Ptomaphagus hatchi, a Sewanee local
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Methods Results

»  Specimens of 20 Ptomaphagus species collected between 2012 Only the surface-dwelling P cavernicola and the soil-dwelling P shapardi

and 2014 by Vincent Leray, Kirk Zigler and Matthew Niemiller yielded UV opsin genes. The 18 caves species seem to be missing the UV

Introduction

» The rich karst terrains of Kentucky,

Tennessee, Alabama and Georgia host

« Specimens stored and DNA extracted gene.
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scores of cave-adapted species.
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dwelling, soil-dwelling and cave- genes

All beetle species returned a sequence for the LW opsin gene with no

adapted species. * Results shipped to Keck Sequencing Center at Yale University for

major mutations. It seems the cave species can still detect long-

* This allows for an excellent Sanger sequencing

wavelength light.

comparison of the changes in the * Sequences aligned and edited using MEGA and Geneious Prime |
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cavernicola PIEWHAIIEG F VA GVIEGVL ST TGNGMYAV Y F GS TK TR TP S NIMEVMNIEA F SD F ISV F CMA P PIMV. FNCY YETWVIEGP FMCEEYGEFGSBEYGCTSHEWTMT FINAIEDR Y TVAIVK GIES AK PIE TIEK'G SIEEARII
shapardi PEWHANIEG F VI GVIEGAT ST CGNGMVVY T FAS TKTIER TP S NIBEVMNIEA F S DISEMMF TMA P PMVIENC Y YETWVIEGP FMCIEBEYGMFGSIEF GCTSTWTMTII AIEDR Y TV I'V.K GIE S AR PIE TV K G Al AR
barri PEWHATIEG FVIGVIEGV T ST CGNAMVV Y TFGS TKTIER TP SNMEVMNIEA F SD FIEMMF SMA P PMVIENCYNETWVIEGP FMCIEBEYGMFGSEFGCTSTWTMTITAIEDR Y TV I'VK GIES AK PIE T'F K G A AR
whiteselli GVIEGV I ST CGNGMVV YT FGSTKTIER S P S NIBEVMNIEAF SD FIEMMF SMA P PMVIEN C Y KIETWVIEG P FIM CIBIE Y GMF G SIEF GCTSTWTMTI T AEDR Y TV I VK GIE S AK PIE TIEK GAIEAR'

. . fiskei PIEWHANIEG F VI GVIEGMT S F CGNGMVV Y I FGS TK TIER TP S NIBEVMEAEA F SD FIEMMF SMA P AMVIENC YNETWVIEG P FMCIEBIYGMF GSIEF GCISTWTMT NI AIEDR Y TV VK GIE S AK PIE T'I K G Al AR
walteri GMVVYTFGSTKTIERTP SNINEVMNIEZAF SDFIEMMF SMA P AMVAEN C YNIETWVIEG P FIV CIBIE YGMF G SIEF GCIlSIPWTIM THRE AIEDR Y TMAIV.K GIES AK PIE TIHEK GAM AR

Vlsua S S el ' |S O ese S eC|eS a hirtis P EWH ANNEG F VMGVAEGVAN Sl CGNGMVV Y I F GS TK TIER T P S NIBEVMNEIA F S DISEMM F SMA P PMVEIN C Y NETWVAEG P FIMCIBE YGMF GSIEF GCTSEWTMTI T AIEDR Y TVAIVK GIES AK PIET'E K G AW T RII
hubrichti PEWHANIEG F VMGVIEGVL ST CGN SMVV Y FGS TK TIER TP S NIBEVMNIEA F S DINEMNM F SMA P PIMVAENC YNETWVIEG P FMCIEBI Y GMFGSIEF GCT SIEWTMTIRF AIEDR Y TV K GIlE S AK PIE T'F K G AllE TR

loedingi PEWHATIEGFVIGVIEGV T ST CGNGMVVYTFGS TKTIERTP SNVIEVMNIEA F SD FIEMMF SMA P AMVIENCY KETWVIEGP FMCIEBEYGMFGSEFGCHESTWTMT I TAIEDR Y TV I'VK GIES AK PIE T'I K G AlE AR

longicornis PEWHAIIEG F VI GVIEGV T S'FCGNGMVV Y T FGS TK TIER TP SNVIEVMNIEA F SD FIEMMF SMA P AMVIENC Y KETWVIEGP FMCIEBIE Y GMFGSIEF GCIESTWTMT I AIEDR Y TV VK GIE S AK PIE T'F K G AlE AR

solanum PIEWHAIIEG F VOl GVIEGVL ST CGNGMVAV Y I FGS TK TR TP S NIBEVMNIEA F SD FIEMMF SMA P PMVAENC YNETWVIIG P FMCIEBII Y GMFGSIEF GC T SIEWTM TR AIEDR Y TV K GIE S AK PIE TH K G Al AR

