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Capillary Electrophoresis on ABI 3730 ~ ‘

ABI 3730 & 3730x|I DNA Analyzer
provide a single HTP Capillary Electrophoresis Platform
for combined sequencing and fragment analysis

Compatible with 96 and 384 well plate formats this platform
Is readily integrated into automated sample processing with
liquid handling robotics and integral HTP PCR

Jahe inres Centre

Genome
' 2

LABORATORY

John Innes Centre




Workflow
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Overview of platform
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2 Day Turnover per gene region

Primers arrive
DAY 1

PCR Stage 1

Cell Cleavage
Cleanup

3730 Run
Analysis

PCR Stage 2

DAY 2

Cleanup
Sequencing Reactions
Cleanup

3730 run
Sequence analysis

Report of mutations

4 hours
4.5 hours
5.5 hours
7 hours
8 hours

overnight

1 hour

4 hours
5 hours
7 hours

8 hours

This is just for 1x 96 of an 8
pooled plate. Larger
populations would take longer

However, JGL has access to
three 3730’s but currently uses
only one which copes with all
Genotyping, DNA Sequencing
and TILLING that passes
through

With increased number of
TILLING samples there is the
possibility of using a single
3730 designated to run just
TILLING samples
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Identification /"’-/

~

GeneMapper v4.0 Software

[1] Select &

e — overlay all traces
| SR, T & zoom in
l -

ek Ny [2] Scroll along

—— = “ the overlaid trace

[3] Identify
unique hollow
peaks (no fill)

[4] Click on peak
to identify pool
sample
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Sequence Confirmation

‘-

Sequence Confirmation using

Uses trace subtraction method

Pl Mutation Surveyor - D:ATILLINGAA go\chr17\report_chr17.SGP
File Process Display Tools Help
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8 sequences representing candidate pool

It aligns the sequences and then gives a table of all the
mutations
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DNeasy 96 Plant
Procedure

Plant leaf fissue

>2Z 0

S5 0O == 0O O =<~ X D

John Innes Centre

1

Pool

Normalisation Aliquot into 5ul l
volume ready for
stage 1 screen

It is critical to accurately
normalise DNA so that each
sample is equally represented
within a pool

Picogreen assay




Quantification

enormalise the individuals to 5ng/ul

epool by hand
edilute usually to 0.5ng/ul

(With wheat we dilute to 1ng/ul)
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10% reduction in signal over
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Pico green with time

first 50 min
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Reproducible PicoGreen
quantification after 50 minutes
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rganisms -

TILLING using 3730 demonstrated on different organisms

-+

Medicago

Lotus

v
NOITRR SO T

Arabidopsis
(Adapted-TILLING)

Brassica rapa

John Innes Centre



http://en.wikipedia.org/wiki/Image:Medicago_littoralis2.jpg
http://en.wikipedia.org/wiki/Image:Lotus_formosissima_2.jpg
http://en.wikipedia.org/wiki/Image:Brassica_rapa_plant.jpg
http://en.wikipedia.org/wiki/Image:Hordeum-barley.jpg
http://en.wikipedia.org/wiki/Image:Arabidopsis_thaliana.jpg

Medicago (GLIP-JIC)

4300 M2 Plants EMS 2

42 Genes

485 Mutations

11.5 mutations per gene region
309 heterozygous (63.7%)

176 Homozygous (36.3 %)

21 induced stops (4.3%)

6 non C-T or
G-A changes (1.2%)

ABI 3730 xI

John Innes Centre

Medicago (GLIP-Dijon)

3072 M2 Plants EMS 2

20 Genes

133 Mutations

6.7 mutations per gene region
(9.4 proportional to 4300 plants)

66> heterozygous (69.5%)
29* Homozygous (30.5 %)

5 induced stops (3.8%)

O non C-T or

G-A changes (0.0%)

* Ignoring silent mutations

Li-cor

Elizabeth A. Green et al 2003

>,

Data- Medicago /"’-/
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Arabidopsis (ATP)

3072 M2 Plants

192 Genes

1890 Mutations

9.8 mutations per gene region
(13.7 proportional to 4400 plants)

1276 heterozygous (67.5%)
614 Homozygous (32.5 %)

93 induced stops (4.9%)

16 non C-T or

G-A changes (0.8%)

Li-cor




Non C-T or G-A

1110 T-A Silent
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Stage 1 PCR where cleavage detected and PCR for confirmation sequencing
done on independent DNA and using different tag polymerase
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Normalised Distribution of Mutations
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Data- Medicago

Mutations per region screened

Medicago truncatula Mutations
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Data- Brassica rapa ﬁ’-‘

Due to it’'s relative genome size compared to Medicago and Arabidopsis we tested the TIILING
PCR at a range of genomic concentrations

Medicago

l

ngl.0 15 20 25 3.0 35 40 45 5.0 8.0 10.015.0

BrRPL1

BrRPL2

BrRPL3

So decided to normalise and pool the Brassica rapa population the same as the Medicago

O Genome B2
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Data- Barley

& Samples Plot

We tested to see if we
could detect several
know mutations in the
Barley population at
SCRI

We are in the process of
testing the population of
4000 M2 DNA's kindly sent
to us by SCRI

John Innes Centre

Flle Edit View Tools Alleles Help
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Data- Wheat ~ ‘

