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Abstract The protein product of the mouse preimplantai- \

tion embryo developmentPed gene, which controls the Introduction
rate of preimplantation embryonic cleavage division a
subsequent embryo survival, is the Qa-2 antigen. Th
major histocompatibility complex (MHC) class Ib protei
is encoded by four gene®6, Q7, Q8 andQ9. The present
study was undertaken to begin to elucidate which of t
four Qa-2-encoding genes are responsible forRedgene

phenotype in the C57BL/6 mouse (W2First, restriction

e mouse major histocompatibility complex (MHC) en-
odes three classes of proteins, class I, class Il, and class .
he genes for these proteins reside in approximately 2600
ijobases (kb) of DNA encompassing six subregiags),

, D, QandTL. The class | genes are of two types, class | a-
encoded in th& andD subregions, and class | b-encoded in

maps of the four genes, using 25 restriction enzymes, WélP Q and'l_'L subregipns_. The class la proteins are highly
created. The RE maps confirmed ti@6 is similar toQg Polymorphic and ubiquitously expressed on virtually all
andQ7 s similar toQ9, but that theQ6/Q8gene pair differs CEllS and organs of an individual. The function of the
from theQ7/Q9gene pair. The genomic DNA sequences GfaSS 1 proteins is to present 8—10 amino acid peptides
Q6 andQ8 were determined, as well as the DNA sequenc grlved from intracellular degradation of foreign antigens,
of exons 4—8 0fQ9, and thé 5 regulatory regions 006 such as viral antigens, to cytotoxic T cells, which can then
Q8, and Q9. This D'NA sequence information combiﬁedjesnoy the infected cells. The class Ib proteins, on the
with the published DNA sequence information for th?th.er he_md, are much_ less polymorphlc. and of much more
entireQ7 gene and exons 1-3 @9, allowed us to design imited tissue distribution. Possible functions of the class I b

; Lot ; nroteins are just beginning to be elucidated (reviewed in
primers for reverse transcription-polymerase chain reactiBff )
that could distinguish which of the four genes were trarpi@war et al. 1994; Beckman and Brenner 1995). The
scribed in mouse lymphocytes and embryos. It was fou E‘SS Ib proteins may fu.nctlon n cell-cell interactions
that all four genes are transcribed in lymphocytes, but orfiy/fing development and differentiation.

Q7 and Q9 are transcribed in mouse embryos. Thus, both The class Ib protein of particular interest to our labora-

: : y is the Qa-2 antigen, first described by Flaherty and co-
ggdaggn(fpa;]r:ng?;lggates for the genes responsible for th\%rkers (1976). The reason is that the Qa-2 protein has

been shown to be the product of the preimplantation
embryo developmentPed gene that controls the rate at
which preimplantation embryos cleave and subsequent

The nucleotide sequence data reported in this paper have been embryo survival (Warner et al. 1987a, b, 1991, 1993;
submitted to the GenBank nucleotide sequence database and have .
assigned the accession numbers U57392, U57393, U57395, U573§2§H et al. 1992; Xu et al. 1993, 1994).

U57397, U57398, U57399. and U57400 "The Qa-2 protein 02> (C57BL/10 and C57BL/6) mice

is encoded by four genes in tigregion,Q6, Q7, Q8 and
W. Cai- W. Cao- L. Wu - G. E. Exly- C. M. Warner (=) Q9 (reviewed in Flaherty et al. 1990; Stroynowski 1990;
Department of Biology, Northeastern University, Boston, Shawar et al. 1994). These genes have the typical class |
MA 02115, USA MHC gene structure: exon 1 (leader peptide), exom?2 (
G. L. Waneck domain), exon 32 domain), exon 443 domain), exon 5
Department of Surgery, Massachusetts General Hospital, Charlestoffransmembrane domain), exons 6, 7, and 8 (cytoplasmic
MA 02129, USA domains). Based on restriction enzyme mapping, @6
W. Cai- B. L. Karger andQ8genes are seen to be very similar, as areQiiend

Department of Chemistry and the Barnett Institute of Chemical Q9 genes (Weiss et al. 1984). The sequences of part of the

Analysis and Materials Science, Northeastern University, Boston, : ;
MA 02115, USA Q6 gene [intron 6, exon 7, intron 7, exon 8 and 3
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Table 1 Primers for analyzing

Q6/Q8 and Q7/Q9 gene expres- Primer (length) Sequence Location Size of product
sion by RT-PCR Q6/Q8upstream 5'GTGGAGCCCCGGTTCATTATC 3 exon 2 364 bp

(21mer)

Q6/Q8downstream 5’ATGTCCGCCGCCGTCCAG 3 exon 3

(18mer)

Q7/Q9upstream 5'TGGTATTGCAGAGAAAGACCA 3 exon 3 380 bp

(21mer)

Q7/Q9downstream 5’ATCTCCCCCATCTCAGGGTA 3 exon 4

(20mer)

0 1 2 3 4 5 6 7 8§ 9 10 11 12 13 14 15
Kb L 1 1 1 1 I I -._L__I_X_L_I

Q6b or Q8b gene

8 9 10 11 12 13 14 15 16 17

Q7% or Q9 gene

Bam HI L 1 1 Bam KL ; ;
Q8 ogly 1

Feo RI K\ <Q6 only | Eco RL [
Hpal 1

Hind 111 - L
Kpn1

Hpal : Nhel - '

:

Kpn 1 Not T

Not 1 : Sal1 L

Sal 1 L . Spe I L .

