTGATG
LAAGACGGTG
GTTACACCGT
GCTCTGGART
CACATATATT

TGELETATTT

IITIIIIIII IIII II

AAFTTTFTAF

AGACTAC HT&
ATEGCGGCCGE
AGTTGECAGD
ACCTGTGACG
GGTGTCCCTR
GEEGARALTS
CTTTCACCAT
TTTGAGTTAT
ToBARALLA
CCALTGGCAT
GTTGCTCART
TTACGEEETT
GTTTTATCCG
AATGCTCATC
AGCTGETGAT
TTTCCATGAG
GAATACCACG
CGCAAGATGT
IrrTﬂﬂllﬁl

CAGTTTTEAT TTRRHCGTGE HEAATATE

DNA Sequencmg Research Group




Type
Invert

Falind
Falind
Falind
Falind
Falind
Falind
Falind

Falind
Falind
Falind
Falind
Falind
Falind
Falind
Falind
Falind

ABRF 2008

DNAS3: Large Inverted Repeat (Hairpin)

Length Count Positions Sequence pDEST 8-Examine Repeats

47

45
4k
44
42
40
a0
3k
34
32
a0
24
2k
24
22
20
13

Salt Lake City, UT

2

S I LN R N R N R TR O R LN I LN R SN TR SN TR L R N R LN T LN N

172,173

172,219
173,218
174,217
175 216
176,215
177 214
178,213
179,212
180,211
151,210
152 209
153 203
184 207
185 206
T8k 205
187 204

COGGTGATGC TGCCAACTTA GCGGCCGCTA AGTTGGCAGC ATCACCC

CEGETGATGE TGCCAACTTA GCGGLCGLTA AGTTGGLAGE ATCACCCE
GGEGTGATGLT GCCAACTTAG CGGCLGUTAA GTTGGCAGCA TCACZCC
GGETGATGCTG CCAACTTAGE GGLCGECTAAG TTGGLAGCAT CACC
GTGATGCTGEC CAACTTAGCG GCCGCTAAGT TGGCAGCATC AC
TGATGCTGLC AACTTAGCGE CCGCTAAGTT GGCAGCATCA,
GATGCTGOCA ACTTAGLGGE CECTAAGTTG GUAGCATC
ATGCTGCCAA CTTAGCGGLC GUTAAGTTGE CAGTAT

TGOTGECCAALD TTAGCGGECCE CTAAGTTGEC AGCA

GLTGCCAACT TAGCGGCOGE TAAGTTGECA GC

CTGCCAACTT AGCGGLCGECT AAGTTGGLAG

TGCCAACTTA GUGGUCGEUTA AGTTGGELA

GLUCAACTTAG CGGLRCGLTAA GTTGEGEE

CCAACTTAGD GGLCGCTAAG TTGE

CAACTTAGCG GUCGUTAALT TG

AACTTAGCGE COGCTAAGTT

ACTTAGCGGE CGUTAAGT

T M T
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DNA3(F): Comparison of Results from Best
DSRG & Best Possible Sequencing Protocols

A AA,AA_A,A A AAA

-

A AA AA AAA,A,

[
[}

Current

/W\L\MA/T\/W\/\/\/MK\/\/\M/\/\X\/\A /\/W\M /\

HIT=O [aTa]
(=T
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DNA3(F): Comparison of Best (DSRG Study) and

Best Possible (SFK) Sequencing Protocols

Best

ALMLALAGCTG
ATATATTARL
ATACTGTARL
CEGGTGATGE
ATCACCCGAC
GAAGATCACT
TTGATACCGE
AGACGTTGAT
ALATGAALTAL
CEABATTTTE
ALTCACTGGA
COTALAGALD
GTACCTATAL
TTTALAGACE
GECTTTATTE
COGAATTCCG
ATGGEATAGT
CAALCTRALL
ACGATTTLCCG

GEEGEGTTAC
TTTATIGARL

TGABTTTCAC

ABRF 2008
Salt Lake City, UT

CATCGGGLGE
ALCGABALAC
TTABATTTTG
ACACAACATA
TGCCAACTTA
GLACTTTGCG
TCGCAGAATA
GAAGCCCTGE
CGGCACGCAL
GATCACTACE
AGGAGCTAAG
TATHCCACCE
ATTTTGAGGE
CCAGACCGTT
GTALAGALLL
ACATTCTTGC
TATGECALTE
GITCACCCTT
CETTTTCATE
GCAGTTTCTA

