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Resequencing Arrays for Diagnostics of Respiratory
Pathogens

Baochuan Lin and Anthony P. Malanoski

Abstract

Microarray technology has revolutionized the detection and analysis of microbial pathogens. The success
of this technology is evident from the various microarrays that have been developed for this purpose,
variation in the density of probes, and the time ranges required for assay completion. Among these, high-
density re-sequencing microarrays have demonstrated great potential for detecting bacterial, viral patho-
gens, and virulence markers. Resequencing microarrays use closely overlapping probe sets to determine a
target organism’s nucleotide sequence. Hybridization to a series of perfect matched probes provides
confirmatory presence/absence information, while hybridization to mismatched probes reveals strain-
specific single nucleotide polymorphism (SNP) data. This approach provides sequence information of the
diagnostic regions of detected organisms that is considerably more informative over that provided from
other microarray techniques.

Key words: Resequencing microarray, pathogen detection, probe sets, respiratory pathogens, single
nucleotide polymorphism, febrile respiratory illness.

1. Introduction

High-density resequencing microarrays were developed to detect
single nucleotide polymorphisms (SNP) and so produce detailed
genetic sequence reads. A resequencing microarray comprises
“probe sets” — high-density arrangements of short highly specific
oligonucleotide probes (25 and 29 used currently) where each
base in a reference sequence is queried by four probes. One probe
is an exact match of the reference sequence and the other three
represent the same section of reference sequence with the central
base position replaced by one of the possible SNP variants. In
practical use, the number of probes is doubled so that for each
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base both the forward (sense) and reverse (antisense) directions
are contained in a probe set. It is possible to completely “rese-
quence,” resolve every base in the sequence of an unknown sam-
ple, the reference sequence itself or any other sequence that differs
from the reference by one mismatch or fewer per 25 base pair (bp)
(1). At higher mismatch rates, a large number of bases can still be
identified, but an increasing number will fail as the differences
increase. This array-based format, combined with specific PCR,
has proven ideal for SNP genotyping and phylogenetic analysis
(2-6). Initial work demonstrated the advantages of using a rese-
quencing array with many short reference sequences to detect
multiple bacterial and viral pathogens (7~11). Taking full advan-
tage of the sequential base resolution capability of resequencing
microarrays, similarity searches of DNA databases have been
incorporated into the analysis allowing for fine detailed discrimi-
nation of closely related pathogens and tracking mutations within
the targeted pathogen even with only partial base call resolution in
a reference sequence (8,10-12).

The effective use of resequencing microarrays for respiratory
pathogen detection or any large collection of organisms relies on the
integration of several components. The overall design for the rese-
quencing microarray and selection of primers for amplification must
occur first. This consists of several tasks: First, selection of organisms
and desired level of discrimination for each organism and whether
specific nucleic acid markers must be tested for; second, determina-
tion from known sequence data of sequence regions to choose
reference sequences from; third, selection of reference sequences
and check for possible conflicts; fourth, primer selection. The order
of'several of these steps can be interchanged and refinements consist
of repeating several of these steps after making changes. Once
fabricated, an amplification method is required in order to achieve
the sensitivity required for diagnosis/surveillance applications, so
that any of the target pathogens can be detected directly from
collected samples. Finally, because so many potential organism
detection events are to be dealt with, a standardized algorithm is
applied to determine if pathogens are detected and report the max-
imum level of detail possible using the resolved base sequence
information from the multiple-pathogen resequencing microarrays.

2. Materials

2.1. Controls

1. 1IQ-Ex (0.2 pg/uL) control template, control forward 1.0 kb
PCR primers (20 uM), control reverse primers (20 pM), and
oligonucleotide control reagent (3.2 nM). These are part of



2.2. Sample
Extraction

2.3. RT-PCR
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GeneChip” Resequencing Assay Kit (Affymetrix Inc., Santa
Clara, CA). These reagents can be stored at —20°C, for up to
6 months. Set up 100 pl PCR for 1.0 kb IQ-EX containing
20 mM Tris-HCI (pH 8.4), 50 mM KCl, 2.5 mM MgCl,,
200 uM dNTPs, 1 U of Platinum Tag DNA polymerase (Invi-
trogen Life Technologies, Carlsbad, CA), 3 pl each of control
forward 1.0 kb PCR primers (20 pM) and control reverse
primers (20 uM), and 5 pl IQ-Ex (0.2 pg/pl) control template.
The amplification reaction is carried out with initial denatura-
tion at 95°C for 10 min, followed by 30 cycles of: 94°C for 30
s, 68°C for 30 s, 72°C for 60 s, and a final extension at 72°C for
5 min (Note 1).

. Internal controls for reverse transcription (RT) and PCR. Plas-

mid vector containing DNA fragment from non-related organ-
ism, such as Arabidopsis thaliana plant genes, will be suitable for
this purpose. Two Arabidopsis thaliana plant genes, correspond-
ing to NACI and triosphosphate isomerase (TIM), were chosen
as internal controls for reverse transcription (RT) and PCR.

. MEGAscript"™ High Yield Transcription Kit (Ambion, Austin,

TX). This kit is stored at —20°C, for up to 3 months (Note 2).

. MasterPure™ DNA and RNA purification kit (Epicentre Tech-

nologies, Madison, WI). Proteinase K is stored at —20°C frost-
free freezer. The 2X T&C lysis solution and MPC protein
precipitation reagents are stored at room temperature (Note 3).

. PCR primers are dissolved in TE buffer to make 100 pM stock

and stored at —80°C for up to 1 year. 1-10 uM working
solutions are prepared by dilution in nuclease-free H,O and
stored at —20°C for up to 6 months.

. RT master mix: mix 4 pl. 5X first strand RT buffer and 2 pL

0.1 MDTT, 1 pL RNaseOUT™ (40 U/uL), and 1 pL Super-
Script™ III reverse transcriptase (200 U /uL; Invitrogen Life
Technologies, Carlsbad, CA). Add 8 pL. RT master mix to each
RT reaction. The final RT reaction should contain 50 mM
Tris—HCI (pH 8.3), 75 mM KCl, 3 mM MgCl,, 500 pM
dNTPs, 40 U of RNaseOUT™ 10 mM DTT, 2 uM primer
LN (5-CGA TAC GAC GGG CGT ACT AGC GNN NNN
NNN N-3), 200 U of Superscript "™ III reverse transcriptase.

. Platinum Taq (Invitrogen) or GoTaq™ Flexi DNA polymerase

(Promega Corporation, Madison, WI) are stored at —20°C for
up to 6 months (Note 4).

. 10 mM dNTPs (Invitrogen) is stored in 100 pL aliquots at

—20°C for up to 6 months.

. 50X dNTPs (ACGU, Sigma-Aldrich, St. Louis, MO) is stored

in 100 pL aliquots at —20°C for up to 6 months (Note 5).
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2.4. Fragmentation
and Labeling of
Amplified Product

2.5. Hybridization,
Washing, and Staining

. Heat-labile uracil-DNA glycosylase (1 U/uL, USB Corpora-

tion, Cleveland, OH) is stored at —20°C for up to 6 months
(Note 5).

. PCR master mix: mix 5 pl. 10X PCR buffer (200 mM

Tris—HCI, pH 8.4, 500 mM KCI), with 2 pL. MgCl,
(50 mM), 2 uLL 50x dNTPs (ACGU), 1 pLL Uracil-DNA gly-
cosylase, heat-labile (USB; 1 U/uL), 2 pL primer L (100 pM,
5’-CGA TAC GAC GGG CGT ACT AGC G-3), 2 pL of
primers mix A (1 pM, Table 15.1) or 2.5 pL of primer mix B
(1 uM, Table 15.2), 2 pL Platinum 7Tag DNA (5 U/uL)
polymerase. Add 40 pL. PCR master mix to 10 pL. of RT
product.

