SUPPLEMENTAL TABLES AND FIGURES

Table S1: Sample information for newly-collected and previously-collected data. Museums refer to the museum where vouchered
specimen is accessioned: AAU (Zoological Museum of Natural History, Addis Ababa University), AMS (Australian Museum),

BNHS (Bombay Natural History Society), CAS (California Academy of Sciences), CHUNB (Cole¢do Herpetologica da Universidade
de Brasilia), FMNH (Florida Museum of Natural History), LACM (Los Angeles Natural History Museum), MAGNT (Museum and
Art Gallery of the Northern Territory), MCZ (Museum of Comparative Zoology, Harvard), MVZ (Museum of Vertebrate Zoology,
UC Berkeley), QM (Queensland Museum), SAMA (South Australian Museum), UMMZ (University of Michigan Museum of
Zoology), USNM (National Museum of Natural History), WAM (Western Australian Museum).

sample museum species family source / SRA #loci avg. len (bp)
NTMR16167 MAGNT Acrochordus arafurae Acrochordidae SAMNI15718166 5071 991
UMFS 11534 UMMZ Acrochordus granulatus Acrochordidae SAMNI15718164 4744 520
FMNH230175 FMNH Gonocephalus doriae Agamidae SAMNO09221257 5208 1022
CAS 210725 CAS Leiolepis belliana Agamidae Streicher et al. 2016 4526 355
AMSR122474 AMS Hypsilurus magnus Agamidae SAMNI15718177 5261 969
CHUNB18599 CHUNB Alopoglossus angulatus Alopoglossidae SAMNI15718124 5005 719
UMMZ_245044 UMMZ Ptychoglossus brevifrontalis Alopoglossidae SAMN15718149 5141 841
CHUNB30685 CHUNB Amphisbaena brasiliana Amphisbaenidae SAMNI15718119 5174 738
USNMS76222 USNM Monopeltis guentheri Amphisbaenidae SAMNO09221386 5185 1264
UMFS 11782 UMMZ Pseudopus apodus Anguidae SAMNI15718141 5277 909
MVZ_Herp_ 177806 MVZ Abronia fuscolabialis Anguidae SAMNO09221319 5140 869
CAS 234252 CAS Anniella grinnelli Anguidae SAMN09221162 5203 962
MVZ_Herp_257729 MVZ Anniella campi Anguidae SAMNO09221363 5251 1004
CHUNB39981 CHUNB Anilius scytale Aniliidae SAMNI15718133 5164 869
CHUNB73453 CHUNB Anilius scytale Aniliidae SAMNI15718134 5169 805
GRCOLLI23142 CHUNB Liotyphlops beui Anomalepididae SAMN15718135 5084 976
CHUNBS7731 CHUNB Liotyphlops ternetzii Anomalepididae SAMNI15718136 5048 762
UMMZ_Bipes_canaliculatus UMMZ Bipes canaliculatus Bipedidae SAMNI15718169 5172 855
MVZ236256 MVZ Bipes biporus Bipedidae Streicher and Wiens 2017 918 281




UMFS_10995 UMMZ Calabaria reinhardtii Boidae SAMN15718162 4773 676
UMES_9997 UMMZ Boa constrictor Boidae SAMNI15718150 5092 781
DWCT_R228 Casarea dussumieri Bolyeriidae Streicher and Wiens 2016 4028 381
SAMAR29205 SAM Saltuarius swaini Carphodactylidae SAMNI15718145 5207 818
UMMZ, 244247 UMMZ Nephrurus levis Carphodactylidae SAMNI15718146 5123 765
MVZ_230099 MVZ Chamaeleo calyptratus Chamaeleonidae Streicher et al. 2016 4636 382
CAS 222087 CAS Xenochrophis bellulus Colubridae SAMN09221139 4976 959
UMMZ 242524 UMMZ Dendrelaphis calligaster Colubridae SAMN15718138 4986 893
MVZ _Herp_269290 MVZ Sibon annulatus Colubridae SAMNO09221378 5026 911
SDSU4354 Smaug mossambicus Cordylidae Streicher and Wiens 2017 2054 288
TJCS564 AAU Cordylus rivae Cordylidae SAMNO09221241 5228 862
TJC811 Corytophanes hernandesii Corytophanidae SAMNO09221250 5275 918
TOMH_86-271 Basiliscus basiliscus Corytophanidae Streicher et al. 2016 4355 378
UMMZ_201900 UMMZ Cylindrophis ruffus Cylindrophiidae SAMNI15718160 5178 930
RAP0448 Cylindrophis maculatus Cylindrophiidae SAMN09221395 5201 848
CHUNB47014 CHUNB Anolis punctatus Dactyloidae SAMNI15718123 5159 683
MVZ _Herp_26359%4 MVZ Anolis petersii Dactyloidae SAMNO09221368 5324 796
LSUMZH9546 LSUMZ Dibamus novaeguineae Dibamidae Streicher and Wiens 2017 2608 282
UMMZ_244237 UMMZ Lucasium squarrosum Diplodactylidae SAMNI15718117 5142 819
QMJ57120 QM Pseudothecadactylus australis ~ Diplodactylidae SAMNI15718158 4532 632
MCZ_Herp_R190692 MCZ Celestus costatus Diploglossidae SAMN09221295 5240 935
MVZ _Herp_ 204069 MCZ Celestus cyanochloris Diploglossidae SAMNO09221326 5158 967
UMFS_10680 UMMZ Calliophis bivirgatus Elapidae SAMNI15718157 5027 965
FK 3102 UMMZ Hydrophis platurus Elapidae SAMNI15718156 4939 912
MVZ _Herp_189994 MVZ Coleonyx switaki Eublepharidae SAMN09221320 5128 992
UMMZ 200325 UMMZ Coleonyx variegatus Eublepharidae SAMNI15718144 5302 896
WAMR176289 WAM Gehyra nana Gekkonidae SAMN15718155 5159 844
CHUNB56575 CHUNB Lygodactylus klugei Gekkonidae SAMN15718120 5145 806