GoTGALLARE

GLCATCATCAC

GTALARTEAT

CATAALAAAL
TCCAGTCACT
GCGGCCGOTA
CCGAATARAT
ALTALATCCT
BCCARETTTT
GAGGTTCCAL
GGGEBTATTT
GAAGCTALLL
TTGATATATC
ATTTCAGTCA
CAGCTGEATA
ATasGCACAR
CCGCCTGATS
ABAGACGETG
GTTACACCGT
GCTCTGGART
CACATATATT

TGREETATTT

ATNTBTTTET coTclckBce
CAGTTTTBAT TTARACGTGE HEAATATE

ALGTTTGTAC
ATAALTATCA
AGACTACATA
ATBGCGGCCE
AGTTGGCAGE
ACCTGTGACG
GETGETCCCTS
GOBGALLATS
CTTTCACCAT
TTTGAGTTAT
TERARALLLL
CCAATGGCAT
GTTGCTCAAT
TTACGEEETT
GTTTTATCCE
ALTGCTCATE
AGCTGETGAT
TTTCCATRAG
GAATACCACG

COCALGATCT
CCCTAARECH
BATECETGGE

Best Possible

ATCACAAGTT
BATGATATLL
AN CAGLC
GTCACTATGEL
COGCTAAGTT
ATARATACCT
BATCCTGGTG
ACTTTTGGCG
TTCCAACTTT
GTATTTTTTG
CTARRATLEL
TATATCCCLL
CAGTCAGTTEL
TGEATATTAC
GCACAAGTTT
CTGATGALT
ACGGETFAGCT
CACCGTTTTC
TGEAGTGALT
TATATTCGCA

ACCGT
TGHNCHNENN
ATATCARTAT
TACATAATAC
CGGCCGLGRE
GECAGCATCA
GTGACGEALE
TCCCTGTTRA
BAAATGAGAC
CACCATAATE
LGTTATCGAG
GAALLALLTE
TGECATCETA
CTCALTGTAL
GECCTTTTTA
TATCCGGECT
CTCATCCGGA
GETGATATGE
CATGABCALA
AccaccacRa

AGATGTERCG

CHATTTECCT BMascoBTTTA
cCloGoTcaE TTTEMMMAST TT

TCABCCRATE

CCCACCATCS
aiGEEGALCE
BTTAALTTAG
TGTALLACAC
TGATGCTREC
CCCGACGCAC
ATCACTTCGC
TACCGRGAAG
GTTGATCGGE
ABATAAGATC
ATTTTCAGGA
ACTGGATATA
AAGAACATTT
CTATAACCAG
AAGACCGTAL
TTATTCACAT
ATTCCGTATG
GATAGTGETE
CTGALACGTT

TTTEBGGCAG
TGITACEGTG

THGAGAATAT

GECGCHEATC
AGAMACETAL
ATTTTGCATLS
AACATATCCH
AACTTAGC G
TTTGCGCCGA
AGALTALLTL
CCCTGLGOCA
ACGCALGL G
ACTACCGLGE
GOTALALG
CCACCGTTLA
TGAGGCATTT
ACCGTTCAGD
AGARAAATHL
TCTTGCCCGE
GCARTGARD

ACBETTGTTA
THcETCGCTE

TTTCTACACK

2aLABRTGEE

GTTTTTCRHC

»)

bl "‘.J“h Ml Y IF|
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DNA3(R): No Acceptable Data Obtained During
Study, Although It Is Possible...

24 base hairpin with Tm >95°C

T
R

Lad1sadss rT CAGGCGGE CAAGAATGTS
MTAMGGEE GGATARALCT TGTGCTTATT TTTCTTTACG

GTCTTTAkAL AGGCCGTALT ATCCAGCTGAE ACGGTCTGST

N\/\/\/\/\/\/\/\WA/\/\N\/\ /\/\/\/\/\/\N\ N\ N\ TATAGGTACA TTGAGCAACT GACTGAAATG CCTCAARATG
120 7 %5“ TTCTTTACGE TGCCATTGGG ATATATCAAC GGTGGTATAT
FL “ CCAGTGATTT TTTTCTCCAT TTTAGCTTCC TTAGCTCCTG

