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Abstract

The purpose of this study was to understand the evolutionary relationships between fish and other vertebrates
which had DNA with the genetic defects in hemoglobin expression, with comparison to the nucleotide homologies
of the A-globin genes.

The predicted amino acid sequence from carp A-globin gene was compared with those of other vertebrates from
the published data.

The nucleotide homologies of the predicted amino acid sequence from the carp A-globin gene with those of goldfish
and mirror carp were high, and the rates were 97.3% and 93.9%, respectively. On the other hand, with the pre-
viously reported A-globins of goat, frog, human, rat, goose, chicken, and duck, it showed low homology ranging from
459 to 58.1%.

The carp A-globin has one inserted amino acid residue, which was also found in other fish A-globin, but not in

other vertebrate A-globins.
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Fig. 1. Comparison
known fish A-globins.

of the amino acid sequence of the carp A-globin with corresponding sequences from previously

Dots indicate residues which are identical. Dashes denote amino acid sequences inferred from comparison
with the sequences of other peptides:. CARP1, Cyprinus carpio ; DRAGONFISH2, Cygnodraco mawsoni ;
TROUT2, Salmo irideus B3 RAY1, Torpedo marmorata s DRAGONFISH1, Gymnodrace acuticeps s RAY2, Tor-
pedo marmorata s TROUT1, Salmo irideus Pr 3 GOLDFISH, Carassius auratus s GURNARD, Chelodonichthys
kumyu s CARP2, Cyprinus carpio B EEL, Electrophorus electricus : DRAGONFISH3, Cygnodraco mawsons ;
SHARK, Heterodontus portusjacksoni ; COELACANTH, Latimeria chalumnae ; LUNGFISH, Lepidosiren parado-
xus s ROCKCOD1, Ragothenia bernacchii + ROCKCOD2, nofothenia angustata ; ROCKCOD3, Notothenia coriiceps
neglecta s DOGFISH, Squalus acanthias 5 TUNA, Thunnus thynnus s CARP3, Cyprinus carpio 8B.
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Table 1. Identity(%) of amino acid sequences of carp A-globin ¢cDNA and previously known fish A-globin

Species

apl God Capd Capl Tl B Troud Rockl Tuma Rock? Gum Rockd Dragl Dargl Dregd Cod

Lung Shar Dogf Rayl Ray2

100
973
95.3

Carpl
Gold
Camp3
Cap2 939
Troul 769
Bel 714
Trow2 658
Rockl 626
619
612
59
599
585
578
578
524
469
381
374

100
925
912
78.2
721
644
63.3
619
60,5
599
502
502
585
578
517
456
374
367

100
973
735
68.0
04.4
61.2
626
599
592
585
5378
56.5
358
510
463
381
36.7

100
728
68.0
644
605
605
592
585
578
5.5
358
%1
503
456
374
367

100
70.1
596
66.0
626
639
60.5
633
592
619
599
476
463
388
36.1

100
616
509
91
578
531
56.5
511
571
544
456
429
388
354

100
572
58.6
559
531
538
55.2
531
545
483
486
352
359

100
678
911
678
88.4
829
884
66.4
452
469
370
363
349
342

Tuna
Rock2

100
658
3956
66.4
630
66.4
603
452
469
347
349
363
342

100
69.2
93.2
808
87.7
65.8
459
469
384
384
342
336

Gum
Rock3
Dragl
Dragd
Drag3
Coel
Lung
Shar
Degf
Rayl 361 347 361 361 333 367 366
Ryy2 333 320 333 333 347 364 338

100
685
630
63.7
733
486
490
336
390
301
308

100
80.8
871
65.1
459
463
370
7
336
336

100
849
65.1
493
483
390
384
336
322

100

67.1 100

473 486 1007
490 490 463
384 336 452
300 42 479
336 308 363
329 316 370

100
354
408
340
347

100

514 100

423 430 100

408 415 944 100

Carpl, Cyprinus carpio . Gold, Carassius auratus :

Carp3, Cyprinus carpio 85 © Carp2, Cyprinus carpio B, : Troul, Salmo

irideus By . Bel, Electrophorus electricus - Trou2, Salmo irideus B, : Rock1, Ragothenia bernacchii : Tuna, Thunnus thyn-

nus . Rock2, notothenia angustate . Gurn Chelodonichthys kumu . Rock3, Notothenia coriiceps neglecta - Dragl, Gymnod-

raco acubiceps . Drag2, Cygnodraco mawsoni * Drag3, Cygnodraco mawsoni . Coel, Latimeria chalumnae © Lung, Lepidosiren
paradoxus . Shar, Heterodontus portusjacksoni . Dogf, Squalus acanthias - Ray1l, Torpedo marmorate . Ray2, Torpedo mar-

morata.
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Fig. 2. Phylogenetic tree of the amino acid sequences of

the carp A-globin and previously known A-globin
of fish.
CARP2, Cyprinus carpio B s CARP3, Cyprinus
carpio By 5 CARP1, Cyprinus carpio 5 GOLDFISH,
Carassius auratus i TROUT1, Salmo irideus By ;
EEL, Electrophorus electricus s TROUT2, Salmo
irideus B, 3 DRAGONFISH1, Gymnodraco acuti-
ceps s GURNARD, Chelodonichthys kumu ; ROCK-
COD1, Ragothenia bernacchii s ROCKCOD2, No-
tothemia angustata ; ROCKCOD3, Nofothenia co-
ritceps neglecta s DRAGONFISH2, Cygnodraco ma-
wsoni s DRAGONFISH3, Cygnodraco mawsoni
TUNA, Thunnus thynnus ;s COELACANTH, Lati-
meria chalumnae ; LUNGFISH, Lepidosiven para-
doxus s SHARK, Heterodontus portusjacksoni 3 DO-
GFISH, Squalus acanthias ; RAY1, Torpedo mar-
morata s RAY2, Torpedo marmorata.
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Table 2. Identity(%) of amino acid sequences of carp A-globin gene and previously know vertebrate A-globin

Species Carp Duck Chicken  Goose Rat Human Frog Goat
Carp 100

Duck 58.1 100

Chicken 57.8 97.3 100

Goose 58.1 99.3 97.3 100

Rat 55.1 66.9 64.9 66.9 100

Human 52.4 67.6 70.3 68.9 87.2 100

Frog 50.7 56.1 56.8 57.4 55.4 58.1 100

Goat 45.9 61.5 62.2 62.2 74.3 78.4 52.0 100
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Fig. 3. Comparison of the amino acid sequence of the carp A-globin with corresponding chains from previously
known vertebrate A-globins.
Dots indicate residues which are identical. Dashes denote amino acid sequences inferred from comparison
with the sequences of other peptides : CARP1, carp s CHICKEN, chicken ; DUCK, muscovy duck ;s FROG, tad-
pole of bullfrog ; GOAT, goat : GOOSE, canada goose s HUMAN, human ; PIGEON, pigeon ; RAT, rat.
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Fig. 5. A comparison of heme contact sites of the amino acid sequences of the carp A-globin with corresponding chains
from carp A, carp B and human A-globin.
Arrows above the carp A-globin sequence indicate the helical regions, as established in mammalian hemoglobins.
Dots(Asteriks) indicate identical sequence to the carp S-globin. Heme contact sites are boxed : CARP1, Cyprinus
carpio 5 CARP2, Cyprinus carpio B, s CARP3, Cyprinus carpio By s HUMAN, human.
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