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Sanger Sequencing Best and Worst Practices

A resource for troubleshooting your Sanger Sequencing data

Sanger sequencing was first described by Fred Sanger et al. in 1977. In 1986, the
Applied Biosystem’s ABlI 370A became the first automatic fluorescence-based Sanger
sequencing instrument. That first instrument used a polyacrylamide gel for electrophoresis,
could run 16 samples at a time, and produced about 450 bases of sequence per sample. In
1996, Applied Biosystems introduced the ABI 310, which replaced gel electrophoresis with
electrophoresis in a single capillary. Improvements in chemistry increased read lengths to
600 bases. The ABI 3730 was released in 2002, and it offered the ability to sequence 48
samples at a time. The MSU Genomics Core has an ABI 3730XL, which sequences 96 samples
at a time and can process many 96-well plates per day. Read lengths of 800 to 900 bases are
possible with the 3730XL.

More than 45 years after the first description of Sanger sequencing and over 35 years
since the first automated Sanger sequencing instrument was first introduced, Sanger
sequencing is still an important tool for molecular genetics. While automated Sanger
sequencing is extremely convenient, it has been around for so long that many researchers
take it for granted. To keep costs low, most Sanger sequencing facilities prepare 1/16t
reactions, which use very small amounts of template, primer and fluorescent reaction mix.
The nature of these small volume reactions means that when templates and primers are not
present at prescribed levels, the quality of the sequence data may suffer.

In the RTSF Genomics Core, we have seen many examples of how improper template
or primer preparation can affect Sanger sequencing quality. This Sanger Sequencing guide
has been developed to show best and worst practices when performing Sanger Sequencing.
This guide shows examples of good- and poor-quality sequence. Explanations are provided
about how results were obtained. In particular, examples of poor-quality sequences are
provided to help researchers to troubleshoot their own Sanger sequencing results.

The pGEM-3Zf(+) control (supplied with BigDye Terminator v3.1 Cycle Sequencing Kit,
Applied Biosystems, part number 4337456 or Promega, part number P2271) was used as the
template for the examples in this guide (except where noted). Sequence Scanner 2 software
(free from ThermoFisher) was used to view the results (.ab1 files) and capture images for this
guide. There are many options available to view Sanger Sequencing (.abl) files. The
Genomics Core does not recommend a particular software. You will have to determine
which software works best for your situation. A non-exhaustive list of available software is
available on page 27.
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Best Practices

The RTSF Genomics Core’s Sanger Sequencing sample requirements are briefly described below. For
detailed requirements, please see the following webpage:
https://rtsf.natsci.msu.edu/genomics/sample-requirements/sanger-sequencing-sample-requirements.aspx

The RTSF Genomics Core accepts samples in which the researcher has already added their own
primer, or the researcher can submit the sample and request that the Core add one of six available in-house
primers (M13 forward, M13 reverse, SP6, T7, T7 terminator, or T3).

Fluorometric quantification, such as Qubit, is recommended. NanoDrop concentrations are
inaccurate and often overestimate sample concentration by 10-fold or more. The most common culprit of
poor sequencing results is insufficient template. The recommended DNA and primer concentrations are
given in the table below.

When primer is added by When primer is added by
RESEARCHER GENOMICS CORE
Sample Type & Size DNA Mass (ng)* ;?:::::;‘g"(lm) Total Volume (ul) ;?::::;:g?m) Total Volume (pl)
Plasmid
Single-stranded DNA 200 3 12 0 8
Double-strandlfs) DNA (up to 10 1000 3 12 0 3
Purified PCR Product

<100-200 bp 2-6 3 12 0 8
200 - 500 bp 6-15 3 12 0 8
500 — 1000 bp 10-40 3 12 0 8
1000 — 2000 bp 20-80 3 12 0 8
>2000 bp 80-200 3 12 0 8

*Please note that these are general recommendations and optimization may be required by the researcher.

