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Supplementary Figure 1 Collection dates in 2022 of samples from which H5 clade 
2.3.4.4b highly pathogenic avian influenza virus genomes were obtained. Colors represent 
A) sampling location (Alaska boroughs) and B) Genotypes (na indicates that a genotype
was unable to be assigned).
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A/bald_eagle/Alaska/22−013001−001/2022(H5N1)

A/chicken/Alaska/22−013107−001/2022(H5N1)
A/chicken/Alaska/22−013107−002/2022(H5N1)

A/bald_eagle/Alaska/22−013831−001/2022(H5N1)

A/wild_goose/Alaska/22−013831−002/2022(H5N1)

A/wild_goose/Alaska/22−013831−003/2022(H5N1)

A/Canada_goose/Alaska/22−014432−001/2022(H5N1)

A/Canada_goose/Alaska/22−014433−001/2022(H5N1)

A/Canada_goose/Alaska/22−014435−001/2022(H5N1)

A/bald_eagle/Alaska/22−014969−001/2022(H5N1)

A/bald_eagle/Alaska/22−014971−001/2022(H5N1)

A/bald_eagle/Alaska/22−015680−001/2022(H5N1)

A/bald_eagle/Alaska/22−015682−001/2022(H5N1)

A/Canada_goose/Alaska/22−015683−001/2022(H5N1)

A/red_fox/Alaska/22−016300−001/2022(H5N1)

A/bald_eagle/Alaska/22−016455−001/2022(H5N1)

A/bald_eagle/Alaska/22−016456−001/2022(H5N1)

A/bald_eagle/Alaska/22−016934−001/2022(H5N1)
A/bald_eagle/Alaska/22−016934−002/2022(H5N1)

A/bald_eagle/Alaska/22−016934−003/2022(H5N1)

A/bald_eagle/Alaska/22−016934−004/2022(H5N1)

A/black_brant/Alaska/22−017363−001/2022(H5N1)

A/snow_goose/Alaska/22−017364−001/2022(H5N1)

A/bald_eagle/Alaska/22−017950−001/2022(H5N1)

A/black_brant/Alaska/22−017953−001/2022(H5N1)

A/black_brant/Alaska/22−017953−002/2022(H5N1)

A/glaucous_gull/Alaska/22−017953−003/2022(H5N1)

A/glaucous_gull/Alaska/22−017953−004/2022(H5N1)

A/Sabine's_gull/Alaska/22−017953−005/2022(H5N1)

A/Sabine's_gull/Alaska/22−017953−006/2022(H5N1)

A/Sabine's_gull/Alaska/22−017953−007/2022(H5N1)

A/glaucous_gull/Alaska/22−017953−009/2022(H5N1)

A/glaucous_gull/Alaska/22−017953−010/2022(H5N1)

A/black_brant/Alaska/22−018101−001/2022(H5N1)

A/glaucous_gull/Alaska/22−018101−002/2022(H5N1)

A/red−necked_grebe/Alaska/22−018401−001/2022(H5N1)
A/mallard/Alaska/22−018767−001/2022(H5N1)
A/mallard/Alaska/22−018767−003/2022(H5N1)

A/short−billed_gull/Alaska/22−019260−001/2022(H5N1)

A/sandhill_crane/Alaska/22−019268−001/2022(H5N1)

A/fox/Alaska/22−019272−001/2022(H5N1)
A/red_fox/Alaska/22−020792−002/2022(H5N1)

A/common_raven/Alaska/22−020951−001/2022(H5N1)
A/common_raven/Alaska/22−020951−002/2022(H5N1)

A/common_raven/Alaska/22−020951−004/2022(H5N1)

A/parasitic_jaeger/Alaska/22−020952−001/2022(H5N1)
A/Arctic_tern/Alaska/22−020952−002/2022(H5N1)

A/glaucous_gull/Alaska/22−021855−001/2022(H5N1)

A/common_raven/Alaska/22−021856−001/2022(H5N1)

A/snowy_owl/Alaska/22−022807−001/2022(H5N1)

A/common_raven/Alaska/22−022817−001/2022(H5N1)

A/bald_eagle/Alaska/22−023552−001/2022(H5N1)

A/chicken/Alaska/22−023555−001/2022(H5N1)

