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Part IPart I Introduction of PFGEIntroduction of PFGE

Identification and Phylogeny applicationIdentification and Phylogeny application

•• Bacterial, fungal and viral epidemiological typing Bacterial, fungal and viral epidemiological typing 

•• Bacterial source tracking Bacterial source tracking 

•• Mutation detection and analysis Mutation detection and analysis 

•• Plant and animal breeding Plant and animal breeding 

•• Phylogenetic inference and evolution Phylogenetic inference and evolution 



傳統鑒定方法傳統鑒定方法傳統鑒定方法傳統鑒定方法傳統鑒定方法傳統鑒定方法傳統鑒定方法傳統鑒定方法

傳統鑒定方法，是相對於現代的分類鑒定方法而言

形態：
菌落，在半固體或液體培養基中的生長狀態等
個體，細胞形態，染色反應，各種特殊構造等

生態特性：
生長溫度，對氧的需要，宿主種類等

營養要求：
能源，碳源，氮源，生長因數等
生理、生化反應 (API, Biolog, Vitec, etc.)

血清學反應
藥物感受性

分子分子分子分子分子分子分子分子鑒定方法鑒定方法鑒定方法鑒定方法鑒定方法鑒定方法鑒定方法鑒定方法

利用現代的遺傳學特性的鑒定細胞的基因或組成成分：

基因定序
nucleotide, amino acid sequences, MLST, MLVA

一維電泳
PCR
AFLP, amplified fragment length polymorphism
RAPD, random amplification of polymorphic DNA. 
DGGE, denaturing gradient gel electrophoresis
PFGE, pulsed field gel electrophoresis

組成成分:
紅外光譜、氣相色譜和質譜分析等

Accessory machines in BioAccessory machines in Bio--radrad

PFGE

CHEF Mapper XA system

DCode Universal Mutation 

Detection System

DGGE/TGGE

AFLP, MLVA

Amplication and electrophoresis

Imager

• After the electrophoresis, the gel
must be stained so that the DNA
can be seen.

• The researcher will have loaded
some size standards as well as
the samples so that the size of
the unknown samples can be
accurately estimated

• The gel will look like this
illustration when illuminated by
UV light.

Standards   The samples are in the “lanes” below:
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Electrophoresis of DNAElectrophoresis of DNA



Pulsed Field Gel ElectrophoresisPulsed Field Gel Electrophoresis

• DNA in the size range of 30 kb and larger will no longer
migrate in a conventional agarose gel arrangement. It is
simply too big and has stretched out too wide.

• In 1984, Schwartz and Cantor devised a solution for this
problem - they found that DNA could be coaxed through an
agarose gel in a stepwise fashion, by pulsing the electrical
fields in different directions. This is why this technique is
called pulsed field gel electrophoresis (PFGE) .

How doesHow does PFGE PFGE work?work?

• When the first electrical field is applied to the gel, the DNA elongates in the direction
of the electrical field and begins to migrate in the gel.

• The first electrical field is then switched to the second field according to the run
specifications. The DNA must change conformation and reorient before it can
migrate in the direction of this field.

• As long as the alternating fields are equal with respect to voltage and pulse
duration, the DNA will migrate in a straight path down the gel.

Field A Field B

Reorientation Angle

120°°°°

How does PFGE work?How does PFGE work?
Conventional electrophoresis uses a single electrical field to cause
biomolecules to migrate through a matrix according to the
mass:charge ratio present in the biomolecule. Thus the migration
distance of this biomolecule is indicative of its mass.

 
DNA in a  
Native 
State 

When an electrical 
field is applied, the 
DNA stretches out 
to align with the 
field 

DNA that is less than 
25kb will migrate in a 
conventional agarose 
gel according to it’s 
size 

Larger DNA, 25kb -  10+MB 
in size will migrate 
according to it’s size in 
PFGE by pulsing the DNA 
through the agarose gel at 
alternating angles.  

Microscopy of PFGE in action:Microscopy of PFGE in action:

= 4 microns

Direction of first electrical field

Direction 
of second 
electrical 
field

You can see here
the “kinking” of
the DNA in the gel
during the
electrophoresis
process.

As the fields are
switched, several
kinks emerge.
Eventually one
kink “wins out”
and pulls the
whole molecule
through the gel.

