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Characteristics of the WAVE® SystemCharacteristics of the WAVECharacteristics of the WAVE®® SystemSystem
 Rapid separation of DNA 

molecules on the robust 
DNASep® Cartridge

 Peltier-cooled, dual 96-well PCR 
plate Autosampler

 Fully-automated system
 UV and/or fluorescence 

detection of DNA
 Computer-controlled automated 

data acquisition
 Advanced predictive molecular 

biology applications software

System ComponentsSystem ComponentsSystem Components
 Autosampler – Peltier controlled
 Pump
 Column Oven
 DNASep Column
 Inline Degasser
 UV or FL Detectors
 Computer System and Monitor
 Color Printer
 Fragment Collector – OptionalOptional
 Accelerator - OptionalOptional



The DNASep® Cartridge
The DNASep cartridge is the “heart” of 
the WAVE® Nucleic Acid Fragment 
Analysis System.

Robust, nonporous, alkylated poly(styrene-
divinylbenzene) matrix 

Buffer System: 

Buffer A: aqueous 0.1 M triethylammonium                 
acetate (TEAA), pH 7.0

Buffer B: aqueous 0.1 M TEAA, 25 % (v/v) 
acetonitrile, pH 7.0

Analytical cartridge: 4.6 x 50 mm
Preparative cartridge: 7.8 x 50 mm 

Polymeric DNASep Column: Polymeric DNASep Column: 
DNASep Column     Other HPLC column

 Base Material:         Polymer (patented)                Silica 
 Stationary Phase                  C18                         C18

Chemical bonding             Absorption
 Life time                        6000/injection           1000/3000/injection
 Temperature                        >80 oC                         <65 oC
 Organic Solvent                    100%                  not recommended



DNASepDNASep®® Cartridge Surface ChemistryCartridge Surface Chemistry
The positive charges of triethylammonium ions interact electrostatically with 
the negative charges on DNA. The alkyl groups of the triethylammonium ions 
interact with the hydrophobic surface of the alkylated DNASep® matrix.

Three Modes of OperationThree Modes of OperationThree Modes of Operation

Non-denaturing Partially denaturing Fully denaturing

Double-stranded DNA

– Sizing

– Quantification

– Purification

Heteroduplex analysis
– Mutation detection 

ss Nucleic Acids

– Oligonucleotides

– ss DNA

– RNA 



Three Modes of Operation

Non denaturing: 50 C (Size Dependent, Sequence Independent)
Sizing of double stranded DNA(up to 2000bp)
MSI, LOH
PCR quality check and purification
Quantitative Analysis (Q-RT-PCR)

Partially denaturing: 52-78 C (Size and Sequence Dependent)
Mutation Detection
SNP discovery

Fully denaturing: 78-80 C (Size and Sequence Dependent)
Oligo quality and purification analysis
RNA analysis (with RNASep column)

Principles of DNA SeparationPrinciples of DNA SeparationPrinciples of DNA Separation
 Sequence independent separation of double-stranded 

DNA fragments based on length

 Separation of DNA fragments according to their degree of
denaturation (TMHA) - Separation of co-migrating fragments

 Analysis of nucleic acids under denaturing conditions 
(oligonucleotides, single-stranded DNA, RNA) –
Separation dependent on single-stranded DNA  based on 
length and sequence

 Sequence independent separation of double-stranded 
DNA fragments based on lengthlength

 Separation of DNA fragments according to their degree ofdegree of
denaturationdenaturation (TMHA) - Separation of co-migrating fragments

 Analysis of nucleic acids under denaturing conditions 
(oligonucleotides, single-stranded DNA, RNA) –
Separation dependent on single-stranded DNA  based on 
length and sequence



General Protocol of WAVE DHPLC 
for SNP and Genetic Variation Study
General Protocol of WAVE DHPLC General Protocol of WAVE DHPLC 
for SNP and Genetic Variation Studyfor SNP and Genetic Variation Study

DNADNA
TemplateTemplate
Isolation Isolation 

PrimerPrimer
Selection &Selection &
AmpliconAmplicon

DesignDesign

PCRPCR
AmplificationAmplification

SNP DetectionSNP Detection
on WAVEon WAVE

HeteroduplexHeteroduplex
AnalysisAnalysis

PostPost--WAVEWAVE
AnalysisAnalysis

Data InterpretationData Interpretation

SequencingSequencing
forfor

Identified Identified SNPsSNPs

Genotyping and Scoring for SNPs 
and Mutations with DHPLC:

