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(57) ABSTRACT 
Composite hybridization arrays and averaged hybridization 
arrays are provided. Composite hybridization arrays are 
formed from a user selected set of hybridization arrays, and 
once instantiated in a hybridization array database, are 
available for searching, analysis, and other data processing 
as with other types of hybridization arrays. This allows 
otherwise experiments using multiple different nucleotide 
microarrays to be ef?ciently consolidated and analyzed. 
Averaged hybridization arrays provided correctly averaged 
values from multiple user selected dual channel hybridiza 
tion arrays. 
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COMPOSITE HYBRIDIZATION ARRAYS 

RELATED APPLICATIONS 

[0001] This is a divisional of co-pending application Ser. 
No. 09/613,167 ?led on Jul. 10, 2000, Which is incorporated 
by reference herein in its entirety. 

BACKGROUND 

[0002] 1. Field of Invention 

[0003] The present invention relates generally to tech 
niques for manipulating hybridiZations of gene expression 
microarrays. 
[0004] 2. Background of the Invention 

[0005] Hybridization is a powerful and versatile technique 
for sequencing, detecting and localiZing nucleic acids. In the 
general area of molecular biology, hybridiZation is used to 
map genes, detect gene expression and over-expression, 
diagnose diseases, identify pre-disposition to diseases, and 
the like. 

[0006] In general, labeled nucleic acid probes are hybrid 
iZed to target samples and hybridiZation then detected. The 
target samples can be in solution or they can be immobilized 
on a solid surface, such as in arrays and microarrays. More 
speci?cally, a gene expression microarray generally com 
prises a number of gene sequences distributed in an array on 
a substrate. Each array element is a DNA sequence, and 
alloWs the measurement of the expression of a gene in one 
or more samples. A typical method of using microarrays 
involves contacting nucleotide sequences contained in a 
?uid With the sequences immobiliZed on the microarray 
under hybridiZation conditions, and then detecting the 
hybridiZation complex. The resulting hybridriZed microar 
ray is commonly referred as a hybridiZation, or simply a 
‘hyb.’ The resultant pattern of hybridiZed nucleic acids 
provides information regarding the genetic pro?le of the test 
array. 

[0007] A Widely used method for detecting the hybridiZa 
tion complex in microarrays is by ?uorescence. In one 
method, probes derived from a biological sample are ampli 
?ed in the presence of nucleotides that have been coupled to 
a ?uorescent label (reporter) molecule so as to create labeled 
probes. The labeled probes are then incubated With the 
microarray so that the probe sequences hybridiZe to the 
complementary sequences immobiliZed on the microarray. A 
laser scanner is then used to determine the levels and 
patterns of ?uorescence. 

[0008] The use of ?uorescence detection in microarray 
analysis is disclosed in US. Pat. No. 5,888,742 to Lal et al. 
for the detection of altered expression of human phospho 
lipid binding protein (PLBP) and in US. Pat. No. 5,891,674 
to Hillman et al. for the monitoring of the expression level 
of insulin receptor tyrosine kinase substrate (IRS-p53h), and 
to identify its genetic variants, mutations and polymor 
phisms for determining gene function, and in developing 
and monitoring the activity of therapeutic agents. 

[0009] The above described hybridiZation detection 
method is knoWn as single channel hybridiZation. This 
approach provides generally a single measure of the hybrid 
iZation for each sequences, but does not provide any differ 
ential information about relative amounts of hybridiZation 
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betWeen different samples. To obtain relative hybridiZation 
rates, a more complex process knoWn as competitive hybrid 
iZation is used. In this process, tWo samples of nucleotides 
from a particular tissue or other specimen are bound to 
?uorescent label, each lable having distinctive emission/ 
absorption spectra. Typically one sample has a ?uorescent 
dye of one color (e.g. green), the other sample having a 
different color dye (e.g., red). Typically one of the samples 
is a control sample, and the other the experimental sample. 
The labeled samples are contacted With the microarray under 
hybridiZation conditions so the labeled sequences bind With 
various ones of the sequences on the array. A laser scanner 
is then used to measure the degree to Which the tWo 
differently labeled samples have hybridiZed the microarray. 
More particularly, a measure of the transcript abundance 
values for each of the red and green samples is obtained for 
each array element. The ratio of the red and green transcript 
abundance values is call the fold difference, and it provides 
a measure of the relative abundance of the mRNA in the tWo 
hybs, With respect to each array element (gene sequence). 
This can inform the researcher, for example, of the change 
in mRNA abundance in the experimental sample relative to 
the control. 