LRAATCTCGA TAACTCALLR AATACGCCCG GTAGTGATCT

[AB{\MAN\/\/\/\ /\N\N\/\/\A[\/\/\/\/\/\N\N\/\ /\/\/\/\/\N\/\/\ | TATTTCATTA TGGTGARAGT TGGAACCTCT TGCGTGCOGA

B G AAC LT
G GARCCT

R TCARCGTCTC ATTTTCGCCA AMBGTTGLRCC CAGGGCTTCC
CGGTATCALC AGGGACACCA GGATTTATTT ATTCTGCAA
GTGATCTTCC GTCACAGGTA TTTATTCGGC GCALAGTGCG

/\ AM/\ /\/\ /\ AA TCGGGTGATG CTGCARMGTN Accacchifs BESEcEcTeT
/\/\/\ /\ N424\/\/\/\ /W\/ﬂ\ﬁ/UW\/\/\ A #/4}0/\ cCCBOTCTEE BHMATERECE 1aBasBTocc ToATERENG:
i 4] Jleaelorhaserse cby chiEcoBRlas ATCACATENL AsiBGECANMN RAccToaReT
TCTGHEGALT ATHARTGICA GGETCCCTTA TACAD

.
1

/\/\N\/\/\/\

e
C
c

Bl 480 i
B C T
6 C 6T

/\/\/W\/\ /\m/\/\w /\/V\wvv\f\/\/wwm/\m

L‘hl‘ A=
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DNAS5(F): Comparison of Results from Average
& Best Sequencing Protocols

456 base di-nucleotide non-repeat T/C

o EN i

= 3eI=Tn] 2 3edryu] 2 3ei=Tn]
C T [ C T C C T T C [ T C C C T C C T C C T T C

==y o
[ T = = T [
C T T [ C C T C

[ [ T [
T C C C T T C C T C C C C T C

C T T C - T T T
C T T C C T T C

QSN ATSVSVAYSVAVANAVASANSS AVASAVAVAVAYASAVAVAVANASAT CAVAYAYA
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DNAS5(F): Comparison of an Average and the
Best Sequencing Protocols

Average

ACTA CGTAGTCGRD
GATCCGCATG CGGCCGCAAG CTTTCATTTT CCTTTCTGAG
TGTACAGGGT GACTTCCTGT CTTCCTCCTT GCTGGALTCC
TGETGTATTC ACTGTAAGTC GGAGCAGGCT ACTCCCTCTA
TCTTCTGGGG TGGTTGETGCC TGAGTCTTTT CCATTGTGAL
AGACATGGAL TTEATTCCTT TCTTCCTTCC CTCCTTCCTT
CCCTCCTTCC TTCCCTCCCT CCTTCCTTCC CTCCCTCCTT

cecrccfiaBic Trectreecl BBcreoTTil FEGGCTATIA
ic £TC

AC GTAGTCGGG: A

C CTTTCTFAGT GEACE
ACTTCCTGTC TTCCTCCTTG CTGGAATCCT GGETGTATTCA
CTGTAAGTCG GAGCAGGCTA CTCCCTCTAT CTTCTGGGGT
GGTTGTGCCT GAGTCTTTIC CATTGTGALL GACATGGLAT

TEATTCCTTT CTTCCTTCCC TCCTTCCTTC CCTCOTTCET
TCCCTCCCTC CTTCCTTCCC TCCCTCCTTC CCTCCCTCCT
TCCTTCCCTE CCTCCTTCCT TCCCTCCTTC CTTCCCTCCC

TCCTTCCTTC CCTCCCTCCT TCCCTCCCTC CTTCCTTCCE
TCCTTCCTTC CTTCCCTCCT TCCCTCCCTC I'"ITEETI'EEI
TCCCTCCTTC CCTCCETCCT TCETTEEETC CTTCCTTCCC
TCCTTCCTTE CETEEETCCT TCETTECETC EETEETTECT

TeoeTcocle ETTCETTCCC TEEETCCTIE EcTCcETECT
ToETTEEATE cTTeoTicET TEcoTcBTTE HETECETEET
ECTICECT CCTOETIECS TECCIeeTTE BTTCCCTeN:
|

_ - _ -qlrlq.
Fl

456 base di-nucleotide non-repeat T/C

ABRF 2008
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DNAS5(F): Examine Repeats Module Highlights
Many Different Kinds of Difficult Regions