Spe 1 L L Sst TT

1 1 T 1 . ) .
Sst1 Fig. 2 Restriction enzyme map of th@7 and Q9 genes. The area
Sst 11 ! encompassing the exons is shown asold block

Stu 1

Fig. 1 Restriction enzyme map of th@6 and Q8 genes. The area

encompassing the exons is shown asadid block For Sstl, the Materials and methods

orientation of the small fragment indicated by #meriskcould not be
determined. It may be at the other end of the larger fragment Mice

C57BL/6 mice, which possess th@6, Q7, Q8 and Q9 genes, and
untranslated (UT) (Tine et al. 1990)], the compl€@gene CBA/Ca mice, which have a deletion for these genes, were purchased

except an 1100 base pair (bp) gap in intron 3 (Devlin etﬁ mating pairs from the Jackson Laboratory (Bar Harbor, ME) and
e

1985), the complet®8 gene except most of intron 3 and
few other gaps (Devlin et al. 1985; Elliott et al. 1989), and

n bred in our own laboratory. Mice were housed in an American

part of theQ9 gene [exon 1, intron 1, exon 2, intron 2;Table 2 Restriction enzyme polymorphisms in Q7 and Q9

exon 3 (Devlin et al. 1985) and intron 6, exon 7, intron 7
exon 8 and 3JT (Tine et al. 1990)] have been reported.

’F’ragment sizes (kb)

In order to evaluate which of the Qa-2 antigen-encodirrgt | Sstl
genes are expressed in mouse embryos, and thereforedo
contribute to thePed gene phenotype, it is necessary t Q9 Q7 Qd
have complete DNA sequence information from each of tlked 2.9 7.6 -
four genes encoding the Qa-2 antigen. In this paper &&* 26 5.1 5.1
report new DNA sequence information for ti® gene, the i'o i'g 3_7 34'73
Q8gene, exons 4, 5, 6, 7, and 8 of @8 gene, and the’5 7 75 1.75 - 3.2
regulatory regions of th€6, Q8 andQ9 genes. This new 1.5 15 1.25 1.25
sequence information, in conjunction with published sé-3 13 0.35 0.35
; ; ; : .75 0.75 0.3 0.3

quence information, was used to design primers for R 07
PCR to test which of th&6, Q7, Q8 and Q9 genes are g 0.6
transcribed in mouse splenic lymphocytes and blastocyss -
stage embryos. 0.55 8-53’35

- 0.35

0.3 -

0.2 0.2

0.18 0.18

* Underlined fragments are from the vector
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Fig. 3 (For legend see p. 103)  q¢

...tttetgagttcgaggeccagectggagtacaaagtgagttccaggacageccagtgectatacagaaaaaccctatctctaaaaaaaaaaaaaaaaaaac -701

[o%:1d
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L0 ——ko

08> —-----
Q7" ---g--- a L e et = t - * g
Qor g a t-—--e g=-=

Q6° agtccatgtggggctttgeagaccagegectetgetttaaggagaagectetattecactgecatecccaagtgettgtgtctecattgtatteccagaagt -401

Q8> -
Q7° a-c g---
Qo° - — A e e

Q6® ggcattatctc*agaagactccaaggtctgacttcectgaagagaagaaggaagaggaagagtggaggatagggcacagagagtatggeectgegggtetete -301
* -

Q8P ek L ——
Q7 g--
9" G

Q6" ctggtgtcctgacagcttctggatcagaactcggagacaccatgacaaacagetetetgtecccggeacagggttecaggecaaagtettaatetecagget -201

Q8®
Q7° - L it - -- a
Q9F —--- a - ----a

Enhancer B
Q6° : ~101
g®

+1 ! Intron 1
Q6° gtcagtcgac**gaatccccgagaggagcaATGGCTCTAACAACGCTGCTCTTGCTGGTGGCGGCCGCCCTGACCCTGATCGAGACCCGCGCGGgtgagt 100
—k

Q7* - cg *——g- T -
Q9> - g *--g == T

Q6 gcggggtcgggagggaaacageecctgtgeegegteecegegtegeccaccggacctecgecccttectecacceccageececgagecctgetecacteecy 200
»

s .
Q7® mmmmmmmmmm e ok * g
el o * grmmmmmmmmmmmmm—— s — e
| Exon 2
Qsi gccegegtacecgaceggggtecegggaggaggteggggtetcaccgegegecgceeecagGCCCACACTCGCTGCGGTATTTCCACACTGCTGTGTCCT 300
Q8 -— -—
Q7 *me o e e e A- ~-AA-
Q9® -* g A --AA ---C

Q6> GGCCCGGCCTCGTGGAGCCCCGGTTCATTATCGTCGGCTACGTGGACARCAAGCAGTTCGTGCGCTTCGACAGCGACGCGGARRATCCGAGGATGGAGCC 400
Qsh - (e e e e i i i o e e e e e e

Q7" G—=—=——=T TCT~~~ --C B e T L

Q9° —m=rmmmmmm e e T = CTCT----=--=== --C =T

Q6° GCGGGCGCGGTGGATGGAGCAGGAGGGGCCGGAGTATTGGGAGCGGGAGACACAGAAAGCCAAGGGCCAT GAGGAGAGTTTCCGAGTGAGCCTGAGGACC 500
Q8> -

Association for the Accreditation of Laboratory Animal Carg3.293 kb) at theEco RI site. Bacterial cultures were prepared by
(AAALAC)-approved facility. Lights were on from 4 a.m. to 6 p. m.streaking the frozen glycerol stock on a plate, picking a single colony
eastern standard time, an Old Guilford Mouse Breeder Diet #91f®m the plate, and growing it in 500 ml LB/Amp with shaking at
(Emory Mouse Company, Guilford, CT) was provided, and water w&¥ °C. The plasmid DNAwas isolated by using a QIAGEN plasmid kit
supplied ad libitum. All experimental protocols followed the NIH(QIAGEN, Chadsworth, CA) with a Maxi Qiagen-tip 500 following the
guidelines. Mice were superovulated by injection of 10 IU eC@rotocol supplied by the manufacturer.