AMB6860 Cordylosaurus subtessellatus Gerrhosauridae Streicher and Wiens 2017 2836 280
UMMZ 237560 UMMZ Zonosaurus laticaudatus Gerrhosauridae SAMNI15718142 5275 883
CHUNB52077 CHUNB Micrablepharus maximiliani Gymnophthalmidae SAMNO06705339 5080 1086
CHUNB56842 CHUNB Loxopholis osvaldoi Gymnophthalmidae SAMNI15718125 4185 545
UMFS_10133 UMMZ Heloderma suspectum Helodermatidae SAMNI15718151 5021 626
NTMR10697 MAGNT Fordonia leucobalia Homalopsidae SAMNI15718174 4952 897
UMMZ_227683 UMMZ Homalopsis buccata Homalopsidae SAMN15718173 4905 900
MVZ 163062 MVZ Morunasaurus annularis Hoplocercidae Streicher et al. 2016 4152 364
CHUNB74034 CHUNB Hoplocercus spinosus Hoplocercidae SAMNI15718126 5314 885
MVZ149849 MVZ Iguana iguana Iguanidae SAMNI15718170 5274 1027
MVZ_Herp_ 162071 MVZ Ctenosaura clarki Iguanidae SAMNO09221314 5265 895
CAS 228522 CAS Eremias kavirensis Lacertidae SAMNO09221148 5062 572
UMFS_12515 UMMZ Podarcis erhardii Lacertidae SAMNI15718168 5045 731
CAS_232085 CAS Psammophis leithii Lamprophiidae SAMNO09221156 5049 970
UMMZ_200061 UMMZ Pseudoxyrhopus ambreensis Lamprophiidae SAMNI15718172 5061 1117
ISIS 393113 Lanthanotus borneensis Lanthanotidae Streicher and Wiens 2016 4819 337
MCZ_Herp_R190725 MCZ Leiocephalus melanochlorus Leiocephalidae SAMNO09221298 5320 852
MCZ_Herp_R189884 MCZ Leiocephalus macropus Leiocephalidae SAMNO09221291 5323 1009
CHUNB62191 CHUNB Enyalius bilineatus Leiosauridae SAMNI15718128 5295 878
CHUNBG64577 CHUNB Enyalius bibronii Leiosauridae SAMNI15718127 5282 909
CHUNBS52064 CHUNB Trilepida brasiliensis Leptotyphlopidae SAMNO06705334 4600 673
CAS_223962 CAS Namibiana labialis Leptotyphlopidae SAMNO09221141 4842 789
MVZ_Herp_ 240678 MVZ Liolaemus tregenzai Liolaemidae SAMNO09221344 5275 994
MVZ_Herp 196648 MVZ Liolaemus valdesianus Liolaemidae SAMNO09221324 5228 1000
ZA 46400 Loxocemus bicolor Loxocemidae Streicher and Wiens 2016 3666 369
UMMZ_228595 UMMZ Oplurus cyclurus Opluridae Streicher et al. 2016 4775 373
UMMZ_201904 UMMZ Aplopeltura boa Pareidae SAMNI15718167 4984 857
FK 2626 UMMZ Pareas nuchalis Pareidae SAMNI15718165 5055 953




MVZ161183 MVZ Petrosaurus thalassinus Phrynosomatidae Leache et al. 2015 520 495
TWR_1745 Uta stansburiana Phrynosomatidae Streicher et al. 2016 4981 277
MCZ_Herp_R189902 MCZ Tarentola crombiei Phyllodactylidae SAMN09221293 5130 845
CHUNBS56581 CHUNB Phyllopezus periosus Phyllodactylidae SAMNI15718121 5175 982
CHUNB68997 CHUNB Polychrus marmoratus Polychrotidae SAMNI15718130 5234 1151
CHUNB11470 CHUNB Polychrus acutirostris Polychrotidae SAMNI15718129 5254 996
UMMZ _ 242601 UMMZ Delma tincta Pygopodidae SAMN15718175 5106 1137
WAMR168645 WAM Aprasia repens Pygopodidae SAMNI15718176 5128 1037
UMFS_5617 UMMZ Python regius Pythonidae SAMNI15718163 4785 624
UMEFS_11002 UMMZ Aspidites melanocephalus Pythonidae SAMNI15718154 5031 642
CAS195955 CAS Rhineura floridana Rhineuridae Streicher and Wiens 2017 3232 291
SEW6684 Saproscincus lewisi Scincidae SAMNI15718152 5150 829
UMMZ,_242646 UMMZ Ctenotus quattuordecimlineatus ~ Scincidae SAMNI15718118 5190 968
RAN_64845 UMMZ Pygomeles sp. Scincidae SAMNI15718153 5043 622
UMFS_10293 UMMZ Shinisaurus crocodilurus Shinisauridae SAMNI15718139 4629 438
MVZ_Herp_ 193268 MVZ Aristelliger hechti Sphaerodactylidae SAMNO09221323 5236 837
CHUNB74119 CHUNB Gonatodes humeralis Sphaerodactylidae SAMNI15718122 5221 894
MVZ247605 MVZ Tupinambis teguixin Teiidae SAMNI15718148 5261 837
CHUNB51969 CHUNB Kentropyx calcarata Teiidae SAMNO06705324 5159 1145
UMMZ 229268 UMMZ Trachyboa boulengeri Tropidophiidae SAMNI15718161 5151 1052
CHUNB37546 CHUNB Uranoscodon superciliosus Tropiduridae SAMN15718132 5295 923
CHUNB62385 CHUNB Stenocercus squarrosus Tropiduridae SAMNI15718131 5261 1125
UMMZ_242536 UMMZ Indotyphlops madgemintonae Typhlopidae SAMNI15718171 4906 990
UMMZ 244201 UMMZ Anilios waitii Typhlopidae SAMNI15718116 4671 746
RAP0431 Rhinophis erangaviraji Uropeltidae SAMN09221391 5104 1060
ID_7603 BNHS 3221  Uropeltis macrolepis Uropeltidae SAMNO09221435 5210 879
UMMZ_240786 UMMZ Varanus griseus Varanidae SAMN15718147 5201 643
UMMZ 242696 UMMZ Varanus eremius Varanidae SAMNI15718143 5242 894




