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Genetic Database

 Challenges
— Function must be assigned to gene (discovery)
— Location of gene determined (mapping)
— How often is gene used (expression)

— How do these genes differ between individuals
(genetic variation)
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DNA Hybridization Arrays

 High density arrays of polynucleotide
probes

» Used for genetic sequence analysis

* Why do we care?

— New targets for drugs or other therapeutic
intervention

— Diagnostic markers for disease

— Development of improved agricultural products
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Basic Principles of DNA Microarrays

Target (in solution)
b

Probe (immobilized on a surface)

hybridization
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How Important is the Sequence ?

Biological relevance of SNPs (Single Nucleotide Polymorphism)

61 tgactccl gagaagtct gccgttactg ccctgtgggg caaggtgaac gtggatgaag
. 121 ttggtggtle ccct c aggctgcet: tggtctacce ttggacccag aggttcttt
HemOglObln B 181 agggcggtgg ggatctgggc aggcc?gagg cggttatggg caggcctaag gggaaggctg
241 atggcaagaa agtgctcggt gcctttagtg atggectgge tcacctggac aacctcaagg
Sequence 301 gcacctttgc cacactgagt gagctgcact gtgacaagct gcacgtggat cctgagaact
361 tcaggctcct gggcaacgtg ctggtctgtg tgctggccca tcactttggc aaagaattca
421 ccccaccagt gcaggctgcc tatcagaaag tggtggctgg tgtggctaat gccctggecc
481 acaagtatca ctagctcgct ttcttgetgt ccaatttcta ttaaaggttce ctttgttece
541 taagtccaac tactaaactg ggggatatta tgaagggcct tgagcatctg gattctgcct

601 aataaaaaac atttattttc attgc

« Fatigue, paleness, and shortness of breath .
+ Pain If X = A, normal

* Eye problems (can cause blindness)

« Delayed growth

* Infections

« Stroke

« Acute chest syndrome IfX=T

* Hand-foot syndrome . .
« Yellowing of the skin and eyes. Sickle Cell Anemia

1 acatttg'tgacacaac tgtgttcact agcaacctca aacagacacc atggtgcacc
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Biochip - the beginning and terminology

Southern, Ekins, Drmanc,and Mirzabekov, Affymetrix pioneered
(~1989)

2-D array of DNA molecules (probes)
Probes are anchored to a glass substrate

When the array is exposed to other molecules (targets)
carrying luminescence tags, the tags light up at the sites
where binding occurs

The emitted intensity provides
qualitative and quantitative
information - reporting what
molecules are in a sample, etc.
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Manufacturing Methods

* Photolithography * Mechanical printing

— Affymetrix chips (spotting)
— Used by biologists

— Advantages — Soft lithography

* Precise — Ink jet

» Small spot size — Pins

» Control — Advantages
— Disadvantages « Cheap

. IéOWer yield * Longer chains

* Cost — Disadvantages

» Less specificity
» Lower density
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Stanford Chips- Spotting

» Use robot to spot glass slides at precise
points with complete gene sequences

» Used to measure qualitative relative
expression levels of genes

— Differential expression by means of
simultaneous two-color hybridisation

www.genomics.stanford.edu

Photolithographic Design

¢ Smaller dimensions Tble1. Combinatorial synthesis of polynucleotide probe arrays

allow higher Probe Length Chemical Steps Number of
density analysis 4 16 256

. . 8 32 65 536

» Signal drops with  ; 48 16777 216
- 16 64 ~43%10°

sample size 2 80 l1x102

* Longer probes
require more steps

Table 2. Photolithographic resolution and maximum array density

— 4 steps per layer

Resolution (mm Array Density (sequences/cm?

* Number of probes tmm) Sl :
(and masks) goes 3 oy
up at 4n 100 10 000
50 40 000
10 1000 00C
1 100 000 000
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Standard Conventional DNA Oligonucleotide Synthesis
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Light-directed Parallel Synthesis of oligo-DNA
Using Acid-labile Groups Protected Phosphoramidites

Py by

H'H* H H*

H* H
PPP PPP PPP PPP PPP PPP PPP PPP HHH PPP HHH PPP
P99 999 999 900 EGA 299 990 999 0909 990 Q90 909 900
LLL LLL LLL LLL Precursor LLL LLL LLL LLL LLL LLL LLL LLL

T-O!

LRI 1 1 L4

=== === s H'H' —__ H'H === e
PPP PPP PPP g+ PPP Ty PPP PPP
000 ___ 000 ___ 000 _-_ 000 ___ 000 000
111 PPP 111 PPP Ll PPP. b1l PPP 11l HHH 111 HHH
TTT 000 TTT 000 PGA TTT 000 TTT 00O TTT 000 TTT 000
rtrr rrrr o 1l L 16 BN Y (G SR e B I I I O A I R B B B B B |
LLL LLL LLL LLL Precurser ;. pit LLL LLL LLL LLL LLL

FFP PPP PPP PPP -

999 999 PP 999 praamsor o GG €CC AAA TTT
TTT CCC TTT CcCcC P AAA AAA CCC ccCC
[ R N A N ] PGA G-op TTT €CCC TTT CCC
LLL LLL LLL LLL precursor T.op LLL LLL LLL LLL

THE !.JJ

UNIVERSITY
OFJTAH




Basic Fabrication Photoresist Method
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Digital Light Projection - A solution for PCR

flexibility, simplicity and reduced cost
» Technique used to produce a large number of

copies from a target DNA sequence

_ oLp Board » Repetitive 3 step process 100
— Denaturation (~95°C)

// Projection Lens . Anneallng (NS SQC)

— Chain Extension (~ 72°C)

 Creates 2n copies
— Typically 30 cycles 0712345676810

Time (minutes)

_~ DLP Board

Temperature (Celcius)

Shaping Lens 4

Color Filter
/
Condensing Lens *

7
Condensing Lens * N
b Light Source

\
" Light Source

B
. - - - Y b b b
Digital Light Projector from Chip Projector at Xeofron Typlcgl mole_culgr analysis p.rqblems require
Texas Instruments statistically significant quantities and must
pass detection limits on the order of millions N

U .
UN[VE;%TY and billions of molecules UNIVERG]TY
OF[JTAH OFUTAH




How PCR Works

How Each PCR Cycle Doubles the Amount of DNA

* Basic PCR Reagents
— Template DNA

— Complementary Primers (~20
nucleotides)

— Thermostable Polymerase
Enzyme (TAQ)

— Single nucleotides (A,C,G,T)
— Buffers (pH and ionic
concentrations)

» High temp to split strands
» Low temperature to anneal
* Medium temp to extend

* Repeat
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Why Apply Micromachining?

Small reagent costs

Fast cycling time
— Low thermal mass

— High surface to volume ratio

System integration
— Electrophoresis
— Point of care system

Low cost
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Design Considerations

» Biocompatibility
* Chamber volume
* Control system

 Bulk or surface
micromachining

* Bonding method (if
necessary)

* Move the fluid or
cycle in position

* External equipment

* Components
— Heater
— Chamber
— Reagent mixing
— Temperature control
— Feedback
— Detection?
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Temperature Control

us)

* Heaters
— Boron doped regions

Temperature (Colch

— Metallization ST EI T TV

Time (minutes)

— Other? ’
» Temperature measurem
— Thermistor
— Thermopile
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