A/parasitic_jaeger/Alaska/22−023557−001/2022(H5N1)

A/glaucous_gull/Alaska/22−024502−001/2022(H5N1)

A/glaucous_gull/Alaska/22−025499−001/2022(H5N1)

A/common_raven/Alaska/22−025788−001/2022(H5N1)

A/mallard/Alaska/22−026137−025/2022(H5N1)
A/mallard/Alaska/22−026137−045/2022(H5N1)

A/northern_pintail/Alaska/22−028247−007/2022(H5N1)

A/mallard/Alaska/22−029097−002/2022(H5N1)
A/northern_pintail/Alaska/22−029100−001/2022(H5N1)

A/mallard/Alaska/22−029101−001/2022(H5N1)

A/northern_pintail/Alaska/22−029101−003/2022(H5N1)

A/green−winged_teal/Alaska/22−029101−004/2022(H5N1)

A/chicken/Alaska/22−031261−002/2022(H5N1)
A/chicken/Alaska/22−031261−003/2022(H5N1)
A/chicken/Alaska/22−031261−004/2022(H5N1)

A/chicken/Alaska/22−031261−005/2022(H5N1)

A/common_raven/Alaska/22−031265−001/2022(H5N1)

A/eider/Alaska/22−031265−003/2022(H5N1)

A/emu/Alaska/22−031266−001/2022(H5N1)

A/northern_pintail/Alaska/22−031399−012/2022(H5N1)

A/northern_pintail/Alaska/22−031399−015/2022(H5N1)

A/green−winged_teal/Alaska/22−031399−018/2022(H5N1)

A/green−winged_teal/Alaska/22−031399−019/2022(H5N1)

A/domestic_turkey/Alaska/22−032677−001/2022(H5N1)
A/chicken/Alaska/22−032677−003/2022(H5N1)

A/domestic_turkey/Alaska/22−032677−004/2022(H5N1)
A/chicken/Alaska/22−032677−005/2022(H5N1)
A/domestic_turkey/Alaska/22−032677−006/2022(H5N1)

A/mallard/Alaska/22−033369−001/2022(H5N1)

A/green−winged_teal/Alaska/22−034094−004/2022(H5N1)
A/northern_shoveler/Alaska/22−034096−003/2022(H5N1)

A/American_wigeon/Alaska/22−034097−002/2022(H5N1)

A/American_wigeon/Alaska/22−034097−007/2022(H5N1)

A/northern_pintail/Alaska/22−034099−001/2022(H5N1)

A/mallard/Alaska/22−036139−002/2022(H5N1)

A/mallard/Alaska/22−036139−015/2022(H5N1)

A/mallard/Alaska/22−036139−016/2022(H5N1)

A/mallard/Alaska/22−036139−018/2022(H5N1)

A/mallard/Alaska/22−036139−025/2022(H5N1)

A/mallard/Alaska/22−036139−029/2022(H5N1)

A/mallard/Alaska/22−036139−030/2022(H5N1)

A/mallard/Alaska/22−036139−032/2022(H5N1)

A/mallard/Alaska/22−036139−037/2022(H5N1)

A/mallard/Alaska/22−036139−048/2022(H5N1)

A/mallard/Alaska/22−036139−054/2022(H5N1)
A/mallard/Alaska/22−036139−057/2022(H5N1)
A/mallard/Alaska/22−036139−058/2022(H5N1)

A/mallard/Alaska/22−036139−060/2022(H5N1)

A/mallard/Alaska/22−036139−062/2022(H5N1)

A/mallard/Alaska/22−036139−063/2022(H5N1)

A/mallard/Alaska/22−036139−081/2022(H5N1)

A/mallard/Alaska/22−036139−092/2022(H5N1)

A/black_bear/Alaska/22−036396−001/2022(H5N1)

A/great_blue_heron/Alaska/22−036616−001/2022(H5N1)

A/Thayer's_gull/Alaska/22−036618−001/2022(H5N1)

A/common_raven/Alaska/22−036618−002/2022(H5N1)
A/common_raven/Alaska/22−037656−001/2022(H5N1)

A/common_raven/Alaska/22−037656−002/2022(H5N1)
A/common_raven/Alaska/22−037656−003/2022(H5N1)

