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(57) ABSTRACT 

Systems and methods for organizing information relating to 
study of polymorphisms. A database model is provided 
Which interrelates information about one or more of, e.g, 

subjects from Whom samples are extracted, primers used in 
extracting the DNA from the subjects, about the samples 
themselves, about experiments done on samples, about 
particular oligonucleotide probe arrays used to perform 
experiments, about analysis procedures performed on the 
samples, and about analysis results. The model is readily 
translatable into database languages such as SQL. The 
database model scales to permit storage of information about 
large numbers of subjects, samples, experiments, chips, etc. 
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METHODS AND SYSTEM FOR PROVIDING A 
POLYMORPHISM DATABASE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] The present application claims priority from US. 
Prov. App. No. 60/053,842 ?led Jul. 25, 1997, entitled 
COMPREHENSIVE BIO-INFORMATICS DATABASE, 
from US. Prov. App. No. 60/069,198 ?led on Dec. 11, 1997, 
entitled COMPREHENSIVE DATABASE FOR BIOIN 
FORMATICS, and from US. Prov. App. No. 60/069,436, 
entitled GENE EXPRESSION AND EVALUATION SYS 
TEM, ?led on Dec. 11, 1997. The contents of all three 
provisional applications are herein incorporated by refer 
ence. 

[0002] The subject matter of the present application is 
related to the subject matter of the following three co 
assigned applications ?led on the same day as the present 
application. GENE EXPRESSION AND EVALUATION 
SYSTEM (Attorney Docket No. 018547-035010), 
METHOD AND APPARATUS FOR PROVIDING A BIO 
INFORMATICS DATABASE (Attorney Docket No. 
018547-033810), METHOD AND SYSTEM FOR PRO 
VIDING A PROBE ARRAY CHIP DESIGN DATABASE 
(Attorney Docket No. 018547-033830). The contents of 
these three applications are herein incorporated by refer 
ence. 

BACKGROUND OF THE INVENTION 

[0003] The present invention relates to the collection and 
storage of information pertaining to chips for processing 
biological samples and thereby identifying polymorphisms. 

[0004] The genomes of all organisms undergo spontane 
ous mutation in the course of their continuing evolution 
generating variant forms of progenitor sequences (Gusella, 
Ann. Rev. Biochem. 55, 831-854 (1986)). The variant form 
may confer an evolutionary advantage or disadvantage rela 
tive to a progenitor form or may be neutral. In some 
instances, a variant form confers a lethal disadvantage and 
is not transmitted to subsequent generations of the organism. 
In other instances, a variant form confers an evolutionary 
advantage to the species and is eventually incorporated into 
the DNA of many or most members of the species and 
effectively becomes the progenitor form. In many instances, 
both progenitor and variant form(s) survive and co-exist in 
a species population. The coexistence of multiple forms of 
a sequence gives rise to polymorphisms. 

[0005] Despite the increased amount of nucleotide 
sequence data being generated in recent years, only a minute 
proportion of the total repository of polymorphisms in 
humans and other organisms has so far been identi?ed. The 
paucity of polymorphisms hitherto identi?ed is due to the 
large amount of Work required for their detection by con 
ventional methods. For example, a conventional approach to 
identifying polymorphisms might be to sequence the same 
stretch of oligonucleotides in a population of individuals by 
dideoxy sequencing. In this type of approach, the amount of 
Work increases in proportion to both the length of sequence 
and the number of individuals in a population and becomes 
impractical for large stretches of DNA or large numbers of 
persons. 
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[0006] Devices and computer systems for forming and 
using arrays of materials on a substrate have been devel 
oped. These devices and systems have been used for iden 
tifying polymorphisms. For example, PCT application 
WO92/10588, incorporated herein by reference for all pur 
poses, describes techniques for sequencing or sequence 
checking nucleic acids and other materials. Arrays for per 
forming these operations may be formed in arrays according 
to the methods of, for example, the pioneering techniques 
disclosed in US. Pat. No. 5,143,854 and US. Pat. No. 
5,571,639, both incorporated herein by reference for all 
purposes. 

[0007] According to one aspect of the techniques 
described therein, an array of nucleic acid probes is fabri 
cated at knoWn locations on a chip or substrate. A ?uores 
cently labeled nucleic acid is then brought into contact With 
the chip and a scanner generates an image ?le indicating the 
locations Where the labeled nucleic acids bound to the chip. 
Based upon the identities of the probes at these locations, it 
becomes possible to extract information such as the identity 
of polymorphic forms in of DNA or RNA. Such systems 
have been used to form, for example, arrays of DNA that 
may be used to study and detect mutations relevant to cystic 
?brosis, the P53 gene (relevant to certain cancers), HIV, and 
other genetic characteristics. 

