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Evolutionary study of primate mitochondrial and
nuclear genes with special reference to the ABO
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ABSTRACT

There are three common alleles (A, B, and O) at the human ABO blood
group locus. The A and B alleles code for glycosyltransferases which transfer
GalNAc and galactose, respectively, while O is a null allele incapable of coding
for a functional glycosyltransferase. This difference of the
glycosyltransferase activity between A and B is determined by the two amino
acid substitutions in the downstream region of exon 7, and the same
differences were observed for A and B alleles in non-human primates. Some
kind of natural selection may be operating on this locus to maintain the
polymorphism of A and Bin primates. Therefore, it is interesting to
determine the gene geneology of this ABO gene, so as to see whether the
parallel changes or ancestral polymorphism is responsible for the persistence
of the ABO polymorphism in primates.

First I determined the nucleotide sequence of about 450bp region in
exon 7 of 50 alleles for the following species; orangutan, agile gibbon,
white-handed gibbon, siamang, Japanese macaque, moor macaque, Celebes
crested macaque, barbary macaque, bonobo, gorilla, olive baboon, yellow
baboon, and mantled baboon. Then Icompared these results with the 64
published nucleotide sequence data of human, chimpanzee, gorilla,
orangutan, rhesus macaque, crab-eating macaque, and yellow baboon. The
phylogenetic network of this region was very complex, but in the macaques
network, B type alleles of moor macaque was closely related to A type alleles
of Celebes crested macaque rather than B type of Japanese, crab-eating, and
rhesus macaque. In this case, Btype allele was supposed to evolve in the
moor macaque lineage independently from the lineage of Japanese, crab-
eating, and rhesus macaque.

Ithen determined genomic nucleotide sequences of about 2kb region
between ABO exon 5 to exon 7 of three species of gibbon (white-handed
gibbon, agile gibbon, and siamang), bonobo, and gorilla, and also determined
those of about 1.5kb region between exon 6 and exon 7 of orangutan, four
species of macaque (Celebes crested macaque, moor macaque, barbary
macaque, and Japanese macaque), and three species of baboon (yellow, olive,
and mantled). I analyzed those newly determined sequences with other
primate ABO blood group gene sequences.

The patterns of the variant sites in gibbon suggested that A and B
alleles were already polymorphic in the ancestral species of white-handed and
agile gibbons soon after speciation of siamang, and a recombination between
these two alleles occurred before speciation of white-handed and agile

gibbons. In the orangutan lineage, it is suggested that the gene introgression
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occurred from the ancestral species of agile and white-handed gibbon, and the
intragenic recombination or gene conversion event followed. I also found
that in macaques, type B allele appeared both in the Japanese, crab-eating,
and rhesus macaque lineages and in the Sulawesi macaque lineage
independently. In the case of baboon, the relationship of Atype and Btype
alleles was intermingled, suggesting the existence of ancestral polymorphism.

I also determined the sequence of the ABO intron 2 of the same
genomic DNA samples of human, orangutan, agile gibbon, white-handed
gibbon, siamang, Japanese macaque, Celebes crested macaque, barbary
macaque, bonobo, gorilla, and olive baboon. The phylogenetic tree of this
region was consistent with the species tree. This region is 5kb upstream of
the ABO intron 5 region. So Ican determine that the affected region of the
gene introgression event between gibbon and orangutan may start between
exon 3 and exon 6. The survival of a short fragment that introgressed from
gibbon might have been influenced from the selection effect of the critical
sites of A and B, because the region that survived in the orangutan lineage is
tightly linked to critical sites.

The inconsistency between gene tree and species tree can occur as
extensively studied for the human-chimpanzee-gorilla lineage. In this case
the time between two speciation times was short, so ancestral polymorphism
may cause this inconsistency. To resolve this for phylogenetic estimation,
one must use multiple independent loci. In the case of gibbons and
orangutan, I found the same problem as in the human-chimpanzee-gorilla
relationship. There are 20 data sets that contain the orangutan and gibbon
sequences and the orthologous ones for sequences in human and African apes
in the DDBJ/ EMBL/ GenBank International Nucleotide Sequence Database, and
6 phylogenetic trees out of these 20 showed the trees inconsistent to the
~speciestree. These inconsistent relationships may be caused by the ancestral
polymorphism, the misplacement of the root, or the stochastic error based on
short length. In some cases of these data sets, the length of sequence was too
short to discuss the phylogenetic relationship between gibbon and orangutan
to compare the ABO gene, and the amount of DNA data was not enough.