A/chicken/Alaska/22−037940−001/2022(H5N1)

A/brown_bear/Alaska/22−039119−001/2022(H5N1)

A/northern_pintail/Alaska/IZ22_0073/2022(H5N1)

A/cackling_goose/Alaska/IZ22_0116/2022(H5N1)

A/cackling_goose/Alaska/IZ22_0117/2022(H5N1)

A/northern_pintail/Alaska/IZ22_0154/2022(H5N1)

A/green−winged_teal/Alaska/IZ22_0195/2022(H5N1)
A/northern_pintail/Alaska/IZ22_0226/2022(H5N1)
A/northern_pintail/Alaska/IZ22_0227/2022(H5N1)

A/northern_pintail/Alaska/IZ22_0228/2022(H5N1)
A/northern_pintail/Alaska/IZ22_0229/2022(H5N1)

A/cackling_goose/Alaska/IZ22_0251/2022(H5N1)

A/northern_pintail/Alaska/IZ22_0270/2022(H5N1)

A/northern_pintail/Alaska/IZ22_0273/2022(H5N1)

A/northern_pintail/Alaska/IZ22_0326/2022(H5N1)

A/northern_pintail/Alaska/IZ22_0327/2022(H5N1)

A/northern_pintail/Alaska/IZ22_0333/2022(H5N1)
A/northern_pintail/Alaska/IZ22_0335/2022(H5N1)
A/northern_pintail/Alaska/IZ22_0355/2022(H5N1)

A/mallard/Alaska/IZ22_0392/2022(H5N1)

A/bald_eagle/Alaska/22−040391−003/2022(H5N1)

A/common_raven/Alaska/22−042128−001/2022(H5N1)

A/glaucous_gull/Alaska/22−042131−001/2022(H5N1)
A/bald_eagle/Alaska/22−042131−002/2022(H5N1)

A/bald_eagle/Alaska/22−042131−003/2022(H5N1)

A/gadwall/Alaska/IZ22_0441/2022(H5N1)
A/gadwall/Alaska/IZ22_0442/2022(H5N1)

A/northern_pintail/Alaska/IZ22_0615/2022(H5N1)

A/northern_pintail/Alaska/IZ22_0623/2022(H5N1)

A/northern_pintail/Alaska/IZ22_0624/2022(H5N1)
A/northern_pintail/Alaska/IZ22_0627/2022(H5N1)

A/northern_pintail/Alaska/IZ22_0637/2022(H5N1)

A/northern_pintail/Alaska/IZ22_0685/2022(H5N1)

A/northern_pintail/Alaska/IZ22_0751/2022(H5N1)

A/northern_pintail/Alaska/IZ22_0759/2022(H5N1)
A/northern_pintail/Alaska/IZ22_0760/2022(H5N1)

A/northern_pintail/Alaska/IZ22_0761/2022(H5N1)

A/northern_pintail/Alaska/IZ22_0762/2022(H5N1)
A/northern_pintail/Alaska/IZ22_0763/2022(H5N1)

A/northern_pintail/Alaska/IZ22_0765/2022(H5N1)

A/mallard/Alaska/IZ22_0766/2022(H5N1)

A/northern_pintail/Alaska/IZ22_0767/2022(H5N1)

A/northern_pintail/Alaska/IZ22_0783/2022(H5N1)

A/cackling_goose/Alaska/IZ22_0787/2022(H5N1)
A/mallard/Alaska/IZ22_0788/2022(H5N1)

A/northern_pintail/Alaska/IZ22_0798/2022(H5N1)

A/northern_pintail/Alaska/IZ22_0800/2022(H5N1)

A/northern_pintail/Alaska/IZ22_0809/2022(H5N1)

A/northern_pintail/Alaska/IZ22_0812/2022(H5N1)

A/northern_pintail/Alaska/IZ22_0821/2022(H5N1)

A/mallard/Alaska/IZ22_791/2022(H5N1)

A/mallard/Alaska/IZ22_0879/2022(H5N1)