CHUNB71688 CHUNB Bothrops moojeni Viperidae SAMNI15718137 5049 888
MVZ _Herp_ 249821 MVZ Causus maculatus Viperidae SAMNO09221351 4977 1057
MVZ241283 MVZ Cricosaura typica Xantusiidae Streicher and Wiens 2017 2874 280
LACM128548 LACM Lepidophyma flavimaculatum Xantusiidae Streicher and Wiens 2017 2078 283
FK_3026 UMMZ Xenopeltis unicolor Xenopeltidae SAMNI15718159 5182 1013
UMEFS_11796 UMMZ Xenosaurus platyceps Xenosauridae SAMNI15718140 5256 1009
taeGut2 Taeniopygia guttata outgroup genome 5207 1098
galGal5 Gallus gallus outgroup genome 5241 1184
hg38 Homo sapiens outgroup genome 4500 1042
allMis1 Alligator mississippiensis outgroup genome 5245 1040
chrPicl Chrysemys picta outgroup genome 5050 1030




Table S2: The 17 focal relationships tested, along with their possible topologies; numbering of relationships follows Figures 3 & 4
and Table 1. Topologies are ranked by their summed D;nz support, and asterisks mark topologies recovered in the concatenated
phylogeny (Fig. 2). Figure 2 also includes labels indicating family and higher-level names. Reported are the number of gene trees
whose topology contained the given node, the sum of Dyn; values across all loci for which this topology had the highest likelihood,
and the number of loci for which Dzaz > 2 for that given topology.

# .
Uncertain relationship possible topologies supporting sDuLl;leed ilzoa Dint
loci
*sister to Anguidae 1444 6205.3 857
1. position of Anniellidae sister to Anguidae & Diploglossidae 1016 3905.8 540
sister to Diploglossidae 1071 3871.3 540
. sister to Leptotyphlopidae & Typhlopidae 732 16273.4 1116
inpo"lfl‘;‘lzgi‘c’lg dac *sister to all non-blind snakes 1210 63753 978
sister to all other snakes 494 3405.3 364
3. position of Bolyeriidae sister to Boidae 397 5242.2 749
) *sister to Pythonidae, Loxocemidae & Xenopeltidae 349 5032.1 807
4 it ¢ *sister to Bolyeriidae, Boidae, Pythonidae, Loxocemidae & Xenopeltidae 309 6878.2 797
: p.o sition O.. sister to Acrochordidae, Bolyeriidae, Boidae, Colubridae, Elapidae, Homalopsidae,
Cylindrophiidae & . . . .o . . 213 6864.0 805
Uropeltidae Pythomdae, Larpprophndae, Pgreldae, leerlde}e, Loxocemidae & Xenopeltidae
sister to Pythonidae, Loxocemidae & Xenopeltidae 170 1948.8 269
sister to all other squamates 22 1381.45 84
5. position of Dibamidae  *sister to all non-geckos 56 614.2 123
sister to Gekkota 502 4159 90
o *sister to Carphodactylidaec & Pygopodidae 1444 4761.7 721
gig;’(f(‘;:c’:‘yi’igae sister to Carphodactylidae 1000 4734 561
sister to Pygopodidae 1026 3806.6 500
7. position of sister to Carphodactylidae, Pygopodidae & Diplodactylidae 1617 10059.7 1241
Eublepharidae *sister to Phyllodactylidae, Gekkonidae & Sphaerodactylidae 1388 7595.3 1095
8. position of *.sister to Teiidae &.Alopoglossidae 1060 10313.8 1290
(iymnoph thalmidae sister to Alopoglossidae 958 6023.9 915
sister to Teiidae 586 4391.1 627
*sister to Elapidae, Lamprophiidae & Colubridae 1166 10008.9 1185
9. position of sister to Colubridae 766 5033.0 725
Homalopsidae sister to Elapidae & Lamprophiidae 474 3038.6 375
sister to Elapidae 63 593.1 96
" . *sister to Anguimorpha 1915 144533.3 4193
10. position of Iguania sister to all other squamates 33 9844.0 572




11. position of *sister to Varanidae 943 34384.1 1753
Lanthanotidae sister to all other Anguimorpha 485 9090.0 932
12. position of sister to Bipedidae, Amphisbaenidae & Lacertidae 136 3438.2 518
Rhineuridae *sister to Lacertidae 276 3174.3 543

13. position of *sister to Episquamata 2534 68572.7 4645
Scincoidea sister to Lacertoidea 35 1998.5 210

o *sister to Anguimorpha & Iguania 839 32076.5 1784
koS HOR GIROUONE e 0 Ao 346 238586 983

.. *sister to Leptotyphlopidae 1917 21279.1 1882
;sy'pfil‘;z‘;‘i‘(’i‘;:f sister to all other snakes 460 26008 367
sister to all non-blind snakes 401 2573.2 292
16. position of sister to Anniellidae, Anguidae, Diploglossidae & Helodermatidae 754 3589.9 444
. . *sister to Helodermatidae 719 3565.7 493

Xenosauridae . . . .

sister to Anguidae & Diploglossidae 790 2805.2 449

17. relationship between  *Gekkota sister to Scincoidea & all other squamates 1653 14353.1 1779

Gekkota & Scincoidea Gekkota and Scincoidea sister 1101 8411.0 1257




Table S3: Results of non-parametric testing across locus-specific metrics of quality,
informativeness, and heterogeneity (Table 2). We compared differences in values for loci that
supported the top topological resolution vs. those that supported the second-best resolution. We
defined supporting loci as those with Dz > 0 for the given topology. We calculated two-sided
significance by generating 1000 scrambled datasets and counting the fraction of simulations
where the real difference was greater than the absolute value of randomized differences. Shown
are only those metrics with significance < 0.01. For most topologies, and most metrics, the best-
supported topology is supported by loci with higher quality (e.g., see Iguania).