(Sigma, St. Louis, MO) at 3 p.m. e.s.t. followed by 5 IU hCG

(Sigma) 48 h later. Embryos (blastocysts) were collected at 89 h

post-hCG injection. Splenic lymphocytes were isolated using a mogactricti

ification of the procedure described by Parish and co-workers (19‘;§Sstrlctlon enzyme maps
using Ficoll-Hypaque (density = 1.084) and a Beckman microfuge. Thg,
splenic lymphocytes were used as a control for the experiments
blastocysts.

e four plasmid DNAs were digested with restriction enzymes
&tained from Gibco-BRL (Grand Island, NY) and New England
BioLabs (Beverly, MA), according to the supplier’s instructions.
Twenty-five different restriction enzymes were usédit I, BamHI,
) Clal, EcoRlI, Hin dlll, Hpal, Kpnl, Mlu I, Mspl, Nael, Nar |, Nhel,
Q region genes Not I, Nru I, Pstl, Pvull, Sacll, Sall, Sfil, Spel, Sstl, Sstll, Stul,

) o Taq |, and Xho I. All enzyme digests were coupled witico RI
Four plasmid clones containing t@6, Q7, Q8 and Q9 genes were igestion because the DNA was ligated into the vector aEbeRI

derived from cosmids originally isolated from a C57BL/1B2}) sjte. Double digestions with pairs of enzymes were used to create the
mouse cosmid library as described by Weiss and co-workers (198kstriction maps.

The 14-16 kb plasmid clone®Q6: 14.1 kb;Q7: 16.4 kb;Q8: 14.4 kb;
Q9 16.4 kb) were prepared by ligation into a pBR 327 vector
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Fig. 3 (Continued, for legend | Intron 2
see p 1()3) Q6° GCACAGAGATACTACAACCAGAGCAAGGGCGgtgagtgaccccgggteggaggtcacgaccectecacgteccgaaacagaggccggtgaggteeegggt 600
. o8 -
Q7 —mmmmm C-—-—=
Q9* Bttt -

Q7 N - B ot S P LY L

| Exon 3
Q6® gggactgaccactgggteccgcagGCTCTCACACACTCCAGTGGATGTATGGCTGTGACGTGGGGTCCGACGAGCGCCTCCTCCGCGGGTACCTGCAGTT 800
08® i
Q7P o e e e A- -—— -—

Q6® CGCCTATGAAGGCCGCGATTACATCGCCCTGAACGAAGACCTGAAAACCTGGACGGCGGCGGACATGGCTGCACAGATCACCCTACACAAGTGGGAGCAG 900

Q8 —mmi——o Z
o R SO T G
08— T G -G

Q6 GCTGGTATTGCAGAGAGAGACCGGGCCTACCTGGAGGGCGCTTGCGTGCAGTCGCTCCGCAGATACCTGCAGCTCCGGAAGGAGACGCTGCTGTGCACAG 1000

Q8F ———— e g O L O
Q7P ———- A-mme A ----A-G---A- --
Qo° A== A -—-A-G---A- =G
| Intron 3
06® gtgcaggggccgegggeagetecteectetgecctegggctggggcteagtectggggaagaagaaacectecagetggg*tgatgecectgteteacagg 1100
08" ——m _ZZ *

1200

1300

1400

1500

1600

1700

1800

DNA sequences transferred in a minimum volume of PBS to a 0.5 ml thin-walled
reaction tube. Twopl of lysis buffer containing 1.0 unit RNase
DNA sequencing was performed using a Sequenase Quick-Denattgbitor, 10 mM DTT, and 0.5% NP-40 were added. Themllof
plasmid sequencing kit (US Biochemicals, Cleveland, OH) @#8S- 50 uM random hexamer primers and RNase-free water to bring the
dATP (specific activity 1000uCi/mmole (Amersham Life Science, total volume to 8ul were added. In some experiments splenic
Arlington Heights, IL). About 4ug of DNA were denatured at 10€ lymphocyte RNA was isolated using TRISOLV reagent (Biotecx Lab,
in the presence of glycols and the sequencing reaction perforntdduston, TX) and an §l sample used directly in the subsequent
according to the manufacturer’s protocol. The fragments were analyzgdcedures. The gl sample was heated to 7C for 5 min and cooled
on a 6% polyacrylamide/urea gel. Synthetic oligonucleotides wete30°C for another 5 min. To obtain cDNA, dl MgCl2 (25 mM), 2ul
purchased from Tufts University to use as primers. The results wei@ x PCR buffer I, 4ul dNTPs (10 mM), 1pl (50 units) MuLV
analyzed using the DNASIS software program for the PC (Hitachéverse transcriptase, 0.5 units RNase inhibitor and RNAse-free water
Software, San Bruno, CA). to bring the reaction volume to 20l were added and the reaction
incubated for 3 h at 37C. At the end of the incubation time the
reaction was heated at 9€ for 5 min to inactivate the reverse
Reverse transcription-polymerase chain reaction (RT-PCR) transcriptase. The amplification of the cDNA was performed in a
100 pl reaction mixture containing an aliquot (usually#) of the
RT-PCR was performed on splenic lymphocytes and embryos by us2@ul of the cDNA product described above, 416 MgCl2 (25 mM),
the reagents in a kit from Perkin Elmer (Branchburg, NJ) and 20 pl 10 x PCR buffer Il, 8ul dNTPs (10 mM), 2ul upstream primer,
modification of the protocols of Jin and co-workers (1992) and Pahd 2pul downstream primer (1M each), 5 units AmpliTag DNA
and co-workers (1993). Briefly, splenic lymphocytes and embryos wepelymerase (Perkin Elmer), and sterile water. Upstream and down-
washed three times in phosphate buffered saline (PBS) and tlstream primers for th@6, Q7, Q8 andQ9 genes were designed based
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Flg' 3 (Contlnued1 fOr legend (o134 ctqgccttgaactcagaaal:cagcctggctctgcctctgcctctgcctctgtctctgcctctgcctcccaagtgtctgggattaaaggcttgggccacca 1900

see p. 103) Q8" ---

Q6P ccagtgggcagaagaaaggttectgegagettaaaatgttttctggecagaattaaccatccagatcacacctgatatcecctgtgeccecaccaagttacag 2000
Q8P ——mmmmmme—o -

