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Capillary Electrophoresis on ABI 3730

ABI 3730 & 3730xl 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



Overview of platform

Workflow

Plates of individuals
M2 DNA

Quantification,
normalisation
and
pooling 4x 8x or 
12x

PCR with 
5’ labelled primers

Heteroduplex
formation

Cel1 Cleavage
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Analysis

Colbert et al., Plant physiol. 2001
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2 Day Turnover per gene region
Primers arrive 
DAY 1

PCR Stage 1 4 hours

Cel1 Cleavage 4.5 hours

Cleanup 5.5 hours

3730 Run 7 hours

Analysis 8 hours

PCR Stage 2 overnight

DAY 2

Cleanup 1 hour

Sequencing Reactions 4 hours

Cleanup 5 hours

3730 run 7 hours

Sequence analysis 8 hours

Report of mutations

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



Identification

Well C01 581 bpWell C01 405 bp

[2] Scroll along 
the overlaid trace

GeneMapper v4.0 Software

[1] Select & 
overlay all traces 
& zoom in

[4] Click on peak 
to identify pool 
sample 

[3] Identify 
unique hollow 
peaks (no fill)



Sequence Confirmation
Sequence Confirmation using

Uses trace subtraction method

Software creates pseudo trace to compare sequences to, using GenBank file

It aligns the sequences and then gives a table of all the 
mutations

8 sequences representing candidate pool



Preparation of Populations

Pipeline
1

2

3

Normalisation

4

Picogreen assay
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Pool

It is critical to accurately 
normalise DNA so that each 

sample is equally represented 
within a pool

Aliquot into 5ul 
volume ready for 
stage 1 screen



Quantification

10% reduction in signal over 
first 50 min

Reproducible PicoGreen 
quantification after 50 minutes

•normalise the individuals to 5ng/ul
•pool by hand
•dilute usually to 0.5ng/ul

(With wheat we dilute to 1ng/ul)



Organisms

Medicago

Lotus

Brassica rapa

Wheat

Barley

TILLING using 3730 demonstrated on different organisms

Arabidopsis
(Adapted-TILLING)

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


Data- Medicago

42 Genes

485 Mutations

309 heterozygous (63.7%)

11.5 mutations per gene region

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

176 Homozygous (36.3 %)

Medicago (GLIP-JIC)

21 induced stops (4.3%) 

192 Genes

1890 Mutations

1276 heterozygous (67.5%)

9.8 mutations per gene region

614 Homozygous (32.5 %)

Arabidopsis (ATP)

93 induced stops (4.9%) 

Elizabeth A. Green et al 2003

16 non C-T or 
G-A changes (0.8%)

ABI 3730 xl Li-cor 

20 Genes

133 Mutations

66* heterozygous (69.5%)

6.7 mutations per gene region

29* Homozygous (30.5 %)

Medicago (GLIP-Dijon)

5 induced stops (3.8%) 

0 non C-T or 
G-A changes (0.0%)

Li-cor 

4300 M2 Plants EMS 2 3072 M2 Plants EMS 2 3072 M2 Plants 

(9.4 proportional to 4300 plants)

* Ignoring silent mutations

(13.7 proportional to 4400 plants)



Non C-T or G-A
1110 T-A Silent

Stage 1 PCR where cleavage detected and PCR for confirmation sequencing 
done on independent DNA and using different taq polymerase

3496 A-C 844 K-T



Data- Medicago

Normalised Distribution of Mutations



Data- Medicago

Medicago truncatula  Mutations
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Data- Brassica rapa

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

ng 1.0  1.5   2.0   2.5   3.0   3.5   4.0   4.5   5.0   8.0  10.0 15.0 

BrRPL1

BrRPL2

BrRPL3

Medicago

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



Data- Barley

465bp and 734bp = 1199 WT

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



Data- Wheat

For this work we took a proportion (768) 
of the Paragon EMS population generated 
at the John Innes Centre as part of the 
Wheat Genetic Improvement Network to 
asses the mutation frequency, limitations 
and suitability of the population for 
TILLING.

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

96 traces overlaid



Data- Wheat

B02
139

F06
112 H02

130

E03
163

D04
152

H02
763

B02
754D04

742E03
731

F06
779

WT =895bp

F06    112 +779 = 891 bp
H02    130 +763 = 893 bp
B02   139 + 754 = 893 bp
D04   152 + 742 = 894 bp
E03   163 + 731 = 894 bp

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.



Data- Wheat

139bp

754bp

To accurately deduce the number of missed positives, we 
sequenced the gene region for the entire test population 
(768 plants)

The results from the sequencing 
analysis revealed that the false- 
positive rate was very high and 
detected only one real mutation.

