
US 20050216201A1 

(19) United States 
(12) Patent Application Publication (10) Pub. N0.: US 2005/0216201 A1 

Hubbell et al. (43) Pub. Date: Sep. 29, 2005 

(54) 

(75) 

(73) 

(21) 

(22) 

(60) 

TECHNIQUES FOR SYNTHESIS INTEGRITY 
EVALUATION UTILIZING CYCLE FIDELITY 
PROBES 

Inventors: Earl A. Hubbell, Los Angeles, CA 
(US); David P. Smith, San Jose, CA 
(Us) 

Correspondence Address: 
Cindy S. Kaplan 
P.O. BOX 2448 
SARATOGA, CA 95070 (US) 

Assignee: AFFYMETRIX, INC., a Corporation 
of the state of California, Santa Clara, 
CA (US) 

Appl. No.: 10/975,245 

Filed: Oct. 27, 2004 

Related US. Application Data 

Division of application No. 09/607,536, ?led on Jun. 
29, 2000, Which is a continuation of application No. 

(51) 

(52) 

(57) 

09/144,514, ?led on Aug. 31, 1998, noW Pat. No. 
6,130,046, Which is a continuation-in-part of appli 
cation No. 09/072,394, ?led on May 4, 1998, noW 
abandoned. 

Publication Classi?cation 

Int. C1.7 ........................ .. G06F 17/50; G06F 19/00; 

G01N 33/48; G01N 33/50; 
H01L 21/00 

US. Cl. .................................... .. 702/19; 438/1; 716/4 

ABSTRACT 

Techniques for designing polymer probes to verify the 
integrity of the probe synthesis are provided. Multiple 
probes With identical sequences are designed so that the 
probes Will be formed utilizing at least one different rnono 

rner addition cycle. Based on the probes affinity to a control 

target, variations (e.g., errors) in probe synthesis may be 
identi?ed. 
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TECHNIQUES FOR SYNTHESIS INTEGRITY 
EVALUATION UTILIZING CYCLE FIDELITY 

PROBES 

[0001] This application is a divisional of US. application 
Ser. No. 09/607,536, ?led Jun. 29, 2000, US. Pat. No. 

, Which is a continuation of US. application Ser. No. 

09/144,514 ?led Aug. 31, 1998, US. Pat. No. 6,130,046, 
Which is a continuation-in-part of US. application Ser. No. 
09/072,394, ?led May 4, 1998, abandoned, Which are all 
hereby incorporated by reference. 

BACKGROUND OF THE INVENTION 

[0002] The present invention relates to the veri?cation of 
the synthesis of polymers, Which may be polymer probes. 
More speci?cally, the present invention relates to designing 
polymer probes that have the same sequence but are formed 
With at least one different monomer addition cycle so that the 
integrity of the probes may be veri?ed. 

[0003] Devices and computer systems for forming and 
using arrays of materials on a chip or substrate are knoWn. 
For eXample, PCT applications WO92/10588 and 95/11995, 
both incorporated herein by reference for all purposes, 
describe techniques for sequencing or sequence checking 
nucleic acids and other materials. Arrays for performing 
these operations may be formed according to the methods of, 
for eXample, the pioneering techniques disclosed in US. Pat. 
Nos. 5,445,934, 5,384,261 and 5,571,639, each incorporated 
herein by reference for all purposes. 

[0004] According to one aspect of the techniques 
described therein, an array of nucleic acid probes is fabri 
cated at knoWn locations on a chip. Alabeled 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 are bound to the chip. Based upon the 
image ?le and identities of the probes at speci?c locations, 
it becomes possible to eXtract information such as the 
nucleotide or monomer sequence 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 
genetic diseases, cancers, infectious diseases, HIV, and other 
genetic characteristics. 

