Supplement
Table S1. List of hemoglobins of hypoxia tolerant and sensitive species.

Species alpha Cys| His|Arg| Lys| beta Cys| His|Arg|Lys| gamma Cys| His|Arg| Lys| delta Cys| His|Arg|Lys| epsilon Cys| His|Arg] Lys| theta Cys| His|Arg] Lys| zeta Cys| His|Arg| Lys| mu Cys|His|Arg|Lys
Homo sapiens (Human) P69905 1]10f 311 P68871 219311 P69892 1171312 P02042 21714111 P02100 11712]14 P09105 218[8]5 P02008 117169 Q6BOK9 2|17(16]3
Theropithecus gelada (Gelada baboon) P01932 111| 3|14 AOABD2FZZ9| 2| 9| 2|12 AOABD2FZR4| 3| 6 | 3 |13| AOABD2FYY1| 1| 7| 3 |13| AOABD2EQL5| 2| 7| 9|5 AOABD2GNES5| 2| 8] 6| 3
P02029 2192]12 AOA8BD2K6V2| 2 | 10| 3 [11| AOABD2GOY9| 4| 4| 4|10
AOABD2G2K3| 2| 5| 212
Rhinopithecus roxellana (Golden snub-nosed | 51 ps1g | 1 | 10[ 3 [ 12| Acazkegep1| 2| 9| 3|11| AcackereTe | 1| 6| 4 |11| Aoazkeraco| 2| 8| 3| 11| Aoazkeraks| 1| 7] 2 | 14|a0azkenmmd 2 | 7| o | 5 [ Aoazkernwe| 1| 6| 6 | o [aoazkereme| 2|8 6| 3
monkey) (Pygathrix roxellana)
AO0A2K6P3I2 | 3| 5] 3|13 AODA2K6Q4K7| 2| 6|69
e | sasacevrss 1] <1 JREE
Ailurus fulgens (Lesser panda) (Red panda) P18969 2|10f 3|11 P18982 218|214
Ursus thibetanus (ﬁ?ﬁ;&;;l:;:; bear) (Selenarctos PE8236 1110 3111 PE80L2 2|8l 2]ia
Lama glama (Llama) P01973 1]10] 3|13 P68226 1|8]6(11
Lama guanicoe (Gugnaco) (Lama glama PE7815 1111] 3113 PE8229 1lslelin
guanicoe)
Vicugna pacos (Alpaca) (Lama pacos) P67816 1(11f 3|13 P68228 1{8|6]11 AOAGIOI625 [ 1] 6| 4 |12] AOA6I9ISTO | 1| 8|10f 5| AOAGIOIUX8 [ 2| 7| 6| 9| ACAGISITAO | 2| 8| 7|4
1(11f3]10 AOAGIOITLY | 1| 9] 4|11 AOAGIOIBPG | 2| 7] 8|2
AOA6I9I4T5 | 1| 8| 5]10
Lama vicugna (Vicugna) (Vicugna vicugna) P07425 1(11f 313 P68227 118|611
Pantholops hodgsonii (Chiru) (Tibetan antelope) QO0ZA50 119311 F1DSDO 118|511 J7LGZ1 116|610
Capra hircus cretica AOA7D5Y174]| 1| 9| 3|11| AOA7D6C7I6 | 1|1 95|11
AOA7D6CON7| 1| 9511
Capra hircus (Goat) POCH25 1{93]11 P02077 1{9]4]12 P02082 1|6]6]10 AOA452F723 | 2| 8| 5(12] AOA452E971 | 2| 9| 9| 5| AOA452EFQ5 | 2| 7| 6| 8 | AOA452DRK3| 0| 8| 8] 3
POCH26 1[10f 3 |11|AOA452FWW3| 1|5 8|9 P02102 1|7 4]12| AOABC2R4C8| 1| 7|63 P13786 2|7|6|8|AOABC2R3G3| 1| 7|6]3
AOA452FX49 1| 8| 5(11 P02105 2181411 AOA8C2R2Z3 | 1| 5|12| 6
AOA452FXQ3 | 1| 8| 5]11
P02078 1{8|5]11
Capra caucasica caucasica AOA7D5Y015| 1| 9| 3 |11| ACA7D6C535| 1| 8| 5|11
AOA7D6BXX8| 11 9] 5|11
Capra nubiana (Nubian ibex) (Capraibex | \oa7psv1a3| 1| | 3| 12| Aoarpscax7| 1| 8| 5|11
nubiana)
AOA7D6C2F8| 1| 9| 4]12
Bos mutus grunniens (Wild yak) (Bos grunniens) P01968 0]10] 3 )11 P02072 1|{714]13 AOA8BIXIZO [ 2| 9| 6| 6 | AOASBIXKAL| 2| 7| 7| 7 |ACABBIXKR7| 1| 7|83
P01967 019311 D4QBF3 1{6[4]13 AOABBIXRI2| 2| 7|7]|8
D4QBF4 1|714]13
Bos taurus (Bovine) P01966 0]10f 311 P02070 1{6[4]13 P06643 1|8]4]10 FIMMI1 217177 A1A4Q3 1{718]3
P02081 2|5]6]11 P06642 21714110 E1BAP8 217187
E1B976 2171414
E1BIF9 117]14(12
Cavia porcellus (Guinea pig) P01947 1]10f 311 P02095 2|11 3|11 HOWAL2 3|6[3]8
AO0A222AH49 | 1 |10| 2 |10f AOA7T7Ji63 | 2 |11f 3|11
Sus scrofa (Pig) P01965 1(11f 3|11 P02067 1{8|5]11 P02101 117]3(12 P04246 117]3(12 P02009 116]5|9 FIRGX5 1({8[8]3
AOA4X1UIB6 | 1[11] 3|11 K7GNR8 2| 7(11) 7 F1IRGX7 116]5|9 27117
1(11f 3|11 AOA4XIUMQ7| 2| 7 |11| 7 | AOASDIWEIL| 2| 3| 5|7
1(11f 3|11 AOABDIWDAS| 2| 7 |11 7| AOA4X1UI7T2 | 1| 6]|5]|9
1(11f 3|11
AOA4X1UMP8| 2 [ 10 3|11