0.16s

0.50s

0.33s0.23s

0.70s 1.40s



How does PFGE work?How does PFGE work? Pulsed Field Gel Electrophoresis Pulsed Field Gel Electrophoresis 
Makes Makes Genomic AnalysisGenomic Analysis PossiblePossible

• This new method of electrophoresis enabled progress in a whole new 
group of researchers to make progress in analyzing DNA fragments.

• The PFGE instruments are now in use in a variety of applications :

• Cancer Research , the effectiveness of radiation and chemical therapies is 
measured and evidence of programmed cell death is monitored using PFGE

• Food Safety and Public Health , spread of various bacteria and fungi are 
tracked using PFGE

• Genome Mapping of many organisms, including human and the tracking of 
chromosomal rearrangements

Whole cultured cells
are embedded in
agarose. This
prevents shearing

of the genomic DNA during the lysis
and digestion steps.

The agarose/cell mixture is poured into
a small mold (1.5mm x 10mm x 5mm).
Once solidified, the “plug” is extruded
from the mold.

2)  Lyse Cell walls and digest Cellular Protein

Lysozyme
1 hr

Proteinase K

16 hr

The agarose “plugs” are bathed first in
a lysozyme ( or appropriate) solution
for 1hr. Then they are bathed in
Proteinase K solution overnight.

Agarose

1)  Embed Cells in Agarose

DNA

Cellular Protein

Cell Wall

The plug preparation and gel
electrophoresis can be done in as little
as 24 hours or as long as 4 days.

PFGE Sample Preparation

3)  Digest Genomic DNA

Rare Cutting Restriction Enzyme

The rare cutting
enzymes produce
about 15-20 bands
that can identify
distinct subtypes.

16hr 

Pulsed Field Gel Electrophoresis
(PFGE) can separate very large
fragments of DNA. This is achieved
by delivering the electric current in
short pulses and alternating the
direction of the electrical field.
Separations in PFGE usually take
14-24 hours.

PFGE Sample Preparation

4)  Load Plug into Agarose Gel and Separate

(Side view of agarose gel)

http://insilico.ehu.es/digest/

http://insilico.ehu.es/digest/


限制酶限制酶
Restriction enzymes Restriction enzymes DNADNA--cutting enzymescutting enzymes

Genome digest with Restriction enzymes Genome digest with Restriction enzymes 

Separate fragments with PFGE

5)  Stain Gel and Visualize Band Patterns

6)  Band Patterns are Digitized and 
added to a database for analysis

The DNA is
visualized by
staining the gel with
Ethidium Bromide
and illuminating the
stained gel on a UV
light source.

The gel image can be
captured by CCD camera
or scanner and the
digitized gel is ready for
comparison in a band
pattern database. These
comparisons can be
easily shared between
labs electronically.

PFGE Sample Preparations







黑殭菌黑殭菌黑殭菌黑殭菌(Metarhizium anisopliae)

為一種可以殺死昆蟲的真菌，藉由分生孢子的傳播於田間行成重複有效
的感染源。

應用範圍應用範圍應用範圍應用範圍
鱗翅目：斜紋夜蛾(黑肚蟲)、甜菜夜蛾(管仔蟲)、小菜蛾(吊絲蟲)、玉

米穗蟲(青蟲)等。
鞘翅目：金龜子(雞母蟲)、叩頭蟲(金針蟲)等。
直翅目：蝗蟲等。

https://zh.wikipedia.org/zh-tw/%E9%BB%91%E6%AE%AD%E8%8F%8C

農業用微生物資材之基因型鑑定
技術開發

http://www.coa.gov.tw/view.php?catid=2502501

http://www.coa.gov.tw/view.php?catid
https://zh.wikipedia.org/zh-tw/%E9%BB%91%E6%AE%AD%E8%8F%8C


BAC Clone analysisBAC Clone analysis

Nucleic Acids Research, 1994, Vol. 22, No. 24

Phylogenetic TreePhylogenetic Tree

What you can storeWhat you can store



What you can storeWhat you can store

Note: At minimum for proper 

normalization, the first, last, and 

every 4th or 5th lane should be a 

standard lane!!

Gel analysis with Normalization

What can you do with Tree and Network Inference What can you do with Tree and Network Inference 

(Clustering) (Clustering) 
Selection of  entries for comparison



Cluster analysis Phylogenetic Tree analysisPhylogenetic Tree analysis

Composite Data setsComposite Data sets
Option 1: averaging similarity matricesOption 1: averaging similarity matrices



RFLP & ProbesRFLP & Probes

11 isolates identical in their banding pattern by IS1311 RFLP, 
which could be further separated
by IS1245 RFLP.