Search for the presence and absence of 
known Mutations and Polymorphisms

- Heteroduplex Analysis
- Primer Extension Assay

Genotyping and Scoring for Genotyping and Scoring for SNPs SNPs 
and Mutations with DHPLC:and Mutations with DHPLC:

Search for the presence and absence of 
known Mutations and Polymorphisms

- HeteroduplexHeteroduplex AnalysisAnalysis
- Primer Extension AssayPrimer Extension Assay



wild type    mutant                    heteroduplexes         homoduplexes

A  T G C A  T G CA     C G     T

TMHA TMHA -- HeteroduplexHeteroduplex AnalysisAnalysis
PCR products of wild-type and mutant alleles, differing by as little as a single base pair, 
are denatured by heating and re-annealed by slow cooling. The resultant wild-type and 
mutant homoduplexes melt at higher temperatures than the mismatch containing wild-
type/mutant heteroduplexes. The difference in melting temperature between homo- and 
heteroduplexes is the basis for the identification of mutations by DNA chromatography. 

Examples of Partial Denaturing Operation for 
Mutation Detection

(Temperature Modulated Heteroduplex Analysis )
TMHA

Examples of Partial Denaturing Operation for Examples of Partial Denaturing Operation for 
Mutation DetectionMutation Detection

(Temperature Modulated Heteroduplex Analysis )
TMHA



Human Y chromosome STS, 
sY81 (DYS271) with A-to-G 
mutation at position 168 of a 

209-bp  fragment 

Temperature Modulated 
Heteroduplex Analysis (TMHA)

Heteroduplexes are resolved 
ahead of homoduplexes at 
temperatures from 54 to 58oC.

Resolution of HomoResolution of Homo-- and and HeteroduplexesHeteroduplexes at at 
Different TemperaturesDifferent Temperatures
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WAVEMAKER SOFTAWREWAVEMAKER SOFTAWRE

From DNA Sequence to Gradient and MethodFrom DNA Sequence to Gradient and Method

DNA Sequence PageDNA Sequence PageDNA Sequence Page



Melting Profiles PageMelting Profiles PageMelting Profiles Page

Gradient Template PageGradient Template PageGradient Template Page



 Genotyping with DHPLC 
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Mutation DetectionMutation DetectionMutation Detection
Eight different polymorphisms including a deletion, 
insertion and a homozygous change in one amplicon. 
Eight different polymorphisms including a deletion, Eight different polymorphisms including a deletion, 
insertion and a homozygous change in one insertion and a homozygous change in one ampliconamplicon. . 

HeterozygousHeterozygous 7 (SNP)7 (SNP)

HeterozygousHeterozygous 6 (SNP)6 (SNP)

HeterozygousHeterozygous 5 ( 1 5 ( 1 bpbp insertion)insertion)

HeterozygousHeterozygous 4 (SNP)4 (SNP)

HeterozygousHeterozygous 3 (1 3 (1 bpbp deletiondeletion))

HeterozygousHeterozygous 2 ( SNP)2 ( SNP)

HeterozygousHeterozygous 1 ( SNP)1 ( SNP)

Wild type mixed with homozygous mutantWild type mixed with homozygous mutant

Wild type



Mutation Detection in p53 Exon 8-9Mutation Detection in p53 Mutation Detection in p53 ExonExon 88--99
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Application to SNP DiscoveryApplication to SNP Discovery

Discovery of a Y chromosome-specific SNP in Native Americans
From Underhill, et al, PNAS USA, 1996, 93, 196-200



Discovery of numerous (19) Y chromosome SNPs by DHPLC
From Underhill, et al, Genome Research, 1997, 7, 996-1005

Application to SNP DiscoveryApplication to SNP DiscoveryApplication to SNP Discovery

Low Level Mosaicism
Detectable 

by DHPLC But Not by Direct 

Sequencing

Alistair C. Jones, Julian R. Sampson,* and Jeremy P. 
Cheadle

Institute of Medical Genetics, University of Wales College of Medicine, 
Cardiff, 

UK



DHPLC mutation analysis of the 
hereditary nonpolyposis colon 

cancer  (HNPCC) genes 

hMLH1 and hMSH2

Elke Holinski-Feder , Y. Muller-Koch , W. Friedl , G. Moeslein ,

G. Keller , J. Plaschke , W. Ballhausen , M. Gross ,

K. Baldwin-Jedele , M. Jungck , E. Mangold , H. Vogelsang ,

H.-K. Schackert , P. Lohse , J. Murken , Th. Meitinger



Mutation analysis of the entire 
mitochondrial genome using denaturing 
high performance liquid chromatography