Uncertain relationship metric sig. 1st resolution 2nd' details
resolution
Anniellidae root-tip variance 0 0.0198 0.0696 less-supported topology supported by loci
with greater root-tip variance
Anomalepididae comp. het. RCFV 0 0.0212 0.0226 less-supported topology supported by loci
with greater heterogeneity
Anomalepididae length 0 1020 942 TR (500 SHIROTEE oy
shorter loci
Anomalepididae missing 0 0.209 0214 less-supported topology supported by loci
: ’ with greater missingness
P eI e SH 0.001 792 785 less-supported topology supported by loci
: ) ) with less support
Anomalepididae when max PI 0.001 121 117 less-supported topology supported by less
) informative loci
Dibamidae heterozygosity 0.001 0.0012 nEpgEY. ORI e ey e e by e
with greater heterozygosity
Dibamidae max PI 0.004 12 1.06 less-supported topology supported by less
) ) ) informative loci
Dibamidae mean residuals 0.002 0.0755 0.059 more-supported topology_suppgrted 37 (e
with greater root-tip variance
Dibamidae missing 0.006 0216 0208 more-supported topology supported by loci
' ’ ’ with greater missingness
Dibamidae tree length 0.008 7.15 6.46 more-supported topology supported by
) ) ) faster loci
Dibamidae when max PI 0.002 114 123 more-supported topology supported by less
) informative loci
Gekkota & Scincoidea  comp. het. RCFV  0.008 0.0215 0.022 eI ES) (70 @ S e Loy
with greater heterogeneity
Gekkota & Scincoidea length 0 983 954 less-supported topology supported by
shorter loci
Gekkota & Scincoidea tree length 0.004 6.68 6.97 5 TS t°p°ll‘:)gg TR e
Gymnophthalmidae  branch outliers 0.003 1.26 115 more-supported topology supported by loci
with more outliers
Gymnophthalmidae  comp. het. RCFV 0 0.0223 0.0208 sy o e (el oy i Ly Lo
with greater heterogeneity
Gymnophthalmidae GC 0 03 0312 less-supported topology supported by loci
) ) with greater GC
. . more-supported topology supported by loci
Gymnophthalmidae heterozygosity 0 0.00108 0.00096 it reater heleroay cosity
Gymnophthalmidae length 0 965 1020 more-supported topology supported by
shorter loci
Errma e max PI 0 1.29 11 less-supported topology supported by less
: : informative loci
Gymnophthalmidae mean residuals 0 0.0674 0.0567 more-supported topology supported by loci
with greater root-tip variance
Gymnophthalmidae missing 0 0214 0.204 TSRO 2 (D 0y oot 17 1661
’ ’ with greater missingness
Gymnophthalmidae  saturation C-value 0 11.5 14.9 less-supported topology supported by loci
with greater saturation
Gymnophthalmidae SH 0.002 792 78.5 less-supported topology supported by loci

with less support




more-supported topology supported by

Gymnophthalmidae tree length 0 7.37 6.14 faster locs
Gymnophthalmidae when max PI 0 113 128 m"re'supp"“?jfg‘;fr‘l’;g“jz i‘:fip"“ed 715
Homalopsidae GC 0 0313 0303 m"re'supp"rtfﬂdittl‘l’pgi‘fgr Sé‘gpor‘ed by loci
Homalopsidae length 0 1030 989 ST orte<siht;>r1i2rk;§zisup POy
Homalopsidae max PI 0.009 1.24 1.16 less'supp"“esl ;g‘r’r‘r’l;"fgesll(‘}zli"’“ed by less
Homalopsidae when max PI 0.007 120 124 m"re'supp"“?jfg‘;fr‘l’;g“jz i‘:fip"“ed 715
Iguania branch outliers 0.007 1.17 1.27 lesS's“ppO“Vev‘?tg’;‘;lfegzli‘l‘gsmd by loci
Iguania comp. het. RCEV  0.007 0.0213 0.0218 1“3'S“pfv‘i)gegrg;f:rl‘l’if;gggzer}f; by loci
Iguania heterozygosity 0 0.000989 0.00116 lesS's“‘?gﬁ;teg‘i;;’tg‘r’ll‘l’ftye:o‘fypg‘z)‘:ffyl by loci
Iguania max P 0.002 118 132 m"re'supp"“i‘lifg‘;ﬂ‘l’;g%z ls(‘:fip"“ed 715
Iguania mean residuals 0 0.0621 0.0721 leSS's“vgli’t‘}’l“ger‘i;g"rfogzﬁs;fgr’gigeby loci
Iguania missing 0 0.209 0.219 1“3'S“p{:/)i‘:ﬁdgl‘_g;’gr°§yisss‘i‘gggg‘;d gy e
Iguania occupancy 0.002 96.9 95.2 lesS's“plii’irtf‘;;‘e’;’gr"iyisss‘ggg;esd by loci
Iguania root-tip variance  0.003 0.0225 0.0699 less'S“‘f/ﬁ%‘gi;?efi"rlg(ifﬁs;‘fgr’gi‘ieby &
Iguania saturation C-value 0 13.3 15.3 less-supp(z;tif;li g;g;g%;:;i?ﬁ;ed by loci
Tguania SH 0 786 773 less-supporte‘;iizﬁli:gi}lfl ;;gftorted by loci
Iguania tree length 0 6.52 713 less-supported topolﬁi}if supported by faster
Iguania when max PI 0 122 112 less'supp‘mesl ;gfriﬁfvyesﬁ‘)ili"md gtz
Lanthanotidae GC 0 0.299 0307 lesS'S“pp"“egitt‘l’lpgrlgagtye:gg"md by loci
Lanthanotidae heterozygosity 0 0.00101 0.00118 1“3'S“%’ﬁgeg‘ig;’g‘r’lﬁférigpg‘f;; gy e
Rhineuridae GC 0.005 0.301 0311 lesS's“pp"“efvitt‘l’lpgrlgagtyers‘(‘%"md by loci
Scincoidea comp. het. RCFV 0.001 0.0213 0.0226 1“3'S“pfv?gegr;‘;f:rl‘l’gez‘ggggf; gy e
Scincoidea heterozygosity 0 0.000998 0.00121 lesS'S“‘?Eﬁ;teg‘i;;’gr’ll‘l’ftyersouzpypg‘;‘;etcyl by loci
Scincoidea length 0 985 926 1ess'supp°“eghz’§grl‘;gziS“Pp"“ed R
Scincoidea max PI 0 118 1.41 more'supp"“?gfgﬁ’r‘l’;g%z lsg‘fip"r‘ed by less
Scincoidea mean residuals  0.001 0.0626 0.0702 less'S“‘f/ﬁ%‘gi;?efi"rlg(ifﬁs;‘fgr’gi‘ieby foci
Seincoidea mising 0 0200 oxs  lesvuwpored opology suportd by o
Seincoldes T 73 T
Scincoidea saturation C-value 0009 133 15.1 less's“pp‘gtifg ;‘;g;ﬁggaf;ifﬁ)ﬁed by loci
Scincoidea sH 0 787 7.5 leSSupROned R ogy supported by loc
Scincoidea tree length 0 6.61 73 less-supported topolﬁi}if supported by faster
Scincoidea when max PI 0 122 104 sy o e gy T oy