To sequence in both the forward and reverse direction, two reactions are required. One primer is

added per reaction. Template + Forward Primer ~ Template + Reverse Primer

For PCR products it is crucial to purify the products to remove remaining primers, unincorporated
nucleotides, enzyme, buffer, and salts. Recommended purification methods include bead or column-based
purification, enzymatic cleanup (i.e. ExoSAP-IT), or gel extraction. Additionally, it is important to visualize
PCR products on an agarose gel to confirm that only one product has been generated. Reactions containing
multiple PCR products (i.e. desired product and an off-target product) will result in unusable data.

The Genomics Core will return the Sanger sequencing result in the form of an .ab1 file. One .ab1 file
is returned per reaction. Results are uploaded to Genomics Depot for researchers to download. It is the
responsibility of the researcher to download and save all data files. The Genomics Core will retain data for
only 6 months from time of collection



Anatomy of the Electropherogram

The electropherogram below is labeled to show the various aspects that should be reviewed when
assessing the quality of the sequence. The sequence immediately below was viewed with Sequence
Scanner 2 software. Sequence Scanner 2 was used to collect the images for this guide, except where noted.
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Other software (free or paid) is available for viewing Sanger Sequencing data. The same sequence
from the image above was viewed with two other (free) software programs, SnapGene Viewer (left image)
and 4Peaks (right image), to show how they compare to Sequence Scanner 2.
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Assessing your Sanger Sequencing results

When reviewing your Sanger sequencing results, it is important to visually review the electropherogram, sequence
quality, and signal intensity to determine if your results are high quality. Start by viewing the electropherogram.

Basic Expectations of the Electropherogram

The beginning of the sequence

The quality of the first 25 to 35 bases of the
sequence is expected to be poor. In this
electropherogram, the quality is poor through
the first 25 bases. After the initial poor-
quality bases, the quality improves, the peaks
are sharp and there is no background noise.

The middle of the sequence

After the first 25-35 bases of a high-qualit
sample, you should expect:
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* sharp peaks

* good signal intensity

* very little to no background noise \

As the sequence continues, the signal
intensity decreases. In the figure to the right,
the signal intensity has dropped noticeably by
position 600. The quality is still high — the
peaks are well defined, the signal intensity is
>175 RFU, and there is little to no background
noise.

The end of the sequence

Sequence lengths of 800 to 900 bases are
possible for high-quality templates. It is
common for the the signal intensity and
quality to decrease as the read gets longer. In
the electropherogram to the right, the signal
intensity is lower than it was at the beginning
and middle of the read, the quality is
beginning to drop, and the peaks are broader.
While sequence beyond 900 bases may be
useful, those bases should be interpreted with
caution.
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Sequence and Base Call Quality

The base call quality can be assessed by looking at the quality bars on electropherogram itself, or if your
program allows, you can review the base call quality in conjunction with the sequence as seen below. The
sequence immediately below is the same sequence that was viewed in the electropherograms on the
previous page.

Example of a high-quality sequence
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Example of a poor-quality sequence

The base calls are low to medium quality throughout the entire sequence — indicated by red and yellow.
There are very few consecutive high-quality base calls (blue). This sequence is unusable.
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Signal Intensity

The average raw signal intensities should be between 175 to 10,000 RFU (relative fluorescence units). Data
with average raw signal intensities below 175 RFU or above 10,000 RFU often result in poor-quality data
and should not be used. The example on the left has signal intensities in the acceptable range. The

example on the right has very low signal intensities — this sequence data was unusable.

Good Signal Intensities

v Data Analysis
Basecaller
Basecaller Version
Mobility File
Basecall Date/Time
Total # of Scans Collected
Basecall Start Scan®
Basecall Stop Scan®
Peak 1 Scan®
Base Spacing

KB.bcp

KB 1.4.1.8
KB_3730_POP7_BDTv3.mob
2023-09-05 07:28:20 -04:00
29961

2183

25953

2181

20.1

Average Raw Signal Intensity

A(890),C(1324),G(664), T(1411) |

Average Noise

Average Raw Signal to Noise Ratio

Trace Score
Contiguous Read Length
QV20+ (# Bases w QV >=20)

A7), C(7), G(B), T(8)