. QIAquick PCR purification kit (Qiagen, Valencia, CA), store

at room temperature (Note 6).

. Fragmentation solution: For each reaction, mix 4.3 pL. 10X

GeneChip™ fragmentation buffer (Affymetrix), 3.2 uL nucle-
ase-free H,O, 0.1 pL fragmentation reagent (3 U/uL; Affy-
metrix) on ice. The solution can be stored at 4°C for up to 24 h
before using (Note 7). Individual components can be stored at
—20°C for up to 6 months.

. Labeling solution: For each reaction, mix 12 pL 5X terminal

deoxynucleotidyl transferase buffer (Affymetrix), 2 pl. Gene-
Chip DNA labeling reagent (5 mM), and 3.4 pl. terminal
deoxynucleotidyl transferase (30 U/uL) on ice. The solution
can be stored at 4°C for up to 24 h before using (Note 7).
Individual components can be stored at —20°C for up to 6
months.

. Anti-streptavidin  antibody (goat), biotinylated (Vector

Laboratories, Burlingame, CA) is dissolved at 0.5 mg/mL in
water and stored in 50 pL aliquots at 4°C for up to 6 months.

. Pre-hybridization buffer: 10 mM Tris—-HCI, pH 7.8 and 0.01%

Tween 20. Store the solution at room temperature.

. Hybridization buffer: Mix 138.6 pL. TMAC (5 M), 2.3 puL.

each of 1 M Tris-HCI, pH 7.8, 1% Tween 20, 50 mg,/ml BSA,
10 mg/mL Herring sperm DNA (Promega), and 1.8 puL of
oligonucleotide control reagent (Affymetrix), 5.4 pL fragmen-
ted and labeled 1Q-EX PCR product, and 13 pL water. The
hybridization master mix can be stored at —20°C for up to 8
weeks.

. 12X MES stock buffer (1.22 M MES, 0.89 M [Na*], dissolve

70.4 g of MES hydrate and 193.3 g of MES sodium salt in 800
mL of molecular biology grade water. Mix and adjust the
volume to 1,000 mL, the pH of the solution should be
between 6.5 and 6.7. Filter the solution through a 0.2 pm



Resequencing Arrays for Diagnostics of Respiratory Pathogens 235

(panunuod)

dq 668

dq 868

dq 168

dq 6701

dq 0001

dq9gz

dq¢sg

dqo18

ISUPIUIIMBANIU
g ezusnjuy
wrurg v mag
g ezusnyuy
Nrgum

V ezuanpjuy

ISUPLULIMVANI U

V ezuanpjuy

ISUPLULIVANI U
V ezuanjjuy

wrnIgIn Y may
V ezuanjjuy
wrnII N may
V ezuonjyuy
wrynvmag

V ezuanjjuy

JLOL LVO ODL VOO LLO LVV ODOO DOV .LOV .LOO DO OVO OV.L VOO
VVV OVV OOL OLL DOO VVD LOHD DOV LOV .LOO DOHD OVO OV.L VOO

LLLOOO LVL OOL LLV VOO 5D OOV LOV .1OD HHD OVO OV.L VOO
LOD 1OV OLO LVV O.1O HVD HOD OOV LOV .LOO HHD OVO OV.L VOO

OVL D500 LLD OO VOO DILO LOD OOV LOV LOD DOD OVO OV.L VOO
DOV VVD OLO HVD OOV VIO LLD DOV LOV LOD DOD OVO OV.L VOO

OVV O.LL OOY LLL LOD VOO LVO DOV LOV LOD OO OVO OV.L VOO
O ODVLOVV VOO DOD LVL VVV HOHD OHV LOV LOD HOHD OVO OVL VOO

VOL OOO VLD LOYD OO.L LOV VVO OOV .LOV .LOD OO OVD OV.L VOO
OVD DYV VOD 10D L1LO LLO OVD OOV LOV LOD DOD OVO OV.L VOO

DLO VOO DLL VOL VOO VIO HVD DOV LOV LOD OOD OVO OV.L VOO
OOV OV.L VOV VOV ODO.L LVO OOD DHV LOV LOO HOD OVO OV.L VOO

LOO LVV OOD LLV 01O LLL 599 OOV LOV LOO HHD OVO OV.L VOO
VOV VOV DLV VVD DOD O.LL OVD OOV .LOV LOO HOD OVD OVL VOO

00 LVO LLV OVO LVO DOL LOV OVD OOV LOV 1OO HOHD OVD OVL VOO
OVO VOO OVV OLD VVO VYO ODDHD DHV LOV LOD BDOD OVO OV.L VOO

SX-VNAA
PA-VNAN[A
SI-VHANT
Sd-VHANT
A-VINVIIT
YA-VINVIIT

NI-CVNVIT
94-CVNVIA

- TVNVIT
SI-TVNVII

Cd-SVHVIH
Cd-SVHVIA

Ld-EVHVIA
94-EVHVIIT

- TVHVIH
¢d-TVHVIH

azis
uodidwy

auab/wsiuebig

(,£+— ) aouanbag

awleu Jawid

H49d x3jdiynw 10} pasn y xiw Jawid ur siawiid Yad Jo 1S

'Sl 31qel



236 Lin and Malanoski

(poanunuod)

DL VID DOV VOV HOHL ODL.LOD OOV IOV .IOHD HDOHD OVD DV.L VOO Tg-uoxay /py

dq L1%'C uox3( £, SDIAOUIPY DV 1O OVD DOV OOV DID LVD OOV 1OV 1OHD HOHD OVD OV.L VOO 7q-uoxay /py

VId VVO OO DOV HVV OO.L .LOL OVO OOV 1OV 1.OD HOD OVD DV.L VOO -VId A7PV

dq 9051 ¥ SILIIAOURPY VV.LODD LVV VLD VOD 15D OOD DOV LOV LOO HOD OV OV.L VOO 14-VI1d %PV

4aq1f D 010 LVLODL VIO LVO ODL HVD OHV 1OV .IOD DOHD OVD OV.L VOO d-1°qY $pV

dq s3T'1 ¥ snaaoudpy D OLLODD LVD 1OV DOHL HOHD OHV IOV LOD HOHD OVD OV.L VOO 7d-19qY 7PV

DV VOO VOV .LVO ODOL.LVO VVO HOHD DHV LOV.I.OO ODOHD OVD OV.L VOO -UoxXdy $py

dg pee1 u0xag ¥ SNIAOUIPY OV.LHOHVD ODOL LOD OVD HVO VOO DOV LOV .I.OO HOHD OVD OV.L VOO €4-Uoxy $py

VI  VVLLIOD IOV VOD DOV OILD 10D 0DV IOV LD DD OVD DVI VDD S4-VId SPY

dq 808 G SNIIAOUIPY O DILO OVO OLLOLV VLV D10 HDD OOV 1OV LOD HOHD OVD OV.L VOO €d-VId SPV

4391 HVLOVLVVD .LLD HDVD DDI HOHD OOHV IOV .LOD DOHD OVD OV.L VOO d-1Pqyspy

dq 9%0°c G SDITAOURPY O LLO 010 OVO DVO HVO LLV LLO OOV .LOV 1LOD HOD OV OV.L VOO cd-1°qy SpV

O DVD VLD DOV 1VI. HDD DHD LLO DOV IOV .IDD DODOVO OVLYVID  TY-uoxy Gpy

dq g9/1 uoxag G SNIIAOUIPY LOV LVD DVD 1DD OVD DID 10D OOV .LOV IOD HOHD OV DOV.L VOO ¢q-uoxoy Gpy