informative loci




less-supported topology supported by loci

Serpentes root-tip variance 0 0.0248 0.0611 with greater root-tip variance
Typhlopidae GC 0.008 0.31 0.304 m"re'supp"“ivdi :ﬁ‘;‘i‘fé Sggp"“ed 7163
Typhlopidae mean residuals 0.005 0.0603 0.068 leSS'S“vgli’t‘}’l“ger‘i:g"rlgogzﬁs;gg‘r’gigeby loci
Typhlopidae missing 0.006 0.208 0.214 less-sup}:/) Eﬁiﬁgﬁ:gfﬁi’;ﬁ g::er:d by oe
Typhlopidae tree length 0.002 6.67 718 less-supported topolﬁi}if supported by faster
Typhlopidae when max PI 0.005 123 116 1ess's“pp°“e§1 ;gfr‘r’lla"fvyesl‘(‘)l?i"’“ed 37150
Xenosauridae heterozygosity 0.001 0.00113 0.00095 m"re'S“&Igt";‘gi;‘t’frolll‘éfgrsz}lfgg;‘fyd by loci
Xenosauridae max PI 0.001 1.3 1.17 EESHEE Oneiigfri?t‘ges; }; Ii)orted by e
Xenosauridae missing 0.002 0214 0.207 m"re'S“pfv‘i’trﬁegrte‘;f;’rl‘;fissi‘r‘lzlfl‘:s‘:d by loci
Xenosauridae saturation C-value 0 11.7 15.1 e (z:iflil ;(;Estleorgsyatsli}; It)i(:)r:led gy e
Xenosauridae SH 0.004 79.4 78.5 lesS's“pp"“evsi:ﬁﬂi‘s’g;;opﬁomd by loci
Xenosauridae tree length 0 7.4 6.68 more-supportega;(t)grollgfiy STEIOLISEL7
Xenosauridae when max PI 0.001 115 123 more-supported topology supported by less

informative loci




Table S4: Summary of results across topologies tested by marker type. Shown is the relationship
tested, what topology was best supported by Dz analyses (see Table S2), whether this topology
was strongly resolved, and if Dznz analyses done with Anchored Hybrid Enrichment (AHE)
markers alone find similar patterns as that done with the whole data set. Dz analyses for
ultraconserved elements (UCE) markers alone are not shown because results for the UCE-only
and full dataset are identical. This is likely because UCE markers comprise the majority of the

dataset (>90% by locus).

. . . topology best supported strong AHE AHE .

Uncertain relationship . . resolution

by Dini analysis resolution? agrees?
strong?

position of Anniellidae sister to Anguidae True True True

position of Anomalepididae ‘sgisfl?}r,;;)lll(;gﬂaoléyphlopldae True False False

position of Bolyeridae sister to Boidae False True True
sister to Bolyeriidae,

osition of Cylindrophiidae = Boidae, Pythonidae,

gz Uropeltidaye b Loxocemii,itae & False False True
Xenopeltidae

position of Dibamidae sister to all other squamates  True True True

position of Diplodactylidae zsif;gtgpiggzgdwyhdae False False False
sister to Carphodactylidae,

position of Eublepharidae Pygopodidae & False True True
Diplodactylidae

osition of sister to Teiidae &

l()}ymnophthalmidae Alopoglossidae True False False
sister to Elapidae,

position of Homalopsidae Lamprophiidae & True True True
Colubridae

position of Iguania sister to Anguimorpha True True True

position of Lanthanotidae sister to Varanidae True True True
sister to Bipedidae,

position of Rhineuridae Amphisbaenidae & False False False
Lacertidae

position of Scincoidea sister to Episquamata True True True

position of Serpentes sister .to Anguimorpha & False True True
Iguania

position of Typhlopidae sister to Leptotyphlopidae True True True
sister to Anniellidae,

position of Xenosauridae Anguidae, Diploglossidae False False False
& Helodermatidae

. . Gekkota sister to
relationship between Scincoidea & all other True True True
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Dibamidae Dibamus novaeguineae

plodaclyldac Lucasium squarrosum

Diplodaciyidag Fecudothecadachius australs
gopodidae Deima fincia

g f epens
e A eers swaini
arphodactylidae Nephrurus levi
Eiffopharidac Coleonyx swita k
Eublepharidae Coleonyx varie
Sphacrodaclyidae Ansteliger ek
haerodactyidac Gonatodes humeralis
ekkonidae Lygodactylus kiu
ciftntiaslygedachle oo
Phyllodach rynaae rentola crombiei
flodactyidae Prylopezus periosus
/gome

o5 D,
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ordyidae Cordylus i
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e onosaurus caudat

tus

errhosauridae Cordyiosaurus subtessellatus

mnopiaimidae Migrablepharus masimiliani

ymnophinaimidae Loxophols ostalcor
Alopoglossidge Alopoglassus apgulatus

lopogiossidac Plychoglossus bievittontalis
Teiidae Kenfropyx cal
Tel/das TP e
riidac Podarcis erhardi

SCeriidas

Eremias kavirensi
Hinouriaae Rhnaurs fopaana
-Amphisbaenidae Amphisbaena brasiliana
-Amphispacnicac Monopelis guentheri

ipedidae Bipes bip
Ibedidac Bipes curvaliculatus,
eptotyphlopidae Namibiana labialis
Lepto Phiopidac Trepida brasilensis
TVp lopidae Anilios waitii
Typhiopidae

e /ndaryph/ags madgemintonae
tnomalepid I0ps
Anomalepididac Liot/phions beul
Tro Jidae Tiaohyboa boulengeri
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Uropeltidae Uropeltis
ndroppidac foy
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lindrophis maculatus
Vinrophidas Cylndrophis rufus
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olyeriidae Casarea dussumieri
Xenopelidae Xsnopems upicolor
ocemidag Lox

