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GenBank 13.1 QIAamp Viral
H1-16 NI1-9 25 RNA Mini Kit H1 H3 HS5 H7
1 52 3 H9 N1 N2 AIV RNA -80
25 QIAGEN OneStep RT-PCR Kit
25 RT-PCR 50 puL PCR
50 30min 95 15min 94 30S 52 40S
72 1 min 40 72 10 min
E.Z.N.A.Gel Extraction Kit PCR T
1 HpAT
11 #H ~80
1.1.1 HI H3 H5 H7 H9 NI N2 13.2
RNA H2 H4 H8 HI10 HIl HI2 HI13 HI4

H6N2 ALV RNA
( H16 N7) RNA:
A/Duck/Alberta/35/76(HIN1)  A/Duck/Germany/1215/73
(H2N3) A/Duck/Ukraine/1/63(H3N8) A/Duck/ Czech/56
(H4N6)  A/Turkey/England/N28/73(H5N2)  A/Turkey/
Canada/63(H6NS8) A/African Starling/983/79(H7N1) A/
Turkey/On tario/6118/68(H8N4) A/Turkey/Wisconsin/1/66
(H9N2) A/PD384/79(H10N4) A/Duck/Memphis/546/76
(H11IN9)  A/Duck/Alberta/60/76(H12NS)  A/Gull/Mary
land/704/77(H13 N6) A/Mallard/Gurjev /263/82(H14N5)

A/Duck/Australia/341/83(H15N8)

IBV AV10 ARV AV2311 CEK3 IBDV BC6/85
FPV 102 MDYV Fc-126
NDV
11.2 QIAGEN OneStep RT-PCR Kit
QIAamp"® Viral RNA mini Kit(52904) RNeasy" Mini
Kit(74104) QIAGEN E.Z.N.A.Gel Ex-
traction Kit E.Z.N.A.Cycle-Pure Kit  Plasmid Mini
Kit OMEGA AccuPoL™ DNA Polymerase

Lifeson MedicalTech
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H15 Hl6 N3 N4 N5 N6 N7 N8 N9
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1 58 bp
15 bp
15 bp
72 15min
PCR
-70
14 BERRFBEMEEFRMIR RT-PCR 18
25 4
RT-PCR 8 H1 H3
H5 H6 H7 H9 NI N2 8
H2 H4 H8 HI10 HI11 HI13 HI5 HI6
5 H14 N4 N6 N7 N9 4
H12 N3 N5 N8
50 uL 50 30 min
95 15min 94 20s 52 1min 72 90s
20 94 20s 70 90s 20 72 5 min
-20
15 ERTHEH &
15.1 (
: =1:2:20) 12 h
10 min

12h 1% APTES

lh 5 110
20 min 12.5%
60 r/min 4 h 3xSSC
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Table 1 The primers of AIV gene microarray