Itherefore determined nucleotide sequences, those length are from
430bp to 1800bp, of mitochondrial DNA (16SrRNA) and five nuclear DNA
genes (amelogenin X, amelogenin Y, N-formyl peptide receptor, FPR-like gene,
and alpha-1,3-galactosyltransferase) using the genomic DNA samples of the
same primate species used for the study of the ABO blood group gene.
Mitochondrial DNA data suggested the separation of two orangutan
subspecies (Bornean orangutan; P. pygmaeus pygmaeus and Sumatran

orangutan; P. p. abelii). But three species of baboon were very similar to each
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other not only for the ABO data but also for mitochondria and FPR]1. In the
case of baboon, the ancestral polymorphism was supported not only for the
ABO blood group gene but also for the other regions of nuclear and mtDNA, so
the effect of natural selection of ABO region is not clear from the result of
baboon. In contrast, it is suggested by this study that the type changes
between A and B occurred in the macaque lineage at least two times. In the
case of human, chimpanzee and gorilla, the type change occurred more than
once. Furthermore, in the gibbon lineage, the polymorphism of Aand B was
maintained more than 5 million years in ancestral species between agile and
white-handed gibbons. These results suggest that the some kind of selection
might act on the ABO locus. |

The sequences newly determined and sequences retrieved from the
DNA database are compatible with the species tree except for the region
between exons 6 and 7 of the ABO blood group gene. Therefore, the region
where the putative gene introgression event from ancestral gibbon to
ancestral orangutan occurred can be narrowed to that DNA region of the
orangutan genome. This result also suggests that some kind of selection
might have acted in the ABO gene, especially in the critical sites. In
conclusion, the existence of a Darwinian selection may be the reason why the
evolutionary patterns of the ABO blood group gene is inconsistent with the

species tree in various primate species.
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MY OBEEMBEOES

ABO XMEHZREL TWEORMBKEMOBEHE TH Y., TOHBTFRBEEBEEIC
o TA—REINTVS, EROHFEIIBNWT, EFNOMER A & B BT 2ERBE
REEOEBEVWE., TOEBTOETIFYIEETS 2 DO7I/BEBRTHRES N
TWBZER, EMUADEEBERBVWTHBRUUENN A B L B BMTEET S I EN4H
ENTWVWSE, LMLARRS, RELEZOIS>RBRRAUCEEBEENELOBERICIB W T
VICHEITLTHEUEYR., DH0VE, EEEICRWTIER AL BRBOSBMRE S 2#ET S
EONRPAZBOEOBREURNMBANTVWEINE, ERECBITZZOEGTOELEDN
ﬁmﬁﬁﬁaihtiiTﬁotoZ®t®\$%ﬁ$m%m\AM)@§m?®@E%
WHRITL2ELFNEHZHSNIITLIHMT, COBRFOEEREEZ2FLETEN TR
MR EHEL 2,

FTHFEHIL. ABO R BE LT O DNABFIICOWT, £ 7 T+ 2% 500bp @
HBICPNWTEEHOES 64 A&, HAERRELEZR/ R, JUS, F509—-%>, ¥
OF5FFHY)I, PN FFATIN, >7<>, A=), yoadF). ZFk>FIb.
FAfOokbk, v2ohbb., PXEREE® 12 i 50 AOXNIEETF OB 2 H B AN
Lz, TOMRER., COEBOZRKEFY NV WERBCERTHO, 8 7 ZTFY DR
SNZHEEOANSELEBRZRETHIOERRETHL I EERLE, £/2, XAHX
BOWTRL=TYTID B HOEFNN, BUCATTzIBICOMTH27O08)L0 A BOR
FIEBERULTRY, ZFRTFIN - A TN - TATXTIVDO B BEF & HRD &G
BEEZRETS 2 DO I /JBYA FUAARL T RVWZI EZHLENIL T, A7
TNVDRKEEZRTIN - AZ AT - THAYYFINVOZRHKET B BAMEICE U048
HzERrLE,

