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ABSTRACT

The published structure of the gene for uteroferrin differs from that of the human and mouse tartrate-resis-
tant acid phosphatase (TRAP) genes. Polymerase chain reaction using genomic DNA as template and primers
designed from exon 2 of the porcine uteroferrin gene amplified a product containing two previously unde-
scribed introns. Because of these discrepancies, we cloned an EcoRI fragment from a porcine genomic BAC
library containing the uteroferrin gene, and the region containing the uteroferrin gene was completely se-
quenced. The uteroferrin gene spanned 2.5 kb and contained five exons, which is similar to the structure pre-
viously reported for human and mouse TRAP genes but different from the published structure of the utero-
ferrin gene. Southern blotting of porcine genomic DNA digested with a variety of enzymes was consistent with
the sequence that we obtained. The most likely explanation for the differing results is that the previously re-
ported structure for the uteroferrin gene was the result of artifactual elimination of introns 2 and 3 by bac-
teria and artifactual recombination of the region upstream of the transcription start site of this gene.

was larger than would be predicted from the previously pub-
lished gene structure. Sequencing of this fragment indicated the
presence of two previously undescribed introns in locations sim-
ilar to those of the second and third introns of both the human
and the mouse TRAP genes. Because of these discrepancies,
we undertook to clone and sequence the gene for UF and con-
firm its structure.

INTRODUCTION

TEROFERRIN (UF) 1S AN IRON-TRANSPORT PROTEIN secreted

by the endometrial glands of the porcine uterus. It is one
of the most abundant proteins (up to 2 g per day) made by the
pig uterus during pregnancy, and control of the secretion of this
protein has been studied for many years. It is a 35-kD purple
protein that contains 2 iron atoms per molecule of protein.
Uteroferrin has acid phosphatase activity that is tartrate resis-
tant and is related to the type V acid phosphatases, otherwise
known as tartrate-resistant acid phosphatase (TRAP; Roberts
and Bazer, 1988). The cDNA for UF shares homology with the
c¢DNAs for both human and mouse TRAP. Furthermore, Ling
and Roberts (1993) reported that UF and pig spleen TRAP are

MATERIALS AND METHODS

Preliminary PCR of genomic DNA
The PCR using porcine genomic DNA (100 ng) and the

products of the same gene.

Curiously, the reported structure of the gene for UF differs
from that of the mouse and human TRAP genes. Simmen et al.
(1989) reported that the gene for UF consists of three exons,
whereas the human and mouse TRAP genes each contain five
exons (Cassady et al., 1993). In the process of generating clones
of the UF gene to be used as probes, we designed primers based
on sequences within exon 2 of the previously reported UF gene
and used them to amplify genomic DNA. The product obtained

primers GGACAATTTCTACTTCACTGGG (forward: UF-
FOR) and ACAGACACATTGGACCGTG (reverse: UF-REV),
which amplify a 240-bp fragment of the UF cDNA (bases
328-567; Simmen et al., 1989), was performed using the fol-
lowing procedure: 95°C for 1 min; 30 cycles of 95°C for 15
sec, 58°C for 1 min, and 68°C for 1 min; followed by incuba-
tion at 68°C for.7 min. The resulting products were examined
by electrophoresis, and the major band (~650 bp) was isolated
using GeneClean (Biol01, Vista, CA) and cloned (PCR II TA
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cloning kit; Stratagene, La Jolla, CA). Screening by PCR us-
ing the above primers indicated multiple-size positive inserts.
Representatives of each size were sequenced (ABI 377 auto-
mated sequencer; Perkin-Elmer, Norwalk, CT).

Screening of the BAC library and
uteroferrin subcloning

The RPCI-44 Male Porcine BAC Library (BACPAC Re-
sources, Buffalo, NY; approximately half the library was
screened, about fivefold coverage of the genome) was initially
screened by hybridization using a 32P-labeled UF-specific
¢DNA probe described previously (Vallet et al., 1998), along
with several other probes. Clones that were positive in the first-
round screening were plated in a 96-well plate containing Luria
broth (L.B) plus chloramphenicol and grown overnight, and the
bacteria were stamped onto a nylon membrane. The membrane
was rescreened with the UF-specific cDNA probe alone to iden-
tify the UF gene containing BACs. One positive clone (324b2)
was grown in 100 ml of LB-chloramphenicol, and the DNA
was isolated and cut with EcoRI as described previously
(Fahrenkrug et al., 2000). The UF gene-containing fragment
was isolated using GeneClean and ligated into PBS II SK (In-
vitrogen). Colonies were screened by PCR using the primers
described above. The region containing the UF gene was com-
pletely sequenced using automated sequencing and primers spe-
cific to the coding region for UF, followed by primer walking
to fill in the intron and 5' and 3’ sequences.