A(121), C(193), G(117), T(167)
39

1001

1002

Low/Poor Signal Intensities

v Data Analysis

Basecaller

Basecaller Version
Mobility File

Basecall Date/Time

Total # of Scans Collected
Basecall Start Scan®
Basecall Stop Scan®
Peak 1 Scan®

Base Spacing

KB.bcp

KB 1.4.2.5
KB_3730_POP7_BDTv3.mob
2023-10-09 07:25:24 -05:00
29961

2260

25789

2258

20.18

Average Raw Signal Intensity

A(56),C(68),G(39),T(83)

Average Noise

Average Raw Signal to Noise Ratio

Trace Score
Contiguous Read Length
QV20+ (¥ Basesw QV >=20)

A(9), C(10), G(7), T(13)
A(5), C(6), G(3), T(6)
13

5

106

Quality Values

A quality value (QV) is given for each base. The QV is the probability of a basecall error. For example, a QV
of 20 means that the error rate is 1% for that basecall.

Quality Value = -10logqg (pe)
Pe is probability of error
KB basecaller generates QV's from 1to 99
Typical high quality pure bases will have QY 20- 50
Typical high quality mixed bases will have QY 10-50
Size and color of QYs bars are identical for QVs 50-99

Qv Pe Qv Pe Qv Pe

1 79% 21 0.790% H“ 0.0079%
2 63% 22 0.630% 42 0.0063%
3 50% 23 0.500% 43 0.0050%
4 39% 24 0.390% 4 0.0039%
5 31% 25 0.310% 45 0.0031%
6 25% 26 0.250% 46 0.0025%
7 20% 27 0.200% 47 0.0020%
8 15% 28 0.150% 48 0.0015%
9 12% 29 0.120% 49 0.0012%
10 10% 30 0.100% 50 0.0010%
11 7.9% 31 0.079% 60 0.0001%
12 6.3% 32 0.063% 70 0.00001%
13 50% 33 0.050% 80 0.000001 %
14 4.0% 34 0.040% 90 0.0000001 %
15 32% 35 0.032% 9 0.00000012%
16 25% 36 0.025%

17 2.0% 37 0.020%

18 16% 38 0.016%

19 1.3% 39 0.013%

20 1.0% 40 0.010%




Where do | find the signal intensity?

Sequence Scanner 2

Open the file in Sequence Scanner 2; click “Annotation” at the bottom of the screen; and the window will switch to

the

annotation view.

+ Data Analysis
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Open the file

SnapGene Viewer

in SnapGene Viewer; click

“Chromatogram Data” at the bottom of the

window.

Click “Parameters” when the new

window opens.
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Open the file in 4Peaks; click the “i” icon in
the bottom right corner and a new window
will open.
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Example 1: Correct template and primer concentration (plasmid)

This is an example of a good sequencing reaction that resulted in high quality data.
The template source is the pGEM-3Zf(+) control; a double stranded DNA plasmid that is 3,197 bp.

Number of | Volume of
Template . Total .
Mass Primers 10pumM Volume File Name
Added Primer
1000 ng 1 3u 12 1_correct_plasmid.abl

Position 200
The criteria that make this a
high-quality sequence are:

Quality values are high
throughout the read
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The sequence quality begins to drop at base 909 (yellow and red bases). ~ Data Analysis
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Example 2a: 1/10t" recommended template (plasmid)

The template was diluted to 1/10th the recommendation. The primer was added at the correct concentration.
The template source is the pGEM-3Zf(+) control; a double stranded DNA plasmid that is 3,197 bp.

Number of | Volume of
Template . Total .
Mass Primers 10pum Volume File Name
Added Primer
100 ng 1 3u 12 2a_0.1_template_plasmid.abl

The quality of this sequence is still good despite having a lower than recommended template mass. There are two characteristics
that indicate that the template mass was lower than recommended. 1.) There is noise; these are the peaks along the bottom of
the electropherogram. This is most pronounced around position 70 of this example, but it can be seen throughout the read. 2.)
The signal intensities are lower than was observed in Example 1 (correct template), however, the signal intensities are still above
the threshold of 175 RFU.
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Low background
noise is observed
throughout the

%

At position 795, the signal intensity has
decreased, but continues to be >175
RFU. The quality continues to be high,
and each position has only one peak
(i.e. one assigned base call).