[0008] It Would be highly useful to apply such arrays to the 
study of polymorphisms on a large scale. For example, it 
Would be useful to conduct large scale studies on the 
correlation betWeen certain polymorphisms and individual 
characteristics such as susceptibility to diseases and effec 
tiveness of drug treatments. To achieve these bene?ts, it is 
contemplated that the operations of chip design, construc 
tion, sample preparation, and analysis Will occur on a very 
large scale. The quantity of information related to each of 
these steps to store and correlate is vast. For large scale 
polymorphism studies, it Will be necessary to store this 
information in a Way to facilitate later advantageous query 
ing and retrieval. What is needed is a system and method 
suitable for storing and organiZing large quantities of infor 
mation used in conjunction With polymorphism studies. 

SUMMARY OF THE INVENTION 

[0009] The present invention provides systems and meth 
ods for organiZing information relating to study of polymor 
phisms. A database model is provided Which interrelates 
information about one or more of, e.g, subjects from Whom 
samples are extracted, primers used in extracting the DNA 
from the subjects, about the samples themselves, about 
experiments done on samples, about particular oligonucle 
otide probe arrays used to perform experiments, about 
analysis procedures performed on the samples, and about 
analysis results. The model is readily translatable into data 
base languages such as SQL. The database model scales to 
permit storage of information about large numbers of sub 
jects, samples, experiments, chips, etc. 

[0010] Applications include linkage studies to determine 
resistance to drugs, susceptibility to diseases, and study of 
every characteristic of humans and other organisms that is 
related genetic variability. Another application of a database 
constructed according to this model is quality control of the 
various steps of performing a polymorphism study. By 
preserving information about every step of a polymorphism 
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study, one can assess the reliability of the results or use the 
preserved information as feedback to improve procedures. 

[0011] A further understanding of the nature and advan 
tages of the inventions herein may be realiZed by reference 
to the remaining portions of the speci?cation and the 
attached draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] FIG. 1 illustrates an overall system and process for 
forming and analyzing arrays of biological materials such as 
DNA or RNA. 

[0013] FIG. 2A illustrates a computer system suitable for 
use in conjunction With the overall system of FIG. 1. 

[0014] FIG. 2B illustrates a computer netWork suitable for 
use in conjunction With the overall system of FIG. 1. 

[0015] FIG. 3 illustrates a key for interpreting a database 
model. 

[0016] FIGS. 4A-4H illustrate a database model for main 
taining information for the system and process of FIG. 1 
according to one embodiment of the present invention. 

DESCRIPTION OF SPECIFIC EMBODIMENTS 

[0017] 
[0018] A. Preparation of Samples 

Investigation of Polymorphisms 

[0019] Polymorphisms are detected in a target nucleic acid 
from an individual being analyZed. For assay of genomic 
DNA, virtually any biological sample (other than pure red 
blood cells) is suitable. For example, convenient tissue 
samples include Whole blood, semen, saliva, tears, urine, 
fecal material, sWeat, buccal, skin and hair. For assay of 
cDNA or mRNA, the tissue sample must be obtained from 
an organ in Which the target nucleic acid is expressed. For 
example, if the target nucleic acid is a cytochrome P450, the 
liver is a suitable source. 

[0020] Many of the methods described beloW require 
ampli?cation of DNA from target samples. This can be 
accomplished by e.g., PCR. See generally PCR Technology: 
Principles and Applications for DNA Ampli?cation (ed. H. 
A. Erlich, Freeman Press, NY, NY, 1992); PCR Protocols: 
A Guide to Methods and Applications (eds. Innis, et al., 
Academic Press, San Diego, Calif., 1990); Mattila et al., 
Nucleic Acids Res. 19, 4967 (1991); Eckert et al., PCR 
Methods and Applications 1, 17 (1991); PCR (eds. McPher 
son et al., IRL Press, Oxford); and US. Pat. No. 4,683,202 
(each of Which is incorporated by reference for all purposes). 

[0021] Other suitable ampli?cation methods include the 
ligase chain reaction (LCR) (see Wu and Wallace, Genomics 
4, 560 (1989), Landegren et al., Science 241, 1077 (1988), 
transcription ampli?cation (KWoh et al., Proc. Natl. Acad. 
Sci. USA 86, 1173 (1989)), and self-sustained sequence 
replication (Guatelli et al., Proc. Nat. Acad. Sci. USA, 87, 
1874 (1990)) and nucleic acid based sequence ampli?cation 
(NASBA). The latter tWo ampli?cation methods involve 
isothermal reactions based on isothermal transcription, 
Which produce both single stranded RNA (ssRNA) and 
double stranded DNA (dsDNA) as the ampli?cation prod 
ucts in a ratio of about 30 or 100 to 1, respectively. 
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[0022] B. Detection of Polymorphisms in Target DNA 