A/gadwall/Alaska/IZ22_0885/2022(H5N1)
A/green−winged_teal/Alaska/IZ22_0887/2022(H5N1)
A/gadwall/Alaska/IZ22_0889/2022(H5N1)
A/American_wigeon/Alaska/IZ22_0890/2022(H5N1)
A/American_wigeon/Alaska/IZ22_0891/2022(H5N1)
A/northern_shoveler/Alaska/IZ22_0892/2022(H5N1)

A/mallard/Alaska/IZ22_0894/2022(H5N1)

A/duck/Vietnam/HN_2522/20151025(H5N6)
A/goose/Hunan/118/20141112(H5N6)
A/gyrfalcon/Washington/41088_6/20141208(H5N8)

A/muscovy_duck/Vietnam/LBM755/20141013(H5N6)

A/domestic_duck/Chiba/T37−1−2/2021(H5N8)

A/common_teal/Chiba/T42−F1/2021(H5N8)

A/chicken/Chiba/T46−11/2021(H5N8)
A/chicken/Chiba/T48−17/2021(H5N8)
A/chicken/Chiba/T49−18/2021(H5N8)
A/chicken/Chiba/T50−23/2021(H5N8)

A/chicken/Hyogo/TU4−45,46/2021(H5N1)

A/duck/Chiba/TU6−19,20/2021(H5N1)

A/chicken/Saitama/TU7−34,36/2021(H5N1)
A/chicken/Aomori/TU9−41,42/2021(H5N1)

A/chicken/Ehime/TU10−2−13/2022(H5N1)
A/chicken/Kagoshima/TU2−18,19/2021(H5N1)

A/chicken/Ehime/TU11−2−24,25/2022(H5N1)

A/teal/Miyazaki/211109−32/2021(H5N1)

A/chicken/Ehime/TU12−2−16,17/2022(H5N1)

A/common_buzzard/Kyoto/2601B013/2022(H5N1)

A/whooper_swan/Iwate/0302I001T/2022(H5N1)

A/white−fronted_goose/Iwate/TU16−74/2022(H5N1)

A/jungle_crow/Iwate/0303I003/2022(H5N1)

A/whooper_swan/Iwate/0303B006/2022(H5N1)

A/jungle_crow/Iwate/0304I001/2022(H5N1)

A/jungle_crow/Hokkaido/0104B085/2022(H5N1)

A/jungle_crow/Akita/0504F001/2022(H5N1)

A/jungle_crow/Hokkaido/0104B087/2022(H5N1)

A/chicken/Kagoshima/TU13−3,4/2022(H5N1)

A/chicken/Chiba/TU14−1,2/2022(H5N1)

A/chicken/Miyagi/TU17−17,18/2022(H5N1)
A/chicken/Aomori/TU18−143,144/2022(H5N1)
A/chicken/Aomori/TU19−107,108/2022(H5N1)

A/chicken/Hokkaido/TU20−28,29/2022(H5N1)

A/emu/Hokkaido/TU21−1,2/2022(H5N1)

A/chicken/Akita/TU22−31/2022(H5N1)

A/emu/Iwate/TU24−19,20/2022(H5N1)

A/chicken/Hokkaido/TU25−3/2022(H5N1)

A/mallard/Fukushima/0702A001/2022(H5N1)

A/Steller's_sea_eagle/Hokkaido/20220308001/2022(H5N1)

A/white−tailed_eagle/Hokkaido/20220322001/2022(H5)
A/Steller's_sea_eagle/Hokkaido/20220329001/2022(H5N1)
A/crow/Hokkaido/0104P073−4/2022(H5N1)

A/peregrine_falcon/Kanagawa/1409C001T1/2022(H5N1)

A/crow/Fukuoka/TU54−47/2023(H5N1)

A/chicken/Tottori/TU22−17/2022(H5N1)

A/Chlidonias_hybrida/Hubei/55/2020(H5N8)

A/Cygnus_columbianus/Hubei/50/2020(H5N8)

A/chicken/Nigeria/VRD21−43_21VIR2288−4/2021(H5N8)
A/chicken/Nigeria/VRD21−035B_21VIR2288−1/2021(H5N8)
A/chicken/Nigeria/VRD21−100_21VIR2370−423/2021(H5N8)

A/chicken/Nigeria/VRD21−102_21VIR2370−424/2021(H5N1)

A/chicken/Nigeria/VRD21−109_21VIR2370−425/2021(H5N1)