S ionida n

Y homeag ASpines saanocephalus
Agrochordidac Acrochords granulatis
“Acrochordidae Acrochordus ara
Fareidac 4 Topeiiira boa
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V/perrdae Bothrops Dolem
Viperdac Causus maculaius
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omalopaias P B ucobais
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e aaum e Senosau s Doas
iplogiossidae Celestus cyanochiors
Diploglossidac Celostus costaius

-Anguidae Anniella

-Anguidac Aniola grmnelll

jguidae Pse

Anguldae Ao abeess

maeleonidae Chamaeleo calyptratus

Agamrdae Le/o/e pis beliana
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Dactyloidae Anolis petersii
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Slocephaidae Letocephalis macropls

siocephalidae Leiocephalus melanochiorus
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olychrotidas Folychrus aculrosiris
Polychrotidae Polyci ratus

e ot oo oL

iolaemidae Liolaemus valdesianus
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arphodactyidse Saltuarus swaini
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Phl peZUS periosus
Phy//odac grdae Taren la crombiei
cincid: gom:
Scmc:dae

Y hencs Fhordecimlineatus
Scinoidac Saproseincus lews
Xantusiidae Lepidophyma flavimaculatum
Xantisidae CHposaua bpica

or?/nd o Simatig mossambicus
ordylidae Cordylus r

Tosauridas Cordylosaurus subtesselatus
erhosauridae Zonosaurus laicaudatus
yibamidae, Dibam:
TAnOpAIMRS Merabtopharus maximiliani
mnophihaimidge [oxopholis osvaldor
Alopog ossidae Alopogiosis anal
Alopoglossigae Ptychog

latus
jossus bievittontalis
Teiidae Kenfropyx
Te l/das SR tagiind
wridae Fineurd ﬂandana

M

Goeriidae Eromas kavionsis
-Amphisbaenidae Amphisbaena brasiliana
-Amphispacnicac Monopelis guentheri

ipedidae Bipes bip
Ipedidas Blpes canalculatus
cptotyphiopidae Namiiana labils
Lepto ph/opldae Trilepida brasiliensis
h/ e Anilios waitii
h/opldae I/

indofyphiops madgemintonae
lepidiae Liotyphlops ternetzii
‘namale e,
Jidae Tiachyboa boulengeri
\ohidia6 Aniflas Scyil
idac Anilus scytale

cepiisdisg

pe/ndae Rmnapms srangavis
peltidae. Uropellis macro
ingrophidae'Cylindrophis fu Rifus

maculatus
oidae Boa constrictor
oidae Calabaria reinhardtii
Xenopelidae Xenopelts Unicolor

oxocemidag Lox

ionidae Pyihon

Y homeag ASpines saanocephalus
Acrochordidas Acrochordus granulatus
-Acrochordidae Acrochordus araf
Faroigze A Topeiiira boa
Par areas nuchalis
V/perrdae Bothrops Dolem

Viperidac Causus  macughis
ibmaiopsidac s buccata
omalopaias P B ucobais

Ollibridae Dondrolaphs caliaster

olubridae Xenachrophis bellil
olubridae Sibon ant
amprophicae b ,eudaxymopus ambreensis
amprophiidae Psammophis leithii
lapidae Callophis bivigatus
Elapidac Fiy Sp latirus”
Shmlr_’saurl hinisaurus crocodilurus
Ao griseus
Varanidas Varanys eremius

‘§

S seaumans Senosa s Diaas
iplogiossidae Celestus cyanochioris
Diploglossidac Celostus costaius
-Anguidae Anniella
-Anguidac Aniola grmnelll

guidae Pse
Anguldae Abmma IUSL‘G/BDVS//S
masiconidas Chamaeloo calyptratus
ﬂgamrgae /L_f/D/e is bellial
amisae Fselrus magns
%:-; imidae Gnocephalie o
r;/nasamandae ra sransbur iana
e Opliiizs cyciurt

foplocercidae Mordhasatrus annularis
Fhiynosomalidze Pefiosaurus thalassinus
‘orytophanioae Basiliscus basiliscus
orytophanidae Corytophanes hernandesii
acloidze Anolls Dot
clyloidae Anolis punctatus
opidnae Uanoscodon supercilosus
Tropiduridae Stenocercus squar
lguanidae Ctenosaura clark
R P B2 ol macropus
eiocephalidae Leiacephalus melanochiorus
Hoplocercidag Hoplocercus spinos
elosauridac Envaliss bioron)
closatridas Enyallis bilnsatus
Folychrotidac Folychrus aculrosiis
chrotidae Polycl ratus
A loaen raor
iolaemidae Liolaemus valdesianus

Figure S1: Comparison of phylogenies inferred with AHE (N= 372) vs. UCE data (N=5052)
only. (Left) ExaML-inferred phylogenies and (Right) ASTRAL-inferred phylogenies. Shown are
the topologies based on UCE loci only; nodes that conflict with the topologies built with AHE

loci shown in red. We do not compare these topologies to the topology inferred with the full data
set because the full data set is 87% UCE loci by sequence. Many of the nodes that are discordant
between the two locus sets have been previously identified as nodes of interest (see Table 1)



iplodactylidae Pseudothecadactylus australis
iplodactylidae Lucasium squarrosum
‘gopodidae Aprasia repens
‘gopodidae Delma tincta
arphodactylidae Nephrurus levis

arphodactylidae Saltuarius swaini

ublepharidae Coleonyx switaki
ublepharidae Coleonyx variegatus
phaerodactylidae Aristelliger hechti
phaerodactylidae Gonatodes humeralis
ekkonidae Gehyra nana

ekkonidae (L/godac lus klugei
hyllodactylidae Phyllopezus periosus

hyllodactylidae Tarentola crombiei
-Scincidae gygomeles sp.
cincidae Ctenotus quattuordecimlineatus
cincidae Saproscincus lewisi
antusiidae Lepidophyma flavimaculatum
antusiidae Cricosaura typica
or?/l(dae Smaug mossambicus
ordylidae Cordylus rivae
errhosauridae Cordylosaurus subtessellatus
errhosauridae Zonosaurus laticaudatus
-Dibamidae Dibamus novae?uineae
ymnophthalmidae Micrablepharus maximiliani
—” ymnophthalmidae Loxopholis osvaldoi
eiidae Kentropyx calcarata
eiidae Tupinambis teguixin
lopoglossidae Alopoglossus angulatus

