1999/2000 U.S. MSPPSA SERIES

DNA
SEQUENCING

AN ANALYSIS OF
MARKET SI1ZE & GROWTH
MARKET SHARE
PURCHASE PLANS &
SUPPLIER ASSESSMENT FOR THE
U.S. LIFE SCIENCE RESEARCH MARKET

A Multi-Client Report

by
PhorTech International
San Carlos, California

December 15, 1999

Copyright 1999 by PhorTech International, 238 Crestview Drive, San Carlos CA 94070. All rights reserved. No material contained
in this report may be reproduced in whole or in part without the written permission of the publisher. This report is not intended to
be, and should not be construed as a recommendation for the purchase or sale of any securities mentioned herein. The information
has been derived from statistical and other sources which we deem reliable but their completeness cannot be guaranteed. Opinions
expressed herein are based upon our interpretation of available information and are subject to change.



1999/2000 U.S. MSPPSA DNA Sequencing



TABLE OF CONTENTS

I. BACKGROUND ....cctvuuuueeeeierrrreerreennnnnnnsssssseeseensnnnsnsssssssseenes 9
A. Survey ObjJectives.......couivueieirinieiiirecieeeeeeeeeene 10

B. Survey Methodology ........cccoevveviiininciiiinincceecneee 14

II. DEMOGRAPHIC SEGMENTATION ....cceeeeerereereraeassessssssssnannes 17
#3. Utilization of Various Sources of Sequencing Data......... 18

#38.  Segmentation by Organizational Type....c..cccecvrerenucnnne. 20

#37. Respondents Working in Core Facilities/Seq Services...... 24

ITI. MARKET SIZE & GROWTH ..ceeeeiiiiiiiiiiiineneneeeneeeeeeeeeeeneenns 27
#1. Current Use of DNA Sequencing, Market Size.............. 28

#6. Manual Sequencing Unit Installed Base Audit................ 30

#13.  Automated Sequencer Installed Base Audit...........c......... 35

#25.  Thermal Cycler Installed Base Audit......ccccoceeveienicnnennene 42

IV. MARKET SHARE ....ccceeevuueeerernrurreeeesssneeesssssseeesssssssseessssnns 47
#6+.  Manual Sequencing Unit & Dollar Market Shares.......... 48

#13+. Automated Sequencer Unit & Dollar Market Shares ...... 54

#25+  Thermal Cycler Unit & Dollar Market Shares................ 59

V. PURCHASE PLANS ......ovtiiiiiiiiieeeieciieeeeseserneeeseeseneeeesssnnnnns 65
#10.  Forecast Change in Manual Sequencing............cccoucue.e. 66

#20.  Forecast Change in Automated Sequencing.................... 70

#26. Future Purchase Plans for All Instrumentation................ 75

#27.  Instruments & Suppliers Considered for Purchase.......... 80

VI. CURRENT SEQUENCING METHODOLOGY .....ccevuveervnneennnnn. 83
#2. Sequencing Data Generated & Number of Reactions..... 84

#3+.  Sources of Sequencing Data......cccccevevevveininicreeenennene. 86

#4+.  Criteria for Sequencing Service Selection ...........ccccee.... 89

#5. Cost of Sequencing Service, Price per Template.............. 98

#9. Manual Workload - Templates/Week & Bases Called .... 100
#19.  Automated Workload - Templates/Week & Bases Called 106

#12.  Access to Advanced Instrumentation..........occeueeveueeuennene. 111
#21.  Primary Applications for Automated Sequencing............ 113
#22.  Throughput for Non-Sequencing Applications............... 122
#23.  Current Sequencing Strategies in Use .......cccecvevveeiiennnene 126
#24.  Primary Labeling Methods for Automated Sequencing... 130
#28 . Sequencing Kit Usage vs. Individual Reagents................. 133
#29.  Suppliers of Sequencing Kits & Reagents.........ccccoeueuee. 135
#30.  Throughput by Methodology, In-Lab vs. Seq Service ..... 141
#31.  Distribution of Templates, by Vector Type ..........c......... 147
#32.  Single-Stranded Template Purification Methods............. 152
#33.  Plasmid Template Purification Methods..........cccoeueneeee. 156



