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Development of Reverse Transcription Semi-nested FRCPrimer Pairs for the
Specific and Highly Sensitive Detection of HumadAichivirus Al
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HumanAichivirus A1 (HuAiV-Al) is a waterborne human pathogeniaisiclassified aBicornaviridae andKobuvirus.
In this study, we developed a method that can tabenit 35 minutes faster with the same detectiositivity level than
the previously reported HuAiV-Al diagnostic RT-P@Rmer. The RT-PCR primer sets developed in thidystare
capable of detecting HUAiV-Al at a level of abo00lag and formed 563 bp amplification product.dditon, the
RT-nested PCR method was able to amplify 410 bpgusie RT-PCR product as a template. The detestiositivity
of our method was 10 times higher than the methitidtiae highest detection sensitivity to date. Efane, the detection
method of HUuAiV-Al developed in this study is exjgelcto be used in the water environment in whismall amount
of virus exists. Also, this detection method isextpd to be used as HuAiV-Al diagnostic technoiagyoth clinical

and non-clinical field.
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Aichivirus A1 (NC_001918)

8,251 bp
Structural proteins Non-structural proteins
le P1 e P2 S 2
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Gene Synthesis |
AV-A1_VP1_F20 AV-A1_VP1_F40
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(2,94?;2,962) (31243:144) C20e )
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(3,624-3, 643) (3,801-3,818)
AiV-A1 VP1 _R40 AiV-A1 VP1 _R20
(3,523-3,541) (3,669-3,686)
Fig. 1. Specific RT-nested PCR primers map for the detectf HumarAichivirusAl (HUAiV-Al).
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Table 1.Information of RT-PCR and nested PCR primer setthe detection of Humakichivirus 1 (HUAiV-Al)

Primer

PCR Target Product
# . References
type gene Name Sequence (5-3) size (nt)
HUAIV-A1_VP3-1 F10 ATCTCCGCAGGTGAATCC
HUAIV-A1_VP3-1 F20 CTCACTTCCCAAACCCTC
HUAIV-A1_VP3-1 F30 CACCAAACTGGAAAACTTCTT
PCR HUAIV-A1_VP3-1 FA0 GCYRACGAAGGCACAATC
primer RT-PCR & . .
! VP3-VP1  HuAiV-Al_VP3-1 F50 GATGCTRTCGTGCTTCAC 265~874  This study
pairs nested PCR
#01~20 HUAIV-A1_VP3-1 R10 GCACGATGTAGACCCGRT
HUAIV-A1_VP3-1 R20 GGACCCAGGCTTTGAAGT
HUAIV-A1_VP3-1 R30 CTGGAAGTCRARGGGRATRG
HUAIV-A1 VP3-1 R40 GTCCTCCCAWCCRAAGTAY
Yip-VP1_F TCTTCTCCTTCTACCGCTTG Yip et al
Ref.01 RT-PCR VP1 357 :
Yip-VP1_R GAGGTGTAGGGGATGGAGAA (2014)
KBP1 CTCYTTCATCTCYMAMTCCTACTGG 1245
g KBN1 AAGTGGGTRCAGTTGTTGG ' ;
Ref. 02 RT-nested VP3-VP1 Yamashita
PCR KbP1P CAGCCMCGCACCACYTTCSASTAC 453 etal. (2014)
KbP1N GAAGTAKGARGTGGGRATRGCAGA
AV-VP3-F1 CACACCGCCCCTGCGTCRGCCCTCGT o1
- AiV-VP1-R1 GAGAGCTGGAAGTCRAAGGG
Ref. 03 RIMested ypaypy 2
PCR AV-VP1-F2 CTCGATGCRCCMCAAGACACCGG 505
AV-VP1-R2 CCTGACCAGTCCTCCCAWCCGAAGTA Lodder
AV-VP3-F1 CACACCGCCCCTGCGTCRGCCCTCGT o1 etal. (2013)
- AV-VP1-R1 GAGAGCTGGAAGTCRAAGGG
Ref. 04 RInested ypoypp O
PCR AV-VP1-F3 GTGCTTCACRTACATCGCYGCGG 230
AV-VP1-R2 CCTGACCAGTCCTCCCAWCCGAAGTA
C94b GACTTCCCCGGAGTCGTCGTCT Khamrin and
Ref.05 RT-PCR 3CD 158 Maneekarn
AMP-R GCRGAGAATCCRCTCGTRCC (2014)
6261 (RT-PCR) ACACTCCCACCTCCCGCCAGTA 510
RT-nested 6779 (RT-PCR) GGAAGAGCTGGGTGTCAAGA Saikruang
Ref. 06 3CD
PCR C94b (Nested PCR) GACTTCCCCGGAGTCGTCGTCT 223 etal. (2014)
246k (Nested PCR) GACATCCGGTTGACGTTGAC
C94b GACTTCCCCGGAGTCGTCGTCT
Ref.07 RT-PCR 3CD i 158 Pham (2011)
AMP-R GCRGAGAATCCRCTCGTRCC
10f (7357 GATGCTCCTCGGTGGTCTCA
Ref.08 RT-PCR 3CD (7357) 631~ Santosetal
10r (7987) GTCGGGGTCCATCACAGGGT (2015)
UNIV-kobu-F TGGAYTACAARTGTTTTGATGC
Ref.09 RT-PCR 3CD 216 ~ Reuteretal.
UNIV-kobu-R ATGTTGTTRATGATGGTGTTGA (2009)
6261 (RT-PCR) ACACTCCCACCTCCCGCCAGTA 510
Ref. 10 3CD :
PCR AiF2 (6283-6305) CAAGGACTTGCGGCGCTTCATCG 12 (2010)
AiR2b (6672-6694) GCACCCYTCYCCCGCCTACGGTG
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TEHS PCRARES] Ao, TFo] | 94 55 aeste]  5olH whgo] veRtA] eolFig. 3), 4'¢¥ 57 PCR
1471 5 570 Z3H#H02, #06, #08, #1021 #18) Asllet  2holm %32 HUAIV-ALE Soldo = Xdd
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Z3 #10°] 7% 100 agE9l 10744 HE A%}