For this work we took a proportion (768)
of the Paragon EMS population generated

TalsoR4 Ta4 at the John Innes Centre as part of the
TalsoR8 Ta51 H
TalsoF 11 Tas5A Wheat Genetic Improvement Network to
TalsoF8 Ta§ Exon asses the mutation frequency, limitations
o oo and suitability of the population for
Iso1F Ta26 g;gg Exon TILLING.
Exo 6@;&% [:fggvgm iso 15R Ta31
¢ > -m - L .u_ . = - - -.. - . - L - » - .. - »
ISOA TILLING N
ke . 96 traces overlaid
895bp Target -
= 1.4
oo | | f l \/

In this example primers were designed to be specific to the
A copy of the gene in hexaploid wheat

After initial tests on original DNA were poor, new plants were sown, harvested and
processed through our quantification and normalisation pipeline

1 Genome %
John Innes Centre LABORATORY ‘




Data- Wheat

WT =895bp 502
139
FO6 112 +779 = 891 bp v
HO2 130 +763 = 893 bp 06
BO2 139 + 754 = 893 bp 112 HO2 El’gg Egg
D04 152 + 742 = 894 bp . 130 | V! Vi

Analysis of the TILLING

data showed that we had a ]
high number of candidates

with unique cleavage

products adding up to the

wild-type size.

el Genome
John Innes Centre
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Data- Wheat

To accurately deduce the number of missed positives, we

sequenced the gene region for the entire test population
(768 plants)

ATGGTTCTTCTG
ATGGTTT

The results from the sequencing
ATGGTTTTTCTG

ATGGTTCTTCTG analysis revealed that the false-
ATGGTTCTTCTG = H

S TOGTTCTTOT G positive rate was very high a_nd
ATGGTTCTTCTG detected only one real mutation.

[ R

ATGGTTCTTCTG

31111

We will do more tests to determine why we are getting =
true cleavage at locations that do not contain SNP’s

BO2 139 + 754 = 893 bp
| (L
()

| Genome
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Data- Wheat

Development of High through-put TILLING in Hexaploid Wheat using
Applied Biosystems® 3730 series capilfary electrophoresis system
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Softgenetics Genemarker Module

Typical trace output in Genemapper

The same trace in Genemarker after average
background subtraction from WT traces

John Innes Centre




Can also analyse Li-cor gel
and convert into ABI-like
traces using JelMarker

John Innes Centre

Genemarker Module

SoftGenetics Application Note  samayus

Automated TILLING® Analysis of Fluorescent Electrophoresis Data with
GeneMarker® KevinleVan, David Hulce, Ni Shouyong, Wan Ning, CS Jonathan Lin

f’lr ntroduction 1\

Wish the 2007 Sclence breakihrough of the year going to Human Genetic Varalion (1), the Imporiance of methods for studying varlations are at an alk-
time high. The technilgues of Tangeted Induced Local Leslons In Genomes, or TILLING, and EcoTILLING have been widely used since 2000 to detect
Single Mugieotide Palymorphilsme (SMPE) In crganisms ranging from Arabidopsis (2) to zsbrafish (3). The test samples may be experimentally
mutagenized (ethymethanssulonatz, radiation, eici or from natural pepuiations or derlved from tumers or diseased fssues.

Bri=fy, the genes af Interest are kentified with gene-speciic primers and PCR ampified. The amplicon's primers are [abeled with two flugrescent
dy=E - e forwand 15 ofen labeled win FAM-DIUE 3nd e reverse primer |5 ofien labeled win HEX-green. The samples are mixed 50 neterodupiesss
«can e formed. The hybrdzes fragments are cleavad at the heteroduplex sl by CEL | or Surveyor™ Nucleass, generating multiple palrs of
Tragments of complemeantary lEngsn and dye color (4). The oenatured samples ¢an be run trough ged sleciropnoresls o mixad witn an intarnal size
standard and run througn caplllary electropharesis. SMPs will yisld two peaks of different color and the sum of the sizee will 2qual the amplicon
length (s2e Figure 1].

—_—

—T_. %

Figare 1: Double-stranded DNA with different colored dyes at each § end will be cleawed 2t the heteroduplex indicated by the red ammows, yielding two
fragments of different color and having sizes that tetal the amplicon length.

WVisual Insp=ction, with the aid of GalBuddy® software, & a comman maihad for gelermining all lncations of point mutations that have besn Cleaved at
tne neteroduples ste (5] This leaves some ambiguly dus to the eMglency of cleavage and level of nolse. GeneMarker cantalns an application tat
nas been oplimized for detecting SNPE generated by the TILLING technique. By using te Intemal size standard to align eacn capliary and generating
a refrence trace from al of the samples In the run, the refsrence can be subtracted from each novidual sample trace yislding & plot nighlighting the
MPE. Addltionally, & tabie shows what the Sxpected size of he complementary tragment should be o determine If S3ch pEak 15 & e varation.