Sequence Annotation and Quality

sequence.

Position 200
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9650 9700 9850 10000 10050 10100 101

Signal Intensity

The base calls in blue are high quality with only one base being called. The
sequence quality begins to drop around base 904 (yellow and red bases).
The quality of this sequence is high, like Example 1 (correct template).

The Average Raw Signal Intensities are in
the acceptable range.
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Example 2b: 1/100t recommended template (plasmid)

The template was diluted to 1/100t the recommendation. The primer was added at the correct concentration.
The template source is the pGEM-3Zf(+) control; a double stranded DNA plasmid that is 3,197 bp.

Number of | Volume of
Template k Total .
Mass Primers 10pumM Volume File Name
Added Primer
10 ng 1 3ul 12 ul 2b_0.01_template_plasmid.abl
2450 2500 2550 2600 2650 2700 2750 2800 2850 2300 2950 3000

50

This is a poor-quality sequence cusa ww L sautlinna e TR L L L N N
thatdidnotgenerateusable GTAAAGCCTG AAGTGCCTAATAAGTGAGCTAACT CACATTAATTGCGTTGCGC

200 205
Il |

-

0 2]15 2|20 2|25 2|30 2]35 2?0 2?5

data.

1200

- Position 200
* Quality values are low 1000

throughout the sequence. 900
300

* The background signal is Zzz
high relative to the primary L
signal, which contributes to WI[

el Ml i m\\dm Al

' 1 . rF
100 ’ | ‘ ' ' ;‘
Wb o ’
Wt Hm |
9600 9650 9700 9750 3300 3850 9300 3950 10000 10050 10100 10150 102

e
Be oot aleeadon. ool TR Y

<
Tnnil
CCCGTTCAGCCCGACTGCTGCGCCTTAT  CCGGTAACTATCGTCTTG ATTC((

7|95 SIIJO BIIJS SIIIJ 8[15 SIZO 8|2

o

SISIJ 8.;35 8?0

&

1 Position 795

400—

At position 795, the quality
continues to be poor with
multiple peaks per position as
was seen at position 200
above.

300—

200—-

100—

RMK 1) Aw

B

A ‘\ 1o VM
(
Sequence Annotation and Quality Signal Intensity
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should not be used.
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Comparison & Summary: Samples with too little template (plasmid)

The panel below shows how the quality of the sequence decreases as the amount of
template decreases. The correct template mass (example 1) is on top, 1/10" the recommended
template mass (example 2a) is in the middle, and 1/100" the recommended template mass
(example 2b) is on the bottom. Two regions of the electropherogram are displayed: position 200 on
the left and position 795 on the right. The average raw signal intensities are also displayed for
each example.

Example 1: Correct template (plasmid) A(890),C(1324),G(664),T(1411)
Coordinates (xy) [ | Coordinates (x.y):
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TGTAAAGCCTGGGGTGCCTAATGAGTGAGCTAAC GTTCAGCCCGACCGCTGCGCCTTATCCG GT AACTA
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Example 2a: 1/10th recommended template (plasmid) A(513),C(663),6(550), T(668)
Coordinates (x.y): [ ] Coordinates (g [ |
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Example 2b: 1/100th recommended template (plasmid) A(68),C(78),G(73),T(83)
Coordinates (xy): [ | Coordinates (xy): [ |
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Examples 1 and 2a are good quality sequences. While example 2a used 1/10" the
recommended template and still achieved a good quality result, it should be noted that this is not
necessarily expected or recommended. However, it does demonstrate that high quality templates
may generate acceptable quality data even when deviating from recommended inputs. Example
2b is a poor-quality sequence and should not be used. Refer to pages 9 — 11 for a more detailed
summary of each example.



Example 3: Correct template and primer concentration (PCR product)

This is an example of a good sequencing reaction that resulted in high quality data.
The template source is a 408 bp double stranded PCR product that was purified with ExoSAP-it.

Number of | Volume of

Template . Total .