Species alpha Cys| His|Arg| Lys| beta Cys| His|Arg| Lys| gamma Cys| His|Arg| Lys| delta Cys| His|Arg| Lys| epsilon Cys| His|Arg] Lys| theta Cys| His|Arg] Lys| zeta Cys|His|Arg] Lys| mu Cys| His|Arg]
Hydrodamalis gigas (Steller's sea cow) AOA48IWNT7| 1| 9| 5| 7 | AOA481IWPMS8| 2 [ 10| 4 | 9 | AOA481IWPK4 | 1| 4] 3|13 AOA48IWNDS8| 1| 5| 3|10 AOA48IWNGO| 1| 6] 6 | 8| AOA481WQ33]| 2| 9| 6
AO0A481WNB4| 1 |10[ 2 | 11| AOA481WR13| 2 | 10( 4 | 10| AOA481WQZ5| 1| 4| 4|14 AOA48IWNHO| 1| 7| 313
Dugong dugon (Dugong) (Trichechus dugon) | AOA481WNF4] 1]10| 5|10 AOA481WQBO0| 2 | 10| 3 |12 Q45XH5 1141414 Q45XI17 2110f 3|12|A0A481IWND9| 1| 7] 3|13 AOA48IWNHS| 1| 6] 6 | 9 |AOA481WNV4| 3 [11] 6
AOA48IWQ8B4 | 1| 4] 4|14
AOA48IWQO7 | 1| 4] 4|14
Trichechus manatus latirostris (Florida manatee) [ AOA2Y9ECS7| 1| 9| 5| 7 | AOA2Y9ECT2| 2| 8| 4 [ 12| AOA2Y9EOM2| 1| 4| 5|14 AOA2Y9EBB4| 1| 7] 3|13 AOA2Y9DEZO| 1| 6 | 6 [ 10| AOA2YIDFF6| 2 [ 10f 6
Marmota flaviventris (Yellow-bellied marmot) TIWIEL 1[11f 310 T1WI68 119213
Tiwiz1 1]11f 310 TiWJo1 119213
T1WIZ6 119213
TIWIF1 119213
TIWHQ1 1{9]2]13
T1WI63 1{9]2]13
Chinchilla lanigera (Long-tailed chinchilla) | \; gcow7i 6| 1 [11] 3 | 11| Aocascawocs 1 [11] 3|10 AoascawsLs| 1| 7| 3 [14|aoascawsws| 2 | 6| 6 | 7| Acascawavo| 1] 7| 5] 9
(Chinchilla villidera)
AOABC2W3SO| 1| 7] 3|13
Ctenomys rionegrensis AO0A222AH35| 1 | 11| 2 |10 ACA7T7FF42 | 1]11| 3|10
AO0A222AH43 | 1 |11] 2|10
Heterocephalus glaber (Naked mole rat) G5BXY2 2|5 7] 9|ACAOA7HRP5| 1 |13| 3|10 G5BS34 1|6]3]14 G5BS35 G5BXY0 1|6|5] 8| AGAOP6IYM2| 1| 7|5]|8
6|4]5]7 G5BS33 1(12] 3]10 G5BXY5 15|57
G5BXY1 1(11f3]10 G5BYJ8 1(13] 4]10 G5CB64 1(13] 4|10
G5BXY3 1[(7]15]|8
Ochotona curzoniae (Black-lipped pika) AAGTSS 1|10f 311 QOPG38 1]|10f 2|12
F6MFG2 1{93]11
Procavia capensis habessinica (Abyssinian hyrax) P01957 1|10f 4|11 P02086 111f 4|10
Spalacopus cyanus (Coruro) AO0A222AH41| 1|11 2 [10| AOA7T7FFO5 | 1]11| 310
AO0A222AH48 | 1 |11] 2|10
Spalaxehrenbergl(MlddleEasthlpd mole rat) PO1943 1112] 4|10 P02090 1]9l2]13
(Nannospalax ehrenbergi)
Nannospalax galili (Northern Israeli blind | ngcarass [ 1| 12| 4| 10| Acascsres? [ 1] o] 2|13 A0ABCERZS6| 1 | 6| 3|13| A0Ascewsss| 2| 9| 5| 8| Acascerosa | 15| 6|9
subterranean mole rat) (Spalax galili)
AOA8BC6S226 | 1|9 213
AOABCERUI9 | 1| 4] 8|13
AOABCERII4 | 41 7] 2|13
Talpa europaea (European mole) P01951 2[11f 3|11 P02061 216|413
Tamlasumbrmus(Umtgchlpmunk)(Neotamlas T1YT26 3|11l 2110l Tivucs 171210
umbrinus)
T1YVM3 3111 2|10
E””ace”se“m’zzzzse%‘;smm Euopedy P01949 | 1|10f 3|12 AoArsswevi| 2|6 4|13 Aoa1s3ADV4| 1| 7| 3|13 Aoats3aza1 aoa1s3atus | 2| 8| 6| o|Aoatssaiwa| 3| 7] 6
P02059 2(6]4]13 AOALS3ALV5 [ 1]6|8|7
AOA1S3ADWI1| 1| 5] 3|12
AOALS3AE42 | 2| 6] 4|13




