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Abstract: Chi virus (CHIKV), a mosquito-b Iphavirus of the family Togaviridae,

architecture s kg e K)o e iy T
CHIKY circulated as at least four lineages worldwide with both enzootic and epidemic transmission
cycles. To understand the recent patterns of emergence and the current status of the CHIKV spread,
L . L . updated analyses of the viral genetic data and metadata are needed. Here, we performed phylogenetic
and comparative genomics screens of CHIKV genomes, taking advantage of the public availability
"y "y "y - "y of many recently sequenced isolates. Based on these new data and analyses, we derive a revised
phylogeny from nucleotide sequences in coding regions. Using this phylogeny, we uncover the
presence of several distinct lineages in Africa that were previously considered a single one. In parallel,

H we modeling of CHIKV regions (UTRs), which revealed
O I I l e r evolutionarily conserved structured and unstructured RNA elements in the 3UTR. We provide
y . . evidence for duplication events i recently emerged American isolates of the Asian CHIKY lineage

and propose the existence of a flexible 3'UTR architecture among different CHIKV lineages.
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1. Introduction

.
L] Phylogeographic inquiries can reveal viral transmission patterns and pathogenesis of viral
. . diseases. Dramatic of arthropod-borne viruses iruses), such as Chi

(CHIKY), West Nile, Zika, and Dengue, have increased in frequency and intensity, thus raising public
‘health concerns [1]. Prolific expansion of arboviruses in countries where the viruses have previously
not been recorded has drawn public attention. These trends are considered to be a function of climate
change effects on the geographic range in which the vector can complete its life cycle and transmit
CHIKV [2,3]. Here, we investigate the RNA archi of CHIKV regions (UTRs) that
underlies their ability to adapt and transmit in new environments and provide an updated large-scale
phylogeny summarizing the geographic spread of CHIKV lineages.

CHIKYV is a mosquito-borne virus that belongs to the Alphavirus genus, which encompasses.
‘mainly arboviruses, and is believed to have a marine origin [4,5]. The presence of CHIKV in sylvatic
mosquitoes, such as Aedes africanus, Aedes furcifer, and A. taylori, and non-human primates in Uganda
and Tanzania suggests that the virus originated in Central or East Africa [6,7].

-

Viruses 2019, 11, 798; doi<10.390/¥11090798 wiww.mdpi.com/journal /viruses

michae|wo|finger_com Published under a Creative Commons Attribution 4.0 CC BY License



Phylogenetic Tree

Americas Africa
. North East

B south | Middle
. Central - South

Caribbean . West

Asia Other

West
East
—~H
i:'-
=)
Leaves -

\

American Lineage

. Asian Urban Lineage
. Western African Lineage
. Indian Ocean Lineage
. Eastern African Lineage
. African/Asian Lineages
South American Lineage

. Middle African Lineage

;

iiiégié
michaelwolfinger.com

Figure from doi:10.3390/v11090798



michaelwolfinger.com

AUL-Am

o
|
. |
Q o o\is
R %
o ]
]
B | ECSA-IOL
O |
? \ﬁ
. o)
Q
ECSA-MASA
\ 8«“
(o)




ngﬂggngnnaypaavppnvuvavvupg

var

B00BYOBYYYYANIANOBYYNAIYNEO VALY VOYYEDD

B¢
S

H E =-35.06 kcalimol - 2+ | |
e S T T

‘COGAAGAGAUGUAGGUACULUAAGCUUCUUAAAAGCAGCCUAACUCACUUUGAGAUGLAGECAUAGCAUACEGAACUCULCEA

S CCCCCCC - ((C...... ((((..... )))) - (CC. .. ((((...)))). ... ))) i )))---))))))).
AUGU CuU. Ccu cuU UGU. UAGCAU| UCCA

YoONNaNO VYOO IYNYIOYAVORYNAYOVENNADYINDYY

KY038946.1/363-444
KF318729.1/395-476
MFOO1517.1/392-473
KT327163.2/569-650

KT327163.2/754-834
JF274082.1/363-444
AY726732.1/431-512

A
m
w
iy
©
~
N
o
=
N
o
o
(o]
v
D
D
(o]
[Yel={=(={plele]e]