Mass Primers 10pumM Volume File Name

Added Primer

15 ng 1 3ul 12 ul 3 _correct_PCR_product.abl
Position 200
The Criteria that make this a o 2450 2500 2650 I I 2600 2650 I ZIFOOI I |2750I 2800 28I5I1 I ZSOUI 2950 3000 GliEO
hlgh_qualltysequenceare. ;AACAACAATAATAACACGAAATCGATTGTTAAGTCATCTGATGATACAAGAAGAAT.
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Example 4a: 1/10t recommended template (PCR product)

The template was diluted to 1/10t™ the recommendation. The primer was added at the correct concentration.
The template source is a 408 bp double stranded PCR product that was purified with ExoSAP-it.

Number of | Volume of
Template . Total .
Mass Primers 10pumM Volume File Name
Added Primer
1.5ng 1 3ul 12 ul 4a 0.1 _template_ PCR_product.abl
Position 210
The criteria that make this an e T T = ik i

50—: BB | — o5
acceptable quality sequence are: -!!!! !! ! ! ! !! ! !!! ! !; !! !! ! L !
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1000
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700
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the electropherogram), butthe  w,[ 77 aa: LAD LA L

A A
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End of sequence

Quality and signal intensity
continue to be high until the end of
the read. The background noise
continues as well, but the base
calls can still be determined.

At position 389 the sequence
abruptly ends. This is expected
because the template is a PCR
product.
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Example 4b: 1/100t" recommended template (PCR product)

The template was diluted to 1/100%™ the recommendation. The primer was added at the correct concentration.
The template source is a 408 bp double stranded PCR product that was purified with ExoSAP-it.

Number of | Volume of
Template k Total .
Mass Primers 10pum Volume File Name
Added Primer
0.15ng 1 3ul 12 ul 4b_0.01_template_PCR_product.abl
Position 205 S T L T T T R IR T B B
CA CCAA CA AT CTCAC AAA GTC GATTGGTAA TACCTCT  GAGAAT CCAA GAAAAATCCA
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quality sequence are:
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throughout the read.
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and/or there is a lot of
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End of sequence

Bases are no longer called after
position 440. This is beyond the
expected length of the PCR
product.

Quality values continue to be poor
through the entire read and
multiple peaks are called at each
position.
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Sequence Annotation and Quality

This sequence is made up almost exclusively of low-quality base calls (red).
This is a failed sequence and cannot be used.
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Signal Intensity is below the acceptable range.
A(61),C(59),G(49),T(74)




Comparison & Summary: Too little template (PCR product)

The panel below shows how the quality of the sequence decreases as the amount of template
decreases. The correct template mass is on top (example 3), 1/10t the recommended template
mass (example 4a) is in the middle, and 1/100" the recommended template mass (example 4b) is
on the bottom. Two regions of the electropherogram are displayed: position ~210 on the left and
The average raw signal intensities are also displayed for

the end of the sequence on the right.
each example.
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Example 4b: 0.15 ng template (PCR product)
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In the examples above you can see that a moderate deviation from the recommended template

mass for PCR products generates acceptable results (example 4a).
small amount of PCR product results in sequencing failure (example 4b).
more details on each of these examples.

However, providing a very
See pages 13-15 for



Example 5: 5X recommended template (plasmid)

The template was added at 5X the recommendation. The primer was added at the correct concentration.
The template source is the pGEM-3Zf(+) control; a double stranded DNA plasmid that is 3,197 bp.

Number of | Volume of
Template . Total .
Mass Primers 10pum Volume File Name
Added Primer
5000 ng 1 3u 12 5_5X_template_plasmid.abl

The quality of this sequence is still good despite the template being at a greater mass than is

recommended.
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Sequence Annotation and Quality

The base calls in blue are high quality with only one base being called.
Medium and low-quality values become more frequent around base 850
(yellow and red bases). The quality of this sequence is high, like example 1
(correct template). But, the usable sequence may be slightly shorter.

The Average Raw Signal Intensities are in
the acceptable range.
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Example 6: 5X recommended template (PCR product)

The template was added at 5X the recommendation. The primer was added at the correct concentration.
The template source is a 408 bp double stranded PCR product that was purified with ExoSAP-it.