1999/2000 U.S. MSPPSA DNA Sequencing

#34.  PCR-Generated Seq Template Purification Methods...... 159

#35.  Methods for Sequencing Templates........ccooeeveereinuennne. 161
#36.  Templates per Week for Various Enzymes..................... 163
VII. SUPPLIER ASSESSMENT .....cccveetieirenianrenirennessenssensessennens 173
#7. Reasons for Choosing Last Manual Seq. Purchased......... 174
#8. Customer Satisfaction Rates for Manual Sequencers....... 181
#8+.  Rejected Manual Sequencer Brands & Reasons............... 184

#11.  Ranked Supplier Performance - Manual Sequencers ....... 190
#14.  Reasons for Choosing Last Automated Seq. Purchased ... 194
#15.  Customer Satisfaction Rates for Auto Sequencers ........... 198
#18.  Ranked Supplier Performance: Automated Sequencers ... 202

VIII. FUTURE EXPECTATIONS ...cvvuirrtneeereneeernneerenneeennnceeennnns 207
#16. Most Important Features of Automated Sequencers........ 208
#17.  Desired Improvements in Automated Sequencers............ 212

IX. QUESTIONNAIRE .............................................................. 217



Li1ST OF TABLES & FIGURES

I. BACKGROUND ...ccvvuuueeeeeerreererenneneassseeeeessnssssssssseesemsnsssssssssseessssnnssssns 9
SULVEY ODJECTIVES. ..evvirveiietiieeirieteitrtcteerteee sttt ettt 10
Survey Methodology ......ccveeeviiieiniiiiiiciiieiecree et 14
Survey Response Rates .........coeviiiiiiiiiiiiiiiiiniicccccecee 14
95% Confidence Intervals for Various Percentages & Sample Sizes........ccceueueen. 15

II. DEMOGRAPHIC SEGMENTATION......cccvvvreereeeeeeeeeeeeeeeeeeeeeemeneeesseseenennes 17
Source of Sequencing Data, of Organization, All Respondents.........ccceceveuennenn 18
Distribution by Type of Organization, All Respondents.......cccccceveeneercnencnnencnn 20
Distribution by Type of Organization, Users of On-Site Facilities........c.coeeenenen. 21
Distribution by Type of Organization, Users of Off-Site Sequencing Services ...... 21
Distribution by Type of Organization, Manual DNA Sequencing Users .............. 22
Distribution by Type of Organization, Automated DNA Sequencing Users.......... 22
Respondent’s Source of Sequencing Data for Various Types of Organizations...... 23
Core Facility & Sequencing Service Labs, Percent of All Respondents.................. 24