Q6" tgctccccctggtgaatcagaacttggactctgagagacagggtcttctgcaatccaggcctgagtgagagggaagaccacacaccctgtgaécccactg 2100

Q6> tgttccagtgagtgctgcactggggtccacagecacactecagggatectgtgtgacacatetgtaccttgtcceccagagtecaggggetgggagtcattt 2200

Q6> tctectggctgagtgtcagaggttecaccacatttetgetacacacteectgatggetgtttacttggactgacagttaatgttggtecageaagatgaccae 2300

Q6" agtggtttagtctcaatggtgtcactcttccagtagecatatggtcctgatttectaatttagatacgaactcaaacacatatgaaatttecttattttccat 2400
o ey O -

Qs6® tccatcttcecattatatagetacctatetegtgetattgaacatcacataaggatgaccatgtttacccactggectcatgtggattecectcttagettet 2500

Q6° gagtcccctcaggaaaatgtgcagtectgtgctgaggggaccagetetgectgecaggtcactagtgeccatgacagttaaagtgttcatacagacacatag 2600

Q6 ttcattgtaattactgatttaacgttgtcttggeagttttcagtttgeatttatttatttatttatttatttakisdidskdikthdkhhiskkrkkdss 2700
Q8> - T e e e tttatttatttatttatttatttattt

Q6° *atgcatggaagtacactgttgctgtactgatggttgtttgectttgtgtggttgttgggaattgaatttttttttagracctetetttgetetggtega 2800
a * -

Q6P ccctgetecacteecggteaactectatgggtcaactetgetcactcagtcectgettgttetggeccaaagatttattttatttattttatttattacata 2900

Q6> aatacactgtagctgacttcagatgcaccagaagagggcgtcagatctcattacagatggttgtgagtcaccatgtggttgetggggtttgaactcagga 3000
Q8® - e e Ll

1Exon 4
Q6° ccttcaaaagagecagtcagtgectcettaccctectgagecateteccecagtectcagtttgtettettaattatgegatttecttgaatctteccaaacagATC 3100

on published sequence information and the data reported in this paper
using the Oligo 5.0 program for the PC (National Biosciences, PliResults
mouth, MN). The sequences of the exon-spanning primers to detect the
Q6/Q8gene pair or th€7/Q9gene pair are listed in Table 1. it
The mixture was placed in a Perkin-Elmer Cetus Thermo Cyclle?resmc;tIon enzyme maps
(Norwalk, CT) and heated to & for 1 min, followed by two cycles .
using the settings of denaturation at@for 1 min, primer annealing Restriction enzyme maps for th@6/Q8 and the Q7/Q9
at 58°C for 45 s, and extension at 7€ for 45 s. Another 40 cycles gene pair are shown in Figures 1 and 2, respectively. Of the
were performed using the settings of @ for 1 min for denaturation, 25 restriction enzymes tested, eigttaf I, Cla |, Mlu |,

58 °C for 45 s for annealing, and 7Z for 45 s for extension followed : : ;
by a final incubation at 72C for 5 min. The PCR product was thenNael’ Nhel, Nru |, Sacll, and Sfi I) did not cut either the

analyzed by electrophoresis on a 6% polyacrylamide gel followed §96 O theQ8genes. Likewise, eight enzymeset|l, Cla l,
staining with ethidium bromide. A 100 bp DNA ladder (Gibco-BRLMIu |, Nael, Nru I, Sacll, Sfil, and XhoI) did not cut
was used as a marker to determine the size of the PCR product. Eigher theQ7 or the Q9 genes. Enzymes that produced too
identity of the RT-PCR products was confirmed by cloning anfyany fragments to place on the restriction maps shown in
sequencing the products using a TA cloning kit (Invitrogen, SBII_J.
Diego, CA). igures 1 and 2 arbispl, Nar |, Pstl, Pvull, and Tag| for
To distinguishQ7 from Q9 transcription, the cDNA product was the Q6/Q8gene pair andHin dlll, Mspl, Nar I, Pstl, Pvu
electrophoresed on a 1.2% agarose gel, purified using a QlAquick Gkl Sstl, Stul, and Taq| for the Q7/Q9gene pair. The only

DNA extraction kit (QIAGEN), digested witlstl, and the resulting restriction fragment length polymorphism (RFLP) between
fragments were separated on a 6% polyacrylamide gel.
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Flg' 3 (Contlnued1 for Iegend 06° CCCCARAGGCACATGTGACCCATCACCCCAGGTCTTATGGTGCTGTCACCCTGAGGTGCTGGGCCCTGGGCTTCTACCCTGCTGACATCACCCTGACTTG 3200

see p. 103) ger Lo

Q6" GCAGTTGAATGGGGAGGAGCTGACCCAGGACATGGAGCTTGTGGAGACCAGGCCTGCAGGGGATGGAACCTTCCAGAAGT GGGCATCTGTGGTGGTGCCT 3300
085 —mmm oo e e e ————— e

| Intron 4
Q6" CTTGGGAAGGAGCAGAATTACACATGCCATGTGAACCATGAGGGGCTGCCTGAGCCTCTCACCCTGAGAT GG * % % %+ % * *thaaggagggt gtgggtg 3400
08P — o Fk sk ko kK G
Q7 B e T T Cm-Tmm e m GGGAGATGGG——————————————=—=—
9° ———- --C--T ~~GGGAGATGGG . « e e eeeevnnnnnns,

| Exon 5

Q6” acttcccagAGCCTCCTCCATCCACTGTCTCCAACATGGCGAACGTAGCTATTCTGGTTGTCCTTGTAGCT *TGGCCATCATTGGAGCTGTGGTGGATTT 3600
Q8> ———---——o—ooo *