Primer name

Sequence (553 T

Reference gene

Product size /bp

Forward universal
Reverse universal

TCACTTGCTTCCGTTGAGG
TAMRA-GGTTTCGGATGTTACAGCGT

HIf TCACTTGCTTCCGTTGAGGGGAGCAATTGAGTTCAGTATC CY002688 601
Hir TAMRA-GGTTTCGGATGTTACAGCGTGACACTCTCCTATTGTGACTG

H3f TCACTTGCTTCCGTTGAGGTGTTACCCTTATGATGTGCC CY003712 669
H3r TAMRA-GGTTTCGGATGTTACAGCGTCCCTGTTGCCAATTTCAGAG

H5f TCACTTGCTTCCGTTGAGGAGTGAATTGGAATATGGTAACTG AY770079 380
H5r TAMRA-GGTTTCGGATGTTACAGCGTAACTGAGTGTTCATTTTGTCAAT

H6F TCACTTGCTTCCGTTGAGGAAGGCACTTATTGGRTCAGG DQ376650 685
H6R TAMRA-GGTTTCGGATGTTACAGCGTGTCCTCTAGTTTCAATCTGTGG

H7f TCACTTGCTTCCGTTGAGGTCAGGWTCTTCWTTCTATGC AY 831668 641
H7r TAMRA-GGTTTCGGATGTTACAGCGTTCYCCTTGTGCATTTTGATG

HOf TCACTTGCTTCCGTTGAGGAAGAGAATGGTCCTACATCGT AY 664671 493
HOr TAMRA-GGTTTCGGATGTTACAGCGTGGATCTTACTCGCAATGTCTG

NIf TCACTTGCTTCCGTTGAGGTCCCACTTGGAATGCAGAAC DQ095665 328
Nlr TAMRA-GGTTTCGGATGTTACAGCGTCACATGCACATTCAGACTCTTG

N2f TCACTTGCTTCCGTTGAGGATAGCATGGTCCAGCTCAAG CY002114 299
N2r TAMRA-GGTTTCGGATGTTACAGCGTACATGCTGAGCACTTCCTG

H2F TCACTTGCTTCCGTTGAGGCGTCATTCTTCAGGAACATGG AY 633228 229
H2R TAMRA-GGTTTCGGATGTTACAGCGTGGCCTTGTTGCTATTTCWGG

H4F TCACTTGCTTCCGTTGAGGTTGTTAYCCATTTGATGTGCC CY 004939 324
H4R TAMRA-GGTTTCGGATGTTACAGCGTGTRACTCTTCCAGGGTTGTT

H8F TCACTTGCTTCCGTTGAGGAAGGTTGGTCATACATAGTGG CY005970 444
H8R TAMRA-GGTTTCGGATGTTACAGCGTGTCCTCTTACTAATGGTCTGG

H10F TCACTTGCTTCCGTTGAGGGATTGACAAGATAAGCACCGG CY006000 435
HI10R TAMRA-GGTTTCGGATGTTACAGCGTTTACTYACTCTACTAGGTGCTAT

HI11F TCACTTGCTTCCGTTGAGGACTTAGAAATGTCCCAGCAA DQ080993 437
HI1IR TAMRA-GGTTTCGGATGTTACAGCGTCATTTCCCTCGTCTTTGGC

HI12F TCACTTGCTTCCGTTGAGGAGTACAAGAACACCAGAGATT CY006008 537
HI2R TAMRA-GGTTTCGGATGTTACAGCGTCTGGCCATCCGCCTTCTAT

H13F TCACTTGCTTCCGTTGAGGGACCCTTCTGCTCCTCATG AY 684886 474
H13R TAMRA-GGTTTCGGATGTTACAGCGTGAAACTGATTGATTCCCCTGG

H14F TCACTTGCTTCCGTTGAGGTCTCCCGACTAAACTGGCTA M35997 247
H14R TAMRA-GGTTTCGGATGTTACAGCGTCTGCCGCTCTGATTCCTTAC

HI15F TCACTTGCTTCCGTTGAGGGACTCCTTGACTGAGATCTGG CY006032 305
HI15R TAMRA-GGTTTCGGATGTTACAGCGTAGTATCACATCTTTGTACCCAC

H16F TCACTTGCTTCCGTTGAGGTAAACTTCTCGTGCTAATCG AY 684888 252
H16R TAMRA-GGTTTCGGATGTTACAGCGTGTCTTCAACTTGATCCCTTC

N3F TCACTTGCTTCCGTTGAGGGGGAAAGARTGGATGCATGT AY 611526 366
N3R TAMRA-GGTTTCGGATGTTACAGCGTGTTGTTGATTCTCATCCAAGG

N4F TCACTTGCTTCCGTTGAGGGGAAGCAATCGACCATGGAT CY005359 260
N4R TAMRA-GGTTTCGGATGTTACAGCGTCGACACCCATCCATTAGCAT

NSF TCACTTGCTTCCGTTGAGGACTGTTATTGGGTAATGACG CY 004340 459
N5SR TAMRA-GGTTTCGGATGTTACAGCGTTGCTTGTTTTGGTCCAACCG

No6F TCACTTGCTTCCGTTGAGGACCTAATAACAATGCTTCGG AF285887 246
N6R TAMRA-GGTTTCGGATGTTACAGCGTCACTCTTCTATATGCTGTGC

N7F TCACTTGCTTCCGTTGAGGTGTGCAGAGATAAYTGGCA AJ620349 352
N7R TAMRA-GGTTTCGGATGTTACAGCGTCCGGAATAGCCTGACCAATT

N8F TCACTTGCTTCCGTTGAGGGGGCAMTGATGTATGGATGG AY300948 340
N8R TAMRA-GGTTTCGGATGTTACAGCGTAAGAATAGCTCCATCGTGCC

NIF TCACTTGCTTCCGTTGAGGTTCTATGCTCTCAGCCAAGG CY005332 310
NI9R TAMRA--GGTTTCGGATGTTACAGCGTTGGCATACGCATTCAGATTC
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Table 2 The probes of the AIV gene microarray
Subtypes Probes sequence(5 %3 T Reference gene