A/chicken/Nigeria/VRD21−37_21VIR2288−2/2021(H5N1)

A/chicken/Nigeria/VRD21−53B_21VIR2288−5/2021(H5N8)

A/chicken/Nigeria/VRD21−88_21VIR2288−8/2021(H5N8)

A/chicken/Nigeria/VRD21−98_21VIR2288−6/2021(H5N1)

A/mule_duck/France/21061/2021(H5N8)
A/mule_duck/France/20323/2020(H5N8)

A/mule_duck/France/21064/2021(H5N8)

A/goose/Czech_Republic/18520−1/2021(H5N1)
A/goose/Czech_Republic/18520−2/2021(H5N1)

A/Eurasian_coot/Shandong/W5611/2020(H5N8)

A/Eurasian_coot/Shandong/W6137/2020(H5N8)
A/Eurasian_coot/Shandong/W6143/2020(H5N8)

A/wild_duck/Shandong/W3580/2020(H5N8)

A/goose/Hebei/HG12/2021(H5N8)
A/duck/Sichuan/SC4822/2021(H5N6)

A/poultry/Benin/21−A−08−009−O/2021(H5N1)
A/poultry/Benin/21−A−08−033−O/2021(H5N1)

A/snow_goose/Kansas/W22−199D/2022(H5N1)

A/snow_goose/Kansas/W22−199B/2022(H5N1)

A/bald_eagle/Florida/W22−189/2022(H5N1)

A/dalmatian_pelican/Astrakhan/417−1/2021(H5N5)
A/pelican/Dagestan/397−1/2021(H5N5)

A/waterfowl/Russia/1526−4/2021(H5N5)

A/common_teal/Chelyabinsk/1379−1/2021(H5N1)

A/goose/Chelyabinsk/1341−3/2021(H5N1)
A/pelican/Tumen/1032−1/2021(H5N1)

A/pelican/Tumen/932−1/2021(H5N1)

A/Falco_rusticolus/EdoMex/CPA−19638−22/2022(H5N1)

A/aviafauna/Kazakhstan/HA/2020(H5N8)

A/great_white_pelican/Mauritania/11/2022(H5N1)

A/gray_gull/Chile/C61947/2022(H5N1)
A/pelican/CHL/226955−1/2022(H5N1)

A/Gallus_gallus/Peru/AIS0545/2022(H5N1)

A/Nannopterum_brasilianus/Peru/AISA0451/2022(H5N1)

A/Pelecanus_thagus/Peru/AIS0541/2022(H5N1)

A/Gallus_gallus/Peru/AIS0539/2022(H5N1)

A/Gallus_gallus/Peru/AIS0550/2022(H5N1)
A/Guanay_cormorant/Peru/PIU−SER024/2022(H5N1)

A/dolphin/Peru/PIU−SER002/2022(H5N1)
A/South_American_sea_lion/Peru/LIM−SER036/2023(H5N1)

A/turkey/France/22084/2022(H5N1)
A/chicken/France/21328/2021(H5N1)

A/chicken/Colombia/Bolivar/3500/2022(H5N1)

A/chicken/Colombia/Cordoba/3499/2022(H5N1)

A/snow_goose/Louisana/W22−1163/2022(H5N1)
A/Ross's_goose/Kansas/W22−1154/2022(H5N1)

A/migratory_bird/India/01FE975/2021(H5N8)

A/red−tailed_hawk/Kentucky/W23−143/2022(H5N1)

A/blue−winged_teal/Texas/UGAI22−2966/2022(H5N1)

A/blue−winged_teal/Texas/UGAI22−3268/2022(H5N1)

A/striped_skunk/Kansas/W23−094/2023(H5N1)

A/blue−winged_teal/Texas/UGAI22−2961/2022(H5N1)

A/American_green−winged_teal/Texas/UGAI22−3462/2022(H5N1)
A/great−tailed_grackle/Kansas/W22−1223B/2022(H5N1)

A/Pekin_duck/California/T2202390/2022(H5N1)

A/striped_skunk/Kansas/W23−175/2023(H5N1)

A/American_crow/Minnesota/22−009668−001/2022(H5N1)

