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Phylogenetics and Integrative Taxonomy of

African Water Snakes (Squamata: Colubridae: Grayia

Teslin Chaney!, Olivier S. G. Pauwels?, Zoltan T. Nagy?, Vaclav Gvozdik*, Chifundera Kusamba?, Gabriel Badjedjea®, Franck M. Masudi’, Raffael Ernst®, and Eli Greenbaum

Masticophis flagellum CLPT 71 (GenBank)

Abstract

— Grayia smithii Markola Guinea KU 291888
98

Materials and Methods

Grayia smithii Ndian Cameroon RMB 19318

-

Grayia smithii Koji Ethiopia ET17_01

1)

Grayia smithii Equateur Balolombo DRC ELI 2226

Grayia is a genus of relatively large (1.5 — 2.5 m) aquatic Afrotropical snakes that is currently comprised of
four species. Recent molecular phylogenies recovered Grayia in its own distinct subfamily (Grayiinae),

DNA extractions were conducted on tissue samples from each of the four Grayia species with the Qiagen
DNeasy blood and tissue kit. One nuclear (BDNF) and four mitochondrial (16S, cyt b, COIl, ND4) genes were

Grayia smithii Epulu DRC EBG 2634

Grayia smithii Epulu DRC EBG 2663

i - - - - lified using standard PCR techniques with an ABI 3130x| automated sequencer at the University of Texas
which was strongly supported as the sister group to Colubrinae. Because tropical African snakes are Grayis smithif Tshopo DRC CD14_004 amp . . - . . .
generally understudied, the relationships within Grayia are poorly known. Due to morphological 93 Grayia omata Kyolo DRC ELI 258 at El Paso (UTEP) Genomic Analysis Core Facility. The resulting sequences, supplemented with data acquired

. . e . cr. . o _ . .. e _ from GenBank (except for misidentified samples), were used to construct a phylogenetic tree with Maximum
conservatism, identification is often difficult and previous studies involving Grayia included misidentified [ R YORS ORCIRC 1 likelihood methods via the CIPRES Science Gateway (https://www.phylo.org/). Based on previous studies,
Grayia ornata Tshopo DRC RBINS 18816

specimens in other genera. The goal of this study is to build a phylogenetic tree that can be used to
understand the relationships and taxonomy of Grayia via an integrative taxonomic approach that combines
molecular and morphological data. One nuclear (BDNF) and four mitochondrial genes (COl, cyt b, 16S
and ND4) were used to construct a phylogenetic tree with Maximum likelihood methods; outgroups

Masticophis (Colubrinae), Calamaria (Calamariinae) and Sibynophis (Sibynophiinae) were chosen as outgroups;
the latter genus was used to root the treelll.

Grayia ornata Mlungombe DRC EBG 2739
Grayia ornata ltula DRC CFS 34g

Grayia ornata Equateur Tshuapa DRC RNBK 122

N P v S LA R

98 Grayia ornata Equateur Tshuapa DRC CD18_323

Results & Discussion

included the genera Calamaria, Sibynophis and Masticophis. Preliminary trees suggest G. ornata and G. Grayia ornata Equateur Tshuapa DRC CD18_148

smithii are sister taxa, whereas G. caesar (originally described as the sole member of the genus Grayia ornata Uige Angola MTD 48961

Xenurophis) is sister to G. tholloni. At least two divergent lineages of G. ornata suggest cryptic species are :;’::::ZZ:;TZ:ZGfL 166643 (GonBan | _ - .
||ke|y present in Democratic Repub”c of the Congo (DRC) and Repub”c of Congo_ » A[Grayiaomata i A s Libuiu DRC CREN 87 The molecular data set included 1 Grayla caesar, 26 G. Ornata, 7 G. Smlth”, and 4 G. tholloni

(Fig. 2). Including outgroups, a total of 43 sequences (37 generated for the first time in this
study) were used to build our phylogenetic tree of Grayia. Our data set included the
mitochondrial genes 16S (511 base pairs [bp]), cyt b (1014 bp), ND4 (681 bp), COI (668 bp),

Grayia ornata ituri Aweza-Libulu DCR CRSN 86

Grayia ornata turi Aweza-Libulu DRC CRSN 85

" 80 rayia ornata uateur Mongala | .
Introduction = oo and the nuclear gene BDNF (670 bp), for a total of 3,544 bp. Our preferred tree (Fig. 2)

Croyia omata Equstour Mongala DG CD15.360 recovered two well-supported clades, including Grayia ornata + G. smithii, and G. caesar + G.
Groyio ommata Equateur Isankels DRC ELI 2663 tholloni. One sample of G. smithii from Ethiopia represents a new country record. The G.