Validation of the sequence by PCR and
Southern blotting

Primers bracketing the previously undescribed introns, the
5’ region of the gene for UF as previously reported (Simmen
et al., 1989), and the 5’ region described in this paper are in-
dicated in Table 1. Each set of primers was used to amplify ge-
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nomic DNA using the conditions described above. In the case
of the intronic sequences, porcine UF cDNA template (Simmen
et al., 1989) was used as a comparison. For Southern blotting,
10 pg of genomic DNA was digested with BamHI, Mscl, Sacl,
Dral, and Stul and double digested with BamHI and Kpnl and
BamHI and Stul. Digested DNA was electrophoresed, blotted
onto a Hybond nylon membrane, and probed using the previ-
ously described probe for UF.

RESULTS

Preliminary PCR of genomic DNA

The PCR amplification of genomic DNA with UF-FOR and
UF-REV is indicated in Figure 1. The genomic sequence con-
tained two previously unreported insertions not contained in the
UF-TRAP ¢DNA (Simmen ez al., 1989; Ling and Roberts,
1993) or indicated in the structure of the gene reported previ-
ously (Simmen ez al., 1989). Alignment of this sequence with
the human and mouse TRAP genes (not shown) indicated that
these inserted sequences were in the same position as the sec-
ond and third introns of the TRAP genes from mouse and hu-
man. Despite the use of an isolated DNA band of approximately
650 bases in the ligation reaction, a second, shorter, sequence
was also obtained with these insertions missing, suggesting that
the introns are unstable in bacteria.

Screening of the BAC library and
uteroferrin subcloning

Five positive clones (locations 478b18, 29319, 442i4, 339i12,
343b2) for UF resulted from our screening of the BAC library.
The EcoRI digestion of the 324b2 BAC clone resulted in a 14.5-
kb fragment, which was then subcloned. Approximately 8 kb
of this gene was sequenced. The sequence (GenBank Acces-

TaBLE 1. PrIMERS UseDp TO CONFIRM STRUCTURE OF UTEROFERRIN GENE

pUFDI] Previous gene
Primer Sequence position position Direction
Intron 1
UFEX2-F1 CGATTGCCACAACTGTGAAG +416 +416 F?
UFEX2-R1 CGAGACGTTCCCCAGATG +816 +612 R
Intron 2
UFINT3-F CACGACCATCTGGGGAAC +793 +589 F
UFSEQ-2 GGATCTTGAAGCGCAGGC +1031 +671 R
Common promoter region
UFGC-R1 ATGGCATGTCTGTGACGTG —434 —434 R
UFGC-R2 CCTGAGTCCTCAAGTGGAACTG —458 —458 R
Gonzalez et al., 1994
UFGC-F1 GGGCAAACTGAGGATTAGGAG - —843 F
UFGC-F2 GGGCTATCACAGTCTTGGAGC - —817 F
UFPROM-F1 GCCAGCCTTCGCCACAGC - —1185 F
UFPROM-F2 CAGGATCTGAGCCATGTCCGC - —1156 F
PUFDI specific ,
AGAGACCGTAGGGAGCCATAG —848 * - F
GAGTGTGCAGGGACAACCAG —828 - F
CTTCCTCACTAGAGGGTGGC —1449 - F

2F and R are forward and reverse directions, respectively, relative to the coding region for the UF gene.
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Genomic clone 1 GGACAATTTCTACTTCACTGGGGTGCATGATGCCAAAGACAAGAGGTTCC 50
PECRLLEE TRt e e e b e b e e e
Uteroferrin cDNA 328 GGACAATTTCTACTTCACTGGGGTGCATGATGCCAMAGACAAGRGGTTCC 377