Bianca J.C. van den Bosch, Rene F.M. de Coo1, Hans R. Scholte2, 
Jeroen G. Nijland, Ruud van den Bogaard3, Marianne de Visser4, 
Christine E. M. de Die-Sumlders and Hubert J. M. Smeets

Department of Molecular Cell Biology and Genetics, Maastrict University, PO Box 1475, 6201 
BL Maastricht, The Netherlands, 1 Department of Child Neurology, Unviersity Hospital 
Rotterdam, Dr Molewaterplein 40, 3015 GD Rotterdam, The Netherlands, 2Department of 
Biochemistry, Erasmu University Rotterdam, POBox 1738, 3000 DR Rotterdam, The 
Netherlands, 3Department of Clinical Genetics, Academic Medical Center and 4Department of 
Neurology, Academic Medical Center, Meibergdreef 15, 1105 AZ Amsterdam, The 
Netherlands 







Primer extension schematicPrimer extension schematic

+ dTTP
+ ddCTP

primer
extension

5’ddCTT
23 bases

5’ddC
21 bases

G

primer(20 bases)

GAA
5’

5’-

Genotyping of Mutation in the HFE Genotyping of Mutation in the HFE 
GeneGene

Using a Single-Base Extension Assay 
on the Wave System



Multiplex of HFE Multiplex of HFE ExonExon 2 Variants 2 Variants 
SBE of a WildSBE of a Wild--type at the H63D Locus in type at the H63D Locus in 

Multiplex of Multiplex of ExonExon 22

Multiplex of HFE Multiplex of HFE ExonExon 2 Variants 2 Variants 
SBE of a SBE of a HeterozygoteHeterozygote at the H63D at the H63D 

LocusLocus



Multiplex of HFE Multiplex of HFE ExonExon 2 Variants 2 Variants 
SBE of a SBE of a HeterozygoteHeterozygote at the H63D at the H63D 

LocusLocus

-Thalassemia

• Chronic anemia 
• Autosomal recessive disorder
• Carrier frequency is population-specific 
• Due to a defective production of -chain 

of hemoglobin A



 Seven DHPLC fragments (DHPLC17)

 300 500bp long

 One set of PCR conditions

 Seven DHPLC fragments (DHPLC1Seven DHPLC fragments (DHPLC17)7)

 300 300 500bp long500bp long

 One set of PCR conditionsOne set of PCR conditions

DHPLC analysis of beta-globin gene: 
localization of DHPLC fragments
DHPLC analysis of betaDHPLC analysis of beta--globin gene: globin gene: 
localization of DHPLC fragmentslocalization of DHPLC fragments

IVS1IVS155’’ UTRUTR

1 2 3

IVS2IVS2 33’’ UTRUTR

DHPLC1DHPLC1

DHPLC7DHPLC7

DHPLC2DHPLC2

DHPLC6DHPLC6
DHPLC5DHPLC5

DHPLC4DHPLC4
DHPLC3DHPLC3

Human beta-globin gene project consumable kits 
Introduction

Primer extension coupled with dHPLC has been a powerful tool for 
genotyping. Based on this technique, we developed a consumable kit for 
clinical diagnosis of beta-Thalassemia disease in Chinese population. This 
kit genotypes five common disease causing mutations in human beta-
globin gene: -28(A>G), CD17(A>T), CD41/42(-TCTT), CD71/72(+A) and 
IVS-2-654(C>T). The whole protocol involves four steps: one PCR reaction 
that amplifies all mutations to be studied; one quick column purification; 
one multiplex primer extension reaction, and one Transgenomic Wave 
DNA fragment analysis. By adding one more multiplex primer extension 
and a WAVE analysis, five additional mutations: -29(A>G), IVS-1-5(G>C), 
CD43(G>T), CD26(G>A) and CD27/28(+C) can be detected. This method 
is simple and easy to use. The results are very easy to read and the 
accuracy is equal or greater than direct sequencing. 