[0005] The VLSIPSTM technology provides methods of 
making very large arrays of oligonucleotide probes on very 
small chips. See US. Pat. No. 5,143,854 and PCT patent 
publication Nos. W0 90/ 15070 and 92/ 10092, each of Which 
is incorporated by reference for all purposes. The oligo 
nucleotide probes on the DNA probe array are used to detect 
complementary nucleic acid sequences in a sample nucleic 
acid of interest (the “target” nucleic acid). 

[0006] For sequence checking applications, the chip may 
be tiled for a speci?c target nucleic acid sequence. As an 
eXample, the chip may contain probes that are perfectly 
complementary to the target sequence and probes that differ 
from the target sequence by a single base mismatch. For de 
novo sequencing applications, the chip may include all the 
possible probes of a speci?c length. The probes are tiled on 
a chip in roWs and columns of cells, Where each cell includes 
multiple copies of a particular probe. Additionally, “blank” 
cells may be present on the chip Which do not include any 
probes. As the blank cells contain no probes, labeled targets 
should not bind speci?cally to the chip in this area. Thus, a 
blank cell provides a measure of the background intensity. 
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[0007] Although the photolithographic equipment for syn 
thesiZing chips is extremely accurate, occasionally varia 
tions occur in the manufacturing process. For eXample, 
errors may occur if a chemical is not be added, a Wash step 
is skipped, concentrations are not correct, timing is incor 
rect, the Wrong mask is utiliZed, the correct mask is mis 
aligned, and the like. It is often very difficult to detect any 
errors at all and many of the errors only affect a small limited 
number of probes on the chip. For stringent quality control, 
for eXample, it Would be desirable to detect variations in the 
manufacturing process before the chips are shipped to 
customers. Additionally, it Would be desirable to have an 
indication of What Was the cause of the error so that it can 
be corrected. 

SUMMARY OF THE INVENTION 

[0008] The present invention provides innovative tech 
niques for designing polymer probes to verify the integrity 
of the probe synthesis. Multiple probes With identical 
sequences are designed so that the probes Will be formed 
utiliZing at least one different monomer addition cycle. 
Based on the probes af?nity to a control target or sequence, 
variations (e.g., errors) in probe synthesis may be identi?ed. 
Several embodiments of the invention are described beloW. 

[0009] In one embodiment, the invention provides a 
method of designing polymer probes. Acontrol sequence of 
monomers is provided and polymer probes that have the 
same sequence of monomers and Will bind With the control 
sequence are designed. The probes are formed With at least 
one different monomer addition cycle so that the integrity of 
the polymer probes may be veri?ed. In a preferred embodi 
ment, the probes are sequences of nucleotides that are 
attached to a substrate. 

[0010] In another embodiment, the invention provides a 
substrate having polymer probes coupled thereto. Multiple 
regions on the substrate include diverse (i.e., different 
sequences) polymer probes. There are also multiple regions 
on the substrate in Which probes having the same sequence 
are coupled. The polymer probes With the same sequence 
Will bind With a control sequence of monomers but are 
formed With at least one different monomer addition cycle. 
This alloWs the integrity of the polymer probes on the 
substrate to be veri?ed. 

[0011] In another embodiment, the invention provides a 
method of verifying probe synthesis. HybridiZation affinity 
information regarding the binding of a control sequence of 
monomers to polymer probes that have the same sequence of 
monomers is received. The hybridiZation af?nity informa 
tion is analyZed to determine if an error occurred during the 
synthesis of the polymer probes. In preferred embodiments, 
a determination is generated that indicates Whether the probe 
synthesis Was acceptable or unacceptable. 

[0012] In another embodiment, the invention provides a 
method of verifying a manufacturing process including 
multiple steps. First steps are selected from the manufac 
turing process for producing a ?rst veri?cation object. 
Second steps are selected from the manufacturing process 
for producing a second veri?cation object. The second 
veri?cation object is the same as the ?rst veri?cation object 
but the second steps differ from the ?rst steps by at least one 
step. The veri?cation objects can have the same structure 
and/or be polymer probes, mechanical devices or electronic 
circuits. 
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[0013] In another embodiment, the invention provides a 
method of verifying a manufacturing process including 
multiple steps. Structure information about multiple veri? 
cation objects is received, Where each veri?cation object has 
the same structure but differs from the other veri?cation 
objects by at least one step of the manufacturing process that 
Was used to produce the veri?cation objects. The structure 
information is analyZed to determine if an error occurred 
during the synthesis of the multiple veri?cation objects. 