Sequence Conservation:

| I-IIIIIIIIIIEIIII Illll Illl IIIII LRI

michaelwolfinger.com

b CSE

E = -6.49 kcal/mol

z=-459

GAGAUGUUAUUUUGUUUUUAAUAUUUC

rrrrrrrTrTT

ror

rrrrror

rror
R i S S S S S NN SE R S

r
A R D D R R N NE R SRR S

T

JNNNYNYYNNNNNDONNNNYNNONVYOVDO

KF318729.1/688-714
KT327163.2/862-888
JF274082.1/472-498
KY038946.1/472-498
AY726732.1/540-566
MFOO1517.1/685-707

Sequence Conservation:

GAGAUGUUAUUUUGUUUUUAAUAUUUTC

D e R e S SR

JNNAVAYYNANANDNNNANYNNONVYOVYD

(CCCCCCCCe-nnnnnn)))))))))
UUUUGUUU
UUUUGUUUU 27
UUUUGUUUU 27
UUUUGUUUU 27
UUUUGUUUU 27
UUUUGUUUU 23

[

Figure from doi:10.3390/v11090798



C SlL-a d sSL-b

UGACAACUAG, GAAGGCAUACGCGUCCCUAAAGAGA CCGCAUAUAGCUAGGAAUC

E =-16.57 kcal/mol

E =-14.67 kcal/mol

a z=-0.79 z=-1.02

KF318729.1/171-209
(. )N . e &$gg%g%§.%§%gg-%gg
MEgD1547 . %5% 84 AA &¢ KT327163.2/345-383
KT327163.2/3-64 JF274082.1/149-187
JF274082.1/3-64 KY038946.1/149-187
KY038946.1/3-64 AY726732.1/184-222

AY726732.1/54-92

Sequence Conservation: IIII-IIIII-IIJ-IIII-J IIIII-LIJIIHII .
Sequence Conservation:

€ Unstructured Repeat (UR)

mw &WM |f HH.I I

R e P P R R P TR

michaelwolfinger.com

2325 LIBIBAEG

AGGUAUAUGUGUCCCCUAAGAGACACACCAUAUAUAGCU

nbethVthbeVthVhvvhbbbbhbnathVhbbv

(=
AGGUAUAUGUGUC

O o)
AG

U UA
Ui U
U UA
U UA
U UA
Ui U
U UA

U

IIIIL.IIIII-II.-IHIJ

Figure from doi:10.3390/v11090798



CHIKV 3'UTRs
PV WA —— I stb H UR H stb H UR H UR — SL-Y I—-

{ ........... ecsaio.  SEE R H{stb T w F{T w sy —{GsHl

ECSA-MASA S R Hstb HT w T w M s.y  —{eSEl-

R S '
e [AUL-Cbn I R s w F——se { w  JF w3 sy | w ) sy |[—[GSH

AUL-Cbn specific duplication

AUL-Am - wr Fstb F{ w O wr sy — w J s.y  —{CSE}

VUPSEEE NN N e G SRR S e SR BT
I I | | I
0 250 500 700 900

michaelwolfinger.com Figure from doi:10.3390/v11090798



Table 1. Comparison between literature and proposed nomenclature of Chikungunya lineages and
epidemic clades based on the updated phylogeny.

Previous Work This Study
Lineages Lineages Epidemic Clades

Indian Ocean (IOL) Indian Ocean ECSA-IOL

Eastern African
East Central and South African (ECSA) South American ECSA-MASA

Middle African
African/Asian N/A

Asian Urban (AUL) Asian Urban Asian Urban American (AUL-Am)

American
West African (WA) Western African Western African (WA)
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