Number of | Volume of
Template k Total .
Mass Primers 10pum Volume File Name
Added Primer
75 ng 1 3ul 12 ul 6_5X_template_PCR_product.abl

The quality of this sequence is poor.

2450 ZEIOU

25|50

2600
P

ZBIEU

ZTW 27]50 ZSIOO 28I50 ZSIOU 29|50 30]00

220 225
I 1

I va 0 | 1. ||-|| 11 ' '
A CA G GC TCGTTAAAACT ATG AGTGGAAATGTGCT CTACCTTCGAGACG CT G,
Tos

215
|

Position 205 e’ | ' 'I‘ - | :
= | c 1 -
The criteria that make this a poor- w
quality sequence are: 2‘“3::/
* Quality values are low ]
throughout the read. ]

1300
1200—

* Each position has multiple peaks o]
and/or there is a lot of \

Al
M ‘.zﬁ'

6450 6500

Lowvany

550

il

" k‘
IM,‘N,..O J)‘”‘ h"‘ lmu

il

6700 6750 6800 6850 £300 6350 7000

M TR P TS TR TR PR N T P F N

B T 11
GGAG AGTGA

535 540
1 |

560 565 50 575 50 55

background noise. e
End of sequence Y
Bases are no longer called after -
position 559, however, this is o
beyond the expected length of the ;;3:‘
PCR product. e

|300—-
1200
Quality values continue to be poor ;-
900

through the entire read and ]
multiple peaks/noise are present ]
at most, if not all, positions. 0]

Sequence Annotation and Quality

.'«.ﬁ‘u‘&)‘\ ".“A“w t‘ﬂ’t‘

i

A

A\\

This sequence has mostly medium- to low-quality base calls.
This is a failed sequence and cannot be used.
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Example 7a: 1/10t primer concentration but correct template

The primer was diluted to 1/10% the recommended concentration. The template was added at the correct mass.
The template source is the pGEM-3Zf(+) control; a double stranded DNA plasmid that is 3,197 bp.

Number of | Volume of
Template . Total .
Mass Primers 1uM Volume File Name
Added Primer
1000 ng 1 3u 12 7a_0.1_primer_plasmid.abl
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at the beginning and middle of the read:
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The quality of the sequence decreases earlier in the read than in example 1. At position 795, the signal intensity has decreased,
but the quality is OK. The quality really begins to drop off by position 850.
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Summary
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necessary to trim lower quality bases
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The base calls in blue are high quality bases with only one base being called.
The sequence quality begins to drop slightly earlier than in example 1.
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Example 7b: 1/100" primer concentration but correct template

The primer was diluted to 1/100t the recommended concentration. The template was added at the correct mass.
The template source is the pGEM-3Zf(+) control; a double stranded DNA plasmid that is 3,197 bp.

Number of | Volume of
Template . Total .
Mass Primers 0.1uM Volume File Name
Added Primer
1000 ng 1 3u 12 7b_0.01_primer_plasmid.ab1l
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Comparison & Summary: Samples with too little primer

The images below show the sequence and base call quality, the electropherogram at
position 795, and the average signal intensities for comparison of a sample (plasmid) with the
correct amount of primer and template (example 1), 1/10" recommended primer concentration
(example 7a), and 1/100" recommended primer concentration (example 7b). The examples with
too little primer still yielded acceptable results. However, manual review of the electropherogram
and trimming to remove poor-quality bases at the beginning and end of the read is necessary with
1/100" the recommended primer concentration. Refer to pages 9 and 19-20 for a more detailed

summary of each example.
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Comparison & Summary: Samples with too much primer

We tested the effects of too much primer (10X and 40X recommended primer
concentrations) with the correct template mass (plasmid). In both cases the quality of the sequence
data was relatively unaffected, and the data was acceptable. The sequence and base call quality
and the average signal intensities are presented below for comparison. The correct primer
concentration is on top (example 1), 10X the recommended primer concentration is in the middle
(example 8a), and 40X the recommended primer concentration is on the bottom (example 8b).

Example 1: Correct template (plasmid) A(890),C(1324),G(664), T(1411)
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Example 9a: Two primers and correct template

Two primers were added, both at the recommended concentration. The template was added at the correct mass.
The template source is the pGEM-3Zf(+) control; a double stranded DNA plasmid that is 3,197 bp.

