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We find hemoglobin in nearly all vertebrates, but we also find it in
some annelids (the earthworm group), some echinoderms (the
starfish group), some mollusks (the clam group), some arthropods
(the insect group), and even in some bacteria! In all these cases, we

find the same kind of molecule—complete and fully functional.
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Richard E. Dickerson and Irving Geis, The Structure and Action of

Proteins (New York: Harper and Row,

Y GA) QS galhyg Judesi Y At skl G JalS Bpa JS 03989 (o caaly ogd

Omiglasasd Lgy dag ¥ jshil) 8 Leil8) lislel) oda of o) ol jidia 2o Lgna Lol
Ligeall Jia cililss (A sag Guglal) o) Lle AT g8 La

LS fan duily ddaje B gl Alliag 9¢d Lokl (8 s Ad) el Aluag addic a5 Yy
(B s 8 Y 33 Y o A Ol 450 e S e Aassil) Aujad) daall) e g0
i Lalad Juadia (IS (8 2350 ad il (e ki Jala gy (Al (e 4all Jalia
sk S aglled Coia A Jala (B T AT dag W AT o5 Alu O gala 210 oul)
b sty AR o cilda B gl of iRy duan cilpEE el o (Al glas g
S8 aaa 98 s didie dn (e A ekl Al Ol o) gl Y 4d) S5 138 S il Al
i US s okl gl Y .Aaliad ddlide Glisls 2 Gidall aaaal) PS4
cailially ddligl) dali (o dalial) cililsl) gk Jalie g okl saiua Guslasasgd)
clarall Jaiad Yo dian gy 2ail) Jagy L)l okl peleas ¥ (s pangdl o) dualig

Gy Bas Aldlewa S5 ATieS )
OgunSils JB L 13l

ceals i ol g Sl i o Sinia 22 Cislagand Bral) AISal



ARlidal) o) o aliita pal) Gulal) B Yoy JLadY diide ba (g5 O I o

“. .. a puzzling problem. Hemoglobins occur sporadically among the
invertebrate phyla [the animals without backbones], in no obvious
pattern.” “It is hard to see a common line of descent snaking in so

7

unsystematic a way through so many different phyla. . . .
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it be repeated evolution, the spontaneous appearance of hemoglobin
in all these different groups independently, asks Dickerson? He
answers that repeated evolution seemed plausible only as long as
hemoglobin was considered just red stuff that held oxygen. It does
not seem possible, he says, that the entire eight—helix folded pattern

appeared repeatedly by time and chance.
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FUT1 orthologues

Species Genomic coding sequence | References

Human M35531 Larsen ef al.
(cDNA)

Chimpanzee AF080603 Apoil et al.

Gorilla AF080605 Apoil et al.

Orangutan AF111935 Apoil et al.



http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=nucleotide&dopt=GenBank&list_uids=183887
http://www.ncbi.nlm.nih.gov/pubmed/2118655?dopt=Citation
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=nucleotide&dopt=GenBank&list_uids=6491897
http://www.ncbi.nlm.nih.gov/pubmed/20188794?dopt=Citation
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=nucleotide&dopt=GenBank&list_uids=6491901
http://www.ncbi.nlm.nih.gov/pubmed/20188794?dopt=Citation
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=nucleotide&dopt=GenBank&list_uids=7230356
http://www.ncbi.nlm.nih.gov/pubmed/20188794?dopt=Citation

Gibbon AF045545 Apoil et al.
Rhesus monkey | AF080607 Apoil et al.
Cynomolgus AF111936 Apoil et al.
Squirrel monkey | AF136647 Apoil et al.
Marmoset AF111936 Apoil et al.
Brown lemur AF045546 Apoil ef al.
Green monkey | D87932 Kimura H
Mouse U90553; Domino ef al.
Y09883 Hitoshi et al.
Lin ef al.
AF113533
(cDNA)
Rat AB015637 Piau ef al.
AB006137 Soejima ef al.
AF131237 Bureau et al.
Pig U70883 Meijerink et al.
L50534 Cohney ef al.



