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Identification, origin and evolution of a new family of

mammalian MHC class I genes
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All jawed vertebrate species examined so far have major histocompatibility complex (MHC)
class | molecules that trigger cell-medieted immunity by displaying endogenously generated
peptides to CD8+ cytotoxic T lymphocytes through the interaction with afy T cell receptors (TCR).
These molecules are encoded in the MHC region and known to be highly polymorphic. They are
called classical class I . There are several families that show structural homology to classical
class | molecules but have different functions, which are called non-classical class I genes.
Some of them are not involved in immune responses. They are encoded not only inside the MHC
but also outside the MHC.

Recently, a novel non-classical class I family was found near the leukocyte receptor complex
(LRC) on mouse chromosome 7 in our laboratory. This newly discovered family was named Mill
(MHC class I-like located near the LRC). The Mill family consists of two functional genes, Milll
and Mill2, énd two pseudogenes, Mill-ps1 and Mill-ps2 showed sequence similarities to human
MICA and MICB genes (about 40% amino acid sequence identity). This close relationship between
the Mill and MIC families was also supported by phylogenetic analyses. The overall amino acid
sequence identity of the al-a3 domains between MILL1 and MILL2 was about 70%. However,
each domain showed different sequence homologies. Sequence identities of the al, a2 and o3
domains were 43%, 87%, 78%, respectively. Another notable feature of Milll and Mill2 was that
they had an extra exon (exon2) between the signal peptide-encording exon and theal
domain-encording exon, which wasn’t observed in any class [ families.While exon2 of Milll was
transcribed constantly, exon2 of Mill2 alternaitively spliced out. This extra exon of Mill2 turned
out to be part of a repetitive element, SINE-B4, but exon2 of Milll was not part of such repetitive
elements, which indicate that Milll and Mill2 acquired their extra exons independently. Milll was
expressed at rather restricted tissues such as skin and eyes neonatal mice, whereas Mill2 was
ubiquitously expressed at low levels.

To understand the evolutionary dynamics of this family and gain insights into its function, I
carried out comparative analysis between mice and rats. The Mill family of rat consists of only
Milll and Mill2. There was no orthologous copy of mouse Mill-psl and Mill-ps2. Sequence
identities of MILL1 and MILL2 between mice and rats were 71% and 74% (al-o3 domains),
respectively. Apparently, this degree of sequence conservation was the least among the class I
genes that share orthologous copies between mouse and rat. However, in no
domain,non-synonymous substitution rates (dy) signicantly exceeded synonymous substitution
rates(ds); hence there was no obvious evidence for the positive selection. Interestingly, the a2
domain of mouse rat Milll showed most similarity to that of mouse Mill2 rather than rat Milll.
The o2 domain of rat Milll showed most similarity to that of rat Mill2. Similarity, the a3 domains
of mouse Milll and rat Milll showed most similarities to those of mouse Mill2 and rat Milll,
respectively. The other domains and introns did not show such relationship. These observations
suggested the occurrence of gene-conversion like events at the a2 and a3 domains. Polymorphism

analysis revealed that most of inbred rat strains (12 of 14 strains) had Mill2 pseudogene owing to
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the same single premature stop codon mutation, which indicates that the functional constraint on
Mill2 was low. Deduced exon/intron structures of mouse and rat Mill genes were similar but not
identical The most remarkable difference was the absence of the extra exon in Mill2. Although the
corresponding sequence to the extra exon was found at intron 1 of rat Mill2, no mature mRNA
containing this sequence was observed in any tissues. Nevertheless the amino acid sequence of rat
Mill2 was longer than that of mouse Mill2, because, in the rat, the region corresponding to the
mouse exon 5 (a3 domain), intron 5, and exon 6 (CP/TM/CYT) became a single exon without any
frameshift.