MutationsMutations S and SWPRCS and SWPRC11 TaiwanTaiwan2 2 MalaysiaMalaysia33

(%)(%) (%)(%) (%)(%)
------------------------------------------------------------------------------------------------------------------------------------------------------------
28 (A28 (AG)G) 19.119.1 10.810.8 11.111.1

17 (A17 (AT)T) 19.119.1 10.810.8 2.82.8

4141--42 (42 (--TTCT)TTCT) 44.144.1 28.328.3 52.852.8

71/72+A71/72+A 2.12.1 0.00.0 2.82.8

IVSIVS--II 654 (CII 654 (CT)   T)   7.97.9 45.945.9 19.519.5

------------------------------------------------------------------------------------------------------------------------------------------------------------

TotalsTotals 92.392.3 95.895.8 89.089.0

--globin mutations in the Chinese globin mutations in the Chinese 
populationpopulation

1 1 Br J Haematol 86:351,1994;       Br J Haematol 86:351,1994;       2 2 Am J Hum Genet 48:809,1991; Am J Hum Genet 48:809,1991; 
3 3 Haemoglobin 16;51,1992Haemoglobin 16;51,1992

Negative control shows peaks from primer alone (Blue). 
For any given mutation in the primer extension (Red), there may be three possible results: 
‧ Primer peak + wild type peak (W) indicate wild type for this site; (2 peaks) 
‧ Primer peak + mutation peak (M) indicate homozygous mutation; (2 peaks) 
‧ Primer peak + wild type peak + mutation peak indicate heterozygous mutation. (3 peaks) 

Result and interpretation



Strategies for Increasing WAVE 
System Sensitivity and Throughput

Strategies for Increasing WAVE Strategies for Increasing WAVE 
System Sensitivity and ThroughputSystem Sensitivity and Throughput

 PoolingPooling

 MultiplexingMultiplexing

 Fluorescence Detection Fluorescence Detection 

10X Pooling1010X PoolingX Pooling
Scoring-primer extension pooling for a mutationScoring-primer extension pooling for a mutation
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Heteroduplex Analysis - Multiplexing 
( 9 : 1 )

HeteroduplexHeteroduplex Analysis Analysis -- Multiplexing Multiplexing 
( 9 : 1 )( 9 : 1 )
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DNA Fragment Sizing and Its 
Applications

DNA Fragment Sizing and Its DNA Fragment Sizing and Its 
ApplicationsApplications



Non-denaturing conditionNonNon--denaturing conditiondenaturing condition

Gel-like”size based separation 40-2,000 bp

Resolution considerably better than most gel based 
systems (agarose and acrylamide)

Quantitative RT-PCR ( a difference from gels is 
exploited)

Oligonucleotide (analysis and purification

Gel-like”size based separation 40-2,000 bp

Resolution considerably better than most gel based 
systems (agarose and acrylamide)

Quantitative RT-PCR ( a difference from gels is 
exploited)

Oligonucleotide (analysis and purification

HighHigh--Resolution Resolution 
DNA Fragment SeparationsDNA Fragment Separations

Plasmid pUC18 was digested with the restriction endonuclease HaeIII. 
Nine fragments were separated with the WAVE® System. On a 0.8% 
agarose gel, the 257 and 267 bp fragments co-migrated.

bp

587
458
434

298
257+267257+267

174

102
80



Characteristics of DNA 
Fragment Sizing

Characteristics of DNA Characteristics of DNA 
Fragment SizingFragment Sizing

 Chromatographic separation is performed under 
non-denaturing conditions

 Gradient conditions for the sizing of unlabeled DNA 
fragments 

are predicted by WAVEMAKER™ Software
 Sizing of double-stranded DNA fragments from < 50 -

about 2000 bp 
 Sensitivity of UV detection: 0.5 ng/peak 
 Sensitivity of fluorescence detection: low femtomole range 
 Resolution: about 1% of fragment length 
 Quantitation by peak integration 
 Recovery of DNA fragments by peak capture 

 Chromatographic separation is performed under 
non-denaturing conditions

 Gradient conditions for the sizing of unlabeled DNA 
fragments 

are predicted by WAVEMAKER™ Software
 Sizing of double-stranded DNA fragments from < 50 -

about 2000 bp 
 Sensitivity of UV detection: 0.5 ng/peak 
 Sensitivity of fluorescence detection: low femtomole range 
 Resolution: about 1% of fragment length 
 Quantitation by peak integration 
 Recovery of DNA fragments by peak capture 

Fully Denaturing ConditionFully Denaturing Condition
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Wave Results

Analysis of equal 
length oligos with 
Int difference

Analysis of (NH2)-
labeled and 
unlabeled oligos



Mouse Brain Total RNA (20 μg)Mouse Brain Total RNA (20 Mouse Brain Total RNA (20 μμg)g)