B02   139 + 754 = 893 bp

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



Data- Wheat



New Developments - Genemarker

Softgenetics Genemarker Module

Typical trace output in Genemapper

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



Genemarker Module

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



Genemapper vs Genemarker

Lotus mutation not detected analysing 3730 
traces in Genemapper 4.0

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

Report shows possible 
candidates



New Developments – Extended Ladder

22501750
1500

Sizing algorithm needs 
linearity to pass sizing 
within Genemapper 4.0

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

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

X65306
3197 bp

Liz 1500
Liz 1750

Liz 2250

1500 Reverse

M13 Forward

1750 Reverse

2250 Reverse

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

We mixed the new products with the available ladder



New Developments - Ladder

Actually 1500bp

Actually 1750bp
Actually 2000bp

Actually 2250bp

X65306
3197 bp

Liz 1500
Liz 1750

Liz 2250

1500 Reverse

M13 Forward

1750 Reverse

2250 Reverse

Very little separation between 2000 bp and 2250 bp



Multiple Dye Loading
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Corresponding Size

Target Gene Single-plex

790 bp height 283 rfu

790 bp height 113 rfu

Injecting two targets 
in a single capillary 
causes less cleavage 
product to be 
injected

Single 
target 

injection

Dual target 
injection

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



Post Cel1 Cleanup

Agencourt AmpureTM

Isopropanol

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

Both magnetic bead and isopropanol methods are effective

Cleaner at 
beginning 
and end of 
fragment

Cleaner at 
beginning 
and end of 
fragment

Magnetic bead method more expensive and less reproducible 
although the method is easily automatable on a liquid handling 
robot



Effect of Increased Injection Voltage

5.0 kV

10.0 kV

An increase in the 
injection voltage 
increases the signal 

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

15.0 kV



Repetitive Regions
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Region Considerations

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



Inaccessible regions – Taq Slippage

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

ggcaaccaatacgaagaaggtgatgtttctcttgtccatgaaagtaagcttgattttgga
gatccatacaggaaacatcaaatgatatgtaggtaggttcttctggctactgtacattac
attttctggaactgactttcggcattttgtcagcagaaagatgcttatgatcaaactttt
gtacaggtatcaccagaaggcaccgccaaattggacagcactttctactgcaatcctatt

ctttgtga

 

ttcttcttttaatcggttacattttatatggtgctgggaatcatat
tgtcaaagtagaggatgatttccacgaaatgcaggagctaaaagttcgagcagaggcagc
cgatgttgccaagtcacaggtacttttccttgacatgtcgttggcacttggcatatttcg
atatttcctttgattacgcaacaataactaatactgaaatttttgtttttgtcagtttct
Agctactgtctctcatgaaattagaacacctatgaatggcattttaggtaactgcaaaat

tctctctctctttgcctaacatgtaacatatgctttcatagctttcacttgctc
attaataatgttatcacaaaacaaaactctgtatgattgtaggaatgcttggtctgcttc
tacgcacggaattgaactcaactcaacgggactatgctcagactgctcaagcatgtggga
aggctctgatagcattaataaatgaagtgcttgaccgagcaaaaattgaagctggcaaat
tagagctggaagcggttccatttgaccttcgttccatactcgatgatgtcctctctcttt
tttcagagaagtctagacacaaaggtttagaggtatgctcaatcgttactaaacctattg
tgaaggccaatacgagtttcataataatatcttaattcggtttcctctctttatttgatg
atctaacttcattatcccattttacctttcatagctggcagtgtttgtttctgataaagt
tccagatattgttatgggagatcctggg



Strategies

•Could these repetitive regions be overcome when using a method that does not 
use Cel1 cleavage as the primary detection method?

•If 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?

Could we use Pyrosequencing?

…and detect 1 mutant in 16 (6.25 %)
i.e. heterozygous SNP in 8-pool



New Developments - PyroTILLING
PyroTILLING

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 Cel1 cleavage



Brassica- 2-D Pooling

8-pool

12-pool

1
2

3
4

5
6

7
8

Individual Plates

Individual Plate 7 G04 identified

Plate 7 column 4

Row G

It becomes cost 
effective to screen in 
2 dimensions when 
the mutation rate is 
above 10 mutations 
per 768 plants in a 
1kb region



2D Pooling - Costing

2D screen vs 1D screen

0

100

200

300

400

500

600

4 8 12 16 20 24

Number of candidates

1D Costs

2D Costs

9-10 candidates

£

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

Medicago and Lotus

Brassica rapa



Arabidopsis – adapted TILLING

Specific Target 
Gene1 Reverse 
Primer with 5‘ 
Universal Tail

Universal 
internally labelled 
Forward Primer

Specific Target 
Gene1 Forward 
Primer with 5‘ 
Universal Tail

Universal 
internally labelled 
Reverse Primer

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

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

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.



Adapted-TILLING

Each plate contained 23 
candidate regions and 1 control

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

A number of regions performed 
badly due to using the tailed 
adapter system

control



Web Interface



Summary

[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

[1] Capillary Electrophoresis on the ABI 3730 provides a cost 
effective, high-throughput platform for TILLING using Cel1 in a 
number of organisms

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