Results:

2. Chcx OpelNgges lcon, Click A 30 select data {up %o 1000 lanes When using Genebarker's Tliling Application medule, the size standard
peaks are kentified and all sample peaks are aligned. The peais are
smoalned, baseine |s subtracted, and lans Intersities are nommalized.

m Appiicalions menu Low qualty data |s automatically rejecied. A syninetic refersnce trace
313, PrOGE55 apuons and select data (Syninatic Contral Sample) I8 cONStTUCted LENg Median peak Inensiies.
EiZ2 range Inciuding mnie T, of amiplican. from all of the high qually fraces. This reference |5 subltracted from

6. Clck QK 1o proc26s 0353 £3ch Fample race geraratng & Mutallon Chart hat automatically

Izenties the sample's varlatlons & shown In Flgure 3, with the
amplicon length of 1043bps.

b Rk e e A w3

I

o= When using gel
elkchrophoresls with a LCOR or

o x

e I pIEsTom, you Can uss
WA ek T '- ZofiGenetics” JelMarker soflware iy
e to ereate sample fes that have 3

synithetic Internal lane standard !

i M far each well. GenaMarker can
250 1230 e output formats of

oiher ETUMENts, INClmng FS4, L |
H e AS1,ABl, 5CF R3D, E3D, 2MD,
andSMRL C

Figure I: Tilling Options B AN S Dol e T

N T |

;Ii I J

252 [
Flgura 3: The top panel shows the Synthetic Control Sampls
obfalnad from the madian Intenslty after peak alignmani. The
middle panel shows sampla 73, The bottom panel shows the
Mutation Chart, rﬂanaratnu by subiracting the refersnce from
the sample, Identifying Individual varlations. & blue peak at
205.20ps and & green paak at 843.8bpe hawe bean automatically

\_ Identifled. The criginal amplicon size = 10430ps. j

Genome
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Genemapper vs Genemarker

‘-

Subtracting the average background
signal from wild-type traces
emphasises the cleavage products
in Genemarker 1.71

YE - amEER Tia i E S maEEE o )

Report shows possible

Lotus mutation not detected analysing 3730 candidates

traces in Genemapper 4.0

4 Tilling Analyshs

- B

22 |35 _ours_Spool_platel_3| Green | B527 | 7203 7 573
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88 |39_ours_Bpool_platel_3|Mo Peak
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2 cams_ oo plan] 0 D03 4ee W4 WO X0 AN WO 4N @0 B0 S0 G0 G0 MO M0 M0 B0 w0 a4
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f f f ! ! f f f f f L L L L
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New Devel ts — Extended Ladd —
ew Developments — Extended Ladder “

ABI have a 1200bp Liz ladder but we want to size up to 1.5kb

We mixed the new products with the available ladder

40000

Liz1200 plus

35000

+

30000

1750 2250

25000

1500

20000

scan (time)

John Innes Centre

500 1000 1500
Bp

2000

2500

Developed also for the possibility of transferring de-TILLING onto 3730

-
2250 Reverse“/ \\ P

Using a specially
produced 5’ labelled Liz
M13 primer PCR products
were designed with
various fragment lengths
off pGEM-3Zf(+) of above
1.2kb

M13 Forward

T Liz asoo
I | Liz 1750
|

|1
s

X65306

3197 bp
/1]
/ /L

<E/

J 1500 Reverse

1750 Reverse

Sizing algorithm needs
linearity to pass sizing
within Genemapper 4.0

Gerome 5@
LABORATORY ' ‘




A

240
280

N 260 240

114 300

360

100 158" 414

0
320 540
440
| || lly 1500bp

- Actually 1

&0 208 | g0 7d0
140
a8 BE0  |7E0 =0
380
w0 620 a0 599 240 1300
5 600 780 a00
560 093
40 60 a0
&80 | ||740
sih B14 o 19 260 1ot ACtua”y 1750bp
40 220 0601120
- 1180 Actually 2000bp
8] 140 [ —
500 g0 ACtua”y 2250bp
N 116 1480
o 1200 1400
1004 1430

0

B350 0350 14380 18380 22380 26350 30380 34350 33380

Very little separation between 2000 bp and 2250 bp
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Target Gene Single-plex

Multiple Dye Loading

790 bp height 283 rfu

A

> Injecting two targets
(2] - - -
‘g Corresponding Size Single na sm?le calplllary
‘:é ; target cau;es essbc eavage
5 . iniection pro uct to be
' 1 : P injected
200 800 1000 bp

Target Gene Duplex

2 Corresponding Sizes
2

[]

: l l
©

c

2

oA

200 800 1000 bp

i ¥ i | I 1 i 1 1

790 bp height 113 rfu

Dual target
‘ Injection

Although running
costs would be
reduced at present
we only run a single
target in a single
capillary
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Post Cell Cleanup

T & Microphons oo |z eI
P et Doaut =IED | panes E =1 || [ s ) [ () e | e d || T2 e el
’Em:f’mel M'H% |md‘l ML'T%‘ |‘:—‘M Harmwe ‘m |DS |sQ
1 6 1111 105 152 = =3 & & =1
Agencourt Ampure™
Cleaner at > l l J
beglnnlng i . e , Adammiinins RN TR Y
and end of \ 100 200 200 o 300 con von 20 a0 +oma Cleaner at
fragment . beginning
l Isopropanol and end of
l fragment
1000 I|I A‘
Ricr I T NIC IS WO Pt o % L i
I |

Cleanup is an essential step to remove unwanted non-specific cleavage
products that obscure specific cleavage

Both magnetic bead and isopropanol methods are effective
Magnetic bead method more expensive and less reproducible

although the method is easily automatable on a liquid handling
robot
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5.0 kV

10.0 kV

15.0 kV

John Innes Centre

Effect of Increased Injection Voltage
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An increase in the
Injection voltage
increases the signal

However this causes a
dramatic loss of
resolution in the upper
size ranges
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Repetitive Regions

RPL2 - 1113bp region
1 ﬁCGCACGTAUL AACTTCTTCR TCATTTAALT GGATTAAGCT TTAACTATAG CTGGTAATAL CATCAGATAL TGAGCCTTGA CCARLACTGT AATGCTGRAT N O rm al Ised d IStrI b utl O n