Species alpha Cys| His|Arg| Lys| beta Cys| His|Arg| Lys| gamma Cys| His|Arg| Lys| delta Cys| His|Arg| Lys| epsilon Cys| His|Arg] Lys| theta Cys| His|Arg] Lys| zeta Cys| His|Arg] Lys| mu Cys| His|Arg]
Rattus norvegicus (Rat) P02091 2|10f 3|12 A6HDA9 11915(9
AOA1KOFUB4| 3 |10] 3 [12] AOA0G2JSW3]| 1|10 3|12 G3V8R3 119159
2 |10] 2 |112| AOAOG2JTWY| 2 | 10| 3|12
AOABI6AIL3 | 1|11] 5| 8| AOA8I5SZXF1 | 2 [10[ 2|12
1]19]2]12| AOABIGAUL4 | 1] 9| 2|12
AOABI6GMB4| 2 |11] 4 | 9 | AOA8L2R1Q6| 2 | 10| 3|12
2111 4] 9| AOABL2R6L7 | 2| 9| 2|12
P01946 3110f 312 1(1115]8
P11517 2|10f 3|12
Mus musculus (Mouse) P01942 1f11f3f11 B1Q450 119311 P02104 116(3]12 P06467 2|17(16]9
P02088 2(93|11 Q78PA4 2|17(16]9
ATM7S6 2| 8[12]10 P02089 2|8]3]12
P04443 1(7]13]14
P04444 1(8]4]13
1714112