Q7" *-c A ~A-~T A G

Q9 L. ammmmoo oo A --C-A-T---G--G A G-

3700

3800

| Exon & | Intron 6
Q6Z acagGTGGACAAGGAGGGGACTATGCTCTGGCTCCAthtagtgtgggggacagagttgtcctgaggtcattggagtgaagctggagttgttgggt*gct 3900
OB — o e e b
Q7% - CA- *-—-—ga----- e R et Commm e ---ga---
QoF ... G L L R L N B

Q6" ctgggaacccataatagcttctccgttgtaatcctctggtggcctg**tgt*cagatct***tgc*tatagatatatctttgtatatattttt**cccta 4000
Q8> —- _— R HE K e H *ho o

Q7° ---a---t-~~---g--a--ct---aga-a----t--ca- g-c-tcagt---a-ca--a-gaa-a-a----tg--c--a-gca----¢------ta----t
2 A

{ Exon 7 | Intron 7
06" gGCAGGGACAGCTCCCAGAGCTCTGATATGTTTCTCTCAAGATTGTAAAGgtgacattctatggectgattgcagaggggeactgtggacatggttgtgt 4100
Q8% o
Q7 == — T A=C--==Cm=*
Q9P L memmm T GA-C---—C-=*=meGom—=m—

! Class Ia Exon 8 13" UTR
QG” ttcagggactcccacaatcccct****gtgagtggtgggttgttgggatattgtcttcattgTGGTGGTTCCTGACCCTCGTTCTCTATCATGAagacag 4200

1 @7/9 Exon 8

Q6° ctgcctggagtggactcagtgacagccagtgtgaccttgggtcttcat*****************************ttttctttagagaacagtgtctg 4300
QBb mkkokkk ok kk kA Ak ok ko k ok ko k ks k

atqttccctgtgagcctatgqgctcaatgtgaagaattgtggagcccagccttcgcc*tacacaccaggaccctgtctctgcattgccctqtgttccctt 4400

the Q6 and Q8 genes was detected usifgo RI (shown in enable comparisons to be made, the previously published
Figure 1). Two RFLPs were found for tt@g7/Q9gene pair, Q7 (Devlin et al. 1985) and partial Q9 sequence (Devlin et
using Pst| and Sstl, but both of these enzymes gave toal. 1985; Tine et al. 1990) are included in Figure 3. New
many fragments to place them in order on the map shownDiNA sequence information reported in this paper and the
Figure 2. A list of the restriction fragments from ty¥ and corresponding GenBank accession numbers @fgeno-
Q9 genes digested witRst| and Sstl is shown in Table 2. mic sequence (U573931)8 genomic sequence (U57392),
Q95’ regulatory region (U57395R9 exon 4 (U57396)Q9
exon 5 (U57397),Q9 exon 6 (U57398),Q9 exon 7
DNA and protein sequences (U57399), andQ9 exon 8 (U57400).
The amino acid sequences encoded by the exons of the
The DNA sequences of th@6, Q7, Q8 andQ9 genes are Q6, Q7, Q8 andQ9 genes are depicted in Figure 4.
shown in Figure 3. The similarity of th@6 andQ8 and the
Q7 and Q9 restriction maps allowed us to design primers
for the sequencing oD6 based on the known sequence ofranscription of the Q6, Q7, Q8, and Q9 genes
Q8 and primers for the sequencing &9 based on the
known sequence dP7. As a control, theQ8 sequence was Knowledge of the sequence of all four Qa-2-encoding genes
run alongside theQ6 sequence. For completeness and tlowed us to design primers (Table 1) for the detection of
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F|g 3 DNA Sequence a|lgnmeﬂt Q6° ccaccgccaaccttcctggtctgcagtggaaactaagggttctttggaaagthgttggatggcgttgtgctggggcaaacacatgaaggagtgtttcct 4500

of the Q6, Q7, Q8 andQO geNnes. @8, ~=mm 7= === o= e
Q7% —---amemmmommooo ttccagecaaacactgggtacatctacatectgtcagetecatgetgececgagetecagetecatactttcacacgaagagt

All sequences were generated in go
our laboratory except for th@7

gene and exons 1-3 of th@9 Q6°
gene which were published by g?:
Devlin and co-workers (1985). Q9®
Similarity to the Q6 gene is Q7 Polya Signal

denoted by aash Missing QG: aaggaCchtgatgaaggattctttgctaaagaca:acttatattggtctgccttacattgtgtagtggagctgcattggtcggggcgccatagagagaa 4700
sequence information is denoted gg" ;;;;;;cagatggagaa ...................................................................................

by adot Gaps inserted t0 facCil- 0% - o vt e
itate alignment are represented by .

aSteriSkS Exon Sequences are Qg: fcgcacccaaaaattctgatagtactctgcagttgatgcttccaaggacatgagcttattggatgcctgtgctgaggcaagacgcttggaggacacatga 4800
presented aBPPErcasEEters AN 97 ......... ... i iiiiieeo T
intron sequences are presented A e i e
lowercaseletters. Exon/intron

bOUndaries are indicated by er tgactggagagtataaataggactccatggagtgactgagacagagtttgccttgctggtacagtgtgtgtcttgtgtcttcactgttcttcacttccat 4900
arrows Bases are numbered A S S ST T U
relative to the start of transcrip- Lo A

tion. In the B regulatory region
CRE/Enhancer A and Enhancer B Qa” aagagaggtacagcaaagaacttctcctggtattcctgctggtccttcctgctggccctagctgaggcctggctgtctctgctaggtcctatcacttctg 5000

are indicated by a@ashed line g;” ....................................................................................................
over the sequence AVEEIHICAl 0
IineSindicating the bOUndarieS. 134 ttgctaacctgactctactgaactgaacaactgctatatcectgaggtgtttt t t t tgct tgt tt t 5100
The IRS, two CAAT boxes, the  os> S - e Lgrcactactgacctatysattaactyocaac
TATA box, the stop codons in 97,

X Q9*
exon 5, and the PolyA signals are
indicated ashaded areaslt .
Q' gtccagacaactcacatgagagttgctcccaagtgtaqtctcccct::ccccagcctgaaacctgcttgctcaggggtggagcttcctgctcattcgttct 5200
should be noted that CRE/ 08 it ettt St R A