[0010] The number of gene sequences (array elements) 
that can be analyZed in this Way is limited by the siZe of the 
substrate and manufacturability limitations, but is typically 
less than all of the gene sequences of interest to a researcher. 
For example, one commercially available type of microarray 
from Incyte Pharmaceuticals, Inc. contains 10,000 gene 
sequences. HoWever, over 100,000 gene sequences have 
been identi?ed. Currently, a researcher Wanting to analyZe a 
particular sample against the entire database of gene 
sequences must perform at least 6 different hybridiZations, 
one on each microarray of 10,000 sequences. Each of the 
resulting hybs must be separately analyZed and searched 
during subsequent research. The handling of multiple sepa 
rate hybs is cumbersome and inef?cient. Thus, it is desirable 
to provide a Way for the researcher to combine hybs from 
different microarrays in a manner that alloWs them to be 
queried and otherWise processed as a single hyb. 

[0011] In performing genetic analysis, it also desirable to 
obtain a sense of the variability of the hybs derived from the 
same sample. More speci?cally in some instances it is 
desirable to be able to average the relative transcript abun 
dance values from tWo or more hybs. HoWever, because the 
relative transcript abundance values that describe the hybs 
are ratios, conventional arithmetic averaging gives incorrect 
averaged values. Accordingly, it is desirable to provide a 
Way to correctly average the relative abundance values from 
multiple hybs. 

SUMMARY OF THE INVENTION 

[0012] The present invention overcomes the limitations of 
conventional hyb manipulation tools and techniques by 
providing for the creation and manipulation of composite 
hybs and averaged hybs. A composite hyb is formed from a 
user selected number of different hybs that have a same 
technology type, and a same technology speci?c data source. 
The composite hyb can be treated as a single large hyb over 
the entirety of the multiple arrays. The researcher can 
interact With a composite in the same manner as regular 
hybs, including searching, visualiZation, or other types of 
data processing. A given individual hyb may be made a part 
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of any number of different composite hybs. Bene?cially, the 
underlying data from the selected hybs is preserved and 
always available to the researcher. In one embodiment, to 
avoid explosive proliferation of the hyb data, particularly 
Where a hyb is a member of many composite hybs, the hyb 
data is not replicated in each composite hyb. Instead, each 
composite hyb utiliZes the original data of its underlying 
hybs. Alternatively, Where data storage limitations are not as 
signi?cant, duplication of the underlying data may be imple 
mented. A composite hyb may be created from other com 
posite hybs or from averaged hybs. 

[0013] The present invention also provides for the con 
struction of averaged hybs. A number of hybs of a given 
sample are selected by the user, and a correct determination 
of the average relative transcript abundance value for each 
array element is computed and, stored. The researcher can 
then treat the averaged hyb in the same manner as an 
individual hyb, and obtain the additional bene?t of the 
robustness of the averaged values. A further bene?cial 
feature is the ability to form a composite hyb from multiple 
averaged hybs. 
[0014] The features and advantages described in this sum 
mary and the folloWing detailed description are not all 
inclusive, and particularly, many additional features and 
advantages Will be apparent to one of ordinary skill in the art 
in vieW of the draWings, speci?cation, and claims hereof. 
Moreover, it should be noted that the language used in the 
speci?cation has been principally selected for readability 
and instructional purposes, and may not have been selected 
to delineate or circumscribe the inventive subject matter, 
resort to the claims being necessary to determine such 
inventive subject matter. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] FIG. 1 is a high-level block diagram illustrating a 
system for providing composite and averaged hybs. 