Alopoglossidae Ptycho}glossus brevifrontalis
-Rhineuridae Rhinéura floridana
acertidae Podarcis erhardii
acertidae Eremias kavirensis
ipedidae Bipes biporus
—Q ipedidae Bipes canaliculatus

mphisbaenidae Amphisbaena brasiliana
Amphisbaenidae Monopeltis guentheri
eptotyphlopidae Namibiana labialis
eptotyphlopidae Trilepida brasiliensis
/phlopidae Anilios waitii
phlopidae Indotyph/o;];s madgemintonae
Inomalepididae Liotyphlops ternetzii
Anomalegldldae Liotyphlops beui
Tropidophiidae Trachyboa boulengeri
niliidae Anilius scytale
“Aniliidae Anilius scytale
Bolyeriidae Casarea dussumieri
ylindrophiidae Cylindrophis ruffus
lindrophiidae Cylindrophis maculatus
ropeltidae Rhinophis erangaviraji
ropeltidae Uropeltis macrolepis
oidae Boa constrictor
oidae Calabaria reinhardtii
-Xenopeltidae Xenopeltis unicolor
Loxocemidae Loxocemus bicolor
thonidae Python regius
ythonidae Aspidites melanocephalus

crochordidae Acrochordus granulatus
"Acrochordidae Acrochordus arafurae

areidae Aplopeltura boa

areidae Pareas nuchalis

iperidae Bothrops moojeni

Iperidae Causus maculatus

lomalopsidae Homalopsis buccata

lomalopsidae Fordonia leucobalia
Colubridae Dendrelaphis calligaster

olubridae Xenochrophis bellulus

olubridae Sibon annulatus

lapidae Calliophis bivirgatus

lapidae Hydrophis platurus

amprophiidae Pseudoxyrhopus ambreensis

amprophiidae Psammophis leithii

-Shinisauridae Shinisaurus crocodilurus
L anthanotidae Lanthanotus borneensis
aranidae Varanus griseus
‘aranidae Varanus eremius
-Helodermatidae Heloderma suspectum
-Xenosauridae Xenosaurus platyceps
iploglossidae Celestus cyanochloris
iploglossidae Celestus costatus
nniellidae Anniella campi
"Anniellidae Anniella grinnelli
nguidae Pseudopus apodus
‘Anguidae Abronia fuscolabialis
Chamaeleonidae Chamaeleo calyptratus
-Agamidae Leiolepis belliana
gamidae Hypsilurus magnus
Agamidae Gonocephalus doriae
P ?/u_ua(, dae Uta stansburiana
I(_)f luridae Oplurus cyclurus .
loplocercidae Morunasaurus annularis
-Phrynosomatidae Petrosaurus thalassinus
orytophanidae Basiliscus basiliscus
orytophanidae Corytophanes hernandesii
actyloidae Anolis petersii
actyloidae Anolis punctatus
ropiduridae Uranoscodon superciliosus
ropiduridae Stenocercus squarrosus
eiocephalidae Leiocephalus macropus
eiocephalidae Leiocephalus melanochlorus
uanidae Ctenosaura clarki
lguanidae Iguana iguana .
Hoplocercidae Hoplocercus spinosus
elosauridae Enyalius bibronii
eiosauridae Enyalius bilineatus
iolaemidae Liolaemus tregenzai
iolaemidae Liolaemus valdesianus
olychrotidae Polychrus acutirostris
olychrotidae Polychrus marmoratus

support

highest conflict
other conflict
non-informative

OEmEmE

Figure S2: ASTRAL-inferred tree with levels of conflict shown at each node. Pie proportions
represent the number of gene trees that either support a node, support the most common
conflicting relationship, support other less common conflicting relationships, or are non-
informative. Branches in gene trees with <80 SH-like support were collapsed before measuring
levels of support. Some nodes are supported by very few gene trees.
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Figure S3: Data quality metrics for the 109 ingroup taxa included in this study. Metrics are the
total number of loci >300 bp, average locus length, average coverage of captured loci, and
heterozygosity for sites with >10x coverage. Putatively contentious nodes marked with black
circles (Table 1); tips and points shown in red indicate previously-published data. Some
previously-published samples are missing data on coverage and heterozygosity because we only
had access to assembled data. Data quality is high across included tips, although quality was
generally lower for previously-published data.



Dlplodacgylldae Lucasium squarrosum UMMZ 244237 di squa
I:D iplodactyl Pseudothecadactylus australis QMJ57120
Pygopodidae Aprasia repens WA R16864g
/gopodidae Delma tincta UMMZ 242601 De tinc
arp odact hdae altuarius swaini SAMAR29205
aéphodac J idae Nephrurus levis UMMZ 244247 ne levi
Eublepharidae goleo x switaki MV.Z Her, 189994
I:Eublephandae oleonyx variegatus UMMZ 2. 0325
phaerodactylidae lstelllger echti MVZ é-l ép
haerodact Ildae onao s humeralis GR! OLL124011
cRronioas oy ct Ius klu el(,?
K or lUd
fyllodact //dy g .gﬁ Iy ezusgenasus CH?J‘?\ISS
Phi oaac Jﬁhdae Taren ola crombiei MCZ Herp R189902
Scinci omeles sp RAN 64845
CINCi s quattuorde: /m/meatus UMMZ 242646 Ct
;%( Cin Lpros incus Iews ?
antlsidas idophyma flavimacul atum LACM128548
E ant s:Ll/daesC cosaura typica MVZ241283

dyll ae mau; mossambicus SDSU4354

g lidae Cordylus rivae TJC564
errhosaurida
Bt e Zoncsatits et O
Di I d 11
Gymnophthalmidae Loxopfiolis osvaldoi CH B
ymnop h[ha/mldae Micrablepharus maximiliani CHUNB5207.
eijdae Tuplnamb/s tequixin V2247605
Sl el