ITI. MARKET SIZE & GROWTH ...ccevvvrererereereeeeeeeeeeeeeeeeeeeseeeeeeesmeemsesmmmemee 27
DNA Sequencing Usage, Among Science Subscribers .......c.coecveeveceneniccnrecnnenns 28
Estimated Size of Science Subscriber Population Performing DNA Sequencing.... 28
Population Estimate of US Life Science Researchers Using DNA Sequencing ...... 29
Comparison Using Other Studies........ccurverveirieinineineiiieineeeeneeseeenennenns 29
Mean & Median Number of Manual Sequencers per Respondent, Installed Base. 30
DNA Sequencing Installed Base, Dollars Spent on Manual Sequencers................ 30
Distribution of Total Manual Sequencers per Respondent ........c.ccceveeeruceeucnnennn 31
Unit Placements by Year, All Manual DNA Sequencing Units......c.cccceveerreneenene. 31
Dollar Placements by Year, All Manual DNA Sequencing Units.......ccceceeveuennene. 32
Unit & Dollar US Market Size Estimate, Manual DNA Sequencing Units .......... 33
Annual US Manual DNA Sequencer Sales Estimate, by Year .......cccocvvvevrenenennee 33
Combined MSPPSA Report Annual Manual Sequencer $ Sales Estimate, by Yr... 34
Mean & Median Number of Automated Sequencers per Resp, Installed Base ...... 35
Total Automated Sequencing Instruments per Respondent’s Group.......cc.ccneee. 36
Automated Sequencing Instruments, Market Value of Installed Base.................... 36
Units Placements by Year, All Automated Sequencing Units.......ccceveerrecrreeennne 36
Revised Units Placements by Year, All Automated Sequencing Units ........c.c........ 37
Dollar Placements by Year, All Automated Sequencing Units.......cccoecerreercnencnn 38
Revised Dollar Placements by Year, All Automated Sequencing Units.................. 38
Unit & Dollar US Market Size Estimate, Automated DNA Sequencing Units ..... 39
Annual US Automated DNA Sequencer Sales Estimate, by Year ......cccoeevvenvenennee 39
Combined MSPPSA Rpt Annual Automated Sequencer $ Sales Estimate, by Yr.. 40
Total US Sales for Manual & Automated DNA Sequencers, by Year.................... 40
Compound Annual Growth Rate of Sequencing Instrumentation over 5 Years..... 41
Mean Value for Thermal Cyclers per Respondent, Cycle Sequencing Users ......... 42
Total Thermal Cyclers for Sequencing, Instruments per Respondent ................... 43
Mean Dollar Spend per Resp for Thermal Cyclers, Cycle Sequencing Users......... 43
Unit Placements by Year, All Thermal Cyclers used for Sequencing..................... 44
Dollar Placements by Year, All Thermal Cyclers used for Sequencing .................. 44
Market Size Estimate, Thermal Cyclers for Cycle Sequencing ........cocccceereeuennencnn. 45
Annual US Thermal Cycler (for Sequencing) Sales Estimates, by Year ................. 45
Combined MSPPSA Rpt Annual Thermal Cycler $ Sales Estimate, by Yr............ 46



1999/2000 U.S. MSPPSA DNA Sequencing

IV. MARKET SHARE ...cceetiiiiiiiiiiiiiiieiieeieeeieeeeeeeeeeeeseeeesessesssssssssessssssseseens
Manufacturers’ Unit Market Shares for Manual DNA Sequencers.......c..cccoeueenee.
Manufacturers’ Dollar Market Shares for Manual DNA Sequencers.........co.c.c.....
Mean Price per Manual Sequencer , by Manufacturer .........cccecvevveenenenenecnnenn
Most Frequently Mentioned Manual DNA Sequencer Models.......ccccovveerrennnnen.
Manual DNA Sequencer Unit Market Share, Sequencers Purchased Since 1996 ..
Manual DNA Sequencer $ Market Share, Sequencers Purchased Since 1996 .......
Manufacturers’ Unit Market Shares, All Automated Sequencers ........c.coceeeevennenn
Manufacturers’ Dollar Market Shares, All Mentions of Automated Sequencers.....
Mean Reported Price per Unit, Automated DNA Sequencer Manufacturers.........
Most Frequently Mentioned Automated DNA Sequencer Models.........cc.ccne...
Automated Sequencer Unit Market Share, Sequencers Sold Since 1996................
Automated Sequencer Dollar Market Share, Sequencers Sold Since 1996.............
Manufacturers’ Unit Market Shares, All Thermal Cyclers......c.cooeoenneennenccnnen
Manufacturers’ Dollar Market Share, All Thermal Cyclers .......coccverecenenecnnnne
Mean Reported Price per Unit, Thermal Cycler Manufacturers........ccccoveerrenennee.
Most Frequently Mentioned Thermal Cycler Models.......ccooevveinecencncincnnnnnn.
Manufacturers’ Unit Market Shares, Thermal Cyclers Sold Since 1996................
Manufacturers’ Dollar Market Shares, Thermal Cyclers Sold Since 1996 .............