Nedgpu DV 10O LLD 0DV HVD VOO VVD DOHV 1OV .IOHD DOHD OVD OV.L VOO I-VIN

dq 11% gezuonpuy  HD YYD VOO LVD VVD VOV HLL VOD OOV .LOV IO HDOHD DV OV.L VOO Td-VINIIT
azIs

uodndwy auab/wsiuebig (,£+,5) @ouanbag aweu Jawiid

(panunuod) 'L ajqey



Resequencing Arrays for Diagnostics of Respiratory Pathogens 237

WIL VOL.LVO 01D OD.L .LOLOVO DLO OOV 1OV .LOO DOD OVD OV.L VOO CI-NIL e v

dq ¢o¢ vuwvivql 'y OVD VOV DLL OOL OOL VVV O.LD OOV .LOV .IOO HOD OVD OV.L VOO CA-WIL®P VvV
VIH OLVVD LLO VLD DVD LODD VOO VOO OOV .LOV LDO HDD OVO DOV.L VOO ad-vVId LPV

dq 9g/ L SOITAOUSPY OV DVV DVD OOV OOD 1OV DILD OOV .LOV LDO HDOHD OVD OVL VOO ¢A-VI14d LPV

LVO
1aq1f ODD 10D LOL 1OV OOHD VLY ODD OOV .LOV LDO HDOHD OVD OV.L VOO A-1PqYLPV
dq 889 L SIIIAOULPY OOV VVDO LVDO VVD LVILOOO OVLOLO OOV .LOV.LOD HOD OVD OVL VOO 14-1°9Y ZPV
azIs

uodndwy auab/wsiuebig (,£+,5) @ouanbag aweu Jawiid

(panunuod) |Gl ajqeL



238 Lin and Malanoski

(panunuod)

OOL

LIDODIO VOLOLD VOLVOD OOV .LOV .LOO HDOHD OVD OV.L VOO 4104 T ASY
asvaamjod-7 O VOL

dq gg¢ V-« ASH OLV HVO VOL VOL VIO LOD OOV .LOV .LOO HOD OVO OV.L VOO 7d-10d7 ASY

o0V ol
OVO DOV OVV VOO VOV VVD DOV LOV L.OO DOD OVD OV.L VOO ~AN.S Uy H
uo13a1 Surpoduou g oo zl

dq ¢y 68 snaaoury VVV OLD 1OV ODVO DLV OLD OOV 1OV .LOD DOHD OVD OV.L VOO “ANLS Uy H
D 1OV

OLLOLO LLVODD LLD VVO OOV 1OV .LOD DOD OVD OV.L VOO d-AN,S IIT AId
woLaL Burposnon .G 50 10V

dq 08T T ezuanjjureseq OVO 1OV OOV LLV .LOV VOO DOV 1OV .IDD DODD OVO OV.L VOO ¢d-AdN,S IIT AId
0D LLV

D10 ODL VOV DLV .LOV DODOD OOV .LOV .IDO HOD OVD OV.L VOO Cd-NH IIT AId
ISUPLULIMVANI U ~UU1II] T MY D OVL

dq z/% € ezuanpuiereg VLV OOV O0D LLD HVYVD O.LD OOV LOV IO HOHD OVO OVIL VOO ¢d-NH III Ald
150

IOLIDLOOLOLY DLV OVD DOV .LOV .I.DD DHO OVD OV.L VOO CI-NH I Ald
ISUPLIUIMVANIU- UL NIV M1 o IVL

dq zgg T eZuonjjurere g VOV OLO OOL.LVV DOV OVO OOV .LOV .LOD HOD OVO OVL VOO CA-NH I AId

azis
uodndwy auab/wsiuebig (,£ < ,g) @ouanhag awieu Jawiid

H49d xajdiynw 10} pasn g xiw Jawiid ui siawiid Yad Jo 11

¢'Gl 9Iqel



Resequencing Arrays for Diagnostics of Respiratory Pathogens 239

(ponunuod)

O DILL

VOLOLLVYODD OLO 1LODVOD OOV .LOV .ILOD DHD OVD OV.L VOO Td- TSN ANM

dq osT STLITA OTIN IS9M OLLOVO HOD VVV OHLLOOD OHV LOV.IOHD HOD OVD OV.L VOO cd-TSN ANM
215

LILD 010 VOO VOO 1LOIL OO DOV .LOV 1.OO DHD OVO OV.L VOO d-4 ANM
2 ov

dq 201 STITA S[IN IS9M OOLOIO LVD OHV O.ILD DOD DHV LDV .IDD ODDHD OVD OV.L. VOO Cd-d ANM
OVO

OVO VOO OOV OOV LLV O.LD OOV .LOV .LOD HOHD OVO OV.L VOO d4-O0 ANM
Wad pue O ovD)

dq £0% STLITA OIN] IS9M LI1O LIS 09O L1O IDL 09D OOV .L.OV IL.OO HOD OVD OV.IL VOO T 4-0 ANM
OLOILO

VOO DLLVVLVOLVOVOOD OOV .LOV .I.OD HDOD OVD OV.L VOO CI-NNIN IASY
pisdquaoaganu solvu OV

dq 8¢ -+ ASH YVO OVV OO0D VVO OVV VVD DDV LOV .I.OD HDHD OVD OV.L VOO CI-NNIN 9ASY
OO VILL

VOLVLL.LVV D1LD VOO OVD DDV LOV 1.OO HOHD OVD OV.L VOO CTI-NNIN VAT
pisquaoapanu solvm oV VYO

dq 961 V-« ASH OV.L.LOLODD LVO VVV OVD DDV LOV .I.ODO ODHO OVD OV.L VOO CTI-NNIN VASY

azIs
uoondwy auab/wsiuebig (,£ < ,g) @ouanbag awieu Jawig

(panunuod) g'gl ajqel



240 Lin and Malanoski

(ponunuod)

LVOL
ODLOVILOLY .LOO OOV OVD OOV LOV L.OO DOD OVO OV.L VOO

- 14D sud Iy

1127044 T J w1saepuicyy L VYD

dq 06¢ avruomnaud ‘W ILOD VOILOODD VOLIOL.ILOD OOV IOV .LOD HOD OVD OV.L VOO Td- 13340 sud iy
O DV.L

IOV 009D LVD LID LVV IVD 0DV IOV IDD DD OVD OVI VOO cg-Adoud g
wisCjommnand VOL

dq 6z1 mwwomnsud g VI OVIVLLOVD.LVD D0OD OOV IOV .ID0 HOD OVD OV.I VOO td-4doud g
OO LIV

LIDOLLOOLLLY LLOD D5ID OOV .LOV LOO DOHD OVO OV.L VOO d-vad[aud g
wsjognyy VO

dq 831 awruomnaud -g OOV DLV OLLOVO VVDO VVD OOV 1OV L.OD DOHD OVD OV.L VOO 7d-vad[oud g

Vv CI-OIN

ILOOOILO VOO DLV OLLOOD OOV IOV .LODO OHODD OVO OVL VOO €O QUOI0d

11270440361 auv1qUII P VIO ZI-OW

dq 929 €¥00 sniiAeuoIo) OV.L.LLO OVD LVD DILO LVO OOV .LOV .LOD DOHD OVO OV.L VOO €O OUOI0d

O ol

IOLOVVOOD OVO ODOHO 10D DOV .LOV.L.OO OO OV OV.L VOO DN d6CTUOI0d

112704403616 auv.1quLIUL V IVL il
dq g1/ H6TT SILITABUOION LOD 1.OD IOIDID DIO 10D OOV .LOV IO HDOHD OVO OV.L VOO “DIN H6TTUOI0d
azIs
uodijdwy auab/wsiuebig (,£ < ,5) 9ouanbag aweu Jawiid

