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Zika virus: genome sequence analysis and nucleic acid detection methods
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[Abstract] Objective To analyze the genome sequence characteristics of Zika virus and to develop nucleic acid detection
methods for Zika virus. Methods The phylogenetic tree of 81 kinds of Flavivirus was constructed. The differences of nucleotide
and amino acid sequence among Zika virus, type 4 dengue and Japanese encephalitis virus (JEV) were analyzed and compared.
The gene mutated sites of Asian and African Zika virus, especially four Zika virus strains from China, were analyzed. A set of
primers and probes of real-time quantitative PCR for Zika virus were designed after comparing the genome sequences of Asian
and African Zika virus. Results Spondweni and Kedougou viruses were the closest homologously to Zika virus among 81 kinds
of Flavivirus. Comparison of full genomic nucleic acid sequence showed that Zika virus was closer to type 4 dengue virus than
JEV, whereas comparison of amino acid yielded an opposite result. Compared with traditional Asian type Zika virus,
Guangdong GDO1 strains had 5 amino acid mutated sites, Zhejiang ZJ03 strains had 6 mutated sites, and VE Ganxian strains had
33 mutated sites. Detection of designed PCR primers and probes for plasmid RNA was positive, with the lower limit of detection
being 100 copies/ml. and Zika virus RNA was detected to be positive, type 1-4 dengue virus and Japanese encephalitis virus

being negative. Conclusion Zika virus and Spondweni virus are the closest homologously. The high mutation character of VE
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Ganxian strains indicates that Zika might evolve fast. PCR primers and probes designed in this paper can be used for Asian and

African type Zika virus detection, with relatively higher sensitivity and specificity.

[Key words | Zika virus; viral genome; RNA sequence analysis; nucleic acid detection; Asia
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Tab 1 Flavivirus virus strains used for phylogenetic tree

Virus GenBank ID Virus GenBank ID Virus GenBank ID
Alkhurma virus JF416950 Yaounde virus EU082199 Stratford virus KM225263
Deer tick virus AF311056 Bagaza virus NC_012534 Spondweni virus NC_029055
Gadgets gully virus DQ235145 Baiyangdian virus JF312912 Zika virus NC_012532
Kadam virus DQ235146 Duck egg drop JQ920421 Aedes flavivirus NC_012932
syndrome virus
Karshi virus DQ462443 Israel turkey KC734551 Cell fusing agent virus ~ NC_001564
meningoencephalomyelitis
virus
Langat virus NC_003690 Nhumirim virus NC_024017 Chaoyang virus NC_017086
Louping ill virus KT224354 Ntaya virus NC_018705 Culex flavivirus AB701775
Omsk hemorrhagic fever virus NC_005062 Tembusu virus KMO066945 Donggang virus NC_016997
Powassan virus KJ746872 Banzi virus DQ859056 Hanko virus JQ268258
Royal farm virus DQ235149 Bouboui virus DQ859057 Ilomantsi virus NC_024805
Tick-borne encephalitis virus JN003208 Edge Hill virus DQ859060 Kamiti River virus NC_005064
Turkish sheep encephalitis virus  DQ235151 Jugra virus DQ859066 Lammi virus FJ606789
Kama virus NC_023439 Saboya virus DQ859062 Nakiwogo virus GQ165809
Meaban virus DQ235144 Sepik virus NC_008719 Nounané virus EU159426
Saumarez reef virus DQ235150 Uganda S virus DQ859065 Nienokoue virus NC_024299
Tyuleniy virus NC_023424 Wesselsbron virus NC_012735 Palm Creek virus KC505248
Bussuquara virus NC_009026 Yellow fever virus FJ654700 Quang binh virus NC_012671
Cacipacore virus NC_026623 Aroa virus KF917535 Tamana bat virus AF346759
Koutango virus EU082200 Iguape virus AY632538 Entebbe bat virus NC_008718
Ilheus virus NC_009028 Dengue virus 1 AF180818 Sokoluk virus NC_026624
Japanese encephalitis virus KF667322 Dengue virus 2 AF038403 Yokose virus NC_005039
Murray valley encephalitis virus ~ NC_000943 Dengue virus 3 AY744683 Apoi virus NC_003676
Alfuy virus AY898809 Dengue virus 4 KJ596658 Jutiapa virus NC_026620
Rocio virus AY632542 Kedougou virus NC_012533 Modoc virus NC_003635
St. Louis encephalitis virus NC_007580 Kokobera virus NC_009029 Montana myotis NC_004119
leukoencephalitis virus
Usutu virus NC_006551 New Mapoon virus KC788512 Rio Bravo virus NC_003675
West Nile virus (GQY03680 Kyasanur forest JF416958 Soybean cyst NC_024077
disease virus nematode virus 5
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Fig 1 Phylogenetic tree of the genus Flavivirus (A) and nucleic acid (B),and amino acid (C)
overlaps of complete genome of ZIKV, DENV 4 and JEV