[0014] Other features and advantages of the invention Will 
become readily apparent upon revieW of the folloWing 
detailed description in association With the accompanying 
draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] FIG. 1 illustrates an example of a computer system 
that may be utiliZed to execute the softWare of an embodi 
ment of the invention. 

[0016] FIG. 2 illustrates a system block diagram of the 
computer system of FIG. 1. 

[0017] FIG. 3 illustrates an overall system for forming 
and analyZing arrays of biological materials such as DNA or 
RNA. 

[0018] FIG. 4 illustrates conceptually the binding of 
probes on chips. 

[0019] FIG. 5 illustrates a high level ?oWchart of a 
monomer addition cycle for synthesiZing probes in one 
embodiment. 

[0020] FIGS. 6A and 6B shoW acyclic directed graphs 
that may be utiliZed to identify cycles of interest. 

[0021] FIGS. 7A and 7B shoW Weighted acyclic directed 
graphs that may be utiliZed to identify cycles of interest. 

[0022] FIG. 8 shoWs a matrix that may be utiliZed to 
prevent the repetition of lists of cycles. 

[0023] FIG. 9 shoWs a high level ?oWchart of a process of 
synthesiZing control probes. 

[0024] FIG. 10 shoWs a ?oWchart of a process of design 
ing control probes. 

[0025] FIG. 11A shoWs a location of control probes on a 
chip and FIGS. 11B and 11C shoW images of the control 
probe region after hybridiZation and scanning. 

[0026] FIG. 12 shoWs a screen display of three control 
probe regions. 
[0027] FIG. 13 shoWs a ?oWchart of a process that utiliZes 
hybridiZation af?nity information to determine if a chip is 
acceptable. 
[0028] FIGS. 14A and 14B shoW a ?oWchart of another 
process that analyZes hybridiZation af?nity information to 
determine if a chip is acceptable. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0029] OvervieW 

[0030] In the description that folloWs, the present inven 
tion Will be described in reference to preferred embodiments 
that utiliZe VLSIPSTM technology for making very large 
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arrays of oligonucleotide probes on chips. HoWever, the 
invention is not limited to this technology and may be 
advantageously applied to other manufacturing processes. 
For example, the folloWing Will discuss selected polymer 
probes that are used as veri?cation objects to evaluate the 
integrity of the synthesis process of producing the polymer 
probes. HoWever, the objects created by the manufacturing 
process is not limited to polymer probes and can be advan 
tageously applied to other technology areas including 
mechanical devices, electronic circuits and the like. There 
fore, the description of the embodiments that folloWs for 
purposes of illustration and not limitation. 

[0031] FIG. 1 illustrates an example of a computer system 
that may be used to execute the softWare of an embodiment 
of the invention. FIG. 1 shoWs a computer system 1 that 
includes a display 3, screen 5, cabinet 7, keyboard 9, and 
mouse 11. Mouse 11 may have one or more buttons for 
interacting With a graphical user interface. Cabinet 7 houses 
a CD-ROM drive 13, system memory and a hard drive (see 
FIG. 2) Which may be utiliZed to store and retrieve softWare 
programs incorporating computer code that implements the 
invention, data for use With the invention, and the like. 
Although a CD-ROM 15 is shoWn as an exemplary com 
puter readable storage medium, other computer readable 
storage media including ?oppy disk, tape, ?ash memory, 
system memory, and hard drive may be utiliZed. Addition 
ally, a data signal embodied in a carrier Wave (e.g., in a 
netWork including the Internet) may be the computer read 
able storage medium. 

