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RO OE S

Major histocompatibility complex (MHC) genes code for glycoproteins that can trigger the so-
called acquired immune system by presenting non-self peptides to T cells. MHC class I genes evolved with
rapid gene duplications and turnover. Indeed, comparative studies of marsupial and eutherian MHC class
genes have shown that the two mammalian subclasses express MHC class I genes of different evolutionary
lineages. Furthermore, orthologous relationships have not been established among MHC class I genes of
different mammalian orders, such as rodents, primates and so on. Until now, this also holds true even
within primates, and New World monkeys (NWM:s) occupy a critical phylogenetic position in elucidating
the evolutionary process of MHC class I genes in primates. Although there have been many studies about
primate MHC evolution, almost all studies have concentrated on hurnans, apes and Old World monkeys.
These studies have revealed some orthologous relationships, but not with NWMs. To reconstruct the
evolutionary history of primate MHC class I genes, it is imperative to examine NWMs.

In order to understand the evolutionary dynamics of primate MHC class I genes, the
orthologous relationships of various MHC genes, particularly B and G related or group B and G genes,
were examined in three species of NWMs. The 5 flanking region of class I genes was used in the analysis
because this region contains a number of phylogenetically informative insertion elements and numerous
nucleotide substitutions. From Fhree subfamilies of Aotinae, Cebinae and Atelinae, the 5’ flanking regions
of 18 class I genes were obtained and phylogenetically examined in terms of their Alu/LINE insertion
elements and nucleotide substitutions. Two pairs of genes from Aotinae and Atelinae are clearly
orthologous to the HLA-E and -F genes. Among the remaining 14 genes, eight belong to a distinct group B,
together with HLA-B and -C, but not with other HLA class I genes. These eight NWM genes are grouped
into four, which are designated as NWM-BI, -B2, -B3 and -B4. Of these, NWM-B2 is orthologous to HLA-
B/C. Orthologous relationships of NWM-BI, -B2 and -B3 are present between different families of Cebidae
and Atelidae, which is in sharp contrast to the genus-specific gene organization within subfamily
Callitrichinae. The other six genes belong to a distinct group G. However, a monophyletic clade of these
six NWM genes is almost equally related to HLA-A, -J, -G or -K, and there is no strong support for their
orthologous relationship to HLA-G. It is argued that class I genes in simian primates are extensively

duplicated in their common ancestral lineage, and that their subsequent evolution in descendant species has
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been facilitated mainly by the independent loss of genes.

Following on the above, DNA sequence data from HLA class I genes were analyzed, including
pseudogenes, to estimate the time when previously functional HLA genes became pseudogenes. The
functional constraint at nonsynonymous sites must have been relaxed since a HLA gene became a
pseudogene. Using this change in functional constraint, I estimated the time of HLA pseudogenization.
Four HIA pseudogenes (HLA-H, -J, -K and -L) were compared with functional HLA genes belonging to
the most closely related groups (HLA-A, -G, -G and -B). The HLA dysfunctioning times were estimated as
1.3-6.6, 14.7-33.2, 36.6-45.9 and 46.2-46.6 million years (myr) ago for HLA-H, -J, -K and -L, respectively.
It is suggested that there have always been six to eight functional HLA genes at any given time during the
past 50 myr.

Finally, in order to explore the evolutionary trends of classical or nonclassical class I genes, I
examined the HLA promoter region and peptide binding region (PBR), and discuss the functional changes
of MHC class I genes in NWMs. The regulatory elements in HLA classical class I genes seem to be fairly
well conserved. On the other hand, nonclassical class I genes display nucleotide sequence variations when
compared to sequences of classical class I gene promoters. Promoter sequence analysis of MHC genes of
Aotus trivirgatus shows that Aotr-BI and -B2 have nonclassical-like characteristics, and Aotr-B3, -GI and -
G2 have classical-like characteristics. Aotr-BI lacks X2 and a TATA box, and Aotr-B2 lacks almost all
transcription binding sites. In Aotr-GI and -G2, all binding sites that are observed in classical class I genes
are intact, whereas Aotr-B3 lacks only a TATA box. A phylogenetic analysis of PBRs supports the above
characteristics. Consequently, it is suggested that there is no obvious relationship between the groups

defined by phylogenetic analyses and the division of classical and nonclassical class I genes.
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mXBEEMRDER

EEMALE S ENSHRINTNS, B 1EREIEASEAEETFESHA (MHC)
ONTOHHTH Y. BICELHETOMBEAEZERL. AWEOHNN EEHOEL
BEICHEITS MHC BEFORBLARABEEHLNCTEIE] THDEI LERRT
W3, B2 EIR RETORGERICESESYTTNS, HRAEMS PCREEANT
i 18O MHC BEFOEERS (LEOESHAMGERE S 3.4kb) 2874, £ b
MHC OF ) ABRAT— T bMAERHEBFTSORE. L FOHFMRKW Y T2 [ #ETF &%
BHAEER OBGTNFHABCEET AL FHAKEE MO MECBETFOL < 1L,
FHREIE FOEBRETHMEL TWAZ EEHZICRABLEZ. S5, 45T, HBiE
FO—HORFNSHEREN TV A HRBETIERBEEREL TS EELLONS G
EETFOREEY ) AEFABHRISHONMCLE., SBEEEO MHC BEEFOEBMEI
HEEHTELZVEFOLA— N —OF A RBELRVWETEERT LS L THRK
ENEEVIERACEDZRETFORBOBREEH L. BIETIR. BEFORKD
BREICESEYTTVWS., E MO MHC BBEFESAEUY TRERTFLOBBOHT %
Fol. HEMMIEKREZEEBENES DO, 5000 FEKDZS MHC #ETF DAL
BETIIEEEF > A MHCEREFORMN6~8HEEE—E LB EMICH B EERL .
CDOESESEE MHCAHECRESEO THBICHT2HORBRIZEELTWE & &M
AT THERLE. B4ETIIMHC EEFOBEMLOBRIIOVWTHETI 2T >k, §
RN 55 18 O MHC BEFOBEEALGEREI E R V. BEHG ITHHbH BRI
ERBWICHARE., TORE, HFEHARIBVTS, TRTOAMBTREANRE SN S
MHC BETFE—HBOMBICRREMNE SN 3 MHC BEFAEET S AMEEERB L,
BEETRE22~4DRELEE T LD, BRBICELHEAN MHC S FOliE HiEsE
BT D ETCHEETHHEEED TS,

AZEMHN TR, BEEICBITS MHC OELICDNT, < DA O EBEGEWH AR
BohTWS, CNSERAMICHEML. ARV, BRAMERERKE LERZHER
DEMBEOREEHZLTNBEHB L, BB, ARXOE 2 EONSIE Genetics
KRBLZEINTVS, £k, AHORNRELTR. HERNENDN VDT E LD
5h, BREBELEDARLOTH 2. BEZBRIZOFERAMCBVTHEMKRER
VEESBCELTHFARENER S TWB ERDENE. . AXNKEBETENNT
B, THREBHEETECEBRD LN, DEOAh o BFESERRICARLELE
HWrL 7=
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