Type Length
Direct 131
Direct 75
Direct b3
Direct b3
Direct i
Direct ot
Direct 55
Direct 43
Direct 43
Direct 3
Direct H
Irivert 17
Palind 18
Palind 1b
Palind 14
Palind 12
Palind 10
Palind 10
Palind 10
Morerepeat D 456

Positions Sequence

296 464 TCCCTCCTIC CTTCCCTCCC TCCTTCCTIC CCTCCCTCCT TCCCTCCCTC CTTCCTICCC TCCTICCTTC CTTCCCTCCT TCCCTCCCTC CTTCCTT
212,284 TCCCTCCTIC CTTCCCTCCT TCCTTCCCTC CCTCCTTCCT TCCCTCCCTC CTTCCCTCCC TCCTICCTTC CCTCC
22540 TCCTTCCCTC CCTCCTTCCT TECCTCCCTC CTTCCCTCCE TCCTTCCTTC CCTCCCTCCT TCC

W372472 TCCTTCCCTC CCTCCTTCCT TCCCTCCCTE CTTCCCTCCE TCCTTCCTTC CCTCCTTCCT TCC

206 414 CTTCCTTCCC TOCTTCCTTC CCTCCTTCCT TCCCTCCCTC CTICCTTCCE TCCCTCCTIC C

12 48 TCCCTCCTTC CTTCCCTCCG TCCTTCCTTC CCTCCCTCET TCCTTCCCTE CCTCCTTCC

265 B0 TCCCTCCTIC CTTCCCTCCC TCCTTCETTC CCTCCTTCCT TCCCTCCCTC CTTCE

K040 486 TCCTTCCCTC CCTCCTTICCT TCCCTCCCTC CTTCCTTCCC TCC

Hoh3kA4  TCCCTCCTTIC CCTCCCTCCT TCCTTCCCTC CCTCCTTCCC TCC

220292 428 536 TCCTTCCCTC CTTCCTTICCC TCCCTCCTTC CTTICCCTCC

e A00R08  TCCTTCCCTC CCTCCTTCCT TCCCTCCTTC CTTCCCTCC

I} CCOGACTACG TAGTCGG

14 CCOGACTACG TAGTCGGE

8,23 CCGACTACGT AGTCGE

8.2 CGACTACGTA GTCG

10,21 GACTACGTAG TC

B CCGLATGCGG

342 TGCGGCCGCA

11,0 ACTACGTAGT

19 TTCCTTTCTT CCTTCCCTCC TTCCTTCCCT CCTTCCTTCC CTCCCTCCTT CCTTCCCTCE CTCCTTCCCT CCCTCCTTCC TTCCCTCCCT CCTTCCTTY

e o B o TR SO B A B St B o B S B N B e [ ~"CNR TR R TR B S R S R N R A R S R U R S R -
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DNAS5(F): Comparison of Results from Best
DSRG & Best Possible Sequencing Protocols

456 base di-nucleotide non-repeat T/C

Current
Best

ABRF 2008
Salt Lake City, UT
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DNAS5(F): Comparison of Best (DSRG Study) and
Best Possible (SFK) Sequencing Protocols