Enhancer A and IRS overlap. The g;‘; ....................................................................................................

last 200 bp OFthe TR OF the T st e
Q7 gene iS SO diSSimiIar from that Q6° gccacgcccactgctagaacctgcggagccacacacgtgcacctttctactggaccagagattattcggcgggaatcgggtcccctcccccttccttcat 5300
of the Q6/Q8gene pair that they 8, -
could not be aligned based on s T e s s s
similarity. Therefore both th€6

) Q6/8 ignal
and Q? Sequences are ShOWn n QS: aactagtgtcgcaa tttgagctttgatcagaatggatttgtcttagctccgtttcttctttcgccccgtctagattcctctcttacagctcg 5400
. . Q
this region o
Q9°
Q6®
Q8®

transcription of theQ6/Q8 gene pair and th€7/Q9gene Q8, andQ9 genes was incomplete, we undertook a project
pair. The results of RT-PCR on splenic lymphocytes and sequence these genes. Based or6eQ7, Q8 andQ9
embryos are shown in Figure 5. It is seen that although bajlne restriction maps (Figs. 1, 2) we confirmed the original
the Q6/Q8 and theQ7/Q9 gene pairs are transcribed inobservation of Devlin and co-workers (1985) tHa6 is
splenic lymphocytes, only th€7/Q9 gene pair is tran- very similar toQ8 (Fig. 1) andQ7 is very similar toQ9.
scribed in blastocysts. In order to distinguish whei@&wor Only one of 25 enzymes teste&co RI, resulted in a
Q9 or both are transcribed in blastocysts, the cDNA produpblymorphism betweenQ6 and Q8. Only two of 25
was digested wittPst | and the fragments separated on anzymes tested®st| and Sstl, resulted in polymorphisms
polyacrylamide gel. The results are shown in Figure 6. It etweenQ7 and Q9 (Table 2).
seen that both th&€7 and Q9 genes are transcribed in The Q6, Q7, Q8 andQ9 gene sequences are shown in
C57BL/6 mouse blastocysts. Figure 3. The complete sequence of t® gene was
determined and the complete sequence of @& gene
was analyzed at the same time. The results show that the
only differences inQ6 compared withQ8 are two bp
Discussion changes in exon 2 and a 28 bp deletion in intron 36f
compared withQ8. The difference betwee®6 and Q8 in
The differential expression of the Qa-2 antigen-encodinigtron 3 is in a simple repetitive repeat unit, attt, Q&
genesQ6, Q7, Q8 and Q9 was studied in mouse splenicgene has six copies and tk8 gene has thirteen. The two
lymphocytes and blastocyst stage embryos from thease differences iQ6 compared with Q8 create a restric-
C57BL/6 H2b) mouse by using RT-PCR. In order tation site for an unusual restriction enzynigh111ll, which
distinguish transcription of the four genes from eacthould be able to cuQ6 but not Q8 (Shinomiya et al.
other, complete sequence information of the four gen&880).
was required. Since sequence information for @& Q7,
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Fig. 4 Comparison of the die) ¢+1(a1)
predicted amino acid sequences og auy -21 MALTTLLLLV AAALTLIETR A TAVW srv
of the Qa-2 proteins encoded by g, amr ~21 MALTTLLLLV AAALTLIETR A TAVSH ﬂ GYVD
the Q6, Q7, Q8 andQ9 genes. o7 am1 ~21 MALTMLLLLV AAALTLIETR AGQHSLQYFH TAVSRPGLGE PWFISVGYVD
Differences among the proteins g9, amM1 -21 MALTMLLLLV AAALTLIETR AGQHSLQYFH TAVSRPGLGE PWFISVGYVD
are shown irboxes
39 49 59 69 . 79
06.AMI 30 [NKQFVRFDSD AENPRMEPRA RWMEQEGPEY WERET@KG HHE FﬁLR
Q8. AMI 30 DTQFVRFDSD AENPRMEPRA RWMEQEGPEY WERETQKAKG HEESFRVSLR
Q7.AMI 30 DTQFVRFDSD AENPRMEPRA RWMEQEGPEY WERETQIAKG HEQSFRGSLR
Q9.AMI 30 DTQFVRFDSD AENPRMEPRA RWMEQEGPEY WERETQIAKG HEQSFRGSLR
89 a2y 99 109 119 129
06.AMI 80 TA@YNQSK GGSHTLOWMY GC%SL LRGYLQFAYE GRDYIALNED
08.AMI 80 TAQRYYNQSK GGSHTLQWMY GCOVIGSDERL LRGYLQFAYE GRDYIALNED
Q7.AMI 80 TAQSYYNQSK GGSHTLQWMY GCDMGSDGRL LRGYLQFAYE GRDYIALNED
Q9.AMI 80 TAQSYYNOSK GGSHTLOWMY GCDMGSDGRL LRGYLQFAYE GRDYIALNED
139 149 159 169 179
06.AMI 130 LKTWT@DMA AQI KWEQ nEgEn LE SLR RY El ETL
08.AMI 130 LKTWTAADMA AQITLHKWEQ AGIAERDRAY LE SLR RY KETL
Q7.AMI 130 LKTWTAVDMA AQITRRKWEQ AGIAEKDQAY LEGTCMOSLR RYIQLGKETL
09.AMI 130 LKTWTAVDMA AQITRRKWEQ AGIAEKDQAY LEGTCMQSLR RYLELGKETL
Yiazy189 199 209 219 229
Q6.AMI 180 LCI'DPPKAHV THHPRSYGAV TLRCWALGFY PADITLTWQL NGEELTQDME
08.AMI 180 LCTDPPKAHV THHPRSYGAV TLRCWALGFY PADITLTWQL NGEELTQDME
Q7.AMI 180 LRTDPPKAHV THHPRSYGAV TLRCWALGFY PADITLTWQL NGEELTQDME
Q9.AMI 180 LRTDPPKAHV THHPRSYGAV TLRCWALGFY PADITLTWQL NGEELTQDME
VL('I‘M)
239 249 259 269 279
Q6.AMI 251 LVETRPAGDG TFQKWASVVV PLGKEQNYTC HVNHEGLPEP LTLRP
08.AMI 251 LVETRPAGDG TFQKWASVVV PLGKEQNYTC HVNHEGLPEP LTLR P
Q7.AMI 251 LVETRPAGDG TFQKWASVVV PLGKEQNYTC HVNHEGLPEP LTLRWGRWEP
Q9.AMI 251 LVETRPAGDG TFQKWASVVV PLGKEQNYTC HVNHEGLPEP LTLRWGRWEP
289 309
Q6.AMI 280 VSNm “@ PSLELWWII*
08 .AMI 280 VSN PSLELWWII[*
Q7.AMI 280 PPYTVSNMAT IAVVVDLGAV AIIGAVVAEV MNRRF*
09.AMI 280 PPYTVSNMAT IAVVVDLGAV AIIGAVVAHV MNRR*