E, HEHFRE 7 ZTFYV U LROEBROEERIICONTD, B 5 IFY N6 E
TIFYETO2kbDOEEZR /A, TV, 0FFFHYI, 72 FFHTI,
VTRLD 5 BT 16 BAREL. B 6 TFIUASE T ITFYLETO 1.5kb OEE
ELA—7H)., yoFIib, ZKHFIN, FAO0kbk, Y2MEE, TXERAEED 6 &
18 BHlZzRELE, BMIIBEDOH o FOBRINEEDIERRXY VT —2BIFETS
CEREST, BEREORKICBI D OBEETFOHRLBREZROIDITHLNITL =,
¥9., FHAYI 3 BIIBWTIH, ABO XM ERTFORBEOLEEZHEETAETT

FYLEBE FTOLEOES, BE64 PO VEBRICRITLIEEBHR /Y — VN RR
STWBIZEZERTIEREST, YOsFFFATFINVETPNFFATIOBEEERIC
BWT ARE BHEBERTOLENEWHBZ A TRESISNTELAEEZRBL &,
LI, YIRCEDENSEORMERKTZZET, BRTONBEENRITH 600~800
TEMTHDEHEELE, TLTEOBECEZBEGTHREABAC L > TEMAZ XY b
TJ—OMNEoNEagEEOEWI EERL &,

ElAo2T -0 DNA BEHE, BEOFETRREBEZHWAEELE, BERHE/ &I
BIBOTFHFHYNEI IR —R2EDZENHEN IR, FOT— M A NS v THE
RIT 100X THD, ARCHBENEHTEZT O EAMMOBERTEDOTF—F 3£ <RE-
TWwd, ZOkD, ZOMBHNRKHELT, REAFERK, TFHFATINVORHELLGA TS
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= DR BECEETFOBAVRRHEIC L > TACETEEZ2EHLE. Z0LDR
CENMOBEFTHEDLSOSVNHTRELZONEFANDZDIZ, DDBJ F—F R —
AMNETFFHIIN, F5>7—F2Eb b FNRP—TU S5O DNA BEFINHES
nNTn3s 20 BETEL2TOT—FYE2REBL, EETRHABZHBELEZ, 3512, 6K
W2 b2 RYU Y DNA @ 16STRNA £EE %2 &8 1.6kb OB EES., EReaf LiTh D
FAOH = (AMGX RN AMGY) O% 3 4> ha># 1.0kb, N 74 LI NRTFR
SREBETETORBICHVEIMNCEYUEDOR SN 2B EF (FPR1 & FPRL2) oI
— R{E 1.0kb., BL UV ABO RMKEBRFER—DOFEHRIIIvETEINTNVWS 1,3
ASTZNIVIWRNI AT 27— FHEETFI— FEEHK 400bp. ABO RMEEDE 7 TF
VUMM SH Skb BENZE 2 1> h O 700bp @ 7T BEEFEBICDWTENEN DNA
RFZRELE. TO/BR, s 27 #EFHEREDKE, 52095208k b - F
ND—= s DY ITDRMWICIEVEVIBEBHEORHENNY—ohskE BTN T WAL
S, TDIENS, BRTBADOERFN, ABO XMEHOE 5 1 b ~8 7 LF
V2>EWIBRBRBLE DNA HIEBIZOAER > TWEZ 2R LE, TOIENLHFBHIT
ABO XMEHBERFORBBIEHEREBMLEROANERFEABRT I U —F DR
MTEEERDIELOIOBRECARBRNEET S EEEZEHL .

FOEMNIH, FEHEFZHHEREBEOITHIJEETEEHIBWNW TS ABO Mk i#E &
TOMWETORRR, YHI7ORBEIXBNTIZ A & B MO OO LI K E &
CTWaZEZBHOENMILE, TH5, EEORBEEBVWTREFTERE XY T —
JWEFEOENTHYD, INdF ABO NI REE R T EICIED B R IKAE W 7= 0] gE M A8
HBEZEEHEMBLEZ.

COEOBHFEEFDABORAMBEBERFICHE T2 FRHEENIAEZ., 500 —
FURTFFHFNEDOERBFIBLT, ILLWEZ DI DOEETFD DNA BHlF—F %
BETRELEEFTTARL., ZOBEETOLDHELHWBEHCERN LR OEIEZHS M
KWLEEBEEIE<TFMINI2DBDOTH 2. 2T, KHmXOARFIL., HEZOWFEREN
ZTHAIRKBLTRY, BREIBCBI2BMb T EEZEAENIENS, BREE
KOBETHXELTOLEERZWRETHEOTHE EEEEZELETHEL =,
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