A28 1402703 3 11 S 14 07N N (O
Forecast Change in Manual Sequencing, Current Sequencing Users.........cccueuen...
Average Change in Manual Sequencing Over Next Year, Sequencing Users..........
Forecast Change in Manual Sequencing & Verbatim Comments Descr Reason ...
Forecast Change in Automated Sequencing, Current Sequencing Users................
Average Change in Auto Sequencing Over Next Year, Sequencing Users..............
Forecast Change in Auto Sequencing & Verbatim Comments Descr Reason........
Purchase Plans for Auto Sequencers, Response Profile of Sequencing Users..........
1999/00 US Sales Projections for New Automated Sequencers.......c.eceeveeeereneenenee
Purchase Plans for Robotic Workstations, Response Profile of Sequencing Users..
1999/00 US Sales Projections for Robotic Workstations ........c.ecceveeeeerveenreennenne
Purchase Plans for Analysis Software, Response Profile of Current Users..............
1997/98 US Sales Projections for Analysis SOftware .......c.coceeveerereeeneneeenecnnenn
Purchase Plans for Thermal Cyclers, Response Profile of Current Users ...............
1997/98 US Sales Projections for Thermal Cyclers Used for Cycle Sequencing ....
Share of Mentions, Planned Purchases of Automated DNA Sequencers................
Share of Mentions, Planned Purchases of Robotic Workstations..........c.c.ccvveeveenn.
Share of Mentions, Planned Purchases of Analysis Software........c.cccovvevererenecnnnn

VI. CURRENT SEQUENCING METHODOLOGY ....cceeeeeeereerersassasasasssasnnnns
Kilobases of Raw Sequence Data Generated, In-Lab Seq & Seq Services ..............
Total Sequencing Reactions per Year, In-Lab Seq & Seq Services ........ccvvevveuennene.
Percentage of Sequencing Data Obrtained from Outside Facilities .......c.cocevvueneeee.
Percentage of Sequencing Data Sequenced in the Lab ......cccccvevninenccninene.
Estimated Raw Sequencing Data Generated/Yr by Source, Based on Median Kb..
Estimated Raw Sequencing Data Generated/Yr by Source, Based on Mean Kb.....
Most Important Criteria for Selecting a Sequencing Service.......coeceeveerrererennencnn
Sequencing Service Selection, Most Frequently Mentioned Criteria.......c.cccvueuee...
Sequencing Service Cost/Template, Incl Template Prep or Seq Reaction Only.....
Mean, Median & Mode Sequencing Service Cost/Template......c.cceeveerreercnnencnn
Average Templates Sequenced per Week, Cross Section of Manual Seq. Users ...
Mean & Median: Templates Sequenced per Week by Manual Sequencing...........
Average Gels Run per Week, Cross Section of Manual Seq. Users .......cccoceeenenee.
Average Bases Called per Template, Cross Section of Manual Sequencing Users ..



Mean & Median: Bases Called per Template by Manual Sequencing................... 102

Average Bases Called per Week, Cross Section of Manual Sequencing Users ....... 103
Mean & Median: Bases Called per Week by Manual Sequencing.............c.c......... 103
Mean, Median & Mode: Average Reagent Cost per Template, Manual Seq......... 103
Average Reagent Cost per Template, Cross Section of Manual Seq Users ............ 104
Average Reagent Cost per Week, Cross Section of Manual Sequencing Users ...... 104
Summary of Mean & Median Values for Manual Sequencing Users .................... 105
Average Templates Sequenced/Week, Auto Seq. Or Seq. Service.......cccevurucuunnne 106
Mean, Median & Mode: Templates Seq./Week, Auto Seq. or Seq. Service........... 107
Average Bases Called per Template, Auto Seq. or Seq. Service.......ccovvvueueeenucnencne. 107
Mean & Median: Bases Called per Template by Auto Seq. or Seq. Service........... 107
Average Bases Called per Week, Auto Seq. or Seq. Service.......ccoveuivevrerecirnncnnnn 108
Mean, Median & Mode: Average Bases Seq./Week, Auto Seq. or Seq. Service ..... 108
Mean, Median & Mode: Reagent Cost/Week, Auto Seq. or Seq. Service.............. 108
Average Reagent Cost per Template, In-Lab Auto Seq. or Seq. Service ................ 109
Average Reagent Cost per Week, In-Lab Auto Seq. or Seq. Service ......cccooueueeneee. 109
Summary of Mean & Median Values for Automated Seq. or Seq. Service............. 110
Access to Sequencing Instrumentation, Current USers.........ocevvviviiiiiiiiinninns 111
Verbatim Description of Applications for Automated Sequencing...........ccccoueeee. 113