Analysis of large rRNAsAnalysis of large Analysis of large rRNAsrRNAs



Analysis of mRNA purified by peak 
capture from total RNA

Analysis of Analysis of mRNAmRNA purified by peak purified by peak 
capture from total RNAcapture from total RNA

Analysis of mouse brain poly(A)*mRNA (5 μg) 
obtained after two rounds of oligo(dT)-cellulose 

purification

Analysis of mouse brain poly(A)Analysis of mouse brain poly(A)*mRNA*mRNA (5 (5 μμg) g) 
obtained after two rounds of obtained after two rounds of oligo(dToligo(dT))--cellulose cellulose 

purificationpurification



Transgenomic fragment collector for 
on-line purification of DNA

TransgenomicTransgenomic fragment collector for fragment collector for 
onon--line purification of DNAline purification of DNA

DNA fragment collection based on:
 peak threshold detection
 time window for a peak
 positive slope detection
 combinations of the above

DNA fragment collection based on:
 peak threshold detection
 time window for a peak
 positive slope detection
 combinations of the above

True, homoduplex sequence was 
purified from a cocktail of PCR 
induced mutant species (the broad 
peak in front).
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WAVE Optimized™ BuffersWAVE Optimized™ Buffers

WAVE Optimized Buffers
Reproducibility

WAVE Optimized Buffers
Reproducibility

Batch 1Batch 1

Batch 2Batch 2

Batch 3Batch 3

Batch 4Batch 4

Batch 5Batch 5



Use of Homemade Buffers
Reproducibility Problems

Use of Homemade Buffers
Reproducibility Problems
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Origins of OptimaseTM

Polymerase (cont)
Origins of OptimaseTM

Polymerase (cont)

 Phylogenetic analysis 
– closely related to P. furiosus (Pfu) 

– Stratagene 
– more distantly related to T. litoralis (Vent)

– New England Biolabs.

 Phylogenetic analysis 
– closely related to P. furiosus (Pfu) 

– Stratagene 
– more distantly related to T. litoralis (Vent)

– New England Biolabs.

Characteristics of Optimase 
polymerase
Characteristics of Optimase 
polymerase

 Proofreading DNA Polymerase
– 5’ to 3’ polymerase activity
– 3’ to 5’ exonuclease activity
– Highly temperature stable 

 Proofreading DNA Polymerase
– 5’ to 3’ polymerase activity
– 3’ to 5’ exonuclease activity
– Highly temperature stable 



Compatibility with the 
WAVE System
Compatibility with the 
WAVE System

 Certain components of PCR buffers 
are incompatible with the DNASep
Cartridge

 For example:
– Bovine serum albumin (BSA)
– Detergents (Triton X-100, NP40, Tween).

 Certain components of PCR buffers 
are incompatible with the DNASep
Cartridge

 For example:
– Bovine serum albumin (BSA)
– Detergents (Triton X-100, NP40, Tween).

Characteristics of 
OptimaseTM Polymerase
Characteristics of 
OptimaseTM Polymerase

 Fidelity of replication Fidelity of replication
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Characteristics of 
OptimaseTM Polymerase
Characteristics of 
OptimaseTM Polymerase

 Importance of high fidelity in dHPLC Importance of high fidelity in dHPLC

Mutation Discovery.com



HighlightsHighlights
 Variation data on “all” genes, merged 

from multiple public sources
 DHPLC amplicon data from multiple 

sources
 Graphical web interface
 Private local data integration*
 Confidential data sharing*
 Integration with Navigator**
 Amplicon design support**

 Variation data on “all” genes, merged 
from multiple public sources

 DHPLC amplicon data from multiple 
sources

 Graphical web interface
 Private local data integration*
 Confidential data sharing*
 Integration with Navigator**
 Amplicon design support**
*August 2002; **TBD





DISCOVERY SERVICESDISCOVERY SERVICES

From the leaders in mutation detection technology…….