GOGTGCATT TTGALAGAAGT AGTAAATTTA CCTAATTCGA AATTGATATC GACCATTATT GTAGTCTATT ACTCGGAACT GGTTTTGACAL TTACGACTTL

i01 ARATTCTTCS GCACTARACA TTACAGGTCT ATGAAGGCCT AGATATTTTA GATGTTCTTC TTTTTTCGAL CTAGTALATA ATAGTACTAT GTAGATTATL B raSSICa rapa B R Ll y 2 ] and 3

TTTRAGALAGSG COGTGATTTGT AATGTCCAGAL TACTTCCGGA TCTATAAAAT CTACAAGAAG AAARAAGCTT GATCATTTAT TATCATGATA CATCTAATAT

zZ01 TGATGGATAG TGTTTCALARN AAAAGTGTTT‘3%&%%}1%%}.%%FATTATAT GATGGATAAT AALTATACACAL CTTGATCGCG CTTCALAAGG ALLGCARDAG 25
ACTACCTATC ACAAAGTTTT TTTTCACALLL TTTTTIITTT TTCTAATATA CTACCTATTA TTATATSTGT GAACTAGCGC GAAGTTTTCC TTTCSTTTTC

301 AAGCCTCTCT CTCTCTCTCT CTCTCTCTCT CTTA%&CTCT CGTTTCACCC GTCACCATTA TCTCTTACAC TGTTACTCAC TTGTCTCTCT CTCTCTCTCT

EEENANEEEEEEEEE RN ER RS EEmEEEERE SR
TTCGGAGAGL CAGAGAGAGE GAGAGAGAGA GAATTGGAGA CCAAAGTGGG CAGTGGTAAT AGAGAATGTG ACLATGAGTG AACAGAGAGA GACAGAGAGL 20 M

401 CCTCCTGCAT CTCGAAATCA TCATTTGCCA TGTCLGATGC ATACGAGCCA TACCATGTTC TCCAACATAG CCGACGAGAT AJAACTTCGGAL TGCCTTCTCT — —
GGAGGACGTA GAGCTTTAGT AGGWAACGGT ACAGGCTACG TATGCTCGGT ATGGTACALG AGGTTGTATC GGCTGCTCTA TTTGAAGCCT JOGGALGAGE

S01 CGATTCCCAC TTTCACTTTC ACC&CCTCC TC?CCTCCT TCTTCCTCCG GCGGHCGGCGE CGTGTTTCCT ATCGCCGACT CTGATTTCCTfGCAGCCGGT 15 7 —
[l

GCTAAGGGTG AALGTGAAALG TOGMGGGAGS AGFAGGAGGA AGALAGGAGGC CGCCGCCGCC GCACAMAGGA TAGCGGCTGA GACTAAAGGL [GCGTCGGCCL
&01 GGATTCCATT CAAACALTARL CAAT%ACCCT A?(:TACAGTA ACTTCATGGG TTTTCTCGGT GGGCAATCTT CCTCTTCATC CACCGCCGT? GCCGTCGCTS
.

CCTRAGGTAL GTTTGTTATT GTTANTGGGA TYGATGTCAT TGAAGTACCC AARAGAGCCA CCCGTTAGAL CGGAGRAGTAG GTGGCGGCAYF CGGCAGCGAC 10 1 Wy —

TO1 GAGATCATTC CTTCAACGCC GGACTYTCTT GGCGACGT TCTCGTCTTC AAACCCGAGC CTCTATCTCT CTCTTTGTCA TCTCACCCTA GACCTACTTR
CTCTAGTRAAG GAAGTTGCGG CCTGARAGLL GACCGCTGCL AGAGCAGRAG TTTGGGCTCG GAGATAGAGL GAGLAARCAGT AGAGTGGGAT CTGGATGAAT

801 CGATCTCGTC GTTCCCGGCG TTGTTA‘CTC/CGGETTCTGT AGATCCGCAG CTGAAGCCGC CGCTGCCGCC GTCACCGTAG CTTCAAG%AG CTCCGGTCCT 5 1 —

GCTAGAGCAG CAARGGGCCGC AACAATYGAG) GCCTAAGACE TCTAGGCGTC GACTTCGGCG GCGACGGCGE CAGTGGCATC GRAGTTCETC GAGGCCAGGL

Q01 CTCGGGCCGT TCACTGGCTA CGCATCCOWTT CTGAAAGGAT CAAAGTTCTT GARACCAGCA CAGATGCTTC TTGATGATTT TTGTAGTGTL AGTCGCGCGH F (
GAGCCCGGCA AGTGACCGAT GUGTAGE GACTTTCCTA GTTTCAAGAA CTTTGGTCGT GTCTACGRAG AACTACTAAR AACATCACAT TCAGCGCGCC 1

1001 TTTACACCGL ACALATCGTC GACGJLCG%G ATGACGATTC CTCTTTHCTT TTTGACCCAL CGATTGATALL TCTCTGCGGC GTTTCZGACG CCGGCGTAGG 0-100 100-  200-  300- 400- 500- 600- 700-  800-  900-

ALLTGTGGCT TGTTTAGCAG CTGCTGCTYC TACTGCTAAG GAGARACGAA RAACTGGGTT GCTRACTATT AGAGACGCCG CARAGACTGC GGCCGCATCC 200 300 400 500 600 700 800 900 1000

1oL AckRATIOC M /\ / Arabidopsis
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Reqgion Considerations