A dendrogram showing the 
cluster analysis of the 
composite dataset of RFLP 
experiments using IS1311 and
IS1245 as probes
A total of 14 clusters (defined 
by 80% similarity) are 
grouped in rectangular frames 
and labelled A-N. 

Part IIPart II BioBio--Rad CHEF SystemsRad CHEF Systems



The CHEF-Mapper XA system. The CHEF Mapper SystemThe CHEF Mapper System

•• OptimalOptimal DNADNA fragmentsfragments inin thethe
sizesize rangerange ofof 100100bpbp -- 1010MbMb..

•• EightEight contiguouscontiguous blocksblocks ofof
programmingprogramming areare possiblepossible..

•• UserUser cancan specifyspecify anyany angleangle ofof
electrophoresiselectrophoresis fromfrom 00°° -- 360360°°
asas wellwell asas specifyspecify runsruns inin whichwhich
thethe anglesangles areare asymmetricalasymmetrical..

•• StoresStores 9999 simplesimple programsprograms oror 2020
complexcomplex programsprograms withwith upup toto
88 blocksblocks ofof programmingprogramming eacheach..

•• TrueTrue nonlinearnonlinear switchswitch timetime
rampingramping forfor maximummaximum flexibilityflexibility inin
achievingachieving resolutionresolution..

•• SetSet clockclock delaydelay forfor runsruns asas wellwell
asas batterybattery backedbacked upup RAMRAM forfor
runsruns thatthat areare interruptedinterrupted..

•• SecondarySecondary pulsing,pulsing, andand multistatemultistate
flexibilityflexibility toto enhanceenhance separationsseparations..

•• ““ BuiltBuilt--inin”” expertiseexpertise inin twotwo
algorithmsalgorithms..

basic maximumintermediate

Automation

Customization

Versatility

MapperMapper FeatureFeature

Feature CHEF Mapper

Included Angles
Blocks

0-3600

8

Battery Backed Up 
RAM

YES, up to 3 hr 
of interruption

Program Storage YES - up to 99

Algorithm

Multi-State Separation

YES

YES
Non-Linear Ramping

Asymmetric FIGE

Voltage Interrupts

YES

YES

YES

Part IIIPart III Critical Parameters inCritical Parameters in
optimizing your PFGEoptimizing your PFGE
sample resolutionsample resolution



CriticalCritical ParametersParameters inin optimizingoptimizing
youryour PFGEPFGE samplesample resolutionresolution

•• Pulse / Reorientation AnglePulse / Reorientation Angle

•• Switch Time and Switch Time RampingSwitch Time and Switch Time Ramping

•• Voltage GradientVoltage Gradient

•• Buffer Type and TemperatureBuffer Type and Temperature

•• Agarose Type and ConcentrationAgarose Type and Concentration

•• Run TimeRun Time

2 3 4 5 6 7 8 9 10

Pulse AnglePulse Angle and Sample Resolution  and Sample Resolution  

• Angle is an important factor in achieving optimal resolution

• Using a smaller included angle for large fragments of DNA (over
1Mb in size) results in a 50% savings in run time.

• As the angle is decreased, the resolution of the largest fragments
generally improves and the smaller fragments become crowded

• Most CHEF protocols are optimized for the 120120°°°°°°°° angle

Field B Field A

Reorientation 
Angle

120°°°°

Effects of different Effects of different anglesangles on on 
electrophoresis resultselectrophoresis results::

120°°°° 100°°°°105°°°° 96°°°° 94°°°°

2.2 Mb
1.6 Mb

As we see here, the
space between the
largest two fragments
has increased, but the
remaining 14 fragments
are becoming
compressed. If your
total analysis was in the
range of these largest
two fragments, you
might choose a smaller
angle of electrophoresis.

Switch TimeSwitch Time and Sample Resolutionand Sample Resolution

• Switch time is the critical parameter in achieving
best PFGE resolution.

• The switch time is the length of time the electrical
field is pulsed in a single direction. Thus a 60s
switch time means that the electrical field will be
pulsed in one direction for 60s and then switched
to the other direction for 60s.

• The switch time is generally shorter for samples
with smaller DNA fragments and longer for
samples with larger DNA fragments.