Percentage Throughput for Non-Seq. Applications, Auto Seq. or Seq. Service...... 122
Non-Sequencing Applications, % of Throughput on Auto Seq. or Seq. Service.... 123

Non-Sequencing Applications, Share of Mentions ........c.cccoceciviricuieineecineicecns 125
Template Throughput by Seq Strategy by Current Users, All Read Lengths......... 126
Proportion of Respondents Using Each Strategy, All Read Lengths....................... 127
Specified Read Lengths Beyond Primer, Resp Reading Each Length..................... 128
Template Volume for Various Strategies, According to Read Length.................... 128
Lengths of Bases Read Beyond Primer for Five Strategies, Templates/Wk ............ 129
Primary Labeling Methods, DNA Sequencing Users .........ccccoocivneccinncinennenee. 130
Primary Labeling Methods, Percent of Work ........ccccoivviiiciniiinicinicine, 131
Percent of Work & Verbatim Descriptn of ‘Other’ Labeling Methods ................. 131
Reported Percentage of Kit Use, All Sequencing Users........cccoccerrucecincuicininnenee. 133
Reported Percentage of Reagent Use, All Sequencing Users........ccocciniiiciinnnee. 134
Preferred Brands of Sequencing Kits, Share of Mentions..........cccccccvueueinnicuecnne. 135
Preferred Brands of Sequencing Buffers, Share of Mentions ..........ccccceceviueurennee. 136
Preferred Brands of Sequencing Enzymes, Share of Mentions..........ccccoeeuiennnee. 137
Preferred Brands of Gel Matrix Reagents, Share of Mentions..........cccccovueueennne. 138
Preferred Brands of Nucleotides, Share of Mentions........ccueeevevveeeeeeeeieieeeeeineeennns 139
Preferred Brands of Other Reagents, Share of Mentions.........cccccoccevireininicuccnne. 139
Various Sequencing Methodologies, Frequency of Mentions........c.cccccccueivnuneee. 142
Distribution of Usage, Respondents Citing Each Methodology ............cccccueneeee. 142
Respondents’ Use of Sequencing Methodologies, In-Lab vs. Sequencing Service .. 143
Proportion of Respondents Using Each Methodology, by Data Source................. 143
Distribution of Template Throughput for Various Sequencing Methodologies..... 144
Throughput for Various Sequencing Methodologies, In-Lab vs. Service ............... 145
Total, Median & Mean Throughput, by Methodology & Source of Data............. 145
Verbatim Description of Other Sequencing Strategies Used in the Lab ................ 146

Verbatim Description of Other Sequencing Strategies Performed by Seq. Service. 146
Sequencing Methodology Usage: Extrapolation to the U.S. Life Science Rsch Pop 146

Respondent’s Usage of VECTOrs.......cccoueuiuiriiicuiniiiiiiiccnieetseeeece e 147
Percentage of Total Templates, Plasmid Vector..........coccoveuciviicicnncninncccnn 148
Percentage of Total Templates, PCR Generated.........ccccoovueuieincccinncinnccnnen 149
Percentage of Total Templates, Lambda/Cosmid Vector.........ccccoccueciviricuicinicnnee. 149
Percentage of Total Templates, M13/Phagemid Vector.........coccocivincuicninicnccnnee 150
Percentage of Total Templates, Other Vectors .........cccouveueviniicinnicccinnieiieeene. 150

