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Characteristics of genome variations of Ebola viruses in 2014 epidemic
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[Abstract] Objective To explore the relationship between the Ebola virus genome variations and its epidemiological
characteristics by analyzing the 102 whole genome sequences of Ebola viruses in 2014 outbreak. Methods Whole genome
sequences of Ebola viruses (EBOVs) were obtained from the NCBI database, and the variations in genome sequences were
analyzed by Mummer3. 0. The evolutionary analysis was carried out through MEGAS5; and the 3D modeling of the protein was
performed using CPHmodels and PyMOL software. Results It was found that there were 606 single nucleotide variants
(SNVs) in the genome of 2014 EBOVs, of which 49 nonsynonymous SNVs were unique. The amino acids of NP-182, GP-82
and 1.-1951, which were highly conserved not only among all the Zaire EBOVs before 2014, but also among different EBOV
species, were altered in 2014 EBOVs. Conclusion The unique mutation of 2014 EBOVS resulting in alterations of NP, GP and
L protein, especially the alteration of aa82 of GP (Ala— Val), might weaken the stability of «helix where the amino acid is
located, which might be associated with the weakened lethality and enhanced transmission of the virus. Further studies are

needed to confirm whether genomic variations in 2014 EBOVs is responsible for change of the epidemiological characteristics.
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W BEJE (Filovirus) , HHE PR 20 S R 4315 B i) i
Bk RNA, K24 19 kb, 4 7 ANFEH L9 DS IFIL
[ B2 AE , 23325 NP (nucleoprotein) . VP35 (virion
protein 35), VP40 ( virion protein 40 ), GP
(glycoprotein) , sGP (secreted glycoprotein) . ssGP
(small secreted glycoprotein) . VP30 (virion protein
30), VP24 (virion protein 24) Fll L(RNA-dependent
RNA polymerase) EH .
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4 LR 20 751 (NCBI 512 . NC_002549. DAE N
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mummer. source forge. net/) A E4 129 # EBOV
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F% pdb SCA4: F) FH PyMOL A Chitp: / /wwnw.
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FPa L AT R AR 102 45 EBOV 2014 FLAR/RBIFE#E
BEDR 20 e 9 v A AE 606 A8 S i s (single
nucleotide variants, SNVs), Htf 228 4~ SNVs 43
AFEFE R H R g i X, 378 /> SNVs 434 #E NP,
VP35.VP40.GP/ sGP/ ssGP . VP30.VP24 F1 L %
PR IX . 7T 2 R 4 5 X 119 378 4~ SNVs i,
A 84 LAY R T AR ] SR A Horp 35 A4
SNVs ¥ 28— kel 2 BT DIAE R EBOV 3tk
AL AT 49 4 SNVs & EBOV 2014 #L/R
BIFEMRITREA I GR Do R 1Tl LUE . A 37
A~ EBOV 2014 FERFFA 1 SNVs (R 1 DUHAASR
RTE 102 2% EBOV 2014 LR B SR B B R 41
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i, BI%fs 572.2 124,2 364.3 388.4 759.6 175, Mo XL A
6 909.10 801,12 878,15 599,16 054 F1 16 750 fifik  JRIEITE bk iy 5L
FERAS B AVLEA I (3 A EBOV 2014 BkkE .

EFARGF AU EBOV 2014 L7
AR S RRAE s A SO A T

&1 EBOV 2014 L FAREFBHREFFH 49 NIEE X SNV i =
Tab 1 The 49 unique nonsynonymous SNVs in Zaire EBOV 2014

Base Amino acid
Gene Frequency of mutation
Location Reference Zaire EBOV 2014 Location Reference Zaire EBOV 2014

NP 572 A G 35 Isoleucine Valine 1/102
NP 800 ) T 111 Arginine Cysteine 91/102
NP 852 A G 128 Lysine Arginine 102/102
NP 1862 A G 465 Serine Glycine 102/102
NP 1902 A G 478 Asparaginate Serine 102/102
NP 2060 C A 531 Proline Threonine 102/102
NP 2124 A G 552 Glutamic acid Glycine 1/102
NP 2361 C T 631 Threonine Isoleucine 102/102
NP 2364 A G 632 Glutamine Arginine 2/102
NP 2593 A T 708 Glutamic acid Aspartic acid 102/102
NP 2652 A G 728 Lysine Arginine 102/102
VP35 3250 G A 41 Serine Asparaginate 102/102
VP35 3388 T G 87 Valine Glycine 1/102
VP40 4537 T G 20 Valine Alanine 102/102
VP40 4759 T (O 94 Isoleucine Threonine 1/102
GP 6175 G A 46 Serine Asparaginate 1/102
GP 6283 C T 82 Alanine Valine 99/102
GP 6909 T A 291 Tryptophan Arginine 1/102
GP 6980 G C 315 Alanine Proline 102/102
GP 7044 C A 336 Threonine Asparaginate 102/102
GP 7112 G A 359 Glutamic acid Lysine 102/102
GP 7181 C A 382 Proline Threonine 98/102
GP 7251 A G 405 Glutamic acid Glycine 102/102
GP 7268 A G 411 Threonine Alanine 102/102
GP 7325 C T 430 Proline Serine 102/102
GP 7374 C T 446 Proline Leucine 102/102
GP 7545 C T 503 Alanine Valine 102/102
VP24 10801 A G 153 Isoleucine Valine 1/102
L 12169 A C 197 Methionine Leucine 102/102
L 12223 G A 215 Alanine Threonine 102/102
L 12591 G A 337 Methionine Isoleucine 102/102
L 12618 A C 346 Glutamine Histidine 102/102
L 12878 G A 433 Arginine Lysine 3/102
L 13654 G A 692 Aspartic acid Asparaginate 102/102
L 13856 A G 759 Aspartic acid Glycine 99/102
L 15599 A G 1340 Glutamine Arginine 1/102
L 16054 T A 1492 Leucine Isoleucine 2/102
L 16401 A C 1607 Glutamine Histidine 102/102
L 16424 G A 1615 Serine Asparaginate 102/102
L 16540 T G 1654 Tyrosine Aspartic acid 102/102
L 16546 G A 1656 Alanine Threonine 102/102
L 16552 G A 1658 Aspartic acid Asparaginate 102/102
L 16597 G A 1673 Glutamic acid Lysine 102/102
L 16649 A G 1690 Asparaginate Serine 102/102
L 16750 T C 1724 Cysteine Arginine 1/102
L 17057 G A 1826 Serine Asparaginate 102/102
L 17410 T C 1944 Tyrosine Histidine 102/102
L 17431 A G 1951 Isoleucine Valine 102/102
L 17833 A G 2085 Isoleucine Valine 102/102