High-Throughput Mutation and SNP Detection

SNP Genotyping and Custom Sequencing

Bioinformatics and Statistical Genetics

Nucleic Acid Fractionation and Purification

Functional Proteomics



High-Throughput Sequence Variant 
Discovery

(Mutations and SNPs)

High-Throughput Sequence Variant 
Discovery

(Mutations and SNPs)
 World’s largest high-throughput WAVE®

DHPLC platform for mutation detection  
 Capillary sequencing confirmation and 

identification of each variant
 Proprietary multiplexing methods improve 

speed of analysis
 > 99% mutation detection efficiency
 Most reliable, efficient, and cost effective 

approach to sequence variant discovery

 World’s largest high-throughput WAVE®
DHPLC platform for mutation detection  

 Capillary sequencing confirmation and 
identification of each variant

 Proprietary multiplexing methods improve 
speed of analysis

 > 99% mutation detection efficiency
 Most reliable, efficient, and cost effective 

approach to sequence variant discovery

Sequence Variant Discovery 
with the WAVE DHPLC Technology

Sequence Variant Discovery 
with the WAVE DHPLC Technology

 High Accuracy and High Sensivity
– > 99% detection rate of unknown SNPs, no false positives 
– Detection of variants in < 2-5% of sample

– DNASep DHPLC column chemistry
– Precise DNA melting temperature calculations for DHPLC 

conditions
– evelopment of a robust high fidelity thermostable DNA 

polymerase for PCR

 Transgenomic is a Leader in Mutation Detection 
Technology

 High Accuracy and High Sensivity
– > 99% detection rate of unknown SNPs, no false positives 
– Detection of variants in < 2-5% of sample

– DNASep DHPLC column chemistry
– Precise DNA melting temperature calculations for DHPLC 

conditions
– evelopment of a robust high fidelity thermostable DNA 

polymerase for PCR

 Transgenomic is a Leader in Mutation Detection 
Technology



Novel and Non-detectable Human Signaling Protein Polymorphisms

Roy A Lynch et. al.,  Division of Cardiology, University of Cincinnati Medical Center
Physiology Genomics, July, 2002

Novel and NonNovel and Non--detectable Human Signaling Protein Polymorphismsdetectable Human Signaling Protein Polymorphisms

Roy A Lynch et. al.,  Division of Cardiology, University of CincRoy A Lynch et. al.,  Division of Cardiology, University of Cincinnati Medical Centerinnati Medical Center
Physiology Physiology GenomicsGenomics, July, 2002, July, 2002

The frequency of single nucleotide polymorphisms in downstream 
signaling proteins was determined by combination heteroduplex high 
performance liquid chromatography and double stranded sequencing of 
genomic DNA from 96 to 144 congestive heart failure (CHF) patients. 
Analysis of fifty-six coding exons in nine signaling genes revealed 
seventeen novel and eight previously reported synonymous (no change in 
amino acid) SNPs, as well as one novel non-synonymous SNP in the Rad
small G-protein. Because this initial analysis failed to detect numerous
SNPs reported in the NCBI and Celera databases, double strand 
sequencing of relevant exons from 74 to 91 CHF patients was used to 
confirm the absence of ten previously reported non-synonymous SNPs. 
Our results show that synonymous SNPs are frequent in signaling protein 
genes, whereas non-synonymous SNPs are rare, suggesting a high 
degree of evolutionary conservation among these downstream signaling 
molecules. 

Comparisons of our results to the NCBI and Celera databases indicates 
that 56% of their SNP entries are not detected in our cohort. Importantly, 
while 31% of database SNPs were verified, 69% of SNPs detected in our 
cohort are not included in these databases. These findings indicate that 
caution may be warranted in relying exclusively on SNP databases as 
catalogs for polymorphic signaling protein genes.

The frequency of single nucleotide polymorphisms in downstream 
signaling proteins was determined by combination heteroduplex high 
performance liquid chromatography and double stranded sequencing of 
genomic DNA from 96 to 144 congestive heart failure (CHF) patients. 
Analysis of fifty-six coding exons in nine signaling genes revealed 
seventeen novel and eight previously reported synonymous (no change in 
amino acid) SNPs, as well as one novel non-synonymous SNP in the Rad
small G-protein. Because this initial analysis failed to detect numerous
SNPs reported in the NCBI and Celera databases, double strand 
sequencing of relevant exons from 74 to 91 CHF patients was used to 
confirm the absence of ten previously reported non-synonymous SNPs. 
Our results show that synonymous SNPs are frequent in signaling protein 
genes, whereas non-synonymous SNPs are rare, suggesting a high 
degree of evolutionary conservation among these downstream signaling 
molecules. 

Comparisons of our results to the NCBI and Celera databases indicates 
that 56% of their SNP entries are not detected in our cohort. Importantly, 
while 31% of database SNPs were verified, 69% of SNPs detected in our 
cohort are not included in these databases. These findings indicate that 
caution may be warranted in relying exclusively on SNP databases as 
catalogs for polymorphic signaling protein genes.