A/American_crow/Minnesota/22−012003−001/2022(H5N1)

A/American_crow/Minnesota/22−012775−001/2022(H5N1)

A/American_crow/North_Dakota/22−010665−001/2022(H5N1)

A/American_crow/North_Dakota/22−011564−002/2022(H5N1)

A/American_crow/North_Dakota/22−013145−001/2022(H5N1)

A/American_crow/North_Dakota/22−013145−002/2022(H5N1)

A/American_pelican/Montana/22−012936−005/2022(H5N1)
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Supplementary Figure 2 Maximum clade credibility tree of H5 clade 2.3.4.4 highly pathogenic avian influenza
virus sequences based on the HA gene segment from Alaska (colored tips) and elsewhere. Tips are colored 
according to genotype. Time to the most recent common ancestor nodes are indicated for each genotype with an 
arrow indicating the node from which all Alaska viruses of that genotype diverged. 95% highest posterior density 
intervals are presented in parenthesis.



 
 
Supplementary Figure 3 Maximum clade credibility tree of Genotype A4 H5 clade 2.3.4.4b 
highly pathogenic avian influenza virus whole genomes from Alaska (colored tips) and 
elsewhere.  A black square indicates the node from which the time to most recent 
common ancestor was estimated. Node labels indicate posterior probabilities.  

#M!

A/gadwall/Alaska/IZ22_0885/2022

A/green winged_teal/Alaska/IZ22_0887/2022

A/gadwall/Alaska/IZ22_0889/2022

A/American_wigeon/Alaska/IZ22_0890/2022

A/American_wigeon/Alaska/IZ22_0891/2022

A/northern_shoveler/Alaska/IZ22_0892/2022

A/Baikal_teal/Korea/21WF192_9/2021

A/Eurasian_wigeon/Hokkaido/M184/2022

A/Eurasian_wigeon/Hokkaido/Q71/2022

A/gadwall/Korea/21WC196/2022

A/spot_billed_duck/Korea/21WC138/2022

A/spot_billed_duck/Korea/21WC143/2022

A/wild_duck/Korea/21WF241_1/2021

A/chicken/Kagoshima/21A6T/2021

A/chicken/Okayama/22A1T/2022

A/duck/Guangdong/S4518/2021

A/duck/Guangdong/S4525/2021

A/duck/Hubei/SE220/2022

A/duck/Korea/H38/2022

A/duck/Korea/H621/2021

A/mandarin_duck/Korea/WA585/2021

A/mandarin_duck/Korea/WA622/2021

A/peregrine_falcon/Kanagawa/1409C001T1/2022

1

0.88

0.98

0.99

0.25

1

1

1

0.82

1

0.92

1

0.1

0.17

0.17

0.24

1

1

0.4

0.98

0.36

1

0.72

Jul 2, 2021 Jan1, 2022 Jul 2, 2022

A/chicken/Japan/AZRC_TU_17/2022

A4



 

 
Supplementary Figure 4 Maximum clade credibility tree of Genotype B3.1 H5 clade 
2.3.4.4b highly pathogenic avian influenza virus whole genomes from Alaska (colored tips) 
and elsewhere. A black square indicates the node from which the time to most recent 
common ancestor was estimated. Node labels indicate posterior probabilities.  
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Supplementary Figure 5 Maximum clade credibility tree of Genotype A3 H5 clade 2.3.4.4b 
highly pathogenic avian influenza virus whole genomes from Alaska (colored tips) and 
elsewhere. A black square indicates the node from which the time to most recent common 
ancestor was estimated. Node labels indicate posterior probabilities.  
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Supplementary Figure 6 Maximum clade credibility tree of Genotype B4.1 H5 clade 
2.3.4.4b highly pathogenic avian influenza virus whole genomes from Alaska (colored tips) 
and elsewhere. A black square indicates the node from which the time to most recent 
common ancestor was estimated. Node labels indicate posterior probabilities.  
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Supplementary Figure 7 Maximum clade credibility tree of Genotype B3.2 H5 clade 
2.3.4.4b highly pathogenic avian influenza virus whole genomes from Alaska (colored tips) 
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and elsewhere. A black square indicates the node from which the time to most recent 
common ancestor was estimated. Node labels indicate posterior probabilities. 