-5-



1999/2000 U.S. MSPPSA DNA Sequencing

Werite-In Responses for Sequencing Templates .........ccoeeiviicinniccinncinineenns 151
Verbatim Comments Regarding Single Stranded Template Purification................ 152
Single Stranded Template Purification Methods, Reported Brand Names ............ 155
Plasmid Template Purification, All Sequencing Users..........ccccoevreuieinicinncncnne. 156
Verbatim Description of Other Methods for Plasmid Template Purification ........ 157
PCR-Generated Template Purification, All Sequencing Users ..........cocceevrueueecnnne 159
Verbatim Descriptn of Other Methods for PCR-Generated Template Purificat’'n. 160
Current Methods for Sequencing Templates, All Users .......ccccoeeinrcinincicnne 161
Sequencing Enzyme Use, Respondents Using Each Enzyme........cccccciviniicinnne 163
Templates Sequenced per Week, Sequenase.........ccooveveirnicicincicinicinnccne, 164
Templates Sequenced per Week, Taq Polymerase.........cccoveieinciciniccinneinnee 165
Templates Sequenced per Week, AmpliTaq FS ..o 165
Templates Sequenced per Week, Thermosequenase.........c.cceeveueinnicccinieuecnienenn. 166
Templates Sequencing per Week, AmpliTaq CS ......ccccooviiiiniiiniiciniccne, 166
Templates Sequenced per Week, Reverse Transcriptase.......ccoceeveveeuciniiuecninnenee. 167
Templates Sequenced per Week, Sequitherm ........oocooieiiiiiiniiiinie 168
Templates Sequenced per Week, Other Enzymes .......ccccceeniiiiinniiinniinnnne. 169
Verbatim Description of ‘Other’ Sequencing Enzymes .......c.ccooveiviniciiniicenns 169
Mean Templates Sequenced per Week for Each Sequencing Enzyme.................... 170

Extrapolat’n of Seq. Enzyme Usage to U.S. Life Science Researcher Pop, Mean.... 171
Extrapolat’n of Seq. Enzyme Usage to U.S. Life Science Researcher Pop, Median. 171

VII. SUPPLIER ASSESSMENT ...ccceeeeuuurrreeeereessessnnnreeeeessesssssnseeeesesssssssnnnns 173
Brand of Last Manual Sequencer Purchased ........ccccceieiviiiiiniiiinnciniccne, 174
Verbatim Comments Regarding Last Purchased Manual Sequencer, by Brand...... 175
Customer Satisfaction Rates for Last Purchased Brand of Manual Sequencer ........ 182
Satisfaction Rates & Confidence Levels for Manual Sequencer Manufacturers...... 183

Reasons for Dissatisfaction with Last Manual Seq. Purchase Sorted by Brand........ 184
Reasons for Satisfaction with Last Manual Sequencer Purchase Sorted by Brand... 185
Ranked Manufacturers’ Performance for Manual Seq.: Best Value for Money ..... 190

Ranked Manufacturers’ Performance for Manual Seq.: Easiest to Use................... 191
Ranked Manufacturers’ Performance for Manual Seq.: Most Reliable Quality ...... 192
Ranked Manufacturers’ Performance for Manual Seq.: Best Tech Support ........... 192
Last Automated Sequencer Purchased, All Users.........ccoceieinicinncccnncinnne. 194
Verbatim Comments Regarding Last Purchased Automated Sequencer, by Brand 195
Satisfaction with Last Purchased Automated Sequencer ..........cccocoeveviecinnicccncns 198
Reasons for Dissatisfaction with Last Automated Seq Purchase Sorted by Brand... 198
Reasons for Satisfaction with Last Automated Seq Purchase Sorted by Brand........ 199
Ranked Manufacturers’ Performance for Automated: Best Field Service ............... 202
Ranked Manufacturers’ Performance for Automated: Easiest to Use .......cccenneeee. 203
Ranked Manufacturers’ Performance for Automated: Greatest Innovator ............. 204
Ranked Manufacturers’ Performance for Automated: Highest Throughput .......... 204
Ranked Manufacturers’ Performance for Automated: Lowest Running Costs........ 205
Ranked Manufacturers’ Performance for Automated: Most Reliable Quality ........ 205
Ranked Manufacturers’ Performance for Automated: Most Committed................ 206
VIII. FUTURE EXPECTATIONS ....ccveriinieniiniitinienienisststenieniesssssssessenees 207
Verbatim Description of Most Important Features of Automated Sequencers....... 208
Most Important Features of Auto Sequencers, Most Common Themes................ 211
Verbatim Descriptions of Improvements in Automated DNA Sequencers ............ 212
Suggested Improvements for Auto Sequencers, Most Common Themes................ 215
IX. QUESTIONNAIRE.......cutttiiiirieeriireeesinireesaenreesasseneesessnsessesssneessas 217