PC Probe TAMRA-CCTCAACGGAAGCAAGTGAT
NH2-T15-ATCACTTGCTTCCGTTGAGG

QC Probe NH2-GCTGCCTCGGCAAGGAGT TAMRA

H1 Probes NH2-T15-TGCTTATGTCTCTGTAGTGTCTTC AY289930
NH2-T15-AATAGAACCTGGAGACACAATAA AF408860
NH2-T15-CGAGATATTCCCCAAGACAAGTT AY289930

H3 Probes NH2-T15-CCTCGGGGTTACTTCAAAATACG AY531033
NH2-T15-GGAAGCATTCCCAATGACAAACC AY779253

H5 Probes NH2-T15-GTCACCAATAAGGTCAACTCGATC AY830774
NH2-T15-ACCATAGCAATGAGCAGGGGA

H6 Probes NH2-T15-TGAGATGTTTCCCAAAAGTACATGG AY474029
NH2-T15-ATGGGAACTGAAAGCATGAATTT AY457713

H7 Probes NH2-T15-CAGACCAAACTCTATGGAAGTGGA AY831668
NH2-T15-GTCAAACACAGACAATGCTGCTT AY338459
NH2-T15-CAAGGAAAGACCCAGCTCTGATAAT

H9 Probes NH2-T15-CAAGACGCCCAATACACAAATAAT AF558506
NH2-T15-AAGCATGTTCAGATTCATTCTACAG

N1 Probes NH2-T15-AGTTGGTTGACAATTGGAATTTCTG AY 651452
NH2-T15-CAAGAGTTGGAGGAACAACATACT

N2 Probes NH2-T15-GCGTTTGTATCAATGGAACTTGTA CY006109
NH2-T15-ATGATGGGAAAGCATGGTTACATG AY 862636

H2 Probes NH2-T15-ACATCAACACTGAATAAGAGGTC AY 633228
NH2-T15-GAACAAAGGACACTGTACCAGAAT

H4 Probes NH2-T15-GACAAAGGTCAACAATGGGGA CY004939
NH2-T15-CTTCAACTGACGCAGAACAAA

H8 Probes NH2-T15-TGGAGACATCATTTTCTTATGGG AB289343
NH2-T15-GCATCTTACAAGAGAATAAGGCTATT CY005970

H10 Probes NH2-T15-AAAACAACTTTGTGCCTGTGGT CY014739
NH2-T15-CACAAGAAAAGAATGATCTGTATGG CY006000

H11 Probes NH2-T15-CAGTGAAATAGAGGAGAGGATAAACC DQO080993
NH2-T15-AGAAGGATGCTAAAGGACAATG

H12 Probes NH2-T15-TAATCACAGGGAAATCACATGGC CY006008
NH2-T15-CACTAGTAAGCACTATATTGGGAA

H13 Probes NH2-T15-GGATGAAGATTTACTGGTATTTGATG AY 684886
NH2-T15-GTTCATGGAGTAGGAAATACAACC

H14 Probes NH2-T15-CCATCAAGCGATAATGAGCAAAC AB289335
NH2-T15-TCTTATGTCAGGCTCTATCTCTGG

H15 Probes NH2-T15-GCATACAATTGACCTTGCAGATTC AB295613
NH2-T15-CCGATGTGACGATCAATGTATG

H16 Probes NH2-T15-GACAGAACATTAGACCTGCATGAT AY 684888
NH2-T15-ATCATGAGGACTACAAAGAAGAG

N3 Probes NH2-T15-TATGTAGGGACAATTGGAAGGG AY611526
NH2-T15-GATAATGATGCAAGTGCCCAGA

N4 Probes NH2-T15-GGCTATGTATGTAGTGGGATATTTG CY005359
NH2-T15-GATGGCACAGGCTCATGTAATAG

N5 Probes NH2-T15-GTTTGCCGAGATAATTGGAATGG CY004340
NH2-T15-AGGGAGGTCACATTGAAGAGT

N6 Probes NH2-T15-GGCAGGAAATATATTAAGGACTCA AF285887
NH2-T15-CCAGCTAATAACAGAGCAGAAAC

N7 Probes NH2-T15-ATGTTGAAAATACCTAATGCAGG AJ620345
NH2-T15-AAGGGATTCGGGTTTCTAAATGG

N8 Probes NH2-T15-AGCTCCATTGTGATGTGTGG AY531038
NH2-T15-AACTTAAATTGGTCAGGATACAGCG AY300948