Computational homology searches revealed that the emergence of the Mill family could be traced
back to the common ancestor of extant eutherian mammals and marsupials. A computational
search followed by the isolation of cDNA from horse revealed that Mill is not a rodent specific
class I  family, although the horse Mill gene was a transcribed pseudogene. Further
computational analysis revealed the existing of the Mill family was not found in any other species
examined so far. So, it was suggested that the mill family was lost from several lineages
independently, possibly owing to low functional constraints. Interestingly, Mill and MIC families
tended to show reciprocal distribution in mammalian species. In other words, no species have
both Mill and MIC families simultaneously, although it is not yet known about functional
correlation between them. Thus, the Mill family is supposed to have undergone dynamic changes
through mammalian evolution, which may be due to the species specific functions or overlapping

function with other genes.
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HHAREEHEEESBERTESEMEC Y S A 1 2Flid. SRy NI EDOHEEY
(RTFR) Z2FF—THRICERTTZIEICED . AMBEEELT S, 20 L < B2,
TN ABRBEMBECNAMBORERICH LN AREEH S TSSO HADOEETH 5,
INEXMLUT, FEHEHRMMHC I SATIHF (MHCY SR I - FEMENITEML TNV S
A, EEICZULS, LIdLIE MHC A TI—REINTNDS) OfE SH#EICEAL T
BARBHZENEZ W, AEEHE. HLWIELTAN Y 5 X 1T EEFH Mill (MHC class 1
-like located near the leukocyte receptor complex) I D W T, F & U TEET LRIV TOMEH
E{ToRbDTHD., KTHE, 1) YUARXBWTS Mill BETFHORE EMEH. 2)
v NETTZ Mill BEFHOLKRS / LEH. 3) MALBEICB TS5 Mill BETFHOEWLE

CRED3IHENER D,

EFT, (RTUARBIT A MUBRETFHORELHERIOE P a it Tid, BEAIOIH
HHE MHC 75 A I EETOWTNEDREZHF LW I SAT#ETHERRLEZE
BREINTNS, BEAMICE. 1) YU A MILL 22 FiZid. MILLI,MILL2 &4 D651
DDA UN—REETS.2) WigF&d MHCHEE TIZAR < 8 7 34A K O leukocyte
receptor complex (LRC) fHIEFETa— RN T35, 3) MILL1. MILL2 7 FIRIE& < 4
B EBTZDOTUNNEETS. HEHO 7 S A T HSTF OB TIE, MILL X, & &
MICA-MICB 3 F &b EWERFIMHU (T 2 /B L X)LV TH 40% O FE M) Z <7 . 5)MILL
BEFRERABBAICIZEEAERTEINTWLARL, BREDREHALSNMNIL TS,

RKAT, ISy NERTAMIlBETFHO] O3 >THEH. 1) vy FiZbIYTR &
F#k. LRC IRIC =D D Mill Bi5T (Milll,Mill2) WEETHIE.2) v hDEL DR
MTRMIRBREFNBERF LR TWVDE I E)MIULBEFHOD alphal B A1 2T,
FFEBABERBRNFRFOEELBHRICEEL, FRECEHECRD N ZENHREEINT
W3, ZNSOTF—F I Mill NEWEAEEEZRT I IX T BEBEFHTHD. £ O alphal
RAA ICEBHEEREND DO TWBIEERBTHHDOTH 5.,

MBI BIT B Ml BETHOEEER] Ot r a2 TR, Mill BEFENT -
WEICEAR SADBBTFHTEARLS, ARELERBEOLBHAEOERBTHRAL 2 &
WHIZNZEFRO Y SADBRTFTHD I ENBRENTWVWS, Mill BETFHIZ. B b
RO, WSDOMOWAFF TIdEbNzEEZSNDHA, EERENW T LI Mill Bz T
BRI WHE T MICA - MICB B FHMNERL., WIZ MICA - MICB B TR & R¥%EL
EMETIE Mill BRTFRERETH HEAPRBDONZ., ZORKORIIARHETH 5 M0,
S, Mill 7 FOWEEMAT L L TEERAREEZ N5,

PLETHERZEDIC, AEEHIXCEZROEBELRHMANEDAENTEY ., £H
WHEL () KT ETZ2EOTHSEHM Lz, B, Mill BETHOLEKS / L]
WHEET ML, FEEEEHEHELE LT, AEEL BB 2EBEMETH 3
European Journal of Immunology WHEE A THO. IO 2B 2 Ml BETFHORE
EIITDOWTIL, HEEHEZHE Z#FEF & U T Proceedings of the National Academy of
Science(USA)IZHB I N T 5,
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