The tree was constructed by the neighbor-joining method of MEGA using nucleotide sequence of complete genome, Each number at nodes is the percentage

of 500 bootstrap replicate support; confidence probability are higher as shown in the tree node. Vertical length is arbitrary. Scale is the percentage of

genetic distance, Zika virus is marked using solid circular, ZIKV: Zika virus; DENV: Dengue virus; JEV: Japanese encephalitis virus
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Micronesia| EU545988| Micronesia
MR 766| DQ859059 | Uganda
ARB7701|KF268950 | CAR
ARB15076 | KF268949| CAR
ArB1362|KF383115|CAR
ArD128000 | KF383117 | Senegal
African ArD158084|KF383119|Senegal
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Ref|NC 012532 | Null
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Fig 2 Zika virus phylogenetic tree (A) and the variability of VE Ganxian Zika virus (B)

The tree was constructed by the neighbor-joining method of MEGA using amino acid sequence of complete genome. Each number at nodes is the

percentage of 500 bootstrap replicate support; confidence probability higher than 85% are shown in the nodes. Vertical length is arbitrary. Scale

is the percentage of genetic distance. Four solid circles indicate the virus strains from China. Dots indicate identity with the consensus sequence

on the top of the alignment
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Tab 2 The variability of amino acid mutations in Asian and African Zika virus

Gene Amino acid mutations Mutations/total Percentage( %)
C N25S, L27F. R101F, 1110V, 1113V 5/122 4. 10
PrM 1125V, S139N, R143E, A148P, V153M, H157Y 6/93 6. 45
M K246R, V262A 2/75 2.67
EP 1410A, 1446T, V4591, F575S, V6071 5/500 1. 00
NS1 D683E. V727A, F728L, V763M, T777M, M785L., E846D, K863R., A988V, V10301, V1058M 11/352 3.13
NS2a MI1180T, V1204A, V12261, A1289V, A1297T, 1/V1354L 6/226 2. 65
NS26  E1461D, A1477T 2/130 1. 54
NS3  A1558S, L1594H, K1671R., K1717T, N1902H, 11909V, M19741., K2085R. Y2086H 9/617 1. 46
NS4a 1.2123F 1/150 0. 67
NS46  N2280S, 122821., A2283S, M22951, 1.2318F, M23671, 12449V, V24531, 1.2455S 9/251 3.59
NS5 V25981, M2634V, T2679A, M2715L., 12749T, A2787V, K/R2800N, V28421, N2896S, 26/903 2. 88

R2909H, H2969Q., 13039V, N3044S, A30461, K3050R, K3065R, E3080K, V30891,
G3107K, K3161R, P3162S, R3167N, S3223D, A3304S, M3333V, D3387N

Left: Asian Zika virus; Right: African Zika virus

2.3 RT-gPCR 3| #hA=38A4H%4  b# 11 BR2E &
TR TR (8 BRI LR 3 BRIAE VD) , SE B AR SF I
511, 3545 1 A5 FHEET (Zika-3990F ; 5'-CCA CGC
ACT GAT AAC AT-3', Zika-4068R: 5'-AAG

TAG CAA GGC CTG CTC T-3', Zika-4021probe:
5 FAM-TGG CTG CTC TRA CAC CAC T-BHQ-
3.0 F NS2a #: W, IE. 519 M5
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PRVABC59/KU501215/Puerto Rico
BeH819015/KU365778/Brazil
Z1106033/KU312312/Suriname
8375/KU501217/Guatemala

Natal RGN/KU527068/Brazil

Haiti 1225 2014/KU509998/Haiti
Martinique/KU647676/Martinique

H PF 2013/KJ776791/French Polynesia
ArD128000/KF383117/Senegal
ARB7701/KF268950.1/Central African Republic
ARBI1362/KF383115/Central African Republic
Spondweni virus/DQ859064/South Africa
Kedougou virus/AY 632540/Senegal

Dengue virus 4/KJ596658/Brazil

Dengue virus 2/KF479233/China

Dengue virus 3/AY744683/French Polynesia
Dengue virus 1/KM204119/Hawaii

Forward primer (5" -3") Reverse primer (5’ -3")
CCACGCACTGATAACAT AGAGCAGGCCTTGCTACTT

........... L S
........... e = E==) (= Py
........... Cimaas masis smmes sCrmmas s s
........... Cimaas masis smaes sCewCs

.G..T..CCCA..... C....TATGA.G..GG.CC

TGCA.GG.CA.G..TTG .A..GC.CAA.GCTCGGAA

TTTGAC.ACACCC.AG. ..GA.CATTATG..TGTGC
ATGGAA.AGR..C.AT. .A..T.AG..GCACA.TAC
TTTGAA..AT.CC.ACT ...A...C.ACCCTG.T..
TTT.AGT.AC..C.GC .AGAC.ATGGC.ATGGTAC
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Fig 3 Primers and probe of Zika virus

Probe (5'-3")
TGGCTGCTCTGACACCACT

.TTCCTTGACTTTCAT.AG
..... ATCT.ATGTGTTCC
.CT.CCTAA.GTGTT. .AA
.. T.CTTGACATTTATCAA

Alignment of the designed primers and probe with multiple Zika virus, Spondweni, Kedougou and Dengue virus 1-4 strain sequences. Dots

indicate identity with the consensus sequence on the top of the alignment
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Fig 4 Standard curve of RT-qPCR for
the nucleic acid detection for Zika virus
A Standard curve for Zika virus ¢cDNA plasmid dilution series; B:

Standard curve obtained with 10-fold serial dilutions of Zika virus

RNA. Ct: Threshold cycles
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