http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=nucleotide&dopt=GenBank&list_uids=6491891
http://www.ncbi.nlm.nih.gov/pubmed/20188794?dopt=Citation
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=nucleotide&dopt=GenBank&list_uids=6491905
http://www.ncbi.nlm.nih.gov/pubmed/20188794?dopt=Citation
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=nucleotide&dopt=GenBank&list_uids=7230363
http://www.ncbi.nlm.nih.gov/pubmed/20188794?dopt=Citation
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=nucleotide&dopt=GenBank&list_uids=6707076
http://www.ncbi.nlm.nih.gov/pubmed/20188794?dopt=Citation
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=nucleotide&dopt=GenBank&list_uids=7230358
http://www.ncbi.nlm.nih.gov/pubmed/20188794?dopt=Citation
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=nucleotide&dopt=GenBank&list_uids=6491893
http://www.ncbi.nlm.nih.gov/pubmed/20188794?dopt=Citation
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=nucleotide&dopt=GenBank&list_uids=3253072
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=nucleotide&dopt=GenBank&list_uids=1906006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=nucleotide&dopt=GenBank&list_uids=1743331
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=nucleotide&dopt=GenBank&list_uids=4585260
http://www.ncbi.nlm.nih.gov/pubmed/9355741?dopt=Citation
http://www.ncbi.nlm.nih.gov/pubmed/11018479?dopt=Citation
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=nucleotide&dopt=GenBank&list_uids=3925804
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=nucleotide&dopt=GenBank&list_uids=3925801
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=nucleotide&dopt=GenBank&list_uids=4580670
http://www.ncbi.nlm.nih.gov/pubmed/8010942?dopt=Citation
http://www.ncbi.nlm.nih.gov/pubmed/20009415?dopt=Citation
http://www.ncbi.nlm.nih.gov/pubmed/11179967?dopt=Citation
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=nucleotide&dopt=GenBank&list_uids=4680729
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=nucleotide&dopt=GenBank&list_uids=1395136
http://www.ncbi.nlm.nih.gov/pubmed/9321466?dopt=Citation
http://www.ncbi.nlm.nih.gov/pubmed/8613146?dopt=Citation

Rabbit X80226 Hitoshi ef al.
FUT2 orthologues
Species Genomic coding sequence | References
Human U17894 Kelly ef al.
Chimpanzee AF(080604 Apoil et al.
AB(015634 Koda Y
Gorilla AF(080606 Apoil ef al.
AB(015635 Koda Y
Orangutan AB015636 Koda Y
Gibbon AF136648 Apoil et al.
Rhesus monkey | AF136644 Apoil et al.
Green monkey | D87934 Koda Y
Marmoset 6707072 Apoil et al.
Brown lemur AF136647 Apoil et al.
Mouse AF064792 Lin ef al.

(cDNA)



http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=nucleotide&dopt=GenBank&list_uids=854354
http://www.ncbi.nlm.nih.gov/pubmed/7721792?dopt=Citation
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=nucleotide&dopt=GenBank&list_uids=687618
http://www.ncbi.nlm.nih.gov/pubmed/7876235?dopt=Citation
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=nucleotide&dopt=GenBank&list_uids=6491899
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=nucleotide&dopt=GenBank&list_uids=3258447
http://www.ncbi.nlm.nih.gov/pubmed/20188794?dopt=Citation
http://www.ncbi.nlm.nih.gov/pubmed/10754067?dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=nucleotide&dopt=GenBank&list_uids=6491903
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=nucleotide&dopt=GenBank&list_uids=3258449
http://www.ncbi.nlm.nih.gov/pubmed/20188794?dopt=Citation
http://www.ncbi.nlm.nih.gov/pubmed/10754067?dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=nucleotide&dopt=GenBank&list_uids=3258451
http://www.ncbi.nlm.nih.gov/pubmed/10754067?dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=nucleotide&dopt=GenBank&list_uids=6707078
http://www.ncbi.nlm.nih.gov/pubmed/20188794?dopt=Citation
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=nucleotide&dopt=GenBank&list_uids=6707070
http://www.ncbi.nlm.nih.gov/pubmed/20188794?dopt=Citation
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=nucleotide&dopt=GenBank&list_uids=3327250
http://www.ncbi.nlm.nih.gov/pubmed/10754067?dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=nucleotide&dopt=GenBank&list_uids=AF136645
http://www.ncbi.nlm.nih.gov/pubmed/20188794?dopt=Citation
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=nucleotide&dopt=GenBank&list_uids=6707076
http://www.ncbi.nlm.nih.gov/pubmed/20188794?dopt=Citation
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=nucleotide&dopt=GenBank&list_uids=3142705
http://www.ncbi.nlm.nih.gov/pubmed/11018479?dopt=Citation

Rat

AB(006138;
AF131238 (cDNA)

AF042743 (cDNA)

Soejima et al.
Bureau ef al.