X2
B 2 o (d
oo

° e o o ° e, HUAV-ALE I dslr]ell 233 RT-PCR 2Z2}o]
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RT-PCR Z#}o|w 23 HuAiv-19] VP3-19| tjgt e}
o|lw F30¢} R20 %322 563 bp] PCRAMES $Z st
T ASATHFig. 4).
Nested PCR Zz2|0|H Mt
Fig. 2. Specific reaction of RT-PCR primer pairs fo the de-
tecting HUAiV-Al. Lane M, 100 bp Ladder marker; lane nurr RT-PCR Z#}o]n] %3} #10 (F30/R20Y A=< T30
primer sets number {120); N, negative control; dot, selec B . . B
primer sets. % nested PCRz¥°] 7}sg 27 =Zeto]n Z3H#10-1
MPN123456738910112131415 M MP N1234567 891112131415 M
Set 2 Set 6

0.5kb >

I

MPN123456738 91112131415 M M PN12346567 8910112131415 M

Set 8 Set 10

Fig. 3. Nonspecific reaction of five
RT-PCR primer pairs. Lane M, 100 bp
Ladder marker; P, positive control;
negative control; lane number, reference
viruses [1,Aichivirus-B; 2, Aichivirus-
C; 3, Rotavirus A; 4, Parechovirus A;
5, Norovirus GlI; 6, Coronavirus 229E
7, Enterovirus-68; 8,Enterovirus-71; 9
Coxakievirus-A6; 10, CoxakievirusB1;
11, Coxakievirus-B5; 12, norenteric
Adenovirus C; 13, entericAdenovirus
41; 14 Hepatitisvirus-A; 15, Sapovirus|.

MPN123456789101112131415M
Set 18

°
#02 #06 #08 #10 #18
F10/R20 (742bp) F20/R20 (694 bp)  F20/R40 (549 bp) F30/R20 (563 bp) F50/R20 (410 bp)

M-4-56-7-8-9NM-4-5-6 -7-8-ONM-4-5-6-7-8-ONM M-4-5-6-7-8-9NM-45-6-7-89NM

05kb>=w™ 05kb> - 0.5kb> 1 g 0.5 kb>

Fig. 4. Sensitivity tests of five specific RT-PCRrjpmer pairs. Lane M, 100 bp Ladder marker; lane number, dilutges from 1 ngl;
N, negative control; dot, selective primer sets.
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Table 2. Comparison of reaction time and sensitivity betwtbé study and previously reported RT-nested P@Rer sets fothe detectio

of HUAiV-Al
Primer set Reaction time (min) Sensitivity Remark
. RT-PCR 175 100 atto gram
This study
Nested PCR 290 10 atto gram
Ref. primer set #01 RT-PCR 227 100 atto gram
. 155 100 femto gram
Ref. primer set #02 RT-PCR - ]
219 1 femto gram Non-specific reaction
. RT-PCR 142 10 femto gram
Ref. primer set #03 - )
Nested PCR 214 10 femto gram Non-specific reaction
) RT-PCR 142 10 femto gram
Ref. primer set #04 - )
Nested PCR 214 1 femto gram Non-specific reaction
Ref. primer set #05 RT-PCR 203 1 femto gram
. RT-PCR 157 1 femto gram
Ref. primer set #06 -~ ]
Nested PCR 254 100 atto gram Non-specific reaction
Ref. primer set #07 RT-PCR 193 100 atto gram Non-specific reaction
Ref. primer set #08 RT-PCR 160 1 femto gram
Ref. primer set #09 RT-PCR 193 1 femto gram Non-specific reaction
. RT-PCR 160 1 femto gram Non-specific reaction
Ref. primer set #10 - )
Nested PCR 257 100 atto gram Non-specific reaction
(FA0/R30; 441 bp)E #10-2 (FS0/R20; 410 bp)] 2 A=A ®
- #10-1 #10-2
o= 7y B oA (== 2=z=0 8
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T4 A=

2o ] Sol

s BAEen, o] F 3al uloly
ukg-o] AR #10-2 (F50/R20; 410 bp)
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2 e
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FEow yeEth ey 7S W 77 227 9
1937-9] W AJgto] g E Loy, ool sk W
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Fig. 5. Selection of nested PCR primer pair for theletecting
HuAiV-Al. Lane M, 100 bp Ladderarker; lane number, dilut
rates from 1 ngk; N, negative control PN, PCR-negative control;
dot, selective primer sets
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