(panunuod) z'gl ajqel



Resequencing Arrays for Diagnostics of Respiratory Pathogens 241

(ponunuod)

VO OVV
OVD IOLOHVV OLV OOL LLD OOV LOV 1OO DOD OVO OVL VOO I-FAA Qud O
FAN w131044 auv49u83M8 43710 LO[VUML 5 OVo
dq 191 avruomnaud - OLD 159 LVV OVIL OVDO DLHO OHV LOV LOO HOD OVO OVL VOO - FAAQud O
LVV
DOV VOV LOL OOV IOOO HOHD ODHV LOV .LOO HOHD OVD DVLVOO ey-1sad d g
aungus IS uixog sissniiad 0OV
dq se¢ sussngaad g OVO DOLOLV LVV DOD VOD DOV LOV .LOD ODDD OVO OVL VOO ed-1sxd d g
O
OBV OOD VOL OOV IOOD VOO OOV LOV .LOD HOHD DVD DVL VOO d-dXILd Pd g
w024 4370UL04F 11X07 SISSNIAI] v
dq 19¢ sussngaad g YVO ODD DLHD OLD DHD OOH DOV LOV .LOD HOHD DVO OVLVOD Td-dXId d g
DO OVV
OVD VLL LV.L DLV D00 DOD OOV LOV LOO DO OVO OVL VOO 0d-v30 uow N
Vs u12304d K10.40]10524 )
dqgre stpuuruau “N LVD O0D LVD OO0 D.LLVOD OOV .LOV.LOD DOD OVO OVL VOO TV oW N
NA%®)
OVO DOV HOD OOV OLV OVO OOV .LOV.LOD HOD OVO OVL VOO TY-yHL W N
1121040 1.00G5UV.47 AVINSGVI OL
dq g6t sipuuruan "N VIO OOLOIO VLV VOO OILO OOV .LOV.LOD HHD OVD OVL VOO Cd-y11 taw N
azis
uoondwy auab/wsiuebig (,£ < ,g) @ouanbag awieu Jawig

(panunuod) g'gl ajqel



242 Lin and Malanoski

(ponunuod)

OV LOV

(qu4z)  OVV DHOD VOLLVL VDD LLD ODV LDV .IDHD DOD OVD OV.L VOO og-qu odd §
aSUIAe1aL 29UV15152.4 UIIKUL0AEYIM03 LVOL

dq $¥¢ souabokd '§  OVV VOL VOL.LOD LLV OO OOV IOV 1HD DHD OVD OV.IL VOO 7d-qur o4d g
OV IDD

(Ffowe 1DILIDLIDL OOV VIO OID OOV IOV .IOD DOHD OVD OV.IL VOO og-pw oid g
Vfou) quvnurmiazay xngffa-aprjosovu Ho0

dq 18¢ souabodd '§ YOO DOHL VLV VOV LVL LLD OOV IOV 1OO DHD OVD OV.IL VOO g pw odd g
VOV

DDHL OOV 1OD VOV HOV OVD DOV LOV LD DOHD OVD OV.L VOO Td-gds ofd g
g u1X010%3 I1U040 5L OOV

dq1.e souabfokd " OVYD LLV 1DD VVO V.ILLOOD DDV IOV 1H0 HOD OVD OV.L VOO td-gads ofd g
DV OV.L

IDD VLV DOD LLV VOV HVD DOV LOV . LOHO HHD OVD DV.L VOO d-zaaud o
TAN 1197044 uw.quan 42310 L0LvuL 5o,

dq 6¥¢ mwwomnsud -y 150 IOLVVO LLD OOV OVD DOV IOV IOHD DHD OVD OV.L VDO 7d-TaAPud O
OLIOL

D00 LYV .LOD LOL.ILOL VOD OOV 1OV IO HHD OV OV.L VOO cg-godioud o
asvaamijod YN pa9aap YN oy

dq 907 mwomnsud "y 10D DOV VOV LLV ODD OVD OOV LOV.LOD DO OVD OV.L VOO 7d-godioud 5

azis
uoondwy auab/jwsiuebig (,£ <) @ouanbasg aweu Jawig

(panunuod) z'g ajqel



Resequencing Arrays for Diagnostics of Respiratory Pathogens 243

(poanunuod)

VLL
LVD LLD DOD DLLVO.LVOD OOV .LOV .LOD DOD OVD OV.L VOO SI-VHAWA
wrnrgn] G may LIV OOL.
dq 6e¥ STITA JOfEJA] B[OLIEA OLV.IDOLVLLOVLODD OOD OOV .LOV .LOD DOD OVO OV.L VOO €d-VHAIWA
ORNL
LOLOV.LVVO OLLOVV.LOD DDV .LOV .LOD DOD OVD OV.L VOO og-qdesaue g
ansdua (prow svmwnid-(J)Agod 5 OV)
dq 1€ Ss1ovaqIuy g VLLVVO VOLVVO DVD DVD DOV .LOV .LOD HDOD OVO OV.L VOO zd-gdesue g
VvV VOO
VOL.IDIL OIO OOL VYL VVD OOV .10V .IHO HOHD OVD OV.L VOO g-Sedue g
ual1guw 3413937044 VLV
dq 98% spviqiuy g HHIHOHH VOHLOHYD VVD DIO OHV.LOV IOD HOHD OV OV.L VOO ¢d-Sed jue g
VOL
LLLOIO HOL.LLD HLL VOO OHV 1OV 19D HHD OVD OV.IL VOO og-godriue g
Tunqgns-v12q 3sv4amijod N Y VOL
dq 16C SIBLPUY OOLOOL OOV .LOLDOOD VOO OOV .LOV.LOD HOHD OVO OV.L VOO td-godiaue g
OV D.LL
090 LLLV.LV 10D V.ID HYD OOV IOV IDD DO OVO OVLVOD  Td-dLw odd g
(q.L)ut1a D DOV
dqgee souabodd '§ YOI OVD LVV VOD IOL.IOD OOV IOV .IDD DHODOVOOVLYID T¢I dLwPoidg
azis
uodndwy auab/wsiuebig (,£ < ,g) @ouanbag awieu Jawid

(panunuod) z'G ajqel



244  Lin and Malanoski

(panunuod)

L .LVO

LOLOVO OVL LVLVOD LOD OOV .LOV LOD HOD OVO OVL VOO og-vdog m g
vied L.LLO

dq zet SISUIAVINI " VVLIOLODLOODLOHOD LOOD OOV .LOV.LOD HOD OVO OVLVOD td-vdog m g
D0 OV.L

LOV OOL DLO OHV.L.LVO VLD OOV LOV.LOD HOHD OVD OVL VOO -PACT M A
w1a104d0dy v(qY-€T OLVOL

dqers SESUTLY (M| VIO LOO VLLOLV VIO OLD OOV LOV LOO 5OD OVD OVL VOO CA-PAET M 4
vV OVD

OVO OO LLLOLLOLLOLD OOV LOV LOO DOD OVO OVL VOO PA-OdOAT
Ul DJIH 1o

dq zoe STLITA esse] VVO LLV VOO ODL LOD LLO DOV LOV .LOO DOHD OVD OV.L VOO 7A-OdDOAT
VO DIO

OI1D LVLILOD VOLOILO VOO OOV .LOV.LOD OO OVO OVL VOO SI-ADTAA
aualg IOL

dq 99¢ SIITA e[oqH VYVO DOLOVO ODOLVLLOOD DOV .LOV.LOD HOD OVD OVL VOO €d-ADTAHA
VVVD

OOL LLO LLL LVO VOO LLS OHV LOV .LOO HHD OVO OVIL VOO SL-JWDANWA
g 4atfipom asuodsas au1z00s VD