Template NurT\ber Concentration and Total .
Mass i AT volume of primers Volume AOLET
Added g
3 pl forward primer (10uM) . .
1000 ng 2 3 ul reverse primer (10uM) 12 9a_two_primers_1X_plasmid.abl

The quality of this sequence is poor throughout the entire read. This sequence cannot be used. The
phenotype shown here is a mixed template, which means there are multiple peaks at each position.
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Example 9b: Two primers and correct template

Two primers were added. One at the recommended concentration and the other at 1/10'" the recommended
concentration. The template was added at the correct mass.
The template source is the pGEM-3Zf(+) control; a double stranded DNA plasmid that is 3,197 bp.

Template NurT\ber Concentration and Total .
Mass i AT volume of primers Volume ABLEITS
Added g
3 pl forward primer (10uM) . .
1000 ng 2 3 ul reverse primer (1) 12 pl 9b_two_primers_1X_0.1_plasmid.abl

The quality of this sequence is poor, showing the phenotype of mixed template at most positions
throughout the read. Mixed template means that there are multiple peaks (base calls) at a single position.

2450
503

2500

2l|35

2550

IR
GGG GTGCCTAATGAGT

2600

2650 2700

1l
GA

210 215
| |

220
1

2750

. 11
GCTAACTCAC,

2|25

2800

2

700 .
4 Position
600—
500—
400—

300

200—

100—

e

200

‘ .QL..A..A‘A‘AA,LJM&

I

Sequence Annotation and Quality

i

Most of the base calls are red and yellow, which are low- and medium

5050 5100 5150 5200 5250 5300 5350

1
GG

1l ITln.n. 1 R
CGGTAATACGGTTATCCACAGAATCAG!

4:5 4?0 4|25 4:|30 4?5 4?0

700—

600—

Position 415

Multiple peaks at each position
occurs throughout

the entire read.

(s

quality calls. This sequence is poor quality and should not be used.

71
141 A
211
281
351
421
491
561
631
701
771
841
911
981

1051
1121
1191
1261
1331

Pure Base QV

High [l

Medium

Low [

70
140
210
280
350
420
490
560
630
700
770
840
910
980
1050
1120
1190
1260
1330
1392

Mixed Base QV

High [l

Medium [

Signal Intensity

Average raw signal intensities can
still be in the acceptable range
even if the data is poor quality.

A(826),C(1333),G(465),T(1528)

Low [l




Example 10: Mixed template but correct primer

The template source is the ZymoBIOMICS Microbial Community DNA Standard (Zymo Cat# D6306), a mock
community composed of genomic DNA from eight bacteria plus two fungi. Full length 16S primers (27F and 1492R)
were used to amplify the 16S rRNA gene. The product was purified with ExoSAP-IT. The product size is 1465 bp.

Template N“'T‘be’ Concentration and Total .
Mass el volume of primer Volume AOLELS
Added g
20 ng 1 3 ul forward primer (10uM) 12 ul 10_mixed_template_PCR_product.abl

This sequence has multiple peaks (base calls) at each position throughout the read indicating a mixed
template. This sequence is poor and should not be used.
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Example 11: Slippage (PCR product)

The template was added at the correct concentration. The primer was added at the correct concentration.
The template source is a 510 bp double stranded PCR product that was purified with ExoSAP-it.

Number .

Template . Concentration and Total .

Mass TR volume of primer Volume FIB EE

Added
20 ng 1 3 pl forward primer (10uM) 12 ul 11 slippage_PCR_product.abl
4350 4300 4350 5000 5050 5100 5150 5200 5250 5300 5350 5400 5450 5500 5550
Fovvoavttaroortebonrbaboeeroeetn b bown e bl
CAGCATCTTTTTCTATTTTTTTTTTATCTCCGCCACTTGCTTG GG AT GAGAAAT GAAGCTATTGTTA
400 405 410 415 420 430 435 440 445 450 455 460
| | | 1 1 1 I | | | 1 |

2100—
2000 . . .
1900—
}333:: Sequ.ence is clean and high <.:|ual.|ty Starting at position 422, a
oo until a homopolymer.T. region is secondary peak is called
:;gg:i encountered at position 413. for each position.
1200 l
1100
1000
300
0] Cf
o AR n AR
=i w’\\";\ / JHHHJ m
=V N U*w'u v Hf A

<

2100
2000
1900

0

Position 465

fi

A
Al
\ A

o
V ‘\Jf\\il R

J

4 N

Secondary peaks continue
through the entire read.