- - = e = Non specific cleavage reduces the
number of intact copies to cleave
with genuine heteroduplex
mismatch

“- TTTGTTTTTLA

‘ LU J | AAACRALARAT /

CACLALAADLG
GTGTTTTTTC

;Jt'.l“.“l}“_“.u.. whabd b ARSI BEANY N

Sz01 CTATTTTGG TAGGGTTTTC TTTTTACTGG GAACAATTCAL TTTGCAAACT CTTCCACATG CATCTGGATC CTCTATTGCA CCATGCAGCG GTTTGCAGGL
GATALAACC ATCCCAAAAG ARRAATGACC CTTGTTAAGT LAACGTTTGA GAAGGTGTAC GTAGACCTAG GAGATAACGT GGTACGTCIGC C

5301 CCGTTGTATC TAACGGCCCT GCAGCCCTCT GTACTTTGCA GTAATTATAG GGGATCGAAA CTCAATGAAT TTAACAATCE TTTTGCGC TTTGTTTTTA
GGCAACATAG ATTGCCGGGA CGTCGGGAGA CATGAAACGT CATTAATATC CCCTAGCTTT GAGTTACTTA AATTGTTAGT AALACGCGA LAACAAARAAT

5401 CRLATGAACAC BATATCGATAL TGAAGCTATT TTCCTATAGT GTTTTGTTTT TACTGGGLAC AATTCATTTG CTAAATAGTA TTCATCRATT IEITTiTGfE
GTTACTTGTG TTATAGCTAT ACTTCGATAL ALG JTCA CAABMBACARAL ATGACCCTTG TTAAGTAAAC GATTTATCAT AAGTAGTTAL TGTAATACAC

5501 CTAGATGTTT CAAAATCAALT AATATTATGR ARAALAAAAL TACTATAT ACCTTATATC ATCTTCAATA TAGGRACTTT GTGGGARATG ATCTGGACCC
GATCTACAAL GTTTTAGTTA TTATAATACY TTTTTTTTTT JGATATL TGGAATATAG TAGRAGTTAT ATCCTTGAAL CACCCTTTAC TAGACCTGGG

5601 TTTGAGTGTG AAAGAGCTGC AGAGTTTGGA WSAALAGCPT GACACT TAALGCGAAT CCGAACALAGA AAGGTAAGAL TGTTTATTCT TTAACAAGAL

TTTTTTLTGT
LLpRARTACL

LABACTCACAC TTTCTCGACG TCTCAAACCT CGTTGTCGAL CTGTGALAGCG CGCTTA GGCTTGTTCT TTCCATTCTT ACAAATALGE AATTGTTCTT

5701 AAAAGAAGAG AATAAATGAG TTAACATTTG ATTTTTCAGC TGAGGATCAL TTAACTG. AATATGATTT TTGCAGAACC AAGTTATGAA TCAATCCATC
TTTTCTTCTC TTATTTACTC AATTGTARAC TAAAMAGTCG ACTCCTAGTT AATTGACTAG T CTALL AACGTCTTGG TTCAATACTT

5801  TCAGAGCTGC ATAAAAGGGT AARGATATTTA TGTTATAGAT TTGATTTAAT TTTTCTLAAA TTGLATAC CALATARGTA CATTGRATGE CACRLLMALG
AGTCTCGACG TATTTTCCCA TTCTATARAT ACAATATCTA BACTRAATTA AARAGATTTT AACTTATGLL TG TCAT GTRACTTACKN GTGTTTTTTC

5901  TGACCAGTAT CAGAATATCT TTGATATACT TTTTGGAAAT GAATTTCATA TGCAARTTGC AATGACATGT TALLGCTALS ATLTATAT IICI&&KTﬂf

ACTGGTCATA GTCTTATAGA ALCTATATGE AXAACCTTTA CTTARAGTAT ACGTTTAACS TTACTGTACAL ATTTCGATTC ACT, ATL TTGTTTTALC

6001  TTTGATACTT CACAAGCALLT TAAATCATAT GCCATTTGAG TATTATCTTA GATATCATTT GTGAAGTGTA ACTAGTTTTC ATATAAATGG CAAGLATT
ARACTATGAE GPSPTESFLY ATTTAGTATA CGGTARACTC ATAATAGAAT CTATAGTAAL CACTTCACAT TGATCAALLLG TATATTTACC TTCH AL

6101 TTTCACATﬁATTTTTTJAGA)\TAT.&ARTA TALATATAAL ACTTTGCTAT GTATATGACE GGCAAGGACEL TTGCAGGAGC ARRACAACAL GCTAGCARLLG
T.

ARAGTGTA TAARLLATCT, ATATTTAT ATTTATATTT TGAAACGATA CATATACTGT CCGTTCCTGT AACGTCCTCG TTTTGTTGTT

6201 GTAGAATTCAM TaLC GCATACAAAT AGGGTTTCAL ATAAAGGTCT GCGATCGCLL CGTGAGCTGC AACACAAC TTTTTTATGT AAAAAAAAAA
CATCTTAAGT GTARAGAGAG ATTGTALAGT C TTh TCCCARAGTT TATTTCCAGA CGUTAGCGTT GUCACTCGACG TTGTGTTG AARRLLTACR