[0023] There are tWo distinct types of analysis depending 
Whether a polymorphism in question has already been 
characteriZed. The ?rst type of analysis is sometimes 
referred to as de novo characteriZation. This analysis com 
pares target sequences in different individuals to identify 
points of variation, i.e., polymorphic sites. By analyZing 
groups of individuals representing the greatest ethnic diver 
sity among humans and greatest breed and species variety in 
plants and animals, patterns characteristic of the most com 
mon alleles/haplotypes of the locus can be identi?ed, and the 
frequencies of such populations in the population deter 
mined. Additional allelic frequencies can be determined for 
subpopulations characteriZed by criteria such as geography, 
race, or gender. The second type of analysis is determining 
Which form(s) of a characteriZed polymorphism are present 
in individuals under test. There are a variety of suitable 
procedures, Which are discussed in turn. 

[0024] 1. Allele-Speci?c Probes 

[0025] The design and use of allele-speci?c probes for 
analyZing polymorphisms is described by e.g., Saiki et al., 
Nature 324, 163-166 (1986); Dattagupta, EP 235,726, Saiki, 
WO 89/11548. Allele-speci?c probes can be designed that 
hybridiZe to a segment of target DNA from one individual 
but do not hybridiZe to the corresponding segment from 
another individual due to the presence of different polymor 
phic forms in the respective segments from the tWo indi 
viduals. Hybridization conditions should be suf?ciently 
stringent that there is a signi?cant difference in hybridiZation 
intensity betWeen alleles, and preferably an essentially 
binary response, Whereby a probe hybridiZes to only one of 
the alleles. Some probes are designed to hybridiZe to a 
segment of target DNA such that the polymorphic site aligns 
With a central position (e.g., in a 15 mer at the 7 position; in 
a 16 mer, at either the 8 or 9 position) of the probe. This 
design of probe achieves good discrimination in hybridiZa 
tion betWeen different allelic forms. 

[0026] Allele-speci?c probes are often used in pairs, one 
member of a pair shoWing a perfect match to a reference 
form of a target sequence and the other member shoWing a 
perfect match to a variant form. Several pairs of probes can 
then be immobiliZed on the same support for simultaneous 
analysis of multiple polymorphisms Within the same target 
sequence. 

[0027] 2. Tiling Arrays 
[0028] The polymorphisms can also be identi?ed by 
hybridiZation to nucleic acid arrays, some example of Which 
are described by W0 95/ 11995 (incorporated by reference in 
its entirety for all purposes). WO 95/11995 also describes 
subarrays that are optimiZed for detection of a variant forms 
of a precharacteriZed polymorphism. Such a subarray con 
tains probes designed to be complementary to a second 
reference sequence, Which is an allelic variant of the ?rst 
reference sequence. The second group of probes is designed 
by the same principles as described in the Examples except 
that the probes exhibit complementarily to the second ref 
erence sequence. The inclusion of a second group (or further 
groups) can be particular useful for analyZing short subse 
quences of the primary reference sequence in Which multiple 
mutations are expected to occur Within a short distance 
commensurate With the length of the probes (i.e., tWo or 
more mutations Within 9 to 21 bases). 
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[0029] 3. Allele-Speci?c Primers 

[0030] An allele-speci?c primer hybridiZes to a site on 
target DNA overlapping a polymorphism and only primes 
ampli?cation of an allelic form to Which the primer exhibits 
perfect complementarily. See Gibbs, Nucleic Acid Res. 17, 
2427-2448 (1989). This primer is used in conjunction With 
a second primer Which hybridiZes at a distal site. Ampli? 
cation proceeds from the tWo primers leading to a detectable 
product signifying the particular allelic form is present. A 
control is usually performed With a second pair of primers, 
one of Which shoWs a single base mismatch at the polymor 
phic site and the other of Which exhibits perfect comple 
mentarily to a distal site. The single-base mismatch prevents 
ampli?cation and no detectable product is formed. The 
method Works best When the mismatch is included in the 
3‘-most position of the oligonucleotide aligned With the 
polymorphism because this position is most destabiliZing to 
elongation from the primer. See, e.g., WO 93/22456. 