Best Best Possible

C GTAGTCGGGG ANCC CHGACTAC GTAGTCGEGE
GLECGCALGE T'T'TIATTTTI CTTTCTGAGT leAI HLTLTLTTIT : W C CTTTCTGAGT GTACAGGGTG ACTTC |_.T|_TT|_.
ACTTCCTSTC TTCCTCCTTG CTGGAATCCT GGTGTATTCL [ - TTCCTCCTTG CTGGAATCCT GETGTATTCA CTGTAAGTCG
CTGTAAGTCG GAGCAGRCTA CTCCCTCTAT CTTCTGGGGT GAGCAGGCTA CTCCCTOTAT CTTCTGGGGT GETTGTGOCT
GETTGTGCCT GAGTCTTTTC CATTGTGAZAL GACATGGALT . GAGTCTTTIC CATTGTGALE GACATGGAAT TGATTCCTTIT
TGATTCCTTT CTTCCTTCCC TCCTTCCTTC CCTCCTTCCT 0 CTTCCTTCCC TCCTTCCTTC CCTCCTTCCT TCCCTCCCTEC
TCCCTCCCTC CTTCCTTCCC TCCCTCCTTC CCTCCCTCCT CTTCCTTCCC TCCCTCCTTC CCTCCCTCCT TCCTTCCCTC
TCCTTCCCTC CCTCCTTCCT TCCCTCCTIC CTTCCCTCCC & CCTCCTTCCT TCCCTCCTTC CTTCCCTCCC TCCTTCCTTC
TCCTTCCTTC CCTCCCTECT TCCCTCCCTC CTTCCTTCOC - CCTCCETCCT TCCCTCCCTE CTTCCTTCCE TCCTTCCTTE
TCCTTCCTTC CTTCCCTCCT TCCCTCCCTC | ".TTIZIZTTEEI 26 CTTCCCTCCT TCCCTCCCTC CTTCCTTCCC TCCCTCCTTEC
TCCCTCCTTC CCTCCRTCCT TCETTEEETC CTTCCTTCCC [ 4 CCTCECTCCT TCCTTCCCTC CTTCCTTECE TCCTTCOTTE
TCCTTCCTTE CETEEETCCT TCETTECETC EETCETTECT [ - iRrclBrocT TootTocllic @RrcotTocl BccBrc@BTe
TeeeToeefc Brrclrrooe TEEETCCTEE EcTccETEET M - crrcerrece TecBreetre corcoBrocT TooTTCCCTC
TCETTEEATE cTTCCTICET TEccTCETTE METCECTCET M - CTTCCTTCCT TCCBTeeTTe CoTCCBTeeT TooTHBRNTE
TECTICECTC ECTCCTTCCG TCCCTCETTC WTTCCCTCHC WM ::: cBrccrroce TBeercerTe crrecrecE TocTTockTe
_ - TCACTCNTAC ETACECTcCN WM:::  cTrceTrece TocBroeTTe crroliccliT cirrochrol

TTCCTTCCTT CETCCTTECT B cC TCETCHTCET

456 base di-nucleotide non-repeat T/C
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DNAS8(F): Comparison of Results from Average
& Best Sequencing Protocols

T T T T =N o = = = T [

Alu repeat + 22 base inverted repeat/84 base Ioo_p

A
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DNAS8(Alu Repeat): Comparison of an Average

]

551
E01
Bl
651
721

and the Best Sequencing Protocols

ACEGE
CTTGEAGTGA

AGTGACAGAG

GAALLLGALA
GGCTGEAGTR
CTGCCTCCCG
CGAGTAGCTG
TALTTTTTGE

TGECCAGECT
BcosooToss

GCEECCraAC
TEERETLGELL
CBacTaTasl
CTTATCTTAA
Errrafias
AARTTTTC

Lr

C
BEcccBEcTE
EATTTGATHS
BEllAsd

Average

BoocacEics
CGAGHECTCOA
ATTTGAGAEG
clleTsBoeos
GGTTCACGCC
GGACTACAGG
ATTTTTAGTA
GGTCTCARAC
CCTCCCAARG
CCGGCCTARL
GCATTTGETA
ACTTEAAALG
ECTZAREATT

- -

ACTCAACCAL

BT BGAGCCTGEAL

TCTGTACEAL
ATERCTCATE

CGCCACTGCR
TCTCAMLALAA
GAGTCTGGCT
ATCCCGGCTC
ATTCTCCTGE
CECI C
CABACGGGET
GCCTGACCTH
TGCTGGGATT
TCTAGCACCT
TCTATTGECT
AACCTTGEIC
TCCTTTCTGE

accccBEsss
ATTAATGTAT
EcfEccTasa

:HIEGTG

FRE R R R B I B R |

LR R
CTGE i
ACTGCAAGET
CTCAGCCTCC
TACGCCTGEE
TTCATTATGT
AGGTGATCCG
ACAGGCGHGA
TTTARAGATEC
CTAAGGBEAC
TCCACAATCT
GafcTcBEET
GGARATGTHT

Alu repeat + 22 base inverted
repeat / 84 base loop

ABRF 2008
Salt Lake City, UT

LAGCTGETAC
[TAAGCTTGCA
CGTGAGTGAD
ARBAGAARLA
CCCAGGCTGE
AGCTCTGCOT
CTCCOGAGTA
TGGCTALTTT
ATGTTGECOA

GTELGCCACE
GATCTGGATA
GCACCCACTA
ATCTCTTATC
GCGTCTITAG
GTTTAMLTTT
AGTTGCCCCG
CATGTATTIG
AAAAEEIEGE
CAGGAECTCC
ATATTTTGCT
GTTTEACTAT
TATHACTTAR
ACTATALLTT