Sherwood & Holmes

Rabbit X91269 Hitoshi ef al.
Pig U70881 Meijerink et al.

AF027304 Cohney et al.
Cow X99620 Petit JM
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http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=nucleotide&dopt=GenBank&list_uids=2317265
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=nucleotide&dopt=GenBank&list_uids=4580672
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=nucleotide&dopt=GenBank&list_uids=2801824
http://www.ncbi.nlm.nih.gov/pubmed/11179967?dopt=Citation
http://www.ncbi.nlm.nih.gov/pubmed/9675030?dopt=Citation
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=nucleotide&dopt=GenBank&list_uids=1490372
http://www.ncbi.nlm.nih.gov/pubmed/866316?dopt=Citation
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=nucleotide&dopt=GenBank&list_uids=4699523
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=nucleotide&dopt=GenBank&list_uids=3004853
http://www.ncbi.nlm.nih.gov/pubmed/9321466?dopt=Citation
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=nucleotide&dopt=GenBank&list_uids=2464960
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It is closest in hemoglobin similarities to humans, carp, kangaroo,

frog, and chicken.



Similarities and Divergence 679
oY iyl Ly Lacd) o3a adas jaiSlly Gludy) Jgd

0Aau pdlaall oda Lyl Jgb

¢ usal) a\
Osiid Sl 3 13gly

cialg)l cbiland Aen :Judodiall (gulail) jghill LAl Ggimall B S0 6 220 Y

Alad) o Gl 88 Gl Gl . byl



“There is not a trace at a molecular level of the traditional
evolutionary series: fish to amphibian to reptile to mammal. Incredibly

man is closer to lamprey than are fish!”
Michael Denton, Evolution: “A Biochemical Echo of Typology.
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Lysozyme
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Lysozyme is abundant in a number of secretions, such as tears,
saliva, human milk, and mucus. It is also present in cytoplasmic
granules of the polymorphonuclear neutrophils (PMN). Large amounts
of lysozyme can be found in egg white. Egg whites are rich in the
same enzyme, and that’s what keeps eyes and egg whites from

getting easily infected.
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where human beings branched off the mammal line. The results are
surprising. In this test, it turned out that humans are more closely

related to the chicken than to any living mammal tested!
Falsified cysluf gk o Und jehaill duiad ¢ Lale cufi 4y jhal) oigd

dyidal) aaaall R Fodgy el muaall o) puly ais|g

adl) ddlis
Specific Gravity of Blood

a N ulia¥) o (ol ALEE juaing 1in Ljtie) glg el ABUS s Jras pd A i (S

e it 33 (e Gl Oly guaea skl OIS o) (o ABESY A )l oS e aa
WS Byl iy 50,40 aa iy 43 320 o) oo cludll) e JBY) Lo o) S04
Olail) adg g adal) ad g (¥ ad 4pdd a3 ABES Bl o)) daib aaua e 1A (K1 aal)

Bajdll ad ABES e lud¥) aa ABESY LS5 B agdl

Similarities and Divergence page 663



COladY gl ALy £ 2k Al L) Jgb

Olad o)

L) G lal) e

Pasteurella pestis



O aakind Yersinia. Lisvuy sag digas LS ciiad sl (Gub o8 Glad¥) Guas 13a
pY SR (138 2ad o e skl o adgi Gl (b Ama Clisig  pading
ligh muna e (Sl clicigpall 038 (B Ul |9ie< (ayaalld dida da (e iVl
Jgd BN (ualy LANY Y] amal Lgale aaind Al cilig ) Ao oliy O gollal)

D) 2 djidia an ) Ll e skl L)

N 2 aggaldl 28N Ly

Jehilly & idal aal Uad s 138

1 (o g S giaead) au3i) oS



Cytochrome C.1
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