[0032] FIG. 2 shoWs a system block diagram of computer 
system 1 used to execute the softWare of an embodiment of 
the invention. As in FIG. 1, computer system 1 includes 
monitor 3 and keyboard 9, and mouse 11. Computer system 
1 further includes subsystems such as a central processor 51, 
system memory 53, ?xed storage 55 (e.g., hard drive), 
removable storage 57 (e.g., CD-ROM drive), display adapter 
59, sound card 61, speakers 63, and netWork interface 65. 
Other computer systems suitable for use With the invention 
may include additional or feWer subsystems. For example, 
another computer system could include more than one 
processor 51 (i.e., a multi-processor system) or a cache 
memory. 

[0033] The system bus architecture of computer system 1 
is represented by arroWs 67. HoWever, these arroWs are 
illustrative of any interconnection scheme serving to link the 
subsystems. For example, a local bus could be utiliZed to 
connect the central processor to the system memory and 
display adapter. Computer system 1 shoWn in FIG. 2 is but 
an example of a computer system suitable for use With the 
invention. Other computer architectures having different 
con?gurations of subsystems may also be utiliZed. 

[0034] For purposes of illustration, the present invention is 
described as being part of a computer system that designs a 
chip mask, synthesiZes the probes on the chip, labels the 
nucleic acids, and scans the hybridiZed nucleic acid probes. 
Such a system is fully described in US. Pat. No. 5,571,639 
that has been incorporated by reference for all purposes. 
HoWever, the present invention may be used separately from 
the overall system for analyZing data generated by such 
systems. 

[0035] FIG. 3 illustrates a computeriZed system for form 
ing and analyZing arrays of biological materials such as 
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RNA or DNA. A computer 100 is used to design arrays of 
biological polymers such as RNA and DNA. The computer 
100 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 as shoWn in FIGS. 1 and 2. The computer system 100 
obtains inputs from a user regarding characteristics of a gene 
of interest, and other inputs regarding the desired features of 
the array. Optionally, the computer system may obtain 
information regarding a speci?c genetic sequence of interest 
from an eXternal or internal database 102 such as GenBank. 
The output of the computer system 100 is a set of chip design 
computer ?les 104 in the form of, for eXample, a sWitch 
matriX, as described in PCT application W0 92/ 10092, and 
other associated computer ?les. 

[0036] The chip design ?les are provided to a system 106 
that designs the lithographic masks used in the fabrication of 
arrays of molecules such as DNA. The system or process 
106 may include the hardWare necessary to manufacture 
masks 110 and also the necessary computer hardWare and 
softWare 108 necessary to lay the mask patterns out on the 
mask in an ef?cient manner. As With the other features in 
FIG. 3, such equipment may or may not be located at the 
same physical site but is shoWn together for ease of illus 
tration in FIG. 3. The system 106 generates masks 110 or 
other synthesis patterns such as chrome-on-glass masks for 
use in the fabrication of polymer arrays. 

[0037] The masks 110, as Well as selected information 
relating to the design of the chips from system 100, are used 
in a synthesis system 112. Synthesis system 112 includes the 
necessary hardWare and softWare used to fabricate arrays of 
polymers on a substrate or chip 114. For eXample, synthe 
siZer 112 includes a light source 116 and a chemical ?oW cell 
118 on Which the substrate or chip 114 is placed. Mask 110 
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 regents are directed through ?oW cell 118 
for coupling to deprotected regions, as Well as for Washing 
and other operations. All operations are preferably directed 
by an appropriately programmed computer 119, Which may 
or may not be the same computer as the computer(s) used in 
mask design and mask making. 

[0038] The substrates fabricated by synthesis system 112 
are optionally diced into smaller chips and exposed to 
marked targets. The targets may or may not be complemen 
tary to one or more of the molecules on the substrate. The 
targets are marked With a label such as a ?uorescein label 
(indicated by an asterisk in FIG. 3) and placed in scanning 
system 120. Although preferred embodiments utiliZe ?uo 
rescent markers, other markers may be utiliZed that provide 
differences in radioactive intensity, light scattering, refrac 
tive indeX, conductivity, electroluminescence, or other large 
molecule detection data. Therefore, the present invention is 
not limited to analyZing ?uorescence measurements of 
hybridiZation but may be readily utiliZed to analyZe other 
measurements of hybridiZation. 