[0016] FIG. 2 is a conceptual diagram illustrating the 
formation of a composite hyb. 

[0017] FIG. 3 is a conceptual diagram illustrating the 
formation of an averaged hyb. 

[0018] FIG. 4 is a database schema of the database 
providing composite and averaged hybs. 

[0019] FIG. 5 is a screen display of a softWare tool 
providing support for creating and manipulating composite 
hybs. 
[0020] FIG. 6 is a ?oWchart of a process for forming a 
composite hyb. 
[0021] FIG. 7 is a screen display of a softWare tool 
providing support for creating and manipulating averaged 
hybs. 
[0022] FIG. 8 is a ?oWchart illustrating a process for 
forming averaged hybs. 
[0023] The ?gures depict a preferred embodiment of the 
present invention for purposes of illustration only. One 
skilled in the art Will readily recogniZe from the folloWing 
discussion that alternative embodiments of the structures 
and methods illustrated herein may be employed Without 
departing from the principles of the invention described 
herein. 
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DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0024] OvervieW 

[0025] Referring noW to FIG. 1, there is shoWn an illus 
tration of one embodiment of a system for practicing the 
present invention. In this typical embodiment, the system 
100 includes a sequence database 101, a hybridiZation 
(‘hyb’) database 102, and a hybridiZation analysis tool 104. 
These elements are communicated With each other over a 

netWork, for example a LAN, WAN, or the Internet. 

[0026] The sequence database 101 may be any public 
available gene sequence database (e.g., various GenBank 
database) or any privately developed database (eg sequence 
databases from Incyte Pharmaceutical). While a single 
sequence database is shoWn, multiple such databases may be 
used concurrently. The hyb database 102 contains hybs that 
have been created from the application of prepared samples 
to selected gene microarrays. The mechanisms by Which the 
hybs are created are not material to the details of this 
invention. Aportion of a data model of the hyb database 102 
relevant to composite and averaged hybridriZations is illus 
trated in FIG. 4, and Will be discussed in more detail, beloW. 

[0027] The hyb analysis tool 104 is a softWare product that 
is stored in a computer readable medium (e.g. computer 
RAM) and executes on a conventional computer process 
(e.g., an Intel Pentium®), and preferably runs as a plug-in 
With conventional broWsers (e.g., Microsoft Corp. Internet 
Explorer®, or Netscape Communications, Inc. Navigator®). 
This alloWs the tool to access the databases 102, 101 via 
existing Web protocols (e.g., TCP/IP and HTTP). The devel 
opment of softWare products and databases is conformance 
With Web protocols and standards is Well understood by 
those of skill in the art, and not further discussed here. In one 
embodiment, as illustrated, the hyb analysis tool 104 
includes a hyb composite process 112, a hyb averaging 
process 110, one or more query processes 108, and a user 
interface 106 for accessing and controlling the various 
processes. One exemplary embodiment of the hyb analysis 
tool 104 is LifeArray 2.0®, available from Incyte Pharma 
ceutical, Inc. of Palo Alto, Calif. 

[0028] The user interface 106 includes various screen 
displays including ?elds and user selectable controls, Which 
alloW a user to select various of the processes for execution, 
and further select sequences and hybs from their respective 
databases for manipulation. Generally, the user interface 
enables the user to de?ne and execute queries for searching 
the sequence database 101 using the query processes 108, to 
vieW search results and hybs using various types of graphi 
cal and tabular vieWers, and to de?ne and describe the 
properties and attributes of hybs, including forming com 
posite and averaged hybs. Various screen displays of the user 
interface are illustrated beloW With respect to FIGS. 5 and 
7. 