6301 TGTCAAACCC GCAATGCGAC TGCAATTGAG GCCCCATTGG TTTA TTGTGATTCT CCGTAATATC AAGAATCGCA ACATAGCTGC ARUTOSTECC J. J. J. J. J. J. J. J. J. J.
ACAGTTTGGG COTTACGCTG ACGTTAACTC CGGGGTAACC GGCATALL. ACTRAGA GGCATTATAG TTCTTAGCGT TGTATCGLCG TTGACGATGG

6401  ACGACTGTTA TTTAAARACCT TCTAGUCAAT AAAGGGAAGT AAAATAAMAL GACTAATG TTACATT TATGTTTAGA CAAAGGAGAL AGAGAAGACH

TGCTGACAAT RAATTTTGGA AGATCGGTTAE TTTCCCTTCAL TTTTATTTTT CTGATTACAL AATAL ATACRAATCT GTTTCCTCTT TCTCTTCTGT

6501  GTGAGTGAAC ATCCACARALG ATGCCTAGAA ACCATAGGCA TAGGGCAATG TTCATCCACC CTCRACTTAL TTTGT L _RGAGGTGCTL CCACCACCLC
CACTCACTTG TAGGTGTTTC TACGGATCTT TGGTATCCGT ATCCCGTTAC AAGTAGGTGS GAGTTGLATT AARCAGTCGG CGAT GGTGGTGGTG

6601  RRAGACTGGT TCCTTCTCTA AATCTCAGGT ATTTCTTTTC CCTTCTAAGC ATAATGTAGA TCCTRATATG ATTTAGGAAC TACATATTGL
TTTCTGACCA AGGAAGAGAT TTAGAGTCCE TAMAGARAAG GGAAGATTCG TATTACATCT AGGATTATAC TAAATCCTTG ATGTATAACT ACAACAN

6701 TAGCCACACT ACAGTGCTAT AGTGTAGCLG AATTTGGACA RATCGTTAAT GTTCCACAAT ACGCTATATA GTACRAMATG TTGTCARLTL LCGACTATLG
ATCGGTGTGA TGTCACGATA TCACATCGTC TTAAACCTGT TTAG%ATTA CAAGSTGTTA TGCGATATAT CATGTTTTAC AACAGTTTAT TGCTGATATC
6301 TGGCCCTATG GGTTAGCGLL AATTTAACAA ACCGCTATAT TCC ATTT GCATTTGTCA TCATTACATA CARATATARC TCACTTGAGT TGGTCCGGTG
ACCGGGATAC CCAATCGCTT TTAAATTGTT TGGCGATATA AGGTACTAAL CGTAAACAGT AGTAATGTAT GTTTATATTG AGTGAACTCA ACCAGGCCAC

6901  ATCTTGGTTT AAGACCTTAG AATGTGCACC TTTTALLAGTT CTCAGSTTCG AATCTCCCTSG ATGTCAATTT CGGTGGACTL GTTTGACTTC TTAAAAALLL
TAGAACCRAL TTCTGGAATC TTACACGTGS AAAATTTCAL GAGTCCAAGC TTAGAGGGAC TACAGTTALL GCCACCTGAT CAAACTGAAG AATTTTTTTT

ATTTTTTAGL
TAARAARTCT

10
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Repetitive DNA Sequences lead to Taq Slippage causing multiple
cleavage. This example is in rice.

- = T == P T e =]

i}

="
ST AT ggcaaccaatacgaagaaggtgatgtttctcttgtccatgaaagtaagettgattttgga
3 gatccatacaggaaacatcaaatgatatgtaggtaggttcttctggctactgtacattac

attttctggaactgactttcggecattttgtcagcagaaagatgecttatgatcaaactttt
- gtacaggtatcaccagaaggcaccgccaaattggacagcactttctactgcaatcctatt g

-

cttt ttcttcttttaatcggttacattttatatggtgetgggaatcatat
tcaaagtagaggatgatttccacgaaatgcaggagctaaaagttcgagcagaggcage
cgatgttgccaagtcacaggtacttttccttgacatgtegttggeacttggcatattteg
atatttcctttgattacgcaacaataactaatactgaaatttttgtttttgtcagtttet
Agctactgtctctcatgaaattagaacacctatgaatggcattttaggtaactgcaaaat | R

tctctcectctctergectaacatataacatatgettteatagettteacttgete o
attaataatgttatcacaaaacaaaactctgtatgattgtaggaatgcttggtctgecttce -
tacgcacggaattgaactcaactcaacgggactatgctcagactgctcaagcatgtggga |
aggctctgatagcattaataaatgaagtgcttgaccgagcaaaaattgaagctggcaaat
AThinduch A A RN R LY, Y tagagctggaagcggttccatttgaccttegttccatactegatgatgtectetetettt b WOPEATTAR R W o . L Lo et

i tttcagagaagtctagacacaaaggtttagaggtatgctcaatcgttactaaacctattg " ; 3
tgaaggccaatacgagtttcataataatatcttaattcggtttcectctctttatttgatg
atctaacttcattatcccattttacctttcatagctggcagtgtttgtttctgataaagt
tccagatattgttatgggagatcctggg

| Genome
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Strategies = ‘

<Could these repetitive regions be overcome when using a method that does not
use Cell cleavage as the primary detection method?

eIf there are EMS populations with DNA’s that contain a number of M1 plants can we
also utilise these with a non cleavage method?

«If mutations rates are high as with more complex organisms that can survive with
higher EMS dosages, can we just target the codons that could be mutated to a stop
amino acid?