The genus Grayia is comprised of four species: Grayia caesar, G. ornata, G. smithii, and G. tholloni I T ornata specimen from Angola (pink clade) was found ~200 km from the type locality (likely

(Fig. 1). These large Afrotropical watersnakes superficially resemble natricines and water cobras. Grayis omata Equateur Bolondo-Bulumbe ELI 2673 RGP B topotypic), but it is markedly divergent from the other G. ornata samples (DRC and Republic of

Given their unique position in several recent molecular phylogenetic/phylogenomic studies, the genus Grayia omata Equateur Mongala DRC CD15_081 ggtr\:\?eoe)r:nsce)‘rgleacs’eevéllmemg%%ﬂethseuFr)epccl)grsgélc?a it?gén%Cglr%;?ftggge%'f(fgfeng)eg fe][t]eeewdent

has been placed in its own unique subfamily, Grayiinae, [11I2113]1 gnd at least two of these studies have Grayia ornata Bansobo DRC vgCD 1258 Figure 3: Ventral patterns of specimens from the red and dark P . g.

: : : 12113 Grayia ornata Bandundu Nkala DRC ELI 1877 red G. ornata clades. phyIOgeny

shown support for Colubrinae as the sister taxon to Grayia [°13l. Although these large snakes are 54 . T — The clade shown in the color red is widespread and includes samples from both sides of the
rayia ornata Kutu Bandundu Kutu

hunted by local people for “bushmeat” food and various medicinal uses 4Pl species within Grayia are g . . :

' y q pt d'.g 4 and | od i ¢ collect A I,t P ationshi . th'y i Grayia omata Cuvette Etoumbi Republic of Congo CG17_027 eastern Congo River (Fig. 4). The G. ornata sample (seen in the dark red clade) from
generally understudied and poorly sampiéd In recent coflections. As a result, relationships within the s T Bandundu (DRC) is genetically identical to a sample from Cuvette Etoumbi in the Republic of
genus are pOOI’ly k.nown. Moreover, morphoiloglcal COH?GINathS.rn Often ':nakes.|dent|f|cat|0n d|ff|CU|t, i Grayia tholloni Kyolo Haut-Lomami DRC ELI 203 Figure 2: Maximum likelihood tree of Grayia based CongO, Suggestlng these populatlons Cross the Western Congo regularly The Western portlon
and several “"Grayia” samples on GenBank included misidentified specimens in other genera. The i | e it stelo RombsRROERS fisoy on one nuclear (BDNF) and four mitochondrial of both the Congo and Ubangi rivers often act as a barrier to terrestrial and arboreal snakes
goal of this study is to build a phylogenetic tree that reconciles the current taxonomy of Grayia via an 168 p e ST CER B D (DL b ;6;7)2‘2”5'65’;{,233:; Soynopns (e.9., Toxicodryas); however, Grayia are exclusivel 6aquatlc and we hypothesize that rivers
integrative taxonomic approach that combines molecular and morphological data. Herein we present G"‘"”"‘"‘”;‘;”;:’::iy;‘;‘fz;j;w?”b"°°f°°“9°G"3°99 tree (not shown), tlkely Servte as dltstpersal rcc);utes rather than ltaarrlers ]dThe blogfe?t%raphtlcdbamers responsible
preliminary molecular data to guide future morphological studies. o Cotomaris soptemionatis FTE 2638 (GenBank + = Only country level locality information or speciation patteins in rayia r-e.maln unknown and require furtner study.

Catamarta punnanensis ROM 1547 (GonBanky  Gontor of the country in Fia. 4. Future efforts will include the addition of a second nuclear gene (NT3), acquisition of more
0.2 samples, additional phylogenetics analyses, morphological analyses, and species-delimitation
_ 10°E 15°E 20°E 25°E 30°E 35°E analyses.
Grayia caesar I I | | I I
Q
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