Lane 1 2 3 51 AGGTGTGCGATGCTGGAGTCE ACATGTGARGAAGCC 100

101 CCTCAATCTTTTGACACTGGRARGGGTAGCCAGARGGCTGACACCTGTAGG 150

151 CACCTAGAGGGCTCAOCATCTCTCT TGTCOCOCACTCCTGACTTGGTGGG 200

201 AGCATCTGATGGCTGTGTGAARCTGGGG TGGCCCTCTCTGTCTG 250

251 CTACAGGAGACCTTTGAGGATGTGTTTTCTGACCCCTCCCTCCGCARTGT 300
PEEREREO O R b e b el
380 ...... GAGACCTTTGAGGATGTGTTTTCTGACCCCTCCCTCCGCAATGT 423

301 GCCCTGGCACGTGCTGGCTGGCAACCACGACCATCTGGGGARCGTCTCGG 350
PECLEETET R L R e i b

424 GCCCTGGCACGTGCAGGCTGGCAACCACGACCATCTGGGGARCGTCTCGG 473

351 CACAGATAGOCTATTCTAAGATCTCCAAGCGCTGGTGAGTCTGCACCCCT 400
PUCRLIV LRV L b e i

474 CACAGATAGOCTATTCTAAGATCTCCAAGOGCTG: ¢ v s ennernnrins 507

401 CTCATCCTCCCCACACCTCCCACCTCCCAGCCTGGCTOGGGTGGGCAGAR 450

451 GACTCATCAGCCTGAGCTGAGTTTGGGGCTCCTCTGCCCARGACAGGCGC 500

501 TCACCGCTTCCATCACATCCGCAGGAACT TCOCCAGCCCTTACTACCGCC 550
PECEETEE VR eyt

551 TGCGCTTCARGATCCCACGGTCCAATGTGTCTGT 584
PELLELEEE L
534 TGCGCTTCAAGATCCCACGGTCCAATGTGTCTGT 567

FIG. 1. Ethidium bromide-stained agarose gel of PCR products generated using genomic DNA (lane 2) or uteroferrin cDNA
(lane 3) as template. MW markers are in lane 1. Band in lane 2 was cloned, and the sequence depicted was obtained from the
clone. The genomic clone sequence is aligned with the known sequence for pig UF ¢cDNA (Simmen et al., 1989). The two un-
matched regions are likely to be introns, judging by the position of introns in the mouse and human TRAP genes (see Fig. 2).
The single mismatch (boldface) may be a PCR artifact. A clone with the introns removed was also obtained, suggesting that these
introns are unstable in bacteria (results not shown).

Simmens et al. (1989) gene structure
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FIG. 2. Box diagrams comparing sizes of the exons obtained for the UF gene based on our*clone (pUFD1) with those for the
gene as reported by Simmen et al. (1989) and for the human and mouse TRAP genes as reported by Cassady et al. (1993). The
size of the last exon for human TRAP is assumed from the cDNA. Note the similarity in structure between the sizes of the ex-
ons for pUFD1 and the previously reported TRAP genes.
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sion No. AF292105) was comprised of about 3 kb of 5’ se-
quence, 2.3 kb containing the gene for UF, and 2.4 kb of 3’ se-
quence. Alignment of the gene sequence with the cDNA for
uteroferrin reported by Simmen ez al. (1989) (not shown) indi-
cated that the gene sequence was 99.4% identical. Most of the
differences in the sequence that we obtained were identical to
the sequence reported by Ling and Roberts (1994). Compari-
son of the structure of the uteroferrin gene obtained in the pres-
ent study with the previously reported gene structure and the
structure of the mouse and human TRAP genes is illustrated in
Figure 2. As indicated, the UF sequence obtained in the pres-
ent study was very similar to the human and mouse TRAP genes
and is different from that previously reported (Simmen et al.,
1989). Figure 3 compares the region 5’ to the gene obtained in
this study with that published previously by Gonzalez et al.
(1994). Unexpectedly, the two sequences are identical for 655
bp upstream from the gene and then diverge. The divergence
appears to be secondary to the insertion of about 366 bp of
DNA, because a second small region of homology occurs from
bases 1146-1022. The sequence further upstream shares no ho-

pUFDL
Gonzalez

-1578 GAAGGGTTGCGCCCCAGATCCTGGAGGAG
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mology with the sequence previously reported for UF (Gonza-
lez et al., 1994).