[0029] Referring noW to FIG. 2 there is shoWn a concep 
tual diagram of the formation of a composite hyb from 
multiple hybs. A composite hyb 200 may be understood as 
the concatenation of a user selected set of constituent hybs 
202. For purpose of illustration this composite hyb 200 is 
formed from four constituent hybs 202, H1 to H4, through 
obviously a composite hyb 200 may formed from as feW as 
tWo constituent hybs to as many as desired or practical for 
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the application or underlying database system. Each of the 
constituent hybs 202 has a number of array element R. 
Constituent hyb H1 has Rm elements hyb H2 has Rn 
elements, hyb H3 has R0 elements, a hyb H4 has Rp 
elements. In some instances the number of elements in each 
constituent hyb is the same, e.g. 10,000 array elements. 
HoWever, the present invention alloWs hybs having different 
array designs to be composited. Once composited, the 
resulting composite hyb 200 has an effective or virtual array 
design With the total number of the elements from its 
constituent hybs. Thus, the illustrated composite hyb 200 
has a total of Rm+Rn+Ro+Rp elements. Once formed, the 
composite hyb 200 is stored in the hyb database 102. 

[0030] In a preferred embodiment, all constituent hybs 
202 have a same technology type and a same data source, but 
as noted may have different array designs. In addition, the 
constituent hybs may come from different samples that Were 
prepared under different conditions. 

[0031] Referring noW to FIG. 3 there is shoWn a concep 
tual diagram of the formation of averaged hybs. The aver 
aged hyb 300 is formed from a user selected number of 
constituent hybs 302, here hybs H1 to Hi. Here, each hyb Hi 
has the same array design, sample, and normaliZation 
method and summariZation method. Each constituent hyb 
302 has m columns and n roWs, forming m><n array ele 
ments. Each array element is a relative transcript abundance 
value, Which is the ratio of tWo transcript abundance mea 
sures, one from each of tWo samples for the hyb, such as a 
control and experimental sample. This makes each of the 
hybs ‘replicates’ of each other With respect to their structural 
features. Obviously the actual underlying relative abundance 
values of the array elements Will vary, and the averaged hyb 
300 enables the manipulation of a correct average relative 
abundance value. More particularly, the hyb averaging pro 
cess 110 takes as inputs the array elements Rm)n from H1 
constituent hybs, computes a correct average relative abun 
dance value for each array element Rnw. The complete 
averaged hyb 300 is then stored in the hyb database 102. 
Accordingly, each hyb Hi must have the same array design 
in order to be averaged. 

[0032] Data Model 

[0033] Referring noW to FIG. 4 there is shoWn one 
embodiment of a schema for the hyb database 102 that has 
the bene?cial feature of supporting both composite hybs and 
averaged hybs. In this schema 400, a hybridiZation 410 is 
comprises a microarray design 404, and one more samples 
412. The hybridiZation 410 includes attributes such as name, 
date, experiment name and ID, technology type, data source, 
modi?cation dates, hyb ID, and so forth as may be useful to 
catalog each hyb. 
[0034] The microarray design 404 includes attributes 
de?ning the array design, such as matrix dimensions (num 
ber of horiZontal and vertical elements) and purpose or use. 
The microarray design 404 includes a number of summary 
elements 406, each of Which has a ?xed location in the 
design 404 (eg a roW/column position). Each of the array 
elements 406 is also associated With a particular gene 
transcript or sequence 408. Each of the array elements 406 
is further associated a relative transcript abundance value 
416 for the gene transcript at the given location. 

[0035] Each sample 412 is further associated With an 
image 414, Which is either a scanned image or a signal 
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averaged image; each image has an ID and a ?lename. Each 
image 414 is also associated With a number of transcript 
abundance values 416. When an averaged hyb is created, the 
average relative transcript abundance values are stored by 
the transcript abundance 416 data structure. 

[0036] A composite hyb 408 data structure provides for 
database persistence of both composite hybs and averaged 
hybs. This feature makes it unnecessary to separately de?ne 
an averaged hyb data structure, and thereby provides 
increased database ef?ciency. The composite hyb 408 
includes attributes such as name (Which Will be different 
from the names of its constituents), creation date, and 
private/public tag; other attributes are inherited from the 
constituent hybs. The private/public tag lets a user determine 
Whether a composite hyb is available to all others (public) or 
available only to the user (private). If user groups are 
supported in the database (not shoWn) the user may de?ne 
Which user groups have access to the composite hyb. 