Effects of Effects of switch timeswitch time on on 
sample resolutionsample resolution

45 
seconds

60 
seconds

90 
seconds

As the switch time increases, the
larger DNA fragments move farther
into the gel during the same time
period.

The brackets indicate the same
region of the lane for each gel but
the sizes of the fragments in this
region get larger as the switch time
increases.

As you can see Switch Time
modification is the most powerful
parameter in PFGE.

Switch Time Ramping Switch Time Ramping and Sample and Sample 
ResolutionResolution

• Samples with a large range of DNA fragments sizes, for
example the S.cerevisiae chromosomes, can be
resolved by changing the switch time over the course of
the run.

• This is referred to as Switch Time Ramping because the
switching time will “ ramp up ” from a short switch time
to a longer one.

• The “ ramp ” of the switch time can be linear , that is
increasing in exact increments over the course of the
run; or non-linear , so that you can concentrate the
switch times on the largest or smallest regions as is
necessary to achieve better resolution.

Effects of Linear & NonEffects of Linear & Non--
Linear Linear Switch Time RampingSwitch Time Ramping

Non-Linear 
21%

Non-Linear 
79%

The non-linear ramps are described by
the amount of the total run time passed
(%) when you hit the mid-point of the
range of switch times.

Linear 
50%

Non-Linear 21%

Non-Linear 79%

Linear 50%

Voltage GradientVoltage Gradient and Sample and Sample 
ResolutionResolution

• The voltage gradient describes the strength of the electrical field and
is represented as V/cm , where the total voltage is divided over the
distance between two electrodes. Since that distance in a CHEF gel
box is approximately 33cm, a 200V run is really about 6V/cm.

• Typically the best resolution of chromosomal sized DNA fragments
(> 3 MB) is achieve when using low voltage gradients, 1.5-3 V/cm
combined with a narrow angle of electrophoresis.

• High resolution of DNA fragments up to 250 kb can be achieve by
using high voltage gradients, 9 V/cm. This voltage can be combined
with a narrow angle of electrophoresis to resolve samples in very
short run times, 4 hours or less.

• Most CHEF protocols are optimized at 66V/cmV/cm



Effects of Effects of Voltage GradientVoltage Gradient on on 
sample resolutionsample resolution

3V/cm
60hours

6V/cm
30hours

9V/cm
20hours

The largest resolved fragment in
each gel is identified as well as
the position of that fragment in the
next gel.

The 3V/cm gel has only separated
fragments of about 400kb,
whereas the 6V/cm gel has
separated upto 850kb and the
9V/cm has separated upto 1.2Mb
in the same V*h. All gels used the
same switch times.

The resolution of the gel is
diminished even if the range is
greater in the 9V/cm gel.

VoltageVoltage alonealone willwill notnot improveimprove
resolutionresolution -- SwitchSwitch timestimes mustmust bebe
changedchanged toto produceproduce bestbest resultsresults..

Buffer type & concentrationBuffer type & concentration
and sample resolutionand sample resolution

• In general, the lower the ionic strength of the buffer, the faster the run.

• The run time advantage of low ionic strength buffer must be weighed
against the limited buffering capacities of dilute buffers and the loss of
resolution due to buffer break down.

• The two buffers most frequently used for PFGE of DNA are 0.5X TBE
(Tris Borate EDTA) and 1.0X TAE (Tris Acetate EDTA).

• 1X TAE is very useful when separating MB sized DNA fragments
(>3MB).

• 0.5X TBE is useful for most separations up to MB sized DNA and
need not be changed, even over multi-day runs. This is the most
commonly used buffer in CHEF gels.

Effects of Effects of bufferbuffer on sample resolutionon sample resolution

0.5X TBE 1.0X TAE

•Notice that fragments of all sizes migrate farther, having a
greater velocity, in the TAE gel than that of the TBE gel.

•The TAE buffer is lower in ionic strength (40 mM buffering
agent) vs 45 mM in the 0.5 x TBE.

Buffer TemperatureBuffer Temperature and sample and sample 
resolutionresolution

• Buffer temperature will affect run time. The warmer the buffer
temperature, the faster the run. The resolution decreases with the
temperature increase.

• Buffer temperatures at room temperature will decrease the run time by
about 50% over chilling to 14°, but the resolution loss will be so great, it
might not be worth the time savings.

• Buffer temperatures at 4° will provide the sharpest resolutions but at a
greatly increased run time.