[0039] Scanning system 120 again operates under the 
direction of an appropriately programmed digital computer 
122, Which also may or may not be the same computer as the 
computers used in synthesis, mask making, and mask 
design. The scanner 120 includes a detection device 124 
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such as a confocal microscope or CCD (charge-coupled 
device) that is used to detect the location Where labeled 
target has bound to the substrate. The output of scanner 
120 is an image ?le(s) 124 indicating, in the case of 
?uorescein labeled target, the ?uorescence intensity (photon 
counts or other related measurements, such as voltage) as a 
function of position on the substrate. Since higher photon 
counts Will be observed Where the labeled target has bound 
more strongly to the array of polymers (e.g., DNAprobes on 
the substrate), and since the monomer sequence of the 
polymers on the substrate is knoWn as a function of position, 
it becomes possible to determine the sequence(s) of poly 
mer(s) on the substrate that are complementary to the target. 

[0040] The image ?le 124 is provided as input to an 
analysis system 126 that incorporates the synthesis integrity 
evaluation techniques of the present invention. Again, the 
analysis system may be any one of a Wide variety of 
computer system(s), but in a preferred embodiment the 
analysis system is based on a WINDOWS NT Workstation 
or equivalent. The analysis system may analyZe the image 
?le(s) to generate appropriate output 128, such as the 
identity of speci?c mutations in a target such as DNA or 
RNA. 

[0041] FIG. 4 illustrates the binding of a particular target 
DNA to an array of DNA probes 114. As shoWn in this 
simple eXample, the folloWing probes are formed in the 
array: 

3 '—AGAACGT 

AGACCGT 

AGAGCGT 

AGATCGT 

[0042] As shoWn, When the ?uorescein-labeled (or other 
Wise marked) target 5‘-TCTTGCA is eXposed to the array, it 
is complementary only to the probe 3‘-AGAACGT, and 
?uorescein Will be primarily found on the surface of the chip 
Where 3‘-AGAACGT is located. The chip contains cells that 
include multiple copies of a particular probe and the cells 
may be square regions on the chip. 

[0043] FIG. 5 is a high level ?oWchart of a monomer 
addition cycle for synthesiZing probes. The addition of a 
monomer typically includes multiple steps, Which are 
repeated over and over to synthesiZe the desired probes. 
When used herein, the term “monomer addition cycle” (or 
“cycle”) refers to the steps performed to couple a monomer 
to one or more probes. FIG. 5 shoWs a representative 
?oWchart of a monomer addition cycle; hoWever, as With all 
?oWcharts disclosed herein, a cycle may include feWer, more 
or different steps so the invention is not limited to any 
speci?c implementation. 

[0044] At a step 201, a mask is selected. A mask is 
typically a photolithographic member for the selective pas 
sage of light. For eXample, some regions may be opaque 
While other regions are relatively clear. The light that passes 
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through the mask may deprotect probes at speci?c regions 
on the chip allowing for further monomer coupling. The 
invention may also be readily applied to technologies that 
utiliZe light protection. 

[0045] Once a mask is selected, the mask is aligned over 
the chip at a step 203. Speci?c regions of the chip are then 
illuminated through the chip (deprotection) at a step 205. 

[0046] At a step 207, nucleoside phosphoramidite activa 
tion is performed to chemically couple a monomer to 
selected probes on the chip. Step 207 may include many 
steps including amidite delivery, activator delivery, oxidant 
delivery, and Washes. 