Bold characters represent SNVs which are recurrent in EBoV 2014
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Figl Multiple alignments of NP (A), GP (B) and L(C) protein sequence

The amino acids which were highly conserved among all EBOV species except for 2014 strains are indicated by red color, and amino acids which

are not highly conserved among all EBOV species are blue. The numbers at the top of sequences refer to the position of amino-acid residues. The
GenBank accession numbers of the sequences are as follows: Zaire-2014(KM233117. 1), Zaire-1976 (NC_002549. 1), Zaire-1977(KC242791. 1),
Zaire-1994(KC242792. 1), Zaire-1995(JQ352763. 1), Zaire-1996(KC242793. 1), Zaire-2002(KC242800. 1), Zaire-2007 (HQ613403. 1), Zaire-
2008(HQ613402. 1), Sudan(NC_006432) ., Reston(NC_004161. 1), Cote d’Ivoire(NC_014372. 1), and Bundibugyo(NC_014373. 1)

2.3 EBOV Ui R & 4k GP R @ wgitfb o4 K
TR 28 45 6 1% (neighbor-joining) , AR 415 7 51 AH 1L
PEZH THLH/R AL EBOV R0k GP & H i HE A (&
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H Rl B 2014 Bk GP E S5 BRMEFLIR
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PR EA LIRS 8 T S X 55— R T
P IZE N % AR AR — UM ST 1 Bl o U M R 1 B
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2002 FERRM GP SR ATEH L E RGO RO X 5

Dudas 2551222 BFgT 45 1 —3%.

2.4 EBOV 2014 3L R A F 4k GP B & & % THE
Bk a4 RATELX EBOV 1 GP &
H 2 45 4 [X (receptor binding region, RBR, {3 T
GP E 55 57~%7 149 &M 25491 7 Fr K3
GP H A5 82 A M T RBR 1Y o« BEAL (&
3). EBOV 2014 #LA/R BIFAR Y GP B H 5 82 i
RILRR AR R AL WA R, T WA R A B
KB DEE , FRATHED X 7] BN 5L M o BRI AR
FEME HETE R GP B 52k ES & .
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B2 FLA/RE EBOV HH GP EARBLH

Fig 2 Phylogenetic analysis of Zaire EBOV protein GP
All the sequences of EBOV 2014 (marked in red), together with EBOV 2002 (KC242800. 1) belong to a divergent lineage

Fig 3 3D modeling of EBOV protein GP (amino acid 32-310)
The alpha helixes are colored by purple and the aa82 is marked in

blue (red arrow)

3 i i

EBOV J& T RNA Ji# , T H 45 1) RNA K
R RNA R & i = B IE DI RE, 7 f L R 4l 2
Tl R P 25 5 7= AR BRI A4S i . Gire 251 (A 5E 5
1, 2014 4F 5% K (I RETE H EBOV 3 K 41 58 4% 1 3
RPN, KL R TCREN R i 2 5. k. FATH
WAEXT EBOV 2014 FLA IR B 35 M ) 2 R 41 2% S5
TESATIRA ST » SET BRER LR 40 3 9 (9 A8 5, Ry ik
URENE 17 F-IRA T A IF R SRl — i R S

AT NCBI 285805 2 vh A (1 FL AR B
EBOV 23K 417 41, 35 102 % 2014 4 EBOV
BERRFISLATAY 28 Sc 2L H AP 4T T o081, &
&3, EBOV 2014 LA /R B3 pk Bk 40 vh AE
606 1~ SNVs, Hrr 378 A~ SNV's Jp A 75 5 P 41 114 G
51X, 228 A3 A 76 AE S B X 1 Zi B X P 49 4>
SNVs Jj& EBOV 2014 LR BV EE bR BT R A 19 I =
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