N9 Probes NH2-T15-TCATCACCACCCACAGTATACAA CYA005332

NH2-T15-AGAGCCAGGATGTCGATATGTA

1000 r/min 8 min
1.5.2
14x9%4

NC

, 2 N

1.5.3

PC

DC

BioRobotics MicroGrid II
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H14|{H14|H14|H14{H15{HIS|HI5|HI5|{H16|H16|H16|H16| N1| N1
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B1 ThREINZESTE

Fig. 1 Diagram of Microarray. QC: Quality control; PC: Posi-
tive hybridization probes; NC: Spotting buffer control; N: Blank
control; DP: Detection probes(H1-16,N1-9).

£33 BRAEKE

Table 3 The printing concentration of microarray

c(Printing) Printing sample

Probes

/(umol/L) components
QC probe 40 QC, ddH,0, 20xSSC
PCprobe 40 PC, ddH,0, 20xSSC
DP probe 40 DP, ddH,0, 20xSSC
NC probe 3xSSC ddH,0, 20xSSC

16 BERERTH$XR, % AESERAIE
SSC SDS Denhardt’s

6 uL 5 uL
1 uL 4 pmol/L 95T 5 min
3 min 7 uL
52 25 h
45
I 2xSSC 0.1%SDS 100 r/min 5 min
2 45 11
0.2xSSC  0.1% SDS 100 r/min 5min
2 0.2xSSC 100 r/min
5 min 5~8
1000 r/min 5 min PerkinElmer
ScanArray Gx plus Wavelengh532
nm PMT60% Power90% Brightness93 Contrast96
QC PC
NC N
1
2 1

1.7 ERTHRBHMRE

1.4 1.7

18 EETHHFRELE
IBV ARV IBDV

NDV FPV MDV 6
1.4 1.7
19 BRERER AR

10 QIAamp Viral RNA
Mini Kit RNA 1.4 1.6
1.4
E.Z.N.A.Cycle-Pure Kit NanoDrop
10
1.6
110 EEEHRESHREIERE
1.3.1 AlV
RNA H16 N7
111 EREE R HE RSN
49 2653
1.4 1.6
H5 33 H5 AIV RT-PCR
AIH 52007005 HINI
H3N2 HS5SN1 H7N1 HO9N2 40 [19,20]
P3
2 &%
21 BRAFRSSTREERERBIRNER
1.3 RT-PCR H1 H3 HS
H6 H7 H9 N1 N28
PCR H2 H4 H8 HI10 H1l HI12 HI13 HI14
H15 H16 N3 N4 N5 N6 N7 N8 N917
2 229

bp 324bp 444bp 435bp 437bp 537bp 474bp
247bp 305bp 252bp 366bp 260bp 459 bp 246 bp
352bp 340bp 310bp

22 ERESHREMMHRELE
1.4 1.6 25

23 BEATRHFEAEER
1.8

QC PC
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2.5ng
25 EEGREIERE
1.10
3 AlV A/Duck/Alberta/35/76(HIN1)

A/Duck/Germany/1215/73(H2N3)  A/Duck/Ukraine/1/63
(H3N8)  A/Duck/Czech/56(H4N6)  A/Turkey/England/
bpp M 10 11 12 13 14 15 16 17 18 19 bp N28/73(H5N2) A/Turkey/Canada/63(H6N8) A/African
Starling/983/79(H7N1)  A/Turkey/On tario/6118/68 (H8N4)

A/ Turkey/Wisconsin/1/66 (HON2) A/PD384/79 (H10N4)

A/Duck/Memphis/546/76(H11N9)  A/Duck/ Alberta/60/76
(H12NS) A/Gull/Mary land/704/77(H13 N6) A/Mallard/
Gurjev/263/82(H14N5) A/Duck/ Australia/341/83(H15N8)