1000
|
Could we use Pyrosequencing? 0.500 1 — |
0,500
0,700 |
Relative peak-
height 0.600
0500 |
Q400
0,300
0.200 :_.
..and detect 1 mutant in 16 (6.25 %) o100 LJ‘L
I.e. heterozygous SNP in 8-pool o008

a 10 20 0 40 50 &0 70 80 90 100

Allele Frequency (%)
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New Developments - PyroTILLING 7

=BtFPL1 gem
y r O gaatgaaagaagttatghgoattattgacccagtaaaataaat gatgtagt gagasaac ghaatactta

tgatgcaattghbtgobtocaccgctaaataatttgbgbgtgkgbttacktghattcaggtcttcaaget
ttaattaataaaaataatttagaagatttttaaatgacctghtctoghagtetaaaaattageatatga
ttatcatatggaatghcottgaaaattaatttcbaagaaatataactaaatataaaghacttatatacy
gacggaatcacgtagatadctggadaagratadacatadatattcatyadaacttogettacctatgag

agcattaactaggtagttacaadacaccgaadagartatcckbtgaccaaactgbattgoctcaaraaatrt

n 3 G 3 cttccgoactcactoactaaddcaghagacgtctatat Jaagatacacatacatacttgatacttgatcg

TJCEtCd3333933ag0agAaaAgCEC R CE CECE CECECEEAdcct CEEqEEE At ceqE cac ot

tattatctocttadcactgttacactattototgratctocbatct ot goatot ot aaatcatcctkottco

AT FECCEAT ZCTT) CCTC,-"TC,-"TAAC&ASGCCGECGAG&TAAECTTCGG&T-

AL/ TTTCCACTTT CACCACEC/ TTECTECTCCTTETTTTT L TCReT EARFICT

GTTTCCTCATT CCTCGHCCE ACCHET R AFATTT CACTC, TC AAC AGT ALC AAD

= ¥ 4L D 4 4 I L P I ¥ M ® E H H H L 21 O/ TACATAT CCARCCCTAGCT ACAGT AATTTT AT 65 AFATTT CTT ¢T G CllNunE TR

CT GCRGT CLCCET GO EEEARATECTTERTTTEA / T GET CAGCT LT CTTC, TCEETHACGTTLTCG

TCTTCARADCCRAFD CTTT AT CCCT BT CTTT AT CATCT CACCCT AFACT DRCET AUE AT COARTT-TT

L ™ N TV = = AL I= I Ix=¥Y ¥ ¥ F= CCG/ AECGCTGTTAGCTECGEATTE TT O/ TTAGATCL/ THCCE LT GAAGE G/ ACT GLAGE CHECETE

A TACCETCGOET CFARALSCT COFGT O 0T T NS = © AT C C ATT T 5 AALFFCT

CEAGETTOTT FAAALC ARC AC AFAT GCTTCTT AT FACTTTT 6T AACET GEFAL FT FREETTT ACACCE

I » . I T E E W =S F W 30 A0 ARAGTCAT GGAT ACEAT GATTCTT CTTT GOTTTTT GAT 000 ACGETT AGACT CT T 50 50T T
CTGARFARC AT GEEARGALARART CAARRCT CAT CTCOATRCT CRATFAG

atatasattyytatytatasaayasagyiotatyeyiotctagiccaaaaactectatat aty tot goo 630

o » ~ F P A A FRS I F 5D=

tCa a8 goa ORC Joa goc Ata goC CCAa Ata gLC atg Aty gay cAat cat cat cto 654

att gat ctc att aca gas gaa aac tot LLL aac 738

N F = I E K = F =

PCR1

H ¥ ®? ®H FfF I ¥ © P P & E T L & H 57 Forward PCE. Primer LTTCGTTTCATCOGTCACCTT

cac aat oot cAat Lto ata gta gat ccoa oot toc gaa acc Ccta ago cac Lo 792 (Tailto rem ].D':lp) .

¥ = sLY = I W SL SL F=E I=-= =¥ = Reverse Biotinglated PCR. Primer SR CHECHECHRGRTGET
Secuencing Priver 1

P p P T I F & D H G G G E E & E E E 75 Jequence to analyze 1

CoC Eog cog aca atc Lhe LoC gat cac goa gga Joa Jag Oas o8 ORS ORR gas 846 Secpuencing Primer 2

SL= SL= S5L= I = = F=N Y=R RE RE K=K T¢¥ K K K Jequence to analyze 2

A TTTOCACTTIC leaaty ) pom pumy |
— Segquencing Primer 3
e 3

Serpuence to analyz
OO GGG

E £E E E ¢ E E E M D P M E K i 93 TTTCACTE

gaa gasa gas gasa gga gad gasa gag atg gat cog atg aag asg gog 900

K K K K B K=K K= IN 3= I = = = BCR 2
Forward PCR. Primer IS CTGCAGTCA
(Tl to reracve loop)
Fesrerse Biotinylated PCR. Primer

Seruencing Prirer 1
Secuence to analyze 1

Seguencing Primer 2
Secuence to analyze 2
GTTUOCG OGCTGT TAGCTOOGGATTC

This method may also utilise populations that do not have individual DNA’s to confirm
sequence change. In theory with the sensitivity of Pyrosequencing it is possible to detect
and sequence at the same time. Tests are being carried out.