dq zst SIIIA JOfey B[olIeA YOO LI DOV LVO VVD DHD DOV IOV 1HO DHD OVD DV.IL VOO - FUDAWA

azis
uodndwy auab/wsiuebig (,£ < ,g) @ouanhag awieu Jawiid

(panunuog) z'gL ajqeL



Resequencing Arrays for Diagnostics of Respiratory Pathogens 245

snaiA [enAouds A1ojeardsay (A «

oLV
VOO LLD LLV VOV VDD OOD DOV .LOV LOD DOD OVD OV.L VOO Sd-TOVNEYIV
[IDVN DLV
dq z6¥ vuwvivql "y OLL.LLD ILOD VVO DOLVOD DOV .LOV .LOD DOD OVO OV.L VOO SA-TOVNEYY
D VOV
LLO OOV LLD DOV LVDO VIO OOV .LOV LOD DOHD OVO OV.L VOO oy- 132 sad §
dq 599 susad JLOLOIO OOD VVO VOV DOD OOV LOV .I.OD HOHD OVD OV.L VOO 7d-1ged sad X
0D
VO.L.LLO LOY LLD ODD LO0YD OOV LOV .I.OD OOD OVD OV.L VOO 4280 sad
2ouankbas GGrzads vV IV
dq gg¢ susad I OILO VOO OOV VVLVOLIOVO OOV LOV.IOD ODOD OVO OV.L VOO Td-on0 sad
azis
uodidwy auab/wsiuebhig (,£ < ,g) @ouanbag aweu Jawiid

(panunuod) g'gl ajqel



246 Lin and Malanoski

filter, and store at 2—-8°C shielded from light. The solution
should be clear, discard solution if it turns yellow.

5. Wash A (non-stringent wash bufter): 6X SSPE, 0.01% Tween-
20. Filter the solution through a 0.2 pm filter and store at
room temperature for up to 6 months.

6. Wash B (stringent wash buffer): 0.6X SSPE, 0.01% Tween-20.
Filter the solution through a 0.2 pum filter, and store at room
temperature for up to 6 months.

7. 1X array holding buffer (100 mM MES, 1 M [Na*], 0.01%
Tween-20). Mix 8.3 mL of 12X MES stock buffer with 18.5
mL of 5 M NaCl, 0.1 mL of 10% Tween 20, and 73.1 mL of
water. Store the buffer at 2-8°C and shield from light.

8. SAPE stain solution: 6X SSPE, 0.01% Tween-20, 1X Den-
hardts solution (Sigma-Aldrich), 10 pg/mL of Streptavidin
Phycoerythrin (SAPE, Molecular Probes). The solution can
be stored at 4°C shielded from light for up to 1 week.

9. Antibody stain solution: 6X SSPE; 0.01% Tween-20, 1X Den-
hardts solution (Sigma-Aldrich), 5 pg/mL of biotinylated
anti-streptavidin antibody (goat, Vector Labs). The solution
can be stored at 4°C for up to 1 week.

3. Methods

3.1. Chip Design

The success of using resequencing microarray for multi-organism
detection, as in broad spectrum detection of various respiratory
pathogens, relies on resolving two issues before the assay can be
applied to samples. First the chip must be designed by selecting
appropriate reference sequences to answer the questions that will
be asked. The second consideration is multiplex primer selection
since the assay outlined, rapid analysis of samples with large
amounts of background nucleic acid material, requires the use of
specific or semi-specific primers.

Selection of partial genomic sequences from pathogens (reference
or target sequences) for placement on a resequencing microarray
to provide direct sequence-based identification of multiple patho-
gens depends on what specific knowledge is required for the
various pathogens. For example, the respiratory pathogen micro-
array v.1 (RPM v.1) chip design includes 57 target genes, partial
sequences from the genes containing diagnostic regions of each
pathogen (i.e., EIA, hexon, and fiber for human adenoviruses
(HAAVs); bemagglutinin, newraminidase and the matrix genes
for influenza A viruses). The targets for both HAdVs and
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influenza are both long enough that RPM v.1 not only allows
identification but also produce strain-specific sequence data at the
same time. The remaining respiratory pathogens only required
detection, so fewer and shorter partial sequences were selected
allowing resequencing of 29.7 kb of sequences to provide at least
species level identification of 26 distinct organisms (10) (Note 8).
For the RPM v.1 chip, selection of partial sequences to generate
probe sets on the microarray was based on the same rules used in
selecting probes for long-oligonucleotide spotted microarrays
even though such rules do not account for the strengths and
weaknesses of a resequencing microarray. Overall, the detection
and discrimination performance of such sequences was good. In
fact, probes that for a spotted array would only discern to a
particular level such as serotype will at least give the same level of
discrimination on a resequencing array and often provide more
detailed discrimination such as strain differentiation. Using these
selection rules can however lead to wasted space on the resequen-
cing microarray because in some cases where two probes were
required on a spotted microarray, the information from only one
is sufficient to provide equivalent or greater detection and discri-
mination on a resequencing microarray. Design methods have
since been refined to reduce redundancy and better incorporate
the advantages of resequencing arrays into probe selection. Once
selected, the sequence file was sent to Aftymetrix for fabrication
(Note 9).

The gene-specific primer pairs for all targets on the RPM v.1 chip
(8) were designed according to the following criteria to meet
minimum amplification efficiency requirement.

1. From our work we have established a gross predictor that
hybridization will occur for an organism on the array and
that at least 70% of the bases match between the sequence
used on the microarray and the organism when aligned
(BLAST) (12). A list of sequences that may potentially hybri-
dize to the reference sequence is constructed using a BLAST
query. Primers are selected from consensus sequences of well-
conserved regions flanking the reference sequence from the
list. All potential primers that are 18-24 bases in length with
~50% GC content, with no repetitive sequences and have
annealing temperature range from 55 to 60°C without poten-
tial for self annealing and hairpin formation are considered.
This list is further filtered to ensure uniqueness with respect to
the other pathogens and human genome by using a full search
of the GenBank database with the BLAST program. This
insured that the potential primers for an organism have a
number of mismatches with these two groups of sequences
and would not mis-prime on a sequence region not of interest
in the assay (Note 10).
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3.3. Sample
Preparation

3.4. Internal Controls

. Once selected, all primers in the same primer cocktails are

checked for potential hybridization to other primers to reduce
the potential of primer-dimer formation. The primers that
form conceivable primer dimers, 8 or more contiguous base
matches between the primers, are replaced with new ones until
all potential primer dimers are removed. Also, we adapt a
method developed by Shuber et al. and Brownie et al.
(13,14) to turther suppress primer-dimer formation by adding
a linker sequence of 22 bp (primer L) to the 5’-end of primers
used (Note 11).

. To minimize the possibility of intra-primer interactions, the

number of primers in a mix is kept to no more than 100. For
RPM v.1, the primers were divided into two independent
reactions to satisfy this requirement. Fine-tuning adjustments
to both mixtures (swapping primers that amplified poorly for
new ones) were carried out to ensure all target genes from the
26 targeted pathogens (West Nile Virus is included on the
array but not in this amplification scheme) would amplify
sufficiently to generate detectable hybridization. Primer
sequences are listed in Tables 15.1 and 15.2 (8).