[0037] The composite hyb 408 is a composite of a number 
of hybs 410, as illustrated. Each composite hyb 418 further 
has an association With a composite microarray design 402, 
Which itself is composited of a number of microarray 
designs 404. If an existing composite design 402 exists at the 
time a neW composite hyb 418 is created, it is reused. In one 
embodiment, When a neW composite design 402 is created, 
the summary array elements 406 for each of the constituent 
microarray designs 404 are copied into the database 110 
With a neW microarray design ID. In an alternative embodi 
ment, a neW composite design 402 is created, but contains 
references to the underlying constituent array data, rather 
than duplicating it. The composite hyb 408 further has an 
association With a composite hyb image 420, Which itself it 
composited over multiple images 414. 

[0038] To support averaged hybs, the composite hyb 408 
has an association With an averaged hyb properties structure 
422. This structure de?nes the properties used to construct 
the averaged hyb, such as averaging method. The averaging 
process 110 uses the attributes of the averaged hyb proper 
ties structure 422 to determine the appropriate averaging 
methodology. 

[0039] As can be seen from the data model, a composite 
hyb may be created from other composite hybs or from 
averaged hybs. 

[0040] Composite Hybs 

[0041] Referring noW to FIG. 5, there is shoWn a user 
interface of the hyb analysis tool 104 for manipulating 
composite hybs. This composite hybridiZation management 
WindoW 500 alloWs a researcher to vieW and create com 
posite hybs. The upper panel 502 displays a list of existing 
composite hybs, including their name or description, and 
their creation date. When the WindoW is opened, no com 
posite hybs are selected, but the available ones are dis 
played. 

[0042] The bottom right constituent hybs panel 504 lists 
the constituent hybs 505 that make up a composite hyb 
currently selected in the upper panel 500. The constituent 
hybs 505 are listed horiZontally (here scrolled out of vieW) 
and by their images. If no composite hyb is selected in the 
upper panel 502, then the constituent hyb panel 504 is 
empty. 
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[0043] The available hybs panel 506 on the lower left 
shows the hybs that are available in the database for use in 
a composite hyb. If the user enters the WindoW 500 from the 
query processes 108, Where a number of hybs have been 
identi?ed from a query (hyb Working set), then this panel 
506 is populated With the hyb Working set. The available 
hybs panel 506 lists these hybs hierarchically, ?rst by 
technology type and data source, and then by unique com 
bination of samples. Various buttons are provided to facili 
tate management of composite hybs. A researcher can create 
a neW composite hyb With the neW composite button 508, 
Which instantiates a neW database record for the composite. 
The user is prompted for a neW name of the composite hyb, 
Which is preferably suggested automatically by the database 
102 to include an indication that the neW hyb is a composite 
(eg “new composite hyb”). When specifying the name of a 
neW composite hyb the user also speci?es a name of an 
experiment to Which the composite pertains. 

[0044] Once the empty, neW composite hyb is created, the 
user can then add (or remove) hybs from the available hybs 
panel 506. A neWly created composite hyb is listed in the 
composite hyb panel 502, and selected automatically to 
enable its editing. ArroWs 510 are used to selectively add or 
remove a hyb. The added hybs shoW up in the right panel 
504. Once the user has ?nished adding constituent hybs, he 
clicks the save button 514. This updates the hyb database 
112, and commits any changes made the composite hyb. 
[0045] The user can edit the name and description of a 
selected composite hyb using the edit button 512. The user 
can ?nd a composite hyb using the ?nd composite button 
514 to execute the appropriate database (eg SQL) search; 
the search of the database maybe performed on any of the 
attributes of the composite hyb in the same manner that other 
hybs are retrieved. 

[0046] The user may delete a currently selected composite 
hyb from the composite hyb panel 502 using the delete 
composite button 516. The database administrator may 
establish access privileges that control Which users have the 
ability to create, edit, or delete composite hybs. 
[0047] The query process 110 supports various types of 
querying of hybs, such as BLASTA, BLAST2, FASTA, and 
so forth. To facilitate the present invention, the user can 
delimit these queries to include both regular and composite 
hybs, or either type individually. Likewise, search results of 
hybs satisfying a query are preferably displayed along With 
an indication of Whether they are regular or composite hybs. 

