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?'!: H ‘ N ‘ R S| Conservation Genetics of the North Aa:nencan'_'

Shehzad Y. Batliwala, Alicia R. Gackle,

. )
Abstract =

The North Amencan Box Tertles (Ferrgpaone spp.) are doclining in sumbers throsghout their sange and are listed »,
a5 a species of special concern, threatened, or endangered i many stases, rmmmm«wi—
h”kﬂacnflmwhmsmofu;nwm;uwumumuwl We used i<

MIDNA sequence dama in the form of the cygockmme b gene Py Yor this tavon. Our
hmmmu«mhrmnnmmm»mthmwwm

thought. This 1s supponied further by sufficicnt ding data the degree of & &

Terrapene specics. meﬂr\mau'\'no-d-w_lkﬁ mwﬂbh_ﬂdnm
mpecies. rather than therr currently held subspecics status. Our data also suggests that the Westomn varicties (Omate

Box Turtles and Desert Box Turtles) are more closely Mmmmwmquh
| tlumped topether as 2 single species without the subspecifi dditional deta is needed for a
Mmare accuraw pesessment. We intend 1o soguence addinonal WADNA and wmxiear genes thivegh the wuse of
microsatellite markers and genetic darcoding 1n the future 10 assess the geneti “health™ of mdividual populations.

troduction
North Amencan Box Tartles | Terngnene spp ) inhabit the magority of the Unitod Sutes (deing absent cnly from
Western Unsied States) and parts of Mexco (Dodd, 2001). Box Turtle popalations throaghout their range are
declining due o low reprods rates, human through highway morality,
Babital loss, mcreasiop urbanizanon. and collechon from the wild (Dodd, 2001). Conservation efiorts are necded 1o
b further decimes | popolation.  However. in order for comservation efforts ® be most effective. the
iphylogeny of North Amencan Box Temles noeds 10 be med maove 2 aton plans are often
Wmdmﬂﬂal'lmkmm 5 hased slmost solely oo A not be
mare obecuve genenc data Wohmmnmwmhm_lydkmmh
Tiartles using molecy lar iy logenetic data and znalvses and 1 Tecommend a revisod Box Turtle classificatioa systen.

* Thssue samples m the form of il ups. biood, shell shavings, and soemsils were cither collected by De. Placyk. Dr.
o by voluntcers and museums. DNA was extracted using e Qiagen DNeasy Blood and Tissue Kit. We'
fied 2 1200-5p region of mMIDNA encoding the comre o7 & geoe and pat of the adjacems IRNA threonine
(R ) via PCR using cithet primers GLUDG-L (Padumbi ot al., 1991) and M-H (Ssaffer et al., 1997) or CybG
g THR-S (Spinis ¢t al, 2004)  We used the following thermal <ycle parameners for 20 ul amplificanion reactions:
35 gycios of | min dematuning m 54°C, | min ammeslng & $) °C, xnd 2 yum cxeension a2 2°C. We perified PCR
[ prodiascts wsing the Quagen QlAquick PCR Punificunion Kit and esed purified waplste DNA in seqeencing reactions
wming Beckman Couler Genomelab DTCS - Quuck Stt Kits and the same primers ssad i the imitial PCR reaction.
For some sequencing reactions we also used the interns] primess Prioes and Priswas-rev (Feldman and Parham,
2002). Procducts were then sequenced using 8 Beckman Colier CEQ-SIN0 susommed sequencer.

Iup-uumd.
Seguence data was manually mnxndmmnﬁm&wﬂul‘dmm*wmn
Mm-n¢mmmmm\m4l@-ﬂu-_ ogeny was produced using

parssmemy plry
PAUP 40510 (Swofford, 2003). Our fina) tee was crested using TreeView X. We genermed 1S T M