2 PCR
Fig. 2 The results of overlapping-PCR. M: DL2000 marker, 1: HIl HI3 N5
H2, 2: H4, 3: H8 4: H10, 5: H11, 6: H13, 7: H15, 8: H16, 10:
H14, 11: N4, 12: N6, 13: N7, 14: N9, 15: H12, 16: N3, 17: N5,
18: N8, 9 and 19: Negative control. HIT HI3 N5 ALV
AlV
IBVY ARV IBDV NDV FPV 2.6 EEXF HIEH N
MDV 1.11 49 2653
4 HIN1 H3N2
24 EREESBETRESR H5N1 H7N1 HI9N2 AIV 135
1.9 H5N1 ALV 5.09% 135/2653 H5
33 H5 AIV RT-PCR
2.47x107 pfu/mL 10 1.4 AIH52007005 100%
1.6 33/33 40 HIN1 H3N2 H5NI
2.47 pfu/mL H7N1 HOIN2
NanoDrop 10 92.5% 37/40
x4 PiprERENER
Table 4 The detection results of field simples
Sample sources Positive No. Samples No. Subtypes H5 RT-PCR results Viral Isolation (Positive rate) *
Chicken 87 1844 H5N1, H7N1, HON2 25/25 14(14/17)
Duck 9 218 H5N1, H7N1 5/5 9(9/9)
Partridge 1 4 H5N1 1/1 1(1/1)
Pigeon 1 2 H5N1 /1 1(1/1)
Pig 35 579 HINI, H3N2 - 10(10/10)
Human 2 6 HINI, H5N1 1/1 2(2/2)

¢

“~”means undetected “*’means the detection results by Viral Isolation.

3 Wi

RT-PCR

) RT-PCR
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3 EASHBIEREAMER
Fig. 3 Specificity test of microarray. A Detection of each subtype AIV by microarray (1-24 mean H2, H4, H6, H§, H10, H11, H12,

H13, H14, H15, H16, N3, N4, N5, N6, N7, N8, N9, Negative Control, HON2, HIN1, H3N2, H5N1 and H7N1 subtyes AIV respectively.
B: Detection of IBV, ARV, FPV, IBDV, NDV and MDV by microarray.

25 52 PCR
3 [15]

DNA
PCR PCR DNA
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5 U8 Erdogan PCR

(7] DNA

RT-PCR
PCR

2000~2006
70 1976~1977 H11
HI3 NS5 AIV 44.2~ 65.5%
Hl1l1
H13 N5

49
2653

H5N1 2.5ng
2.47 PFU/mL RT-PCR

25 ng 24.7

PFU/mL PCR
10 6 IBV ARV

IBDV NDV FPV MDV
12~24 ht'®
7~8 h

2 % X #
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Oligonucleotide microarray for subtyping avian influenza virus
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Lin Mei', Guangle Jia', Zexiao Yang'
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(* College of Biotechnology, Jingchu University of Technology, Jingmen 448000, China)

Abstract: [Objective] Avian influenza viruses are important human and animal respiratory pathogens and rapid diagnosis
of novel emerging avian influenza viruses is vital for effective global influenza surveillance. We developed an oligonu-
cleotide microarray-based method for subtyping all avian influenza virus (16 HA and 9 NA subtypes). [Methods] In total
25 pairs of primers specific for different subtypes and 1 pair of universal primers were carefully designed based on the
genomic sequences of influenza A viruses retrieved from GenBank database. Several multiplex RT-PCR methods were
then developed, and the target cDNAs of 25 subtype viruses were amplified by RT-PCR or overlapping PCR for evaluating
the microarray. Further 52 oligonucleotide probes specific for all 25 subtype viruses were designed according to published
gene sequences of avian influenza viruses in amplified target cDNAs domains, and a microarray for subtyping influenza A
virus was developed. Then its specificity and sensitivity were validated by using different subtype strains and 2653 sam-
ples from 49 different areas. [Results] The results showed that all the subtypes of influenza virus could be identified si-
multaneously on this microarray with high sensitivity, which could reach to 2.47 pfu/mL virus or 2.5 ng target DNA. Fur-
thermore, there was no cross reaction with other avian respiratory virus. [Conclusion] An oligonucleotide microar-
ray-based strategy for detection of avian influenza viruses has been developed. Such a diagnostic microarray will be useful
in discovering and identifying all subtypes of avian influenza virus.

Keywords: Avian influenza virus(AIV); typing; genechip; hybridization; detection
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