Figure S1. Phylogenetic reconstruction of hemoglobin protein sequences by similarity using

BLOSUMG62 matrix UPGMA clustering.
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Figure S2. Accessible surface area of amino acid residues of the alpha-subunit of human hemoglobin in the oxy-form (based on the oxy 1rix(red) and deoxy

1a3n(blue) structures).
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Figure S3. Accessible surface area of amino acid residues of the beta-subunit of human hemoglobin in the oxy-form (based on the oxy 1rlx(red) and deoxy

1a3n(blue) structures).



Figure S4. Sequence alignment of hemoglobin alpha-subunit both hypoxia-tolerant and hypoxia-sensitive
species.

Ty

10: sp|P01942|HBA_MOUSE Hemoglobin subunit alp.
11: tr/ADA222AH35|A0A222AH35_9HYST Hemoglobin
12: tr/ADAZ22AH43|A0AZ22AH43_9HYST Hemoglobin

Chain
1t T1YT26[T1YT26_TAMUM Hemoglobin subunit a...
2: | T1YVM3[T1YVM3_TAMUM Hemoglobin subunit ...
2 TAWIZA [T1WIZ1_MARFL Hemoglobin subunit al.
4t TIWIEA[T1WIE1_MARFL Hemoglobin subunit ...
5: tr/AOA3G2VTS6|A0A3G2VTS6_COLGU Hemoglob.
& tr/AOAZKBR518|AOA2KBRE 18_RHIRO Hemoglobi.
7: sp|P69805|HBA_HUMAN Hemoglobin subunit alp_..
8: tr/ADABCERA54|ADABCER454_NANGA Hemoglob.
9: sp|P01943|HBA_SPAEH Hemoglobin subunit alp..

PULE T i e
5 10 15 20 25 30

| 43: tr|G5BXY 1|G5BXY1_HETGA Hemoglobin subunit .
14; trjADAZ22AH48|A0AZ22AH48_SPACY Hemoglobi..
15: tr|ADAZ22AH41|A0AZ22AH41_SPACY Hemoglobi..

17: sp|P18969|HBA_AILFU Hemoglobin subunit alpha.

19: sp|P01948|HBA_ERIEU Hemoglobin subunit alph.
2
21- tr/ADA4X1UMPS|AOA4X1UMPS_PIG Hemoglobin s
2
23: tr/A4GTS5|A4GTS5_OCHCU Hemoglobin alpha c.
24: tr[FBMF G2|FEMFG2_PANHO Hemoglobin alpha c.
25: sp|QOZAS0/HBA_PANHO Hemoglobin subunit alp..
26: tr|AOA7D5Y015|A0A7D5Y015_CAPCU Hemoglobi.
27: tr|AOATDSY 174|ACA7DSY 174_CAPHI Hemoglobin.
28: tr/ADATDSY 1A3|ACATDSY 1A3_CAPNU Hemoglobi
23: sp|POCH25|HBA1_CAPHI Hemaoglobin subunit alp.
30: sp|POCH26|HBA2_CAPHI Hemaoglobin subunit alp.
31: sp|P01966|HBA_BOVIN Hemoglobin subunit alph.
32: sp|P01968|HBA2_BOSMU Hemoglobin subunit al.
33: sp|P01967|HBA1_BOSMU Hemoglobin subunit al.

35: tr/ADA481VWNF4|A0A481WNF4_DUGDU Hemogl .
3
37: tr/ADA48TVWNT7|ADA481WNT7_HYDGI Hemoglo...
3

B
=

4

5

o
=

sp|P68236|HBA_URSTH Hemoglobin subunit alp..

3

: sp|P01851|HBA_TALEU Hemoglobin subunit alph.