. . hazelae PEWHATIEG FVIGVIEGV T ST CGNGMVV Y TFGS TKTIER TP S NIBEVMNIEA FFD FIEMMF SMA P PMVIEN C YNETWVIEGP FMCIEBEYGMFGSIEFGCTSTWTMTII T AIEDR Y TV I'VK GIES AK PIE T'F K G Al AR

julius PIEWHATIEG F VI GVIEGV T ST CGNGMVV YT FGS TK TIER TP SNIBEVMNIEAF SD F MM F SMAP PMVIENC Y YETWVIEG P FIM CIBE YGMFGSIF GCTSTWTMT I T AEDR Y TV I VK GIES AK PIE TEKGAE AR

OCCU S ar I eren enVIronmen S valentinei PEWHATIEG F VI GVIEGV TSI CGNGMVV YT FGS TKTIEER TP S NIBEVMNIEA F SD FIEMMF SMA P PMVIENC Y YBTWARGP FMCIBEYGMFGSEFGCTSTEWTMTIET AIEDR Y TV IV K GIES AK PIETIF K G A AR
- torodei PEWHANIEG F VI GVIEGV L S'F CGNGMVV Y I FGS TK TIER TP S NIBEVMNIEA F SD FIEMMF SMA P PMVIENC Y YEITWVIEGP FMCIEBEYGMFGSIEF GCTSTWTMTIF AIEDR Y TV VK GIE S AK PIE T'F K G AlE AR

hatchi PEWHA NG F VI GVIEGV T S'TTCGNGMVV YT FGSTKTIERTP S NIEVMNIEA F SD FIEMMF SMAP PMVIENC Y YETWVIEGP FMCIEBIE Y GMF GSIEF GCTSTWTM T T AEDR Y TVAI'VK GIE S AK Pl T'F K G AIE TR

episcopus PEWHATIEGFVIGVIEGV TS FCGNGMVVYTFGS TKTIER TP S NIBEVMNIEA F SD FIEMMF SMAP PMVIENCY YE TWVIEGP FMCIEBEYGMFGSEFGCTSTWTMTIFAIEDR Y TV I'VK GIES AK PIE T K G Al TR

laticornis PEWHAIEG F VIGVIEGVL S F CGNGMVAV Y FGS TK TIER TP S NIBEVMNIEA F SD FIEMMF SMA P PMVIENC Y YETWVIEGP FMCIEBIEYGMFGSIEF GCT SIEWTMTF AIEDR Y TV K GIE S AK PIE T'F K G AlE TR

chromolithus PEWHANIEG F VOEGVIEGVL S F CGNGMVAV Y FGS TK TIER TP S NIBEVMNIEA F SD F MM F SMA P PMVAENCY YETWVIEG P FMCIEBII Y GMFGSIBF GC T SIEWTM TRl AlEDR Y TV K GIE S AK PIE THI K G AllE TR

. fecundus EWHATIEG F VI GVIEGVE S F CGNGMVV YT FGSTK TIER TP S NIBEVMNIIAF SD FIEVIM F SMA P PMVIENC Y YETWVIEGP FMCIBIE YGMF G SIF GC T SIEWTMTHET AIEDR Y TVAIVK GIE S AK PIlE THEK G Al TR

« We examined the long-wavelengt
cavernicola FFIPWGFATEWTI AP FGWNYVPEGNMTACGTD YIENKEWE SRS YIIEVY SV - - - K KMNVA SRS SENQAT S ABIC KIlA KII AIIM TPF AIBW F MAWT P YIBV TN YVGV FIBS YNII'S PIFA TIIWC SHE F AK AN AV

shapardi EFIWVFATVWTITAPIEFGWNYVPEGNMTACGTD YINKEEWEISRS YIIEVY SG - - - KKMNVA SIER SAENQAT S ABIC KIlI A K2l ABM T AW F MAWT P YIRE TN YV.GV FIE S YNWI'S PIBATIEWC SIEF AK AN AV

barri I FIEWIEF AW T A PIEF GWN YV PEIGNMTACGTD YIENKIEWIEI SR S YIIEV Y SV - - - K KMNV A SIER SAENQAT S ABIC KIE A Kl AIBM T ABW F MAWT P YIEV TN YV GV FIB S YNT'S PIBATIEWC SIEF AK AN AV

whiteselli EFIWIEF ATVWTTAPEFGWNYVPEGNMTACGTD YIENKIEWIE SRS YIIEVY SV - - - K KMNVA SIER SABNQAT S ABIC KIE A Kl AIBM TF ABW F MAWT P YIEV TN YV GV FIES YNI'S PIBATIEWC SIEF AK AN AV

fiskei NS TS TERPEEN - - - - - - - ------------—-—--~————-——-——-—=—~- K KMNVASIER SAENQAT S ABCRIEAK T ALLM T AEWFMAWT P YIET TNYVGV FIES YN S PIRATIWC SIEF AK ANAV