[0048] FIG. 6 illustrates a ?oWchart of a process for 
creating a composite hyb in the hyb database 102, as 
managed by a composite hyb process 112 executed by the 
hyb analysis tool 104. First, the process 112 receives 600 a 
request to create a neW composite hyb. This Will come from 
the user, for example by clicking the neW composite button 
508. The user is prompted 602 for a name and experiment 
description of the neW composite hyb. Upon entry by the 
user, the process 112 creates 604 a neW instance of a 
composite hyb 418 in the database, and displays the named 
composite hyb in the composite hyb panel 502, as noted 
above. The process 112 then receives 606 from the user a 
number of selections of available hybs to be the constituent 
hybs. Once the user is done, and saves the composite hyb the 
hyb database 102 is updated, as folloWs. 

[0049] First, the process 112 determines 608 if there is an 
existing composite array design 402 for this neW composite 
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hyb 418. If so, the process 112 associates 612 the neW 
composite With this array design 402. OtherWise, the process 
creates 610 a neW composite array design 402 from the array 
designs 404 of the selected constituents, and associates 612 
it With the neW composite hyb 418. 

[0050] In one embodiment, for each of these constituent 
hybs, the process 112 creates 614 the appropriate associa 
tions betWeen the neW composite hyb and its constituents. In 
an alternative embodiment, for each of these constituents, 
the process 112 duplicates 614 the constituent hyb’s data, 
particularly, its image 414, its transcript abundance 416, and 
its sample 418. In either case, the result is that access to the 
composite hyb provides access to all of the underlying 
constituent data. 

[0051] Averaged hybs 
[0052] Referring noW to FIG. 7 there is shoWn a user 
interface of the hyb analysis tool 104 for creating and 
managing averaged hybs. In this WindoW 700, the user can 
create, edit, delete and ?nd averaged hybs in the hyb 
database 102. In the averaged hyb management panel 702, 
there are listed averaged hybs that have been previously 
created. In this panel, each averaged hyb is shoWn With its 
name, count (number of hybridiZations used to create the 
averaged values), date created, date modi?ed, averaging 
status, averaging algorithm used, method for handling 
absent values, and present method (e.g. present, absent, or 
marginal). Create button 720 alloWs the user to create a neW 
averaged hybridiZation; edit button 722 enables editing of 
name, experiment, and other information for an averaged 
hybridiZation selected in panel 702. Likewise, the user can 
delete a selected averaged hybridiZation With button 724. 

[0053] The available hybridiZation panel 704 lists hybs 
that have been returned from the current query by the query 
processes 110. If the averaged hybridiZation WindoW 700 is 
opened before a query is executed, then this panel 704 is 
empty. If the panel 704 is opened after a query is executed, 
then it is populated, as shoWn for example, With hybs having 
the same summariZation and normaliZation methods. 

[0054] The averaged hyb creation panel 706 lists the 
details of an averaged hyb selected in panel 702, and is used 
to de?ne the attributes of an averaged hyb. To create an 
averaged hyb, the user ?rst executes a query on the hyb 
database 102 to obtain a Working set of hybs. In the averaged 
hyb WindoW 700, the user selects the create button 720, and 
enters a name for the averaged hyb. The available hybs 
returned from the query are listed in the available hybs panel 
704; from here the user selects tWo or more regular (non 
composite) hybs, Which are added to the hyb creation panel 
706 via the add button 728. 

[0055] The user selects the appropriate parameters for 
de?ning the averages, including the selection 708 of aver 
aging on relative transcript abundance (here called ‘fold 
difference’). The combination algorithm 710 for averaging 
on relative transcript abundance is shoWn here as a mean 
type average, the process of Which is further explained 
beloW. The user can also specify hoW absent elements 712 
in the array are handled, Whether they are discarded, 
included, or replaced by a value equal to the loWest value of 
present elements during the averaging. The user can further 
specify hoW elements Which are present in all hybs being 
averaged are marked, including marking only if all hybs 
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have the element, marking if a majority of the hybs have the 
element, and marking if any of the hybs have the element. 
Experiment ?eld 716 lists the experiment from Which the 
constituents of the averaged hyb are draWn. 