[0047] In order to manufacture a chip, the monomer 
addition cycle may be repeated tens or hundreds of times. 
Although the manufacturing process is highly accurate, one 
or more errors may occur. Errors, if they occur, typically 
only affect a limited number of probes on the chip. Accord 
ingly, it may be very dif?cult to determine if an error 
occurred or, more importantly, What the error Was so that it 
may be prevented in the future. 

[0048] Synthesis Integrity Evaluation 

[0049] Tens, if not hundreds, of monomer additions cycles 
may be necessary to manufacture the desired probes on a 
chip. In general, the invention provides techniques of 
designing polymer probes to verify the integrity of the 
probes. When used herein, a “polymer” is a sequence of 
more than one monomer, including oligomers. In preferred 
embodiments, multiple probes With identical sequences are 
designed so that the probes Will be formed utiliZing at least 
one different monomer addition cycle. Based on the probes’ 
af?nity to a control sequence, variations (e.g., errors) in 
probe synthesis may be identi?ed. 

[0050] In one embodiment, the cycles of A, C, G, and T are 
repeated until the desired probes are synthesiZed on the chip. 
Nevertheless, there may be many combinations of cycles 
that can form the same probe. For eXample, assume that 
probes on the chip Will be synthesiZed With the folloWing 
eight monomer addition cycles: A, C, G, T, A, C, G, T. 
Further assume that it is desired to synthesiZe the probe of 
3‘-ACGT on the chip. As the folloWing shoWs, the desired 
probe may be formed by a number of different cycles. 

ACGTACGT (cycles) 

A c G T (probe 1) 

AC G T (probe 2) 

A C G T (probe 3) 

A C G T (probe 4) 

A C G T (probe 5) 

[0051] The top line (underlined) shoWs the cycles and the 
probes are shoWn beloW to indicate What cycles Were 
utiliZed to synthesiZe the probes. The numbers of the probes 
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(e.g., 1-5) are given merely for identi?cation purposes. 
Although probe 1 and probe 3 are identical in sequence, their 
respective cycles are totally different. Other probes have 
cycles in common and at least one that differs. If there is an 
error in the ?rst C cycle, probes 1, 2 and 4 may be affected, 
yet it Would be eXpected that probes 3 and 5 Would be 
unaffected. 

[0052] As an eXample, if the error in the ?rst C cycle 
resulted in C not being added to probe 1, the probe Would be 
3‘-AGT. If a labeled control target of 5‘-TGCA is hybridiZed 
to probe 1, the hybridiZation af?nity should be loWer, 
typically quite loWer than the hybridiZation affinity of an 
error free probe 3. Furthermore, if the hybridiZation af?nities 
of probes 1, 2 and 4 are quite loWer than the hybridiZation 
af?nities of probes 3 and 5, this indicates the ?rst C cycle 
likely had an error since this cycle Was used to form probes 
1, 2 and 4 but not probes 3 and 5. Preferred embodiments of 
the invention utiliZe such information to detect and identify 
synthesis errors. 

[0053] SynthesiZing control probes on the chip may be 
bene?cial for detecting synthesis errors, but it is also pref 
erable that the control probes do not occupy too much real 
estate on the chip. It is therefore desirable to utiliZe as feW 
of probes a possible to evaluate the integrity of as many 
cycles as possible, preferably all cycles. In order to achieve 
this goal, some embodiments of the invention utiliZe the 
folloWing tWo conditions: 

[0054] 1) all cycles should be utiliZed in at least four 
probes 

[0055] 2) for any tWo cycles, there should be at least 
tWo probes in Which one cycle Was utiliZed and the 
other Was not 

[0056] It should be remembered that these conditions, or 
any conditions, are not necessary for the invention. Addi 
tionally, other conditions may be developed Without depart 
ing from the spirit of the invention. 