[0031] 4. Direct-Sequencing 

[0032] The direct analysis of the sequence of polymor 
phisms of the present invention can be accomplished using 
either the dideoxy chain termination method or the Maxam 
Gilbert method (see Sambrook et al., Molecular Cloning, A 
Laboratory Manual (2nd Ed., CSHP, NeW York 1989); 
Zyskind et al., Recombinant DNA Laboratory Manual, 
(Acad. Press, 1988)). 
[0033] 5. Denaturing Gradient Gel Electrophoresis 

[0034] Ampli?cation products generated using the poly 
merase chain reaction can be analyZed by the use of dena 
turing gradient gel electrophoresis. Different alleles can be 
identi?ed based on the different sequence-dependent melt 
ing properties and electrophoretic migration of DNA in 
solution. Erlich, ed., PCR Technology, Principles and Appli 
cations for DNA Anpli?cation, Freeman and Co, NeW 
York, 1992), Chapter 7. 
[0035] 6. Single-Strand Conformation Polymorphism 
Analysis 
[0036] Alleles of target sequences can be differentiated 
using single-strand conformation polymorphism analysis, 
Which identi?es base differences by alteration in electro 
phoretic migration of single stranded PCR products, as 
described in Orita et al., Proc. Nat. Acad. Sci. 86, 2766-2770 
(1989). Ampli?ed PCR products can be generated as 
described above, and heated or otherWise denatured, to form 
single stranded ampli?cation products. Single-stranded 
nucleic acids may refold or form secondary structures Which 
are partially dependent on the base sequence. The different 
electrophoretic mobilities of single-stranded ampli?cation 
products can be related to base-sequence diiference betWeen 
alleles of target sequences. 

[0037] Biological Material Analysis System 

[0038] One embodiment of the present invention operates 
in the context of a system for analyZing biological or other 
materials using arrays that themselves include probes that 
may be made of biological materials such as RNA or DNA. 
The VLSIPS TM and GeneChip TM technologies provide meth 
ods of making and using very large arrays of polymers, such 
as nucleic acids, on chips. See US. Pat. No. 5,143,854 and 
PCT Patent Publication Nos. WO 90/15070 and 92/10092, 
each of Which is hereby incorporated by reference for all 

Jul. 28, 2005 

purposes. Nucleic acid probes on the chip are used to detect 
complementary nucleic acid sequences in a sample nucleic 
acid of interest (the “target” nucleic acid). 

[0039] FIG. 1 illustrates an overall system 100 for form 
ing and analyZing arrays of biological materials such as 
RNA or DNA. A part of system 100 is a polymorphism 
database 102. Polymorphism database 102 includes infor 
mation about, e.g., biological sources, preparation of 
samples, design of arrays, raW data obtained from applying 
experiments to chips, analysis procedures applied, and 
analysis results, etc. Polymorphism database 102 facilitates 
large scale study of polymorphisms. 

[0040] A chip design system 104 is used to design arrays 
of polymers such as biological polymers such as RNA or 
DNA. Chip design system 104 may be, for example, an 
appropriately programmed Sun Workstation or personal 
computer or Workstation, such as an IBM PC equivalent, 
including appropriate memory and a CPU. Chip design 
system 104 obtains inputs from a user regarding chip design 
objectives including polymorphisms of interest, and other 
inputs regarding the desired features of the array. Optionally, 
chip design system 104 from external databases such as 
GenBank. The output of chip design system 104 is a set of 
chip design computer ?les in the form of, for example, a 
sWitch matrix, as described in PCT application WO 
92/10092, and other associated computer ?les. The chip 
design computer ?les form a part of polymorphism database 
102. Systems for designing chips for study of polymor 
phisms are disclosed in US. Pat. No. 5,571,639 and in PCT 
application W0 95/ 11995, the contents of Which are herein 
incorporated by reference. 

[0041] The chip design ?les are input to a mask design 
system (not shoWn) that designs the lithographic masks used 
in the fabrication of arrays of molecules such as DNA. The 
mask design system designs the lithographic masks used in 
the fabrication of probe arrays. The mask design system 
generates mask design ?les that are then used by a mask 
construction system (not shoWn) to construct masks or other 
synthesis patterns such as chrome-on-glass masks for use in 
the fabrication of polymer arrays. 

[0042] The masks are used in a synthesis system (not 
shoWn). The synthesis system includes the necessary hard 
Ware and softWare used to fabricate arrays of polymers on a 
substrate or chip. The synthesis system includes a light 
source and a chemical ?oW cell on Which the substrate or 
chip is placed. Amask is placed betWeen the light source and 
the substrate/chip, and the tWo are translated relative to each 
other at appropriate times for deprotection of selected 
regions of the chip. Selected chemical reagents are directed 
through the How cell for coupling to deprotected regions, as 
Well as for Washing and other operations. The substrates 
fabricated by the synthesis system are optionally diced into 
smaller chips. The output of the synthesis system is a chip 
ready for application of a target sample. 

[0043] Information about the mask design, mask construc 
tion, and probe array synthesis is presented by Way of 
background. Abiological source 112 is, for example, tissue 
from a plant or animal. Various processing steps are applied 
to material from biological source 112 by a sample prepa 
ration system 114. Operation of sample preparation system 
114 in the context of a polymorphism study is discussed 
beloW in further detail. 




