Summary

§700 §750

o0

: 6000
el ol
ATAGTAGCC
535 s s =50 w5 560 5

| —

-

[&

11
TGAA

i
|I||||
TCTTA

5 575

If the secondary peaks
are too extreme, it may
be necessary to sequence

Position 535

the opposite strand up to
the homopolymer that is
causing the slippage. Or,
a new primer can be used
to continue sequencing
immediately after the

gty

homopolymer that
e e BT T TR .. | caused the slippage.
NN I T T II T N I
TAGCCTTGAATCTTAATAACTTATTCACTGTAATCTAGATCCCTGTTTGAJI
L 5.65 P 7 0 v o ww i i . i In some cases, it may not
%3 Position 560 to end of sequence be possible to
satisfactorily sequence
qound homopolymersy




Software for viewing Sanger Sequencing Data

Below is a non-exhaustive list of software available for viewing Sanger
Sequencing data. Some of the software is free and some is paid. The images
used in this guide were captured while viewing data in Sequence Scanner 2.

* Sequence Scanner 2
* SnapGene Viewer
* 4Peaks

* Chromas

e GeneStudio
 UGENE

* Chromaseq

* Geneious

* DNASTAR Lasergene
* Sequencher

e CodonCode

* DNA Baser

TTGGGCGCTCTTCCGCTTCCTCGCTCACTGACTCGCTGCGCTCGGTCGTTCGGCTGCGGCGA

el s Ao

340 350 360 370 380




File Descriptions & Where to download

File names and descriptions are in the table below. All .ab1 files presented in this guide are available

to download from the Genomics Core’s website at:

https://rtsf.natsci.msu.edu/genomics/technical-documents/sanger-sequencing-best-and-worst-practices.aspx

e [rame —————owepion

9 1_correct_plasmid.abl

10 2a_0.1_template_plasmid.ab1l

11 2b_0.01_template_plasmid.ab1l

13 3 correct_PCR_product.abl

14 4a_0.1 template_PCR_product.abl
15 4b_0.01_template_PCR_product.abl
17 5 _5X_template_plasmid.abl

18 6_5X_template_PCR_product.abl

19 7a_0.1_primer_plasmid.ab1l

20 7b_0.01_primer_plasmid.abl

22 8a_10X_primer_plasmid.ab1l

22 8b_40X_primer_plasmid.abl

23 9a_two_primers_1X_plasmid.ab1l

24 9b_two_primers_1X_0.1_plasmid.abl
25 10_mixed_template_PCR_product.abl
26 11 slippage_PCR_product.abl

Correct template and primer concentration (plasmid)

1/10th template concentration and correct primer
concentration (plasmid)

1/100th template concentration and correct primer
concentration (plasmid)

Correct template concentration and primer
concentration (PCR product)

1/10th template concentration and correct primer
concentration (PCR product)

1/100th template concentration and correct primer
concentration (PCR product)

5X template concentration and correct primer
concentration (plasmid)

5X template concentration and correct primer
concentration (PCR product)

1/10th primer concentration and correct template
concentration (plasmid)

1/100th primer concentration and correct template
concentration (plasmid)

10X primer concentration and correct template
concentration (plasmid)

40X primer concentration and correct template
concentration (plasmid)

Two primers added at the recommended
concentration. The correct template concentration
was used (plasmid)

Two primers added. One at the recommended
concentration and the other at 1/10th the
recommended concentration. The correct template
concentration was used (plasmid)

A microbial community standard was amplified. The
correct template mass and primer concentration
were used.

This example demonstrates slippage in a PCR
product. The correct template mass and primer
concentration was used.

Questions?
Contact the RTSF Genomics Core at gtsf@msu.edu