Seguences (5 from TX. 2 from MO, 3 from KS. and | from AR), 18 7 o ormane sequences (1 from KS, 1 from NM.
1 foom IL. 5 from CO, and 10 from W), 35 7 ¢ camling segacnees (3 from 1L, S from VA. 2 fom KY, 16 from AL,
2 fom TN, 14 from MA, 4 from MD, 1 from CT. 5 from W\, 2 from PA. 2 frem OH, | flom IN, 2 from GA. and 2
oom FL), 4 T ¢ maper sequences (2 from FL, 1 from AL, and 2 from an usknown Jocation), and 5 T o, i

ces (all from NM) In addition, (v b sequence Guts for two Mexicsn species of Box Turtle (e, the Spotted,
T melsont. and the Coshuilan, T soahuilal. 1 7 o luteuls fom AZ, | T ¢ caroling from NC and | T c. rinngads
were obtuned from GenBank (Figure 11 A Sponied Tustle (Clomsns gassase) o & sequence from GenBank was
e o rout the tree. as Spinks e al, (Q009) mdicaied that 1t 'was the ster group 10 the Ternapene genus.

| DNA Rarcoding
A B50 basc parr regron of the mDNA cvinchrome axudase subunit | (COF) gene was amplified and sequenced
Tor DINA barcading purposes. The 20 ul. OO PCR i of the seme volametric mtios as with the
(Cyth and GAPD gones Two pnmer sets were used 1o amplify and segoenoe the selectod OO/ region. The first
ed of the forward primer L-urtC0) and the revense primer H-20rsCOMD (Stast and Parham, 2004), and the
= mnnmlumrhnmm\‘r“ ) (Ward et al, 2005) and the reverse pamer FR14_t] (Ivanova, etal.,
2007) The following PCR pansmeters were used with the 1L-4uaO08 and H-tanCOlb primerns: an initial
on of 95°C fur S min, 35 cyches of 95°C for 45 e, S5°C fior 45 sec, T2°C for 45 sec: and a final extension
of 72°C for 6 me:. PCR parumetens for the VI2_t] and FRIG 11 primers were 2 follows: an initial denaturation of!
S4*C fior 2 mun. 25 cycles of 94°C for 30 sec, $2°C for 40 sec. amd 72°C for | min; and a final cxieasion of 72°C for
$0min. K2P compansons were utilized over Jukes and Camar divergence comparisens 10 be consisient in
with the Barcode of Life Data Systems (BOLD) dutabase. Reid et 2l (2011) indicated thar interspecific’
m for mamy (inctuding turtles) are divergem by >2% and issraspecific peroent sequence
iverpences are often <2%. T\ml"-qmm\wuu-l“*hmﬂ."
DNA seguence comparnans 1o evaluaie therr Gamonus stats. As an o pastorivi sslysis based on the Cynb
esudts, which showed two groups compsed prunarily of T ¢ mgior, 7 ¢ maior was divaded imo two scparate
Poups, with oo comasting solely of 7 ¢ maror and one conssting of T . sgior and T coakeils. This snalysis
was performod ko assess wheitier T ¢ mayor conusied of more than one phylogenctic kneage-

Resalty

To rediax the computatonal tewe, maxmmum likelihood amalysis was parformed on the 55 enigue haplotypes
ativer tham oo afl 101 Our likelihond tee shows 2 T conslins oup and a T ormara
$rowp (Fig 2) Bootwrap values are shown af ther comcsponding branching sies,

Twenty -fosgr DNA sequences were obtamed Tor the OO/ gene peraming % geneuc basceding differences. COf
pasnase compensons mdwcase that all taxa are divergen by more than the refcemnce value of 2% (Rexd, et al, 2011)
exoept for T ¢ pramgues - T ¢ mevicona. T o omata - 0. leewia. aed the T ¢ sapor chade that dd sot include T
conhullc end T ¢ caroding (Table 1).

T. coroling

The 7 comuiana group o spift imto two distinct clades. Ome clade inclades only 7 ¢, sriagudy, wisle the other
mhudes T ¢ camima, 7 ¢ mgor. snd T cnsinila, which tmadmemally has bocn shougis w be sistey 1 the entiee 7
cornime growp The 7 maor group 1 & monophyletic sister 10 the 7 ¢ aamlins proap. Addiconslly. cae 1L T o
ormata i found in e [« conlme proup.

T, arness

The I ormste growp » @ mox of the two cumently seongniued 7 ermane subsposies and T awhond,
radunionally has beon conssdered e susicr group of T ommmz. A distnct drvision was found herwoen
and I' o batvols groups. stbhes loss pronounced thar what s seen m the T ¢ carvding end 7. ¢. sugpor props.
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