Validation of the sequence by PCR and
Southern blotting

To resolve these discrepancies and to determine whether
more than one gene for UF is present in the pig genome, PCR
and Southern analysis of genomic DNA was performed. Figure
4 shows the PCR analysis of genomic DNA using the primers
described in Table 1 and diagrammed in Figure 5. The primers
that were designed to amplify across each newly discovered in-
tron did not produce bands corresponding to the size expected
on the basis of the previously reported gene structure, suggest-
ing that the structure reported by Simmen et al. (1989) is not
present in the pig genome. For the primers based on the diver-
gent region 5' of the UF gene, primers based on the sequence
obtained in the present study amplified the expected products
from genomic DNA, whereas those based on the previously re-
ported sequence (Gonzalez et al., 1994) did not give the ex-
pected products.

CTTAAATTATCT -1530
|

! ! |
et al., 1994 -1212 CTAGGGGTCTAATTAGAGCTGTAGCTGCCAGCCTTCGCCACAGCCACAG -1163

-1529
I | [ 111
-1162

-1480 |
-1113

-1430
~-1063

~1380
I 11
-1013

-1330 ' X
-963 TCCATCAGGCAAGAAAGGCAAA

-1280
[ |

-913 GACACTTTTTTTATTTAGTCTTTTTCAA

-1230 |
-863

-1180
~813 !
-1131 GC
-764 GCC
-1081 GCGTGGCTCC
-715 CTGCACTCCTACAGCGTGGC

-1031
lIIIlI I|

~665 G

981

FIG.

GACCAGGAAATTGAGGTTGAAAATGACACACTTCCTCACTAGAGGGTGGC
A'IGCCGGATCCI'I‘I'AACCCAC‘IGAGCGAGGCCAGGGATCGAACCCACATCC
CCAGCGCAGGECTAAGGCCCCACCCCAGCACTGCAGTAGGGTGOGGCRAR
TCATGGTTCCTAGTCAGATTCGTTAACCACCGAGCCACAATGGGAACTCA
GGGAGCTGTGGGCGCCCCARATGCGCAGGCAGGTGGAGACACTGCCTGTG
ccccmmémmmmmmmmmmcmcmmmmn
TGGGGGCAGGEGGACGAAATOGGECCCCARGCCGCCCTCCTCGGCCCGAG

L incdadocartreaiacaccrmbors
GTGCAGCCTAACCCOGGGTGCACCTTACCCCCTGTTACAGAATACTGCCT
l ’IGAéC'I'I"IPGGAAGTAGACAJ:CC
GOGCCCCORAGEAGTEG TEGOGCGGTOECCCAGCAGGATCCCGEGCGRRE
mccccam'mmcmc’;cécl:mcmAcGAmAccAccTrAcl;GGGCT

CTGGAGACTGAGGGGCCCGCGCTTC TGCTGCCGGAGATCA

CCGGAGCCCTGAEGCAGGAGCGOGAGGGCCGET
IIIIIHI HHIIIIIIIIII||IIIIIIIHIIIIIIIHIHIIH
CCTGGGECAGGGGCGGGAGGGCCGCC

CTGCACTC GGCCGCTCCTGGCCTTGRCCCTGS
|IIIIIII||II||IIIHIIIIIHIIlIIlIIIIIIIIIIIIIIlIII
GGCCGCTCCTGRCCTTCGCC

GCCCﬁGCCGACTGCAGGTGAGACAACCCGCCCGGCGGGTGTAGAACCCGC

CAGAATCCGCCACCCGGAGGAéGGGTCTCCGéCTGCCCTGG&GACCCACT

GCAATTCTAAAGTAAGATTGGACCCCTCCGCCCTCACACCCATTATARA -1481
CAACGCAGGATCTGAGCCATGTCCGCAACCTACACCACAGCTCATGGCA ~1114

-1431
-1064
-1381
1]

-1014
-1331
-964
-1281
!