Our Q8 gene sequence (Fig. 3) was compared with ttsop signals in exon 5, which lead to truncated proteins
publishedQ8 gene sequence (Devlin et al. 1985). We founehissing the three cytoplasmic domains. The Q6/Q8 protein
15 differences in the published sequence (Table 3). Ong/five amino acids shorter than the Q7/Q9 protein. Second,
two of the 15 differences were in exons and only one tffie amino acid that determines whether a class | MHC
these resulted in an amino acid change and this was in fitetein will be linked to the cell surface by a glycosylpho-
leader peptide (exon 1). sphatidylinositol (GPI) linkage, an aspartic acid at amino

The deduced amino acid sequences of the protainid position 295 (Waneck et al. 1988 a, b), is present in the
products from theQ6, Q7, Q8 and Q9 genes are shown Q7/Q9protein, but this amino acid is a valine in ts/Q8
in Figure 4. The two nucleotide differences in exon Z@& protein. The implication is that only the Qa-2 proteins from
compared withQ8 result in the change of two amino acidghe Q7/Q9gene pair could be linked to the cell surface by a
at positions 30 and 31 in thel domain of the Qa-2 GPI linkage. This is important because only GPI-linked Qa-
molecule.Q6 has an asparagine and a lysine at these t#oantigen can participate in cell activation after cross-
positions, wherea®8 has an aspartic acid and a threoninknking with antibody in the presence of PMA (phorbol
at these two positions. The functional significance of theseyristate acetate); (Robinson et al. 1989). Third, due to a
changes is unknwon. These two polymorphic amino acidsletion in exon 5 in th€6/Q8gene pair (Fig. 3), there are
are not in the peptide-binding pocket formed by ¢tieand major differences in the amino acid sequences of the
02 domains of Qa-2 (Shawar et al. 1994). The onlyansmembrane portion of the Qa-2 antigen encoded by
differences between the Q7 and Q9 proteins is at amitiee Q6/Q8gene pair compared with th@7/Q9gene pair.
acid position 173 in the2 domain. Position 173, at which The Q6, Q7, Q8 and Q9 genes are part of the class |
Q7 has a glutamine and Q9 has a glutamic acid, is also MIC gene family and therefore are highly homologous to
part of the peptide binding pocket. one another. A summary of the similarities among Q&

The amino acid sequences shown in Figure 4 displ&7, Q8 andQ9 genes and their predicted proteins is given
three other interesting facets of Qa-2 protein structure. Table 4.

First, both the Q6/Q8 protein and the Q7/Q9 protein have



W. Cai et al.: Sequence and transcription of Qa-2-encoding genes 105

Lymphocytes  Blastocysts A Pst ] Restriction Fragments (bp)
Q&8 Qe Qe/OR QT =
by M1 2 3 4 5 6 7T 8
bt 64 190 126
X Q7 1 1
-
() - |- o
oy Q0 254 | 126

200) -
104 -

Lymphocyles  Blastocysts
B bp 1 2 3 4

Fig. 5 RT-PCR assays foQ6/Q8 and Q7/Q9 gene expression in 380 -
splenic lymphocytes and blastocyst stage embryos from C57BL/6

and CBA/Ca mice. CBA/Ca mice were used as negative controls ?:)
because they have a deletion for th®, Q7, Q8 and Q9 genes. i
Lanes 1-4 show RT-PCR performed on RNA purified from splenic 126 -
lymphocytes, and lanes 5—8 show RT-PCR performed on blastocyst

lysates.Q6/Q8primers were used in lanes 1, 2, 5 and 6, wiie/Q9 od -

primers were used in lanes 3, 4, 7 and 8 (see Table 1)

=]
I
3

uncut

Psi1
Psi1

Finally, the differential expression of th@6/Q8 and

ire i ; ig. 6A, B Co-expression of theQ7 and Q9 genes in splenic
Q7/Q9gene pairs in mouse splenic lymphocytes compar g hocytes and blastocyst stage embryos from C57BL/6 mice.