[0056] As noted above, each hyb array has a number of 
elements Rum, each of Which stores a quotient F of tWo 
transcript abundance values: 

[0057] Where T1 is the transcript abundance value for one 
channel/sample (e.g. Cy3) and T2 is the transcript abun 
dance value for another channel/sample (e.g., CyS). F here 
is called the fold difference, and as noted there are numerous 
F values for a given array, such as 10,000 for an GEM® 
microarray. Notice that because fold differences are ratios of 
positive values, they are alWays have a positive sign. An 
increase in transcript abundance betWeen tWo samples (up 
regulation) is indicated by F>1.00, While a decrease (doWn 
regulation) is indicated by F<1.00. 

[0058] FIG. 8 illustrates a ?oWchart of one embodiment 
of a process for averaging hybs, as may be implemented by 
the averaging process 110. For ease of explanation, the 
averaging process 110 is described With respect to a given 
array location Rm)n storing a fold difference Fi, Where i 
indexes over multiple hyb arrays N, i=1 . . . N. 

[0059] In accordance With the present invention then, the 
averaging methodology converts each fold difference F]- to a 
differential expression (DE) value in a positive/negative 
scale. This positive/negative scaling expresses up-regulation 
as DE>0, While doWn-regulation is indicated by DE<0. The 
DE value for values of F is calculated as folloWs: 

If F21, then the DE value is F; 

—1 
If F < 1, then the DE value is 

[0060] This provides a domain of DE values: [—OO, —1)U[1, 
00) 
[0061] Next, each of the DE values is converted to a 
fractional percent difference (FPD), Which has values 
betWeen —1 and 1. 

If DEzl, then FPD=DE-1; 

If DEé-l, then FPD=DE+1. 

[0062] This explanation has draWn out the individual steps 
of the DE and FPD computation for clarity. In practice—for 
example in one implementation of the averaging process 110 
and as illustrated in FIG. 8—the determination of the FPD 
value for F can be computed 800 in a single step directly 
from the values of F (or from T1 and T2): 

If F21, then FPD=F-1; 

Else FPD=—F+1. 

[0063] The average of the FPD’s is then calculated 802 for 
the corresponding array locations Rm)n across the multiple 
hybs: 
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[0064] The resulting mean FDP is then converted 804 
back to a DE value: 

If FDPEO, then DE=FDP+1; 

If FDP<O, then DE=FDP—1. 

[0065] The resulting differential value DE is the mean 
value in a positive/negative scale, over the range: 

[0066] Which can then be converted, if desired to a normal 
scale, that is from DE values to FDP, and then to T1 and T2. 

[0067] The averaging process 10 repeats this set of cal 
culations for each array location Rum, eg for each of the 
10,000 array locations in a given microarray. It should be 
noted that the averaging process 110 may calculate the 
various values either across each of the hybs ?rst, before 
proceeding With the next array element (as described), or it 
may compute the FPD values for all elements in each array 
?rst, and then calculate the averages, and ?nal DE values. 
These and other algorithmic implementations are equivalent. 

[0068] Once the mean FPDs are calculated, an optional 
calculation 806 by the averaging process 110 is the variation 
metric. Here, the averaging process 110 calculates the stan 
dard deviation SD for each array element Rum: 

SD = (FPD; - FPD)2 . 

[0069] The ?oored mean for each of FPD values, FPDf, is 
then computed: 

If |FPD|>1 then FPD9=|FPD|; 

Else FPDf=1. 

[0070] The variation metric CV is then calculated as: 

lOOSD 
% CV = . 