We will target BrRPL1 and the SNP’s already found using Cell cleavage
| Genome

John Innes Centre LABORATORY

2
7




Brassica- 2-D Pooling
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Individual Plates

It becomes cost
effective to screen in
2 dimensions when

the mutation rate is Row G

above 10 mutations

per 768 plants in a

1kb region Individual Plate 7 GO4 identified
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2D Pooling - Costing

The cost of screening a single 8-pooled plate and sequencing confirmation (768 plants)

2D screen vs 1D screen

600

500 -

400

e ]D Cost:
£ 300 osts

200 ‘

Medicago and Lotus

2D Costs

Brassica rapa

100

0 ‘ A A

4 8 12 16 20 24
O0-10 Candidates Number of candidates
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Arabidopsis — adapted TILLING

Specific Target
Genel Forward
Primer with 5*
Universal Tail

’— Universal

internally labelled
Forward Primer

Specific Target
Genel Reverse
Primer with 5*
Universal Tail

. Universal
internally labelled
Reverse Primer

Due to the high number of
regions a tailed primer
approach was adopted for
maximum cost effectiveness

John Innes Centre

A

After screening M2 seedlings corresponding to
7500 individually harvested M1 plants 78 mutants
were identified in having a particular phenotype.

Mutations were then mapped to a chromosome.

To identify whether mutations lie in predicted
candidate genes, a modified TILLING approach
was used to screen for point

mutations within approx. 400 Arabidopsis genes.

Mutant lines were mixed 50/50 with a
WT line to allow for the detection of
homozygous mutations.

Genome y
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Adapted-TILLING

Each plate contained 23
candidate regions and 1 control

B| cmqT-3 A (331} cuqT-3 B

C | ARF2-1A (1942) ARFZ-1E

D |R&AF2-Z ki (494) RGAPZ-ZE

To aid detection using
Genemapper, 3 WT reactions
were performed to 1 mutant so
that all 4 traces could be
overlaid

John Innes Centre

cmaT-3 0
ARFZ-1C

RGAFZ-Z C

"fl_!l.
1l

A number of regions performed

cma?-3 D cmagT-4 A (3563

ARFZ-1D ARFZ-Z A (19069)
REAFZ-Z D RGAFZ-I 4 (1119)

REAP3-3 A [1833]

REAF4-1 48 (1888]

RGAF4-4 & (1188]

cmqT-4 B
ARF2-ZE
REAFZ-3 B

RGAF3-3 B

RGAF4-1B

RGAF4-4 B

cmag T4

ARF2-2 C

RGAFZ-3 C

RGAF3-3 C

REAF4-1C

RGAF4-4

cmq?-4 D

ARFZ-Z2D

REAFZ-T D

RGAFP3I-Z D

REAF4-1D

RGAF4-4 D

cma?-5 & (351) cmqT-5 B

AGAPZ-1 A [368) AGAFZ-1E
AGAPZ-4 A (933) AGAFZ-4B8

REAFP4-Z A (1887] RGAF4-2 B

Hd L Y

T TTTI 1
AR

) H I8 |"'-‘-_,_...

AGAPZ-1D

AGAPZ-4 D

R&AP4-Z D

"
bk sl b

badly due to using the tailed
adapter system
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Web Interface

Development of a TILLING Laboratory Management System
| Jobinfo | I | based on the Open Source Content Management System TYPO3

Kision Hann, David Bakert Bethany Gawaln Bennett!, omathan H. Oarke
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Basic information about this job
Project name * First Project

(For your reference)

Organism * Lotus japonicus ¥
Description * Tiling

(For your reference)
Labbook Nr.

(For your reference)

TYPO3 at a glance

e TILL. E

e ) TILLING

Comment =
(Anything additional you want us to know
about this job)

Wizard driven online submission
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(Leave empty if you don't have one)
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Opti . . s
prons e Gene Information
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e Primers

¢ Starch mutant population with 1 plants (View details in new window) = = sl L

" Symbiosis defective population with 1 plants e e
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Download
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r—r——— st 1 i ot .

Gene details

Gene Name * mtROR2
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W
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Region of interest
(Genbank format. e.g. 152..376, based on
genomic sequence)

Genomic Sequence (@) >Genomic DNA -
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gamatcttcagogactacaccaactggaaatctogoggogttggoogtgtooagttogag
acattggaagctaagtctaaagcoctaactotogocgagaacaagaaactiocttcotcage
TCCCATTTCCLOTgLCILgacyCttoCiCCgatgacatcattcctaggocigctettcct
cgtaaccgcatcaacaatggtgccotttatgotggttttoccatoggtoctgattgoaty
agcogtgottcaatcatgggaaggtgttogaggttgggttatgcctgaaaggcagagactt
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I
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Hardware
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tgogtaaaagtatgottaagittgaatccaaaaacagaatgotttgogtcactaaatgga John Innes Genome
gtgagtcaatgocgtgotttotcaatcgagagattatatoccctgotgtocaccttaggaa Laboratory
ttaaagatgaggcgcttitggcatigcaagaggatcaattgcagtigotaggaaagatgt R e G
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enepiesijcganmimetab. oo uk
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[1] Capillary Electrophoresis on the ABI 3730 provides a cost
effective, high-throughput platform for TILLING using Cell in a
number of organisms

[2] ABI 3730 provides a single platform for TILLING and sequence
confirmation

[3] GeneMapper v4.0 and Genemarker v1.71 are effective software
applications for 3730 TILLING data analysis, Mutation Surveyor
effective for sequence confirmation

[4] The JGL can offer a fast and reliable pipeline to prepare a
population for TILLING and offer a cost effective approach to
pooling

[5] Development of strategies to deal with new and difficult
populations is ongoing in the JGL
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