High throughput sequence variant discovery in candidate genes (the world's 
largest HTS-DHPLC platform, processing up to 6000 samples per day), using a 

proprietary multiplexing method.  
Reliability and  accuracy, along with substantial cost savings in comparison 

with traditional mutation/SNP discovery methods.



At Transgenomic, we believe that the identification of modifications generated by 
functional SNPs (mutations) in the structure (activity) of the disease-related gene 
products (proteins) will be a key factor for the design of new compounds correcting or 
enhancing the effects of those mutations in the population. Through our functional 
proteomic group, the client has access to the internal expertise in molecular and cellular 
biology including DNA recombination, protein expression systems, and protein 
purification necessary for this identification. In addition, appropriate cellular models and 
protein-protein interactions assays are developed in order to study the biological roles of 
functional SNPs on protein structure and activity.

多囊腎病現在可以做基因分析

台大醫院腎臟內科主治醫師暨陳萬裕教授基金會執行秘書

朱宗信 副教授

自體顯性多囊腎病（ADPKD）是一種常見的遺傳病，父母之一有病時，子女得病的機會為50﹪，估計此病的盛行率為1/1000。目前國外研究
顯示多囊腎病85﹪PKD1基因異常而15﹪為PKD2基因異常。國內目前接受透析（洗腎）病人已超過3萬人，其中約3﹪為多囊腎。

多囊腎病目前診斷以超音波為主，因此無法早期發現此病。想要早期發現，則須寄望於基因分析。由於多囊腎病基因相當大，且每位病人基因
突變點皆不同，因此基因診斷須分析整段基因。

在這類基因檢驗中，DNA序列分析乃是最基本且是最重要的，但昂貴之分析費用乃是最大之問題，所以如何發展出一種敏感度高，有效率且
不昂貴之技術，來偵測序列中微小之變異，乃變得極為關鍵。然而，由於多囊腎病基因之複雜性，使得基因診斷在過去變得相當困難。而目前台大

醫院新進發展出之DNA突變分析儀（DHPLC）乃利用自動化之偵測來找出微小甚至是是一核?酸之突變，將其合併直接序列分析，將是快速建立
多囊腎病基因診斷突變基因資料庫之最有效率之利器。

此項檢驗，由於需要高科技設備及耗材，因此所需經費較高，但目前台大醫院已獲經費支持，預估可為200位病人免費檢驗，預期在1至2年內
可獲得成果。
對象：自體顯性多囊腎病的患者。

病例收集及採血期間：即日起至92年6月30日。

就診：

病患掛號台大醫院（1）腎臟內科朱宗信醫師（星期二早上內科第2診，星期二下午
腎臟內科第8診）（2）腎臟內科黃政文醫師（星期一早上內科24診）。
前述掛號可經由現場掛號、電話語音預約專線（02）23567890、本院初診電話預
約專線（02）23562996、網路預約。

作法： 病患就診後確定為多囊腎病且同意接受檢驗後於同意書上簽名並至指定地點抽血
10C.C.即可，且不需禁食。



針對乳癌篩檢成本分析比較 

(BRAC1 and BRAC2 gene 共有 24+27 exons 分成 84 個 amplicons 作檢測也就是 84 個 PCR 

products) 

    DHPLC(資料庫建立期)  DHPLC(已建立資料庫) 

1. DHPLC 篩檢 BRAC1 和 BRCA2 gene 須 122 

次 injections (因為有些 PCR 產物須不同溫度

作檢測) 

2. 以 2100A 須 122x39.5=4812 元 

3. 以 3500HT 須 122x43.5=5307 元 

4. 若由 DHPLC 檢測出突變型須定序樣品預估為

10-20%須定序成本為 2400-4800 元 

5. DHPLC 檢測出有突變型的圖形必先經過定序

確認後若以後有相同圖形出現可歸類成相同突

變所以若作相同檢測越多成本會下降 

1. DHPLC 檢測出確認有相同突

變型的圖形出現可歸類成相同

突變所以若作相同項目檢測越

多定序成本會下降 

2. 84 個 PCR products 若採直接

定序須 Forward and Reverse 

定序也就是須由 PCR product 

兩端各作一次定序,須作 84 x 2 

= 168 次定序 

 

 



 DHPLC 和  Multi-TOF 功能性比較 
           DHPLC Multi-TOF 

DNA 分析工作 1. Non-Denature 
Fragment size, 
LOH, STR, AFLP, 
RFLP, Qualitative 
PCR 
Competitive RT-PCR 
DNA 純化 

2. Partially 
Denaturing 
SNP discovery 
And Scoring 
Mutation detection 

3. Fully-Denaturing 
Oligonucleotides, 
ssDNA, RNA 分離 
可作

Oligonucleotide, n, 
n-1 mer 分離, 收集, 
純化. 