FPDf 

[0071] In summary, the present invention provides tWo 
useful neW forms of hybridiZation arrays. Composite hybrid 
iZation arrays alloW for the consolidation of hybridiZations 
from multiple constituent arrays into a single array that can 
be searched and analyZed as if it Were created from a single 
experiment. This alloWs the researcher to more ef?cient 
revieW and organiZe the hybridiZation results from different 
experiments With respect to a greater number of sequences. 
Averaged hybridiZation arrays assist the researcher in ana 
lyZing the variability of relative transcript abundance values 
over multiple hybridiZation arrays. As Will be understood by 
those familiar With the art, the invention may be embodied 
in other speci?c forms Without departing from the spirit or 
essential characteristics thereof. For example, the averaging 
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process and the composite process may be separated into 
different executable softWare products, for example different 
broWser plugins, instead of in a single plugin. Also, different 
algorithm implementations of the averaging process may 
devised Which are equivalent to the described implementa 
tions in that they yield the same quantitative results. Accord 
ingly, the disclosure of the present invention is intended to 
be illustrative, but not limiting, of the scope of the invention, 
Which is set forth in the folloWing claims. 

We claim: 
1. A computer implemented method of forming a com 

posite hybridiZation data array, the method comprising: 

receiving a user selection of a plurality of individual 
hybridiZation data arrays, each hybridiZation data array 
corresponding to a microarray having a distinct set of 
nucleotide sequences and a microarray design having a 
number of array locations storing the sequences; 

forming a composite microarray design from the microar 
ray designs of the user selected hybridiZation data 
arrays, such the composite microarray design has a 
total number of array locations equal to the total 
number of array locations in the user selected hybrid 
iZation data arrays; 

associating the composite microarray design With a neW 
composite hybridiZation data array; and 

establishing for each array location of the composite 
hybridiZation data array a transcript abundance value 
from an array location of one of the user selected 

hybridiZation arrays. 
2. The method of claim 1, Wherein establishing for each 

array location of the composite hybridiZation data array a 
transcript abundance value comprises: 

providing an association from the array location of the 
composite hybridiZation data array to the array location 
of the of the user selected hybridiZation data array. 

3. The method of claim 1, Wherein establishing for each 
array location of the composite hybridiZation data array a 
relative transcript abundance value comprises: 

copying the transcript abundance from the array location 
of the of the user selected hybridiZation data array to a 
corresponding array location in the composite hybrid 
iZation data array. 

4. The method of claim 1, Wherein the user selected 
hybridiZation data arrays each have a same technology type 
and data source for the transcript abundance values. 
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5. A computer program product, stored on a computer 
readable medium, for controlling a processor to form a 
composite hybridiZation data array by performing the steps 
of: 

receiving a user selection of a plurality of individual 
hybridiZation data arrays, each hybridiZation data array 
corresponding to a microarray having a distinct set of 
nucleotide sequences and a microarray design having a 
number of array locations storing the sequences; 

forming a composite microarray design from the microar 
ray designs of the user selected hybridiZation data 
arrays, such the composite microarray design has a 
total number of array locations equal to the total 
number of array locations in the user selected hybrid 
iZation data arrays; 

associating the composite microarray design With a neW 
composite hybridiZation data array; and 

establishing for each array location of the composite 
hybridiZation data array a relative transcript abundance 
value from an array location of one of the user selected 
hybridiZation data arrays. 

6. A composite hybridiZation array data structure stored 
on a computer readable medium and readable by a computer 
process for processing hybridiZation values from a user 
selected plurality of hybridiZation data arrays, the composite 
hybridiZation array data structure comprising: 

links to a plurality of user selected constituent hybridiZa 
tion data arrays, each constituent hybridiZation having 
a microarray design and a number of array elements, 
each array element storing a transcript abundance mea 
sure; and 

a composite array design de?ning a number of array 
elements for the composite hybridiZation data array 
equal to a total number of the array elements of the 
constituent hybridiZation data arrays. 

7. The composite hybridiZation array data structure of 
claim 6, Wherein the user selected hybridiZation data arrays 
each have a same technology type and data source for the 
transcript abundance values. 

8. The composite hybridiZation array data structure of 
claim 6, Wherein each array element of the composite 
hybridiZation data array stores a duplicate of a transcript 
abundance measure from an array element of one of the 
constituent hybridiZation data arrays. 

* * * * * 