S

: tr/ADA4X1UIB6|ADA4X1UIB6_PIG Hemoglobin sub

~

: sp|P01965|HBA_PIG Hemoglobin subunit alpha O.

sp|P01957|HBA_PROHA Hemoglobin subunit alp.

6: tr/ADAZYIECST|ADA2YIECST_TRIMA Hemoglobi

©

: sp|P01932)JHBA_THEGE Hemoglobin subunit alp..
 trlADAGI9IVO3|ACAGIZIV03_VICPA Hemoglobin sub.
: sp|P67815HBA_LAMGU Hemoglobin subunit alp...
: sp|P67816|HBA_VICPA Hemoglobin subunit alph...
- sp|P01973|HBA_LAMGL Hemoglobin subunit alph..

S|®

B Iy

: sp|P01946|HBA_RAT Hemoglobin subunit alpha-...

47: (r|ADAZ22AHA9|A0A222AH49_CAVPO Hemoglobi...
48: sp|P01947|HBA_CAVPO Hemoglobin subunit alp...
49: tr)ADA48 1WNB4|AGA481WNB4_HYDGI Hemoglo...
50: tr]ADASIGAI1 3]ADABIGAI13_RAT Hemoglobin alpha...

: tr/AOABIGGMB4|AOABIEGMB4_RAT Hemoglobin al...
trlGEBXY2|G5BXY2_HETGA Hemoglobin subunit ...

53: tr{GEBXY4|G5BXY4_HETGA Hemoglobin subunit ...

: 5p|P07425[HBA_LAMVI Hemoglobin subunit alpha...
44: trlADABC2WT7LB|ADABC2WTLE_CHILA Hemoglob...
45: tr)ADA1KOFUB4JAOA1KOFUB4_RAT Hemoglobin ...
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Figure S5. Sequence alignment of hemoglobin beta-subunit both hypoxia-tolerant and hypoxia-sensitive species. =T R AR KRRRN LAREN RAARN AN RRY

- trjADA2K6QBD 1/ADA2KEQBD1_RHIRO Hemoglo
sp|P68871|HBB_HUMAN Hemoglobin subunit bet
tr/AOABD2FZZ9|A0A8D2FZZ9_THEGE Hemoglobi...
sp|P02029|HBB_THEGE Hemoglobin subunit bet...
sp|P18982|HBB_AILFU Hemoglobin subunit beta
sp|P68012|HBB_URSTH Hemoglobin subunit bet
tr/QOPG38|Q0PG38_OCHCU Hemoglobin beta ¢
tr|AOA7T7FFO5|A0A7T7FF05_SPACY Hemoglobi
tr/AOATT7FF42|A0ATT7FF42_9HYST Hemoglobin

: tr/AOABC2WOCSIAGABC2WOCS_CHILA Hemoglo

: sp|P68226|HBB_LAMGL Hemoglobin subunit bet

: sp|P68227|HBB_LAMVI Hemoglobin subunit beta

: sp|P68228|HBB_VICPA Hemoglobin subunit beta
: sp|P68229|HBB_LAMGU Hemoglobin subunit bet...
: sp|P02086|HBB_PROHA Hemoglobin subunit bet...
sp|P02067|HBB_PIG Hemoglobin subunit beta O

'—{_ 17: trADAOA7HRP5|AOAOATHRP5_HETGA Hemoglo. .
{ 18: tr|G5BS33|G5BS33_HETGA Hemoglobin subunit .
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19: r|G5BYJ8|G5BYJ8_HETGA Hemoglobin subunit ..
20: trAOA1S3AE42|A0A1S3AE42_ERIEU Hemoglobi
21: tr/AOA1S3WPY1|ACA1S3WPY1_ERIEU Hemoglo -
r—{ 22: sp|P02059|HBB_ERIEU Hemoglobin subunit beta...
23: trAOA1S3ADW1]AOA1S3ADW1_ERIEU Hemoglo....
24: sp|P02061|HBB_TALEU Hemoglobin subunit beta
25: sp|P02078|HBBC_CAPHI Hemoglobin subunit bet
26: trADA7DEC4X7|A0A7DEC4X7_CAPNU Hemoglo.
27: trAOA7D6C535|A0A7DEC535_CAPCU Hemoglob
28: trj]ADA7TDBECION7|AOA7DECON7 _CAPHI Hemoglobi

| 1 29: tr|AOA452FX48|A0A452FX49_CAPHI Hemoglobin ..
1 30: tr|F1DSDOJF 1DSDO0_PANHO Hemoglobin subunit.
—I 31: tr/ADA452FXQ3|ADA452F XQ3_CAPHI Hemoglobi...