[0057] Referring back to the probes above, condition 1 is 
satis?ed for the ?rst A cycle by probes 1, 2, 4, and 5 because 
this cycle appears in all four probes. As for condition 2, 
probes 1 and 2 satisfy the condition for the ?rst A cycle and 
the second C cycle because both probes Were synthesiZed 
With the ?rst A cycle but not the second C cycle. If probe 2 
Was instead synthesiZed With the second C cycle but not the 
?rst A cycle, condition 2 Would still be satis?ed by probes 
1 and 2. In other Words, condition 2 is directed to having at 
least tWo probes in Which tWo cycles may be distinguished. 
Condition 2 is not satis?ed for the ?rst A cycle and the ?rst 
C cycle by the ?ve probes shoWn above since there is only 
one probe, probe 5, in Which one cycle appears and the other 
does not. 

[0058] An acyclic directed graph may be utiliZed to iden 
tify lists of cycles that Would satisfy the tWo conditions. In 
a preferred embodiment, the acyclic directed graph includes 
edges such that every path from the source of the graph to 
the sink is a valid set of cycles for synthesiZing a probe of 
the desired sequence. This graph could, for example, include 
all such paths representing valid syntheses. Such a graph can 
be stored and obtained by using standard data structures and 
algorithms. 
[0059] FIGS. 6A and 6B shoW acyclic directed graphs 
that may be utiliZed to form the simple probe 3‘-ACGT 
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discussed above. FIG. 6A shoWs an acyclic directed graph 
depicting the synthesis of probe 1 above. The different 
cycles are listed on the top of the drawing and the desired 
probe is listed on the left side of the drawing. Each edge (or 
diagonal arroW) indicates the cycle that Was utiliZed to add 
each monomer in the probe. Similarly, FIG. 6B shoWs an 
acyclic directed graph depicting the synthesis of probe 2 
above. The horiZontal arroW indicates that four cycles in a 
roW Were not utiliZed in synthesiZing the probe. 

[0060] To produce a speci?c list of synthesis cycles for the 
synthesis of a probe, a path can be picked Within this graph. 
In a preferred embodiment, this path is constructed by 
Weighting the edges of the graph and choosing a shortest 
path Within the Weighted graph. 

[0061] In one embodiment, a computer program maintains 
a single acyclic directed graph to identify cycles for probes 
that satisfy the tWo conditions discussed above. The edges 
are Weighted and each time a cycle is utiliZed to synthesiZe 
a probe, the edge’s Weight is increased by 1. FIG. 7A shoWs 
such a Weighted acyclic directed graph after the cycles for 
synthesiZing probe 1 have been selected. Before any cycles 
are selected, all the diagonals have a Weight of 0 (note: 
diagonals With a Weight of 0 are not shoWn in order to simply 
the draWings). Thus, the cycles for synthesiZing probe 1 
Would be 0 initially. 

[0062] As shoWn, after the cycles for synthesiZing probe 1 
are selected, each of the Weights for the edges of these cycles 
is incremented to 1. In order to satisfy condition 1, it is 
necessary that each of the possible edges have a Weight of 
4 or more. Different cycles that synthesiZe the desired probe 
may noW be selected by ?nding a path that has the loWest 
combined Weight. FIG. 7A shoWs that noW the combined 
Weights of the edges for the cycles for synthesiZing probe 1 
is noW 4. 

[0063] FIG. 7B shoWs the Weighted acyclic directed graph 
of FIG. 7A if the cycles for synthesiZing probe 5 (from 
above) are selected next. These cycles may be chosen next 
because the combined Weights of the edges for these cycles 
Was 1. Once these cycles are selected, the Weight of the edge 
for the ?rst A cycle is incremented to 2 While the Weights of 
the diagonals for the second C, G and T cycles are incre 
mented from 0 to 1. To produce distinct lists of cycles, the 
Weights are altered. In a preferred embodiment, the Weights 
are altered by increasing the Weight of any edge correspond 
ing to a synthesis cycle used in producing a previous probe. 

[0064] Although many different cycles may be selected to 
synthesiZe probes With the same sequence in this manner 
(i.e., ?nding a path that has the loWest combined Weight), it 
may happen that tWo or more paths keep repeating so neW 
combinations of cycles are not found. Additionally, Weight 
ing the edges based on the number of times a cycle is used 
may satisfy the ?rst condition, but the second condition may 
never be achieved. 