• Cooling the buffer to 1414℃℃℃℃℃℃℃℃ is most common and the best
compromise between run time and resolution.



Effects of Effects of Buffer TemperatureBuffer Temperature on on 
sample resolutionsample resolution

We can see here very
high resolution on the
right lane of the 5 °°°° gel,
however, few bands have
migrated into the gel.

This is greatly improved
in the 13 °°°° gel.

At 25 °°°°, some resolution is
maintained in the right
lane but the left lane has
become compressed.

This effect is even
greater in both lanes of
the 35 °°°° gel.

AgaroseAgarose and sample resolutionand sample resolution

• Agarose type affects both sample migration and ease of
handling for PFGE gels.

• Agaroses for PFGE must be very pure, have a high tensile
strength, and have a minimum of charged contaminants
(usually described by the mr.)

• Generally 0.8%-1% agarose is ideal for PFGE separations of
up to 3MB and 0.5% - 0.9% is useful for the range above 3MB.

• Agaroses are available specifically for use with PFGE that
provide superior resolution (Bio-Rad’s PFGE Certified) as well
as agaoroses designed for decreasing run time while
maintaining good resolution Bio-Rad’s Molecular Biology
Certified and Chromosomal Grade.)

Effects of Effects of agaroseagarose on sample on sample 
resolutionresolution

0.6% agarose 1.4% agarose 1.8% agarose The DNA fragments in the gels here
migrated nearly four times faster
(the gel runs are not all the same
lengths) in the 0.6% gel as in the
1.4% gel.

The guideline is that as the % of
agarose decreases the DNA
migrates faster, a larger total range
of fragments can be separated but
that some resolution will be lost.

Typically 1% gels are used for
CHEF.

Finally, different agaroses yield
different migration rates. For
example, Bio-Rad PFC Agarose
runs 10%+ slower than Molecular
Biology Grade Agarose.

Run TimeRun Time and other notes:and other notes:

• As we have seen, several strategies may be employed to
minimize or extend run time. In general, it is best to optimize for
the shortest run time that allows clear sample resolution. This
will maximize the efficiency of your PFGE related experiments.

• It is safe to leave the gel after run completion for several hours if
necessary as the DNA is much too large to diffuse out (>10kb)
and the presence of EDTA in the buffer and the cool buffer will
inhibit nucleases.



Auto Algorithm

S. Cerevisiae standard plug 200–2,200 kb

Condition : 1.0% PFGE,0.5x TBE,14℃
Voltage : 6 V/cm
Switch Time : Int. Sw. Tm = 26.31s

Fin. Sw.Tm = 3m48.48s,
Ramping factor: a = [ Linear ] 
Run Time : 28:59 (hr)

200k 2200k

1.0
no change

Part IVPart IV BioBio--Rad PFGE AccessoriesRad PFGE Accessories

Pulsed Field Standards and MarkersPulsed Field Standards and Markers
A. 170-3624 5 kb ladder standard. 

B. 170-3707 8–48 kb standard. 

C. 170-3635 Lambda ladder standard. 

D. 170-3605 S. cerevisiae marker. 

E. 170-3667 H. wingei marker. 

F. 170-3633 S. pombe marker. 



CHEF Genomic DNA Plug KitsCHEF Genomic DNA Plug Kits

170-3591  CHEF Mammalian Genomic DNA Plug Kit

170-3592  CHEF Bacterial Genomic DNA Plug Kit

170-3593  CHEF Yeast Genomic DNA Plug Kit 

170-3713  50 Well Disposable Sample Plug Mold, 5
170-3622  10 Well Reusable Sample Plug Mold, 1

Pulsed Field Other AccessoriesPulsed Field Other Accessories

161-3108~10  Certified Megabase Agarose, 25 g, 125g, 500g 

161-0733  10x Tris / Boric Acid / EDTA (TBE), 1L 
161-0770  10x Tris / Boric Acid / EDTA (TBE), 5L
161-0743  10x Tris / Acetic Acid / EDTA (TAE), 1L
161-0773  10x Tris / Acetic Acid / EDTA (TAE), 5L

PFGE Application WorkflowPFGE Application Workflow

Sample 
Preparation

CHEF Genomic DNA 
Plug Kit

Sample 
Electrophoresis

Detection
and Analysis 

Gel Doc XR+ systemCHEF Mapper XA system

Thank You !Thank You !
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