32: trAOA452FWW3|A0A452FWW3_CAPHI Hemogl
33: trD4QBF4|D4QBF4_BOSMU Hemoglobin beta
sp|P02072|HBB BOSMU Hemoglobin subunit bet...

| 35: tr|D4QBF3|D4QBF3_BOSMU Hemoglobin beta ..
36: sp|P02070HBB_BOVIN Hemoglobin subunit beta
P —
L —

37: rAOA7D6C2F8JADA7DEC2F8_CAPNU Hemoglo
38: sp|P02077|HBBA_CAPHI Hemoglobin subunit bet. ..
39: trAOA7DEBXX8|A0A7DEBXX8_CAPCU Hemoglo....
40: tr|AOATDBCTIB|AOA7DBCTI6_CAPHI Hemoglobin -

41: sp|P02088|HBB1_MOUSE Hemoglobin subunit b
42: tr|B1Q450|B1Q450_MOUSE Hemoglobin beta ch ..
43: sp|P02089|HBB2_MOUSE Hemoglobin subunit b...

| 44: tr/AOASCBREJ7|AOASCEREJ7_NANGA Hemoglob

f i 45: sp|P02090|HBB_SPAEH Hemoglobin subunit bet
46: tr]ADABCES226|A0A8CES226_NANGA Hemoglobi... SAVMSNPKVKAHGKKVLNSFSEGLKHLDNLKGTFSSLSELHCDKLHVDPENFKLLGNMIVIVLAHHLGKDETPA - - - - - -
47: trT1YUGB|T1YUGE_TAMUM Hemoglobin beta (Fr...

s | 48: r/ADAOG2J TWSAOAOG2JTWY_RAT Hemoglobin
..—..{ S| 49: 1r|AOAOG2JSW3|AOAOG2JSW3_RAT Hemoglobin

50: sp|P02091|HBB1_RAT Hemoglobin subunit beta-
[ | 51: tr|AOABI5ZXF 1|A0A8ISZXF 1_RAT Hemoglobin, bet...
trjAOABL2R1QB|AOABL2R 1Q6_RAT Hemoglobin,

53: tr/AOABL2R6L7|AOABL2REL7_RAT Hemoglobin, b

54: trjAOASIGAUL4|AOABIGAUL4_RAT Hemoglobin, be

- [:
55: tr|T1WIB3|T1WI63_MARFL Hemoglobin beta (Fra...
56 trT1WIZ6|T1WIZ6_MARFL Hemoglobin beta (Fra
57: trT1WIB8|T 1WI68_MARFL Hemoglobin beta (Fra...

58: tr[T1WJO01[T1WJ01_MARFL Hemoglobin beta (Fr
59: tr]T1WHQ1|T1WHQ1_MARFL Hemoglobin beta (-
60: trT1WIF1[T1WIF1_MARFL Hemoglobin beta (Fra...

61: A0A481WR13/A0A481WR13_HYDGI Hemoglo...
[ 1 62: tr/A0A481WQBOJAVA481WQB0_DUGDU Hemogl -

> > > > > > P> > >

: L 63: AOA2YBECT2JA0A2YIECT2_TRIMA Hemoglobi
64: trjADA481WPMBAOA48 1WPM8_HYDGI Hemoglo. .
r 65: sp|P04444|HBBZ_MOUSE Hemoglobin subunitb...
{ L 66: sp|P04443HBBO_MOUSE Hemoglobin subunit b

67: tr/AOABCERUI9IA0ABCERUI9_NANGA Hemoglobi...
] 68: trjAOA7T7JJ63|A0A7T7JJ63_CAVPO Hemoglobin ..
1 6o: sp|P02095|HBB_CAVPO Hemoglobin subunit bet...
tr/AGABCERII4|AOABCERII4_NANGA Hemoglobis ...
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