[0065] There may be many Weightings Which cause the 
same path to be chosen as shortest. To avoid repetition, each 
list of cycles can be compared to the collection of previously 
chosen lists. If a match is found, the current list is not 
accepted and the graph is reWeighted. In a preferred embodi 
ment, the graph is reWeighted as though the current list had 
been accepted. This exploits the inherent disorder of the 
probe sequence and alloWs for deterministic construction of 
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sets of probes. If the probe sequence is not suf?ciently 
disordered, this reWeighting procedure can fall into a loop, 
producing the same lists of cycles repeatedly. This, hoWever, 
can be detected as an error and a user can, for example, 

provide a probe With a more disordered sequence. Exten 
sions of this reWeighting scheme may not fall into loops. As 
an example, a random Weight can be added to an edge or 
some other method of breaking ties among paths can be 
utiliZed. 

[0066] Another use of Weights is to enhance the probabil 
ity that a list of cycles includes a selected cycle or to enhance 
the probability that a list of cycles does not include a 
selected cycle. In a preferred embodiment, the edges corre 
sponding to a desired cycle have their Weight decreased by 
a ?rst predetermined value and the edges corresponding to 
an undesired cycle have their Weight increased by a second 
predetermined value, Where the ?rst and second predeter 
mined value can be different and are preferably relatively 
large (e.g., 1000 and 2000, respectively). By varying the 
predetermined values, it becomes possible to favor the 
“desirable” cycles more than disfavoring the “undesirable” 
cycles, and vice versa. 

[0067] The Weighted cycles that are chosen can be facili 
tated With the use of a matrix. FIG. 8 shoWs an example of 
a matrix that may be utiliZed to prevent the repetition of 
paths and to satisfy condition 2 above. There are eight cycles 
in this example: A, C, G, T, A, C, G, T. If these cycles are 
given numbers from 1-8, one may ?ll the matrix shoWn in 
FIG. 8 to improve the variety of selected cycles. The 
numbers on the top and side of the matrix correspond to the 
number of the cycles. Each number in the matrix indicates 
the number of probes that satisfy condition 2 for the indexed 
cycles. As shoWn, the matrix is symmetric around the 
diagonal speci?ed by (n, n) Wherein n=1-8. 

[0068] The matrix has been ?lled according to the 
Weighted directed acyclic graph of FIG. 157B (meaning that 
the paths for synthesiZing probes 1 and 5 have been visited 
once). Element (1, 2) in the matrix has a number 1 that 
indicates that there is 1 probe that satis?es the condition that 
the ?rstAcycle is utiliZed and the ?rst C cycle is not utiliZed, 
or vice versa. Simply put, the matrix in FIG. 8 maintains the 
number of probes that satisfy condition 2 for any tWo cycles. 

[0069] In order to satisfy condition 2, each element in the 
matrix should have a value of 2 or more. When a path is 
being chosen, the computer system that is designing the 
control probes may “force” a desired path by decreasing/ 
increasing Weights in the Weighted directed acyclic graph. 
For example, if there are no probes that utiliZe the 3rd cycle 
and the 8th cycle, the system may decrease the Weights along 
this path (and/or increase the Weights along other paths) so 
that a path is chosen that utiliZes the 3rd cycle but not the 8th 
cycle (i.e., satis?es condition 2) to synthesiZe a probe. 
Therefore, a combination of the Weighted directed acyclic 
graph and the matrix may be utiliZed to select different lists 
of cycles for synthesiZing a probe. 

[0070] Up to this point, a single control probe has been 
described. This has been to simplify the examples above. 
HoWever, it should be noted that even the simple example 
above demonstrates that it is not generally possible to utiliZe 
the ?rst C cycle Without also utiliZing the ?rst A cycle 
(because the control probe is 3‘-ACGT). In preferred 
embodiments, four different control probes are synthesiZed 