只能針對已知 DNA 序列

變異作大量篩選 

 

 DHPLC 和  Multi-TOF 功能性比較 
           DHPLC Multi-TOF 

SNP/Mutation  
Discovery 
針對基因中未知位置序

列變異探討 

可利用 Hetroduplex 
analysis 的方式再加上

溫度調控找出 Novel 突

變基因  

只能針對 Candidate 
gene 利用 
Primer-extension 
reaction 作為篩選工具 

SNP Screening 
針對已知位置序列變異

探討 

可利用 Hetroduplex 
analysis 或 
Primer-extension 
reaction 作為篩選工具 
一天可處理 280 個樣品 

每天可處理上萬樣品 

分析樣品前處理 直接利用 PCR 產物進

樣分析 
樣品純度要求較高需要經

過 desalt 步驟 

購置成本 380-450 萬元 須達上千萬 

 



Genome 2003Genome 2003

日期： 2003年12月7日至12月10日

地點： 陽明大學 會議中心
活動主題:

額滿
人數

Title 地點

*Symposium (12/7) (600人) Genome and Human Disease 大禮堂

*Minisymposium I
(12/8上午) (200人) Mini Symposium : SARS Genomics 表演廳

*Minisymposium II
(12/8下午)

(200人) Genetic Polymorphism & Human Disease 表演廳

*Minisymposium III
(12/8下午) (150人) Functional Genomic Approach to Liver Diseases 第一會議

室

*Workshop I (12/9上午
) (200人)

Lecture：Integrated Platform for Functional Genomic 
Studies

表演廳

*Workshop II
Lecture：12/9
實驗：12/10上午

(100人) Lecture：dHPLC：Principle and Practice 第一會議
室

(10人)

需收費 Experimentation：dHPLC：Principle and Practice

12/9 (二) Lecture部份 Chairperson 鍾明怡 / 台北榮總

09:15~09:30 History of DHPLC
Collin D'Silva (CEO of Transgenomic) 

09:30~10:30 Advances of Genetic Diagnostics taiwan
Zhu Ph.D / Transgenomic

10:40~12:00 Use of DHPLC in the diagnosis and
pharmacogenomics of neurological diseases

陳彪 / 北京首都醫科大學 / 中國國家人類基因組北方研究中心

13:30~14:30 DHPLC Application in Cancer Molecular
Epidemiology            謝玲玲 / 長庚大學公衛系

14:30~15:30 蘇怡寧 / 台大基因醫學部

16:00~17:00 Molecular genetic study of NMDA receptor 
subtype genes and schizophrenia

陳嘉祥 / 慈濟大學 人類遺傳學研究所

12/10 (三) 實驗部份

09:00~09:45 Result and discussion 1 朱萬庚

09:45~12:00 Result and discussion 2 鍾明怡 / 台北榮總



客 戶 名 稱 科  系 機型    目前研究基因 備註

WAVE  system (DHPLC system From Transgenomic USA)
台大 醫院 第四共研 2100A 精神疾病基因…

國家 衛生研究院 3500A Comfirm sequencing data

長庚 大學 公衛系509室 2100A 大腸直腸癌(MLH1, MSH2),乳癌基因(BRCA I, BRCA II),肝臟代謝基因

國立 陽明大學 基因體研究中心 2100A 和婦產部,陽明公衛合作

花蓮 慈濟大學 人類遺傳所 2100A Schizophrenia Gene

百力 生物科技股 Oligo purity check and  purification
2100A

省立 桃園醫院 檢驗科 3500A 乙型地中海貧血(B-globin Gene) 91.12.31

花蓮 慈濟醫院 神經醫學 3500HT 乳癌基因(BRCA I, BRCA II),大腸直腸癌(MLH1, MSH2) 92.03.31
Pakinson Disease

長庚 大學 醫技系 3500A Bacteria identification 92.05.01

三軍 總醫院 基因體研究中心 3500A 細胞凋亡基因FAS gene 92.06.30

台大 醫院 基因醫學部 3500A 大腸直腸癌(MLH1, MSH2),腎臟癌(AKPKD gene),
2100A 乳癌基因(BRCA I, BRCA II),神經 纖維瘤第一型(NF1)

乙型地中海貧血(B-globin Gene)
2 100 A 92.10.01