TCTARGATET

Best

GTGAGCCGAR
AGAGCGAGAC
GARAATTTGA
AGTGCAGTGG
CCCGGETTCA
GCTGGGACTA
TTGCATTTTT
GECTGETCTE
TCGECCTCCC
GAACCCGGCE
GGAAGCATTT
TAAGACTTCA
TTAACCTGAL
ATAAMRCTCAL
TCCTAGAGCC
CCTTTCTGTA
ATTGATGICT
TGTGCCCCRC
TEAGGECCAT
CAGAATARAT
TACTGTCAAC
A4GGEGGECA

-|-|-|-|I-|

AGGLA DL

EfcaTTiETC A8

CTCGAGGTCG

TCCATCTCAR
GACGFAGTCT
CGCEATCCCG
CGCCATTCTC

AGTACAGACG
ARALCGCCTGA
BRLGTGCTGG
TALATCTAGC
GTTATCTATT
BARLGARLCCTT
CATTTCCTTT
CCAATTGTCA
TGGARCCLCCG
CCAARTTALT
CATECCTCCC
CCACCTTCGG
GTCATGGECC
ATCTTCALAT
TATTARLAR DD
GEACAGAANLC
TATGATAGGA

F e

s

ACGGTATCGA
TGCACTCCAR
AALARRALAG
GECTCTGTCG
GCTCACTGCA
CTGCCTCAGC
CCACTACGCC
GEETTTCATT
CCTCAGGTGA
GATTACAGGC
ACCTTTTALR
GTCTCTAAGG
GETCTCCACA
CTGTGATCTC
ACCAGGAAAT
CCCGACTTTG
GTATTTCTTA
TALLATGCAT
CATGTGTTCT
aTGGEcACTE
ATTTTACAGA
CAGTCRATG
ErTEGHTTAC
saTnansBlG




DNAS8(Alu Repeat): Various Structural Motifs

Length Count Positions Sequence pf2777-Alu repeats

10

22

16

11

- 10
F'-4I|r|d 12
| 9 [Palind 10

|10 |Homopalymer (HPY | 11
1]

1158 126 AA0 LA AL LN

60,166 GﬂTEGEGEEﬂ ETGEﬂETEEﬁ GC
43,189

10,141 015 TITH FLYN TITH H

539 55 AACATTTCCT

10,141 025 TTTAAATTTA AL

10,151 024 TFHHHTIT Ly

1049

— IR R R RO PG R
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Summary

This is the most comprehensive DSRG study of sequencing of difficult
templates:

8 different DNA templates, both F/R direction (# 8 only F)
GC-rich
Hairpins
Di-nucleotide non-repeats
19 G/C Homopolymer
Alu-repeat/22-bp inverted repeat
> 50 various protocols in Phase |

10 most common protocols selected for Phase Il
30 sets of DNAs/primers distributed

20 data sets received for Phase |

08 data sets received for Phase Il

Each type of difficult template requires a separate chemistry/treatment
In fact, the direction matters

We have collected a set of sequencing protocols that have the best
chance to sequence through many kinds of difficult DNA templates

ABRF 2008
Salt Lake City, UT




List of Participating Institutions
(Data Submitted for Phase | and Phase II)

Beckman Research Institute at the City of Hope - DNA Sequencing Core Lab

Centre de recherche du CHUL/CHUQ - Plateforme de séquencage et de génotypage des génomes
Cornell University - DNA Sequencing and Genotyping Lab

Dartmouth Medical School - Pharm/Tox, Remsen

Duke University - DNA Analysis Facility

Eastern Regional Research Center - IBR-Genetic Analysis

Edge BioSystems, Inc.

Massachusetts Institute of Technology - MIT Biopolymers Laboratory
Ohio State University - Plant-Microbe Genomics Facility

Oklahoma State University - Recombinant DNA/Protein Core Facility
Penn State College of Medicine - Milton S. Hershey Medical Center
St. Jude Children’s Research Hospital - High Throughput DNA Sequencing and Genotyping
Stowers Institute for Medical Research - Molecular Biology Facility
Trudeau Institute - Molecular Biology Core Facility

University of British Columbia - Michael Smith Laboratories
University of lllinois - Sequencing Core

University of Minnesota - BMGC Sequencing and Analysis Facility
University of Missouri - DNA Core Facility

University of Texas Medical Branch - UTMB Protein Chemistry Lab

Wadsworth Center - NYSDOH
Wyeth Research - DNA Sequencing Group
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