;p:» g/oss:dae Pt g g ossus brev ronta//s UMM%5245044

ordylosaurys ,subtessellat Ms nj}"’é@%‘ég

Lacertidae Erem kav:rens:s CAS 228522

-Amphi sbaen/dae Amph/sbaena brasiliana TMOTT2
mphisbaenidae Monopeltis guentheri

-Amphisbaenidae M /1 theri USNM57

ipedidae glpes cana/lculatu UMMCZ Bipes canallculatus

ipedidae Bipes orus M’

Iyphlopidae Amho w it UMMZ 244201 ra wait

I_CT ghlowdae Ind ot ps ma%%em/ntgnae UMMZ 242536

I_CLaprob phloprdae amr iana I: AS 223962
Leptof hlo /dae 77'llep1da brasiliensis CHUNB52|

rAno dae Liotyphlops teme l! HUNBS7731

‘-Anom ldlda Lioi h/o ble L123142

— [ropidophiidae rachy 0; bou e%er MZ 229268

LEAqudae Anilius scytale

Ll -Aniliidae Anilius scytale

%Ilndro phiidae mdrophls ruffus UMMZ 201900

I/ndrophudae yllndroph/s maculatus RAP0448
ropeltidae Rhinophis eran, awra/l RAP0431

ro, eltda [tis macr 1D 7603
g p ! ?agana ré/nhardtu I\/fFS 10995

o:dae Bo canstrictor UMFS 9997
-Xenopeltidae Xenopeltis unlcolor FK 3026
Loxocemidae Loxocemus bicolor ZA 46400
Pythonidae Python regius UMFS 5617

—EAcrachord/ Acrochor
A rochordldae Acrochordus granulatus UMFS 11534

rPareidae Aplopeltura boa UNIMZ 201904
CVbers Boitrops meoren CHO
gerldae Causus macu/a tus VZ Hefﬁ//249821
omalops:dae Hordoma Ieugoballa N
oma ogs: lae Homalopsis
olubridae Dendrelaphis calligaster UMMZ 242524
olubridae Sibon annulatus MVZ Her SD 269290
Colubridae Xenachrophis bellula CA
-Lampra ph Id P 'seudoxyrhop ambreens:s UMMZ 200061
Lamprophij ae Psammo hls Ielth// CAS 232085
Elapldae alhophls bIVII' ata 680
Elapidae ro his plattrus 31 0
Shinisauri ae hini: aurus crocodilurus UMFS 10293
Lanthanotidae Lanthanotus borneensis ISIS 393113
Varanidae Varanus r/seus UMMZ 240786
I_faranldae Varanus eremius UMMZ 242696 V¢ erem
lelodermatidae UMF 0133

QOTIS:

lermaliaag n% ggerrga suspectum
uri uru:

Dlplog ossidae Gelestus cyanoc or/ lA]/IV Herf 204069
pIZ? ossidae Cei I? stus costatus MCZ Herp R190692
dae Abronia fuscolabjalis MV.Z He;p 77806
%f'e’ﬁ%%f o O 2 ey ’z’s??zg

iellidae Anniell grlnnelll CAS 2.

2
ham deleonldae g eleo caéyptratus MVZ 230099
-Agamidae Leiolepis belliana CAS 210725
-Agamidae Gonocephalus doriae FMNH230175
-Al amldae Hyp: llurus magnus AMSR 122474
”"58’"25 B Poad i M\fzm 183
i 1]
g s?/scus%astl/scus%Mﬁ 6-—271
topham ae orytophanes_hernandesii TJC811
tyloidae Anolis etersu MVZ Her 263594
Dac fylordae Anolis punctatus CHUNB47/(
Tropidurid, g anoscodon superc:llosu HUN837546
Tropldurldae tenocercus squarrosus
Leiocephalidae [eiocephalus melanoch orus M Z 'L/f R190
Leiocephalidae Leiocephalus macropus 189884
lguanidae Ctenosaura clarki MVZ Her;
uanid: dlguana iguana MV.Z14984
‘olychrotidae Pol ry hrus acutirostris CHUNB11470
Polychrotidae Polychrus marmora usl\fHUN56899
Liol aem/dae L/o/aemug g_aeldgﬁlaanﬁvz\/’; Her, 2 (1)%%48
. Zal
LIopé}oceradae I-ﬁ) Iocercu‘g SpINOSUS CHELKI
Leiosauridae Enyaljus bibronii GRCOLLI21 921
Leiosauridae En alius bilineatus CHUNB62191
oplocercidae Morunasaurus annularis MVZ 163062
éplundae 5plurus cyclurus UMMZ 228595

Y
D

Figure S4: Coalescent-based topology of ingroup taxa with edges falling into the anomaly zone
marked in red. Overall, few edges fall into the anomaly zone, and the majority of these are within
the rapid radiation of Iguania.
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Figure S5: Correlations among the four different types of support values measured in this study:
bootstrap values as inferred with the maximum-likelihood tree, local posterior probability as
inferred from the coalescent-based tree, percent of supporting gene trees as measured by bp, and
percent of supporting gene trees as measured by Dzyz. Some nodes could not be included in
comparison of bootstrap and local posterior probability values because they were discordant in
the maximum-likelihood and coalescent-based trees. Points shown with jitter to reduce overlap.
Nodes that have high statistical support still exhibit extensive conflict.
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Figure S6: Patterns of locus-level metrics across the three loci types included in this study:
AHE, gene, and UCE. As determined by ANOVA, metrics differed significantly across locus
types for all metrics but ‘occupancy’ and ‘tree length’. In general, AHE markers showed
evidence of being higher quality (i.e., they had lower levels of missingness) and more
informative (i.e., trees inferred with AHE markers had higher nodal support as measured by
Shimodaira—Hasegawa (SH)-like support).
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Figure S7: Histograms showing the distribution of the 14 metrics measured for each locus; see
Table 2 for more details on these metrics. Most metrics show a fairly normal distribution with a
few outliers.