. Mix 150 pL of the fluid samples (nasal washes or throat swabs

in storage media) with 150 pl of 2X T&C lysis solution
premixed with 1 pl of 50 pg/pul proteinase K thoroughly by
vortexing. The sample mixture is incubated at 65°C for 15 min
with vortex mixing every 5 min. After incubation, place the
sample on ice for 3—-5 min.

. Add 150 pLL of MPC protein precipitation reagent to the

sample mixture and vortex vigorously for 10 s. At this point,
sample mixture should appear cloudy. Pellet the debris by
centrifugation for 10 min at 13,000 rpm at room temperature
using microcentrifuge. If the pellet is clear, small or loose, add
an additional 25uL of MPC protein precipitation reagent, mix,
and spin again.

. Transfer the supernatant to a clean 1.5 mL tubes and discard

the pellet (Note 12). Add 500 pL of isopropanol, then invert
tube several times to mix thoroughly. Pellet the DNA by
centrifugation at 4°C for 10 min at 13,000 rpm using micro-
centrifuge. Pour off the isopropanol, be careful not to lose the
DNA pellet. Rinse twice with 75% ethanol, centrifuge briefly if
the pellet is dislodged. Remove all the residual ethanol with a
pipette and air dry the pellet for 5-10 min. Resuspend the total
nucleic acids in 25 pl of nuclease-free water and store at —20°C
until further use (Note 13).

Two Arabidopsis thaliana plant genes, corresponding to NACI
and TIM, were chosen as internal controls for reverse transcription
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(RT) and PCR as they are unlikely to occur naturally in clinical
samples (Note 14). Two plasmids, pSP64poly(A)-NACI and
pSP64poly(A)-TIM, containing ~500 bp of the two genes were
kindly provided by Dr. Norman H. Lee at The Institute for Gen-
ome Research (Rockville, MD) (15).

1.

NACI fragment is amplified by PCR with SP6 (5'-GAT TTA
GGT GAC ACT ATA-3" and M13R (5'-CAG GAA ACA GCT
ATG AC-3’) primers, and the PCR products are purified using
QIAquick PCR Purification Kit (Qiagen).

. To generate RNA from pSP64poly(A)-TIM, the plasmids
were linearized with EcoRI and in vitro transcribed from the
SP6 promoter using the MEGAscript ™™ High Yield Transcrip-
tion Kit (Ambion). 60 fg each of NACI and TIM are used as
internal controls for checking the amplification efficiency and
the presence of inhibitors in the specimens.

. Reverse transcription (RT) reactions are performed in 20 pL
volumes. Mix 5-8 pL of extracted DNA with 1 pL. 10 mM
dNTDPs (Note 15), 2 pul. 40 uM primer LN, 60 fg/pL each of
NACI and TIM, and bring the volume up to 12 pL. The
reaction is incubated at 65°C for 5 min, then chilled on ice
for at least 1 min. Add 8 pLL RT master mix and incubate at
25°C for 10 min, 50°C for 50 min, then denature the enzyme
at 85°C for 5 min.

. The RT reaction products are split up into two 10 pl volumes
and used in two different multiplex PCR. Primer mix A con-
tains 19 primer pairs and amplifies 18 gene targets from three
different influenza A viruses, 1 influenza B virus, 3 serotypes
of HAdVs, and one internal control (TIM; Table 15.1).
Primer mix B contains 38 primer pairs and amplifies the
remaining 37 gene targets and the other internal control
(NACI; Table 15.2) (8). The amplification reaction is car-
ried out with an initial incubation at 25°C for 10 min., pre-
liminary denaturation at 94°C for 3 min., followed by 5 cycles
of: 94°C for 30's,50°C for 90 s, 72°C for 120 s, then 35 cycles
of: 94°C for 30 s, 64°C for 120 s, and a final extension at
72°C for 5 min (Note 16). The amplified products from both
PCR are combined into a single volume and subjected to
purification and processing prior to hybridizing to the RPM
v.1 chips.

1. Combine PCR product into one tube, then add 5 volumes of’
PB butfter to one volume of the PCR samples (500 pL PB for
100 pL PCR product). Mix the reaction mixture by pipetting
up and down. The color of the mixture should not change at
this point. If the color turns orange or purple, add 10 pL of
3 M sodium acetate, pH 5.0 and mix again.
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10.

. Pipette 700 pL of the mixture into QIAquick spin column in a

2 mL collection tube and centrifuge for 30-60 s at
13,000 rpm using microcentrifuge at room temperature.
Discard flow-through and repeat the process if the mixture
volume is larger than 700 pL.

. Wash the spin column with 750 pL. PE buffer with the indicated

amount of ethanol added, and centrifuge for 30-60 s at
13,000 rpm using microcentrifuge at room temperature. Discard
the flow-through, then place column back into the collection
tubes. Centrifuge for 60 s at 13,000 rpm using microcentrifuge at
room temperature to remove residual ethanol.

Elute the DNA by placing the spin column in a new 1.5 mL
tube, and add 50 pL. EB bufter (10 mM Tris-HCI, pH 8.5) to
the center of the spin column and centrifuge for 60 s at
13,000 rpm using microcentrifuge at room temperature
(Note 17).

. Purify the IQ-EX PCR products as described in step 1. Deter-

mine the concentration of the IQ-EX wusing UV
spectrophotometry.

Add 7.6 pL of the fragmentation solution to 35 pL of eluted
DNA and 3 pg of IQ-EX PCR product in a final volume of 35
pL. Incubate the reaction mixture at 37°C for 5 min (Note
18), then denature the enzyme activity at 95°C for 15 min.
Store at 4°C after incubation. At this point, you can store the
sample at 4°C for up to 1 week before labeling.

. Add 17.4 uL of the labeling solution to 35 pL of fragmented

DNA and IQ-EX PCR product from step 3. Incubate the
reaction mixture at 37°C for 30 min (Note 18), and then
denature the enzyme activity at 95°C for 15 min. Store at
4°C. Use fragmented and labeled IQ-EX PCR product to
prepare the hybridization buffer.

. Add 160 pL of hybridization buffer to 60 pL of fragmented

and labeled PCR products. At this point, you can store the
sample at —20°C for up to 1 month before hybridization.

. Add 200 pL pre-hybridization buffer to each chip, and incu-

bate the chip in the hybridization oven at 49°C at 60 rpm for
15 min. In the meantime, denature the samples from step 5 at
95°C for 5 min, and then equilibrate the tubes at 49°C for
5 min (Note 19).

Remove the arrays from the hybridization oven, and remove
and discard the pre-hybridization buffer. Add 200 pL of
denatured samples. At this point, you should see a small
bubble inside the chip which serves as a mixing mechanism
tor the microarray, so ensure such a bubble is present. Incu-
bate the chip at the hybridization oven at 49°C at 60 rpm for
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4-16 h (Note 20). Remove the hybridization mixture from
the array, and fill with 250 pL of array holding buffer. At this
point, you can store the array at 4°C for up to 3 h before
washing and staining (Note 21).

11. Prime the GeneChip®™ fluidic stations (Affymetrix) with
Wash A and B. Register a new experiment in GeneChip
Operating Software Service (GCOS). Load the array, SAPE
and antibody stain solution, into the designed fluidic
module. Start the washing and staining protocol “DNAAr-
ray_WS5_450.” Remove the array when the protocol is com-
plete; make sure at this time that there is not a bubble. If there
are visible bubbles, manually fill the array with array holding
bufter using a pipette. Apply two tough spots to each of the
two septa on the back of the array. The array can be stored at
4°C for up to 24 h before scanning (Note 22). Flush the
fluidic stations with DI water and shut down.