. . . walteri BFEWEEATEW TEAPEFEEWE - - - — - - - - — - - — - — — = — — —— - —— o ——————m KMNV A SIER SABENQAT S ABIC KIE A Kl AILM TF AEW F MAWT P YIEV TN YV GV FIES YNI'S PIEATIEWC SIEF AK ANAV

hirtus VFIWIEF ATVWTHAP F FGWNYVPEGNMTACGTD YIENKEWESRS YIIEVY SG - - - KKMNV A SIER SAENQAT S ABC Kill A Kil AIM T AIIW F MAWT P YIE TN YV.GV FIE S YN'ES PIBA THIWC SIEF AK AN AV

hubrichti EFIWEFATVWTITAPEFGWNYVPEGNMTACGTD YIENKEWESRSYIEVY SV - - - KKMNVA SIERSABENQAT S ABIC KNIl A Kl AIBM T/ AEW F MAWT P YIEV TN YV GV FIE S YNI'S PIBATIEWC SIEF AK AN AV

loedingi I FITWIEF ATEWTTAPEFGWNYVPEGNMTACGTD YIENKIEWE SRS YIEVY SA - - - KKMNVA SIER SABNQAT S ABIC KIE A Kl AIEM TF AEW FMAWT P YIEV TN YV GV FIES YNI'S PIBATIEWC SIEF AK AN AV

longicornis I FIPWIEF AEW T A PIEF GWN YV PEIGNMTACGTD YIENKIEWIESR S YIBV Y SV - - - K KMNV A SIER SABNQAT S ABIC KIlI A K7l AIBM T AW F MAWT P YIBV TN YVGV FIE S YKIWS PIBATIEWC SIEF AK AN AV

solanum EFTWEFATVWTTAPEFGWNYVPEGNMTACGTD YIENKEWESRS YIEVY SV - - - K KMNVASIERSABNQAT S ABIC KIlE A Kl AIBM T AEW F MAWT P YIEV TN YV GV FIE S YNI'S PIBATIEWC SIE F AK AN AV

hazelae EFITWEFATVWTIAPEFGWNYVPEGNMTACGTD YIENKEWIE SRS YIIEVY - - - - - K KMNVA SR SABENQAT S ABIC Kill A KT AILM T/T AW F MAWT P YIEV TN YVGV FIBS YN'I'S PIEATIFTWC SIEF AK ANAV

. . . julius EFITWEFATVWTIAPFFGWNYVPEGNMTACGTDYENKEWESRSYIEVY SV - - - KKMNVA SIERSABNQAT S ABIC KIEAK | AIBM T I AEW FMAWT P YIET TNYVGV FIESY ST S PIEATIEWC SIEF AK ANAV
valentinei EFITWMFATVWTITAPFFGWNYVPEGNMTACGTDYENKEWESRSYIEVY SV - - - KKMNVASIERSABNQAT S ABIC KIEAK T AILM TI AEWFMAWT P YIET TNYVGV FIESY ST S PIEATIIWC SIEF AK AN AV

|n | eren O’ ' 'a a US S eC|eS torodei EFIWMF ATVWTIIAP F FGWNYVPEGNMTACGTD YIENKEEWII SRS YIEVY SV - - - K KMNV A SIER SABNQAT S ABIC KIlI A K7l AIBM T2 AW F MAWT P YT TN YV GV FIES Y SIS PIBATIEWC SIlEF AK AN AV
' hatchi EFEWIEFATVWTIIA P FGWNYVPEGNMTACGTD YIENKEWESRS - - - - - - - - - - K KMNVA SR S ABNQAT S ABIC KIll AK'T AIEM T/l AW F MAWT P YIET TNYVGV FEES Y SIS PIEATIIWC SIEF AK ANAV

episcopus EFTWEFATVWTITAPFFGWNYVPEGNMTACGTDYENKEWESRSYIEVY SA - - - KKMNVASERSABNQAT S ABIC KIE A Kl AIBM T AEW FMAWT P YIRT TN YV GV FIES Y SIS PIBATIEWC SIEF AK ANAV

laticornis FIEWIEFATVWTHAPF FGWNYVPEGNMTACGTD YIENKIEWII SRS YIEVY SA - - - KKMNVA SIER S ABNQAT S ABIC KIll AKIT AIBM ToF AW F MAWT P YR TN YV GV FEES Y SIS PIA TIEWC SIEF AK AN AV

chromolithus EFTWEFATVWTIAPEFGWNYVPEGNMTACGTD YIENKEWESRSYIEVY SA - - - KKMNVA SIER S AENQA TEIABIC KIE A Kl AIBM T AEW F MAWT P YIEL TN YV GV FIES Y SIS PIBATIEWC SIEF AK AN AV

fecundus EFTWEFATVWTITAPEFGWNYVPEGNMTACGTD YENKEWESRSYIEVY SA - - - KKMNVASIERSABNQAT S ABIC Kl A Kl AIBM T AW F MAWT P YIERT TN YMGV FIES Y SIS PIBATIEWC SIEF AK ANAV

Major questions: This phylogenetic tree shows that fhrlnflm |
- We clearly see phenotypic differences, but what about genotypic the 18 cave-adapted species - “;fffcij;ei
differences? * Light/Dark tests performed using 19 R hatchi specimens collected share a common ancestor. This {]
* Do cave-dwelling Ptomaphagus react to light? in nearby Buckets of Blood Cave ancestor likely entered caves Iin —h]”“ia.;zﬂei
the region millions of years ago. oy
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