. . . m
with mouse blastocysts ne(_-:-ds_to be d'SCUSS_ed' Regmat'odgf)diagram of thePst | restriction fragments for both Q7 and Q9
class | MHC gene expression is controlleddiyandtrans: RT-PCR products is showB Lanes 1 and 2 show RT-PCR for Q7/Q9
acting regulatory factors (reviewed in Singer and Maguirerformed on splenic lymphocytes, and lanes 3 and 4 show RT-PCR for
1990; Tatake and Zeff 1993). Threds-acting regulatory Q7/Q9 performed on blastocysts. Lanes 1 and 3 present RT-PCR
elements in the Bregulatory region have been defined fogﬁggﬂgg ;Vé?“ggﬁs(}iggé%iﬁ'on’ and lanes 2 and 4 present RT-PCR
class IMHC genes, class | regulatory element (CRE) or
enhancer A, interferon responsive sequence (IRS), and
Enhancer B. In Figure 3, the boundaries of the CRE/
Enhancer A element are based on experimental evidemtees betwee@®6/Q8and Q7/Q9 (positions —96 and —61).
derived from theKp (Kimura et al. 1986) and thkd genes The changes in the CRE/Enhancer A, IRS, and Enhancer B
(Burke et al. 1989). The boundaries of the IRS element aiegulatory regions of th€6/Q8 vs the Q7/Q9 gene pair
based on experimental evidence obtained fromkhgene probably account for some differences in expression of
(Kimura et al. 1986), th®d gene (Korber et al. 1987), andthese genes. However, the details of the mechanisms of this
the Ld gene (Shirayoshi et al. 1988). The boundaries of tluifferential gene expression will need to be the subject of
Enhancer B element are based on experimental evidefire research.
derived from theKb gene (Kimura et al. 1986). The Ped gene product is the Qa-2 antigen. It has been

In order to try to explain the lack of Q6/Q8 expression ishown that all Qa-2 antigen on the embryonic cell surface is

mouse blastocysts, we compared the complete sequenceulifiect to cleavage by phospholipase C, implying that all
the 5 regulatory region of the four genes (Fig. 3, Table 4gmbryonic Qa-2 antigen is linked to the embryonic cell
Overall, 27 differences appear between @&Q8and the surface by a GPI linkage (Tian et al. 1992). The data
Q7/Q9gene pairs. Only four of the 27 differences betweeneported in this paper, that only tf@7 and Q9 genes are
the Q6/Q8 and the Q7/Q9 gene pairs are in the threetranscribed in mouse blastocysts, are consistent with this
regulatory regions, CRE/Enhancer A, IRS, and Enhancerfihiding. It has been shown that th@9 gene is translated
Within CRE/Enhancer A there are two nucleotide diffeiinto a functional gene product by convertingPad slow
ences betweerQ6/Q8 and Q7/QQ The first is within mouse strain to ®ed fastmouse strain by the introduction
region Il of the CRE (position —186), which has beenf the Q9 transgene (Xu et al. 1994). It remains to be
shown to play a significant role in the modulation ofletermined whether th€7 gene is also translated and
class | expression upon binding of a member of the nucldanctional in preimplantation embryos.
hormone receptor family of transcription factors, H-2RIIBP. The DNA sequencing reported in this paper was made
The second is a single bp deletion in region | of the CRjgossible by the Human Genome Project. B. L. Karger is
(position —160), which influences class | expression. In thigirrently being supported in order to develop high through-
region are binding sites for several nuclear transcriptigrut DNA sequencing using capillary electrophoresis. As a
factors including NF«B and H2TF1 (Tatake and Zeffpilot demonstration project, the laboratory of C. M. Warner
1993). Within the IRS region (and overlapping the CRIS preparing plasmid clones of the moudéliC for sequen-
region) the single bp deletion at position —160 falls outsidgng by the new technology. The present project represents
the core consensus sequence (CAGTTTCACT) required for outcome of the preparation of samples and demonstrates
IFN-mediated induction of class | genes (Tatake and Zdffe useful information possible from DNA sequence data.
1993). Within Enhancer B there are two nucleotide diffel/ork is continuing toward the pilot sequencing demonstra-
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Table 3 Q8 gene differences between the present and the GenBank data

: Sequence and transcription of Qa-2-encoding genes

Location Source Nucleotide changes (italics) Amino acid changes
Exon
44
1 Present data '5 ACG 3 Threonine
GenBank AG Methionine
290
2 Present data '5 CTG 3 No change
GenBank CG
Intron
130,31 140 175 212
1 Present data '5 GCC; CGC; CCA; CCG 3
GenBank - —; C-C; GA; C-G
216 224
Present data '5 CCG CCG 3
GenBank C-G CGG
1041
3 Present data '5 CTG 3
GenBank C-G
3503
4 Present data '5 CTT 3
GenBank CT
3636 3641
5 Present data '5 GGG; GAG; 3
GenBank @G; GGG
3904
6 Present data '5 GGG 3
GenBank 5 GTG 3
3’ untranslated region
5086
Present data '5 GAA 3’
Elliott et al. 1989 G-A
Table 4 Summary of similarities among th@6, Q7, Q8 andQ9 genes and their predicted proteins
Region No. nucleotides No. diffs. %Similarity No. diffs. %Similarity No. diffs. %Similarity
ora.a.s Q6vs Q8 Q7vs Q9 Q6/Q8vs
Q7/Q9
5’ Regulatory
CRE/Enh. A 42 0 100 0 100 2 95
IRS 29 0 100 0 100 1* 97
Enhancer B 61 0 100 0 100 2 97
Total 743 0 100 6 99.2 27 96
Exons
Exon 1 64 0 100 0 100 1 98
Exon 2 270 2 99.3 0 100 19 93
Exon 3 276 0 100 1 99.6 15 95
Exon 4 285 0 100 0 100 11 96
Exon 5 117 0 100 0 100 14 88
Total 1012 2 99.8 1 99.9 60 94
Protein
LP 21 0 100 0 100 1 95
al 90 2 97.8 0 100 12 87
a2 92 0 100 1 98.9 12 87
a3 95 0 100 0 100 3 97
™ 360 0 100 0 100 22 39
Total 334 2 99.4 1 99.7 50 85

* Change is the same as that found in the overlapping region of CRE/Enhancer A
0 Up to stop codon of Q7/Q9



W. Cai et al.: Sequence and transcription of Qa-2-encoding genes 107

tion. The long-range goal is to use the new high throughpSitawar, S. M., V;i/aas, J. M, F;pdgers, J. 'F;._l,_ and Richl, R. Fle. Antilggn
i presentation by major histocompatibility complex class I-
I%Ngnsggtjheen%r‘;%s'[eeizﬂgOQy to sequence the en@e molecules Annu Rev Immunol 12839-880, 1994
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