12. Turn on the GeneChip Scanner 3000 at least 10 min before
use. If the array was stored at 4°C, allow to warm to room
temperature before scanning. Insert the array into scanner.
Use GCOS to start scanning the array by selecting the corre-
sponding experiment. GCOS will process the image file of the
scanned microarray and create cell intensity data. An example
of the results is shown in Fig. 15.1.

=00

CACTAGTTAAANCTGGAGCCCNCGTCACTGCATTTGTTTATGTTATAGGAG TATCTARCGATTT

Fig. 15.1. Top panel: The hybridization image of the HAdV-7 strain NRRC 1315. Lower panel: magnification of a portion of
Ad7EIA probe sets showing an example of the primary sequence data generated by the hybridization of amplified targets
to RPM V.1. The primary sequence generated can be read from left to right. The fop arrow indicates Affymetrix
hybridization control-IQ-EX; the middle arrow indicates the regions that HAdV-7 hybridize; the lower arrow indicates
MAC1 and TIM, internal amplification control.
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13. Use GeneChip®™ Sequence Analysis Software (GSEQ) to
analysis the cell intensity data and generate the base call
(Note 23). Export the sequence information to FASTA file.

3.7. Pathogen 1. Sending entire FASTA files to be searched by BLAST is waste-
Identification ful of time and potentially misleading (Note 24). The set of
Algorithm resolved bases resulting from hybridization is instead subjected

to a filtering process. Each references sequence is examined by
itself and split into possible subsequences (SubSeqs) suitable
for BLAST search. SubSeqs are found by finding seed locations
within the sequence that have at least 18 of 20 bases resolved.
One of these locations is increased in size while the total called
base percentage stays above 40% unless a contiguous stretch of
at least 18 or 19 bases of N calls is encountered. The section is
marked as its own SubSeq if its length is at least 30 bases and
the remaining seed locations are examined in a similar manner.

2. BLAST is used to perform a similarity search of the NCBI nr
database using the SubSeqs as the queries. The BLAST pro-
gram used is the NCBI Blastall —p blastn with a defined set of
parameters. Masking of low complex regions is performed for
the seeding phase; however, such regions are included in the
actual scoring. The default gap penalty and nucleotide match
score are used. The nucleotide mismatch penalty, —q, para-
meter is set to —1 rather than the default. The results of any
BLAST query with an expected value <0.0001 are returned in
tabular format from the blastall program. If any SubSeq has a
value of 107 or less then it is considered positive for identifica-
tion of whatever organism is reported in the return.

3. A SubSeq might return many records from the database with
the same score. The identified organism is whatever taxonomic
classification encompasses all tied best scoring returns when
there are more than one (Note 25). If only a single return has
the best score then that is considered the closest specific strain
to the organism in the sample.

4. Different SubSeq for the same reference sequence are required
to result in a single pathogen identification for that reference
sequence. If one SubSeq has a significantly better score and
more detailed identification than others that is taken as the
identification of the reference sequence. If all SubSeqs have
similar scores, then the taxonomic classification that is consis-
tent for all of them is considered the best identification that can
be made.

5. A final examination can be made for the results from reference
sequences that targeted the same organism to insure that they
are reporting consistent results. It is not required that all
reference sequences identify an organism nor is strictly
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required that they make the same exact identification. This
process can be very laborious and time consuming considering
the large number of reference sequences and automation of
this process is possible (Note 26).

4. Notes

. For amplification of IQ-EX, other Taq DNA polymerase can
also be used. GeneChip™ Resequencing Assay Kit also con-
tains control forward 7.5 kb PCR primers (20 pM) which can
replace control forward 1.0 kb PCR primers. However, the
7.5 kb IQ-EX amplification requires using Taq DNA poly-
merase designed for long-range PCR amplification.

. Other transcription kits can also be used to generate RNA
controls.

. The MasterPure™ DNA and RNA purification kit gave us
the highest yield of nucleic acids, but other nucleic acid
extraction kits can also be used for this purpose.

. For multiplex PCR, it is highly recommended that you test
different Taq DNA polymerase. We tested several different
Taq DNA polymerases from various companies; our experi-
ence suggests that Platinum Taq or GoTaq™ Flexi DNA
polymerase give the highest amplification yield.

. Good laboratory practice, e.g., always use filtered pipette tips,
clear gloves, and UV irradiate PCR hood after each PCR set
up, is necessary to prevent contamination issue in the PCR.
Additionally, 50x dANTPs (ACGU) and uracil-DNA glycosy-
lase are used to prevent trace amount of carry-over contam-
ination from the previous PCR.

. Other PCR purification kit can also be used for cleaning up
PCR products.

. The fragmentation reagent is an equivalent of DNase I.
Terminal deoxynucleotidyl transferase and biotinylated
ddNTP from other sources can also be used for labeling
reaction.

. The resequencing microarray platform is generally more flex-
ible at target selection. However, the design process can still
be very complicated. Fortunately, the RPM v.1 chips are
available through Tessarae Inc. (Potomac Falls, VA) with
the permission from US Naval Research Laboratory. Newer
version of RPM (RPM v.3.x) can be also obtained through
Tessarae, Inc. (Potomac Falls, VA) with complete protocol.
So initial use of the assay does not require design of a
microarray.
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9.

10.

11.

12.

13.

14.

15.
16.

17.

The details of how to make Affymetrix CustomSeq resequen-
cing microarray is described in GeneChip™ CustomSeq Cus-
tom Resequencing Array Design Guide (http://www.afty-
metrix.com/support/technical /other/customseq_design_-

manual.pdf). Briefly, the first step is to identify and generate
the base sequences of interest in FASTA format. Once the
content of the array has been selected, the total number of
bases is calculated and an array format (different formats have
different sequence capacities) is chosen. The sequence sub-
mission documents can then be prepared from this informa-
tion (design request form, sequence and instruction files and
purchase order). During the fabrication process at Affyme-
trix, their chip design group will perform a design clarification
process which will check and suggest removing ambiguous,
repetitive and homologous sequences. Upon completion of
this step, the masks required to produce chips are fabricated
and checked for quality. Finally, the arrays will be manufac-
tured. The clarification process can take as little as 2 weeks if
little feedback is required but can run longer and the produc-
tion of chips depends upon scheduling constraints to meet
delivery to all their customers.

Primers selected should have at least three base mismatches
with human genome sequences to avoid non-specific
amplification.

Short linker primers can also be used, but the linker primers
must be unique with higher melting temperature and unre-
lated to the target pathogens and background genome
sequences that the samples may contain.

Try to avoid lipid and small white powdery protein substances
in the supernatant.

If you air dry the pellet too long, you will need to add
nuclease-free water to the pellet and store at 4°C overnight
to ensure the complete suspension of the nucleic acids.

Internal control is not absolutely necessary for the reaction, but
it is good to ensure there is no false negative result due to the
RT or PCR step. Other genes besides NAC1 and TIM can also
be used for internal controls provided the custom design chip
has reference sequences to hybridize with the control genes.

Do not use 50x dNTPs (ACGU, Sigma) at this step.

Two-step PCR are used here to shorten the cycling time,
alternatively, a three-step PCR can be used as long as the
annealing temperature is raised enough to switch to linker
only priming.

Smaller amount of elution buffer can be used; EB buffer can
be used to bring up the volume for the next step.
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18.

19.

20.

21.

22.

23.

24.

Longer incubation time is recommended for both fragmen-
tation (30 min) and labeling (2 h) by Affymetrix. However,
our experience suggested that a shorter incubation time is
sufficient.

It is recommended that the chip should be warm up to room
temperature before performing pre-hybridization. Our
experiences suggested that this is not a critical step.

It is recommended that the hybridization should be carried
out for 16 h in order to reach equilibrium. Our experience
indicates that 4 h hybridization can generate sufficient base
call for pathogen identification.

Wash A can also be used to fill the chip at this stage. Chips can
be stored for up to 24 h before washing.

Chips can still be scanned after storing for more than 24 h and
less than 1 week, although the fluorescence signal will be weaker.

The base calling algorithm for resequencing microarray is
changed to allow for the most “permissive” base calling to
be executed compared to “conservative” settings that are
defaults for GDAS. The parameters are listed below:

“Permissive” Base Calling Algorithm Settings —
a. Filter Conditions

i. No Signal threshold = 0.500 (default = 1.000000)

ii. Weak Signal Fold threshold = 20000.000 (default =
20.000000)

iii. Large SNR threshold = 20.000000 (default =
20.000000)
b. Algorithm Parameters
1. Strand Quality Threshold = 0.000 (default = 0.000000)

ii. Total Quality Threshold = 25.0000 (default =
75.000000)

iii. Maximum Fraction of Heterozygote Calls = 0.99000
(default = 0.900000)

iv. Model Type (0 = Heterozygote, 1 = Homozygote) = 1

v. Perfect Call Quality Threshold = 0.500 (default =
2.000000)
c. Final Reliability Rules

i. Min Fraction of Calls in Neighboring Probes =
1.0000 (disables filter)

ii. Min Fraction of Calls of Samples = 1.0000 (disables filter)

Resequencing arrays provide positional information which
allows for the use of similarity searches; however, because of
how the information is obtained they can potentially bias for
or against variants with insertions or deletions depending on



256 Lin and Malanoski

25.

26.

the reference sequence selected. Splitting regions that are
separated by large sections of N calls reduces this bias.

The organism identified may not necessarily be the primary
organism the reference sequence is intended to identify but a
near-neighbor species.

The algorithm as described was built into a new software
program, Computer-Implemented Biological Sequence-
based Identifier system, version 2 (CIBSI 2.0) to automate
the pathogen identification process for the RPM v.1 array
(12). CIBSI 2.0 besides determining what each reference
sequence detects furthermore, whether the identifications
from separate targets support a common organism identifica-
tion and determine whether detected organisms belong to
the target set that the assay was designed to detect or are
related to close genetic near neighbors. Target pathogens are

the organisms the assay was specifically designed to detect.

References

1. Hacia, J.G. (1999) Resequencing and muta- 6. Wilson, W.J., Strout, C.L., DeSantis, T.Z.,
tional analysis using oligonucleotide micro- Stilwell, J.L., Carrano, A.V. and Andersen,
arrays. Nat Genet, 21, 42-47. G.L. (2002) Sequence-specific identification

2. Gingeras, T.R., Ghandour, G., Wang, E., of 18 pathogenic microorganisms using
Berno, A., Small, P.M., Drobniewski, F., microarray technology. Mol Cell Probes, 16,
Alland, D., Desmond, E., Holodniy, M. 119-127.
and Drenkow, J. (1998) Simultaneous geno- 7. Davignon, L., Walter, E.A.; Mueller, KM.,
typing and species identification using hybri- Barrozo, C.P., Stenger, D.A. and Lin, B.
dization pattern recognition analysis of gen- (2005) Use of resequencing oligonucleotide
eric Mycobacterium DNA arrays. Genome microarrays for identification of Streptococ-
Res, 8,435-448. cus pyogenes and associated antibiotic resis-

3. Kozal, M.J., Shah, N.,; Shen, N., Yang, R., tance determinants. | Clin Microbiol, 43,
Fucini, R., Merigan, T.C., Richman, D.D., 5690-5695.
Morris, D., Hubbell, E., Chee, M. et al. 8. Lin, B., Blaney, K.M.; Malanoski, A.P.,
(1996) Extensive polymorphisms observed Ligler, A.G., Schnur, J.M., Metzgar, D.,
in HIV-1 clade B protease gene using high- Russell, K.L. and Stenger, D.A. (2007)
density oligonucleotide arrays. Nat Med, 2, Using a resequencing microarray as a multi-
753-759. ple respiratory pathogen detection assay.

4. Wong, C.W., Albert, T.J., Vega, V.B., Norton, J Clin Microbiol, 45, 443-452.
J.E., Cutler, D.J., Richmond, T.A., Stanton, 9. Lin, B., Malanoski, A.P., Wang, Z., Blaney,
L.W., Liu, E.T. and Miller, L.D. (2004 ) Track- K.M., Ligler, A.G., Rowley, R.K., Hanson,
ing the evolution of the SARS coronavirus E.H., von Rosenvinge, E., Ligler, F.S., Kus-
using high-throughput, high-density rese- terbeck, A.W. et al. (2007) Application of
quencing arrays. Genome Res, 14, 398—405. broad-spectrum, sequence-based pathogen

5. Wilson, K.H., Wilson, W.J.; Radosevich, identification in an urban population. PLoS
J.L., DeSantis, T.Z., Viswanathan, V.S., ONE, 2,¢419.
Kuczmarski, T.A. and Andersen, G.L. 10. Lin, B., Wang, Z., Vora, G.J., Thornton,

(2002) High-density microarray of small-
subunit ribosomal DNA probes. Appl
Environ Microbiol, 68,2535-2541.

J.A., Schnur, J.M., Thach, D.C., Blaney,
KM., Ligler, A.G., Malanoski, A.P.,
Santiago, J. et al. (2006) Broad-spectrum



11.

12.

Resequencing Arrays for Diagnostics of Respiratory Pathogens 257

respiratory tract pathogen identification
using resequencing DNA microarrays. Gen-
ome Res, 16,527-535.

Wang, Z., Daum, L.T., Vora, G.J., Metz-
gar, D., Walter, E.A., Canas, L.C., Mala-
noski, A.P., Lin, B. and Stenger, D.A.
(20006) Identifying influenza viruses with
resequencing microarrays. Emerg Infect
Dis, 12, 638-646.

Malanoski, A.P., Lin, B., Wang, Z.,
Schnur, J.M. and Stenger, D.A. (2006)
Automated identification of multiple
micro-organisms  from  resequencing
DNA microarrays. Nucleic Acids Res,
34, 5300-5311.

13.

14.

15.

Brownie, J., Shawcross, S., Theaker, J.,
Whitcombe, D., Ferrie, R., Newton, C. and
Little, S. (1997) The elimination of primer-
dimer accumulation in PCR. Nucleic Acids
Res, 25, 3235-3241.

Shuber, A.P., Grondin, V.J. and Klinger,
KW. (1995) A simplified procedure for
developing multiplex PCRs. Genome Res, 5,
488-493.

Wang, H.Y., Malek, R.L., Kwitek, A.E.,
Greene, A.S., Luu, T.V., Behbahani, B.,
Frank, B., Quackenbush, J. and Lee, N.H.
(2003) Assessing unmodified 70-mer oligo-
nucleotide probe performance on glass-slide
microarrays. Genome Biol, 4, R5.



	Resequencing Arrays for Diagnostics of Respiratory Pathogens
	1 Introduction
	2 Materials
	2.1 Controls
	2.2 Sample Extraction
	2.3 RT-PCR
	2.4 Fragmentation and Labeling of Amplified Product
	2.5 Hybridization, Washing, and Staining

	3 Methods
	3.1 Chip Design
	3.2 Multiplex Primer Design
	3.3 Sample Preparation
	3.4 Internal Controls
	3.5 Multiplex RT-PCR Amplification
	3.6 Microarray Hybridization and Processing
	3.7 Pathogen Identification Algorithm

	4 Notes
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