-914
-1231
-864
-1181
1

-814

CTGGGCC -1132
[ L e

|
ATCACAGTCTTGGAGCTGAGCAGAGCCAGGATCTGAGATCACCTGGGCC -765

C -1082
C -716
-1032
CCTGG -666
-982
-656

-932

3.
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-931 TTCTGTTTCTCGGGGATGCGGGAGCCAGAGGGACAGCCAGCCGGTGTCCT ~882

881 CAGCCGTGAATGAGGGGCTCACATCATGCAAGAGACCGTAGGGAGCCATA

-831 GTGAGTGTGCAGGGGACAACCAGGGCCGCGAGGAGGGAGCAGGAGGGGAG 782

-781 GOGCAGGTCAGACAGCCCTGTGGTGCAGCCCTTCCCCCAGCCCCAAGAGG —732

-731 CTGAGGGTGTGAGAGTCAAAAGTCTGTGGTCACAGGGTAGTCACCAGCTG - 682

-681 cmmccmccmmcmuccﬁﬁﬁﬁ'fca Ilﬁl?ﬁ -635

655 s AATGGGGGTCAGGCAGGACTT -634
-634 CCTGGAAAAAGGC. CTGTTTGGGGGAGGGGACGTGACCCTGGG -585
||I|HH||l|||l||l||||||||||HH|||||||H|I|H||||
-633 CCTGGAAAAAGGG. CTGTTTGGGGGAGGGE. COCTGGE -584
-584 ACACTGGCTGGGATGTTGTCAAACA CACACACAGGACACA -535
lll||H||||H||||||H||||||||||||H||H||||l l Hl
-583 ACACTGGCTGGGATGTTGTC GCT -534
-534 CA GAAACACAACAGA CAACTTGGGCACAAAACA A -485
Hl||||||||||HHH|||||H|||||H||l|||||||||||||l
533 CAG AACTTGGGCACAARACAGGCACA -484
-484 CACAAGTCGCCTTCCCCCCTACACACAGTTCCACTTGAGGACTCAGGTGC -435
|||||||H||||||||||||||H|||||H|||||||||||||IHH
-483 CA C -434
-434 A GGCCTTGCCAGCTGAGTATACACAGCCAC -385
|||||H | |||||||||||l||Hllll|||||||||l||l||||||l
-433 ACGTCACAGACATGCCATGCAGGCCTTGCCAGCTGAGTATACACAGCCAC -384
-384 TGGAACACTCGCTCCCAGGCTCACAA CTGAGGCAGGCAC -335
||||l||H| |H||||H|||||||||||||H|||||l||||||||
-383 TGG c'mccrc CAGGCTCACAR GGCAGGCAC -334
-334 W?T’?QQGQW%W‘?@%Q@QGACM AGGCAGA -285
-284 CAAACACCACCTCTGAGAACA CAGGAGGTGCCTAGCC 235
||H||l||||H||HIIIIHHHHH|||||H|||H|||H||
-28 CACCTCTGAGAACA c -234
-234 ATTCGGACACAGCTGCCTACACAGCACACACGGGCCCCGAGACACGAACT -185
TR ||||“||||||||||||H||||||||l|||l||
-233 ATTCGGACACA Gcmc CACGGGCCCCGAGACACGAACT -184
-184 GCTCCTGTGGGCAGACGCAGGGECTGTEGEGCAGGCGCAGCTGCACTSET ~135
PLETELTETT ) ||||||l||||||“|!|||||”|||l|||||H|
-183 GCTCCTGTGGGCACACGCAGGGGCTGTGGGGCAGRT T -134
-134 GCACCAGACAGCCACCTCAAATCCCGTGTCCAGCGCTGGGGAACTARCTC -85
|l|||HHl|||||||||||||||||H||||HHIHIH|||H||
-133 GCACCAGACAGCCACCTCAAATC TCCAGCGCTGGGGAA -84
-84 CAAGGCTCACATGACCCGAGGGGAGGGCTTTTGGAACAGTTGGCGGAGAA -35
|||||||||||||||||||||l|||l|||||||||H||||||||IIIH
-83 C CCGAGGGGAGGGCTTTTGGAACAGTTGGCGGAGAA -34
-34 A CGCCCCCAGGGAATAAAGEC +16
|||||||||l||||l|| ||||||||||||l||||||H|||||||||||
-33 ACTGCATCA' +16

transcription start site +1

FIG. 3. The DNA sequence upstream of the transcription start site for UF obtained in the present study from pUFDI1 aligned
with that reported by Gonzalez et al. (1994). The two sequences were nearly identical for 655 bases upstream from the tran-
scription start site. The pUFDl clone contained a 366-bp insertion not found in the sequence reported by Gonzalez et al. (1994).
A further reglon of identity is present between ~1146 and —1022 bp of the pUFD1 sequence. Regions further upstream shared

no homology in the two clones.
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FIG. 4. Ethidium bromide-stained agarose gel of PCR products generated using the primers described in Table 1. In lanes 1
and 2, genomic DNA or UF cDNA, respectively, were amplified using UFEX2-F1 and UFEX2-R1. Expected products were 401
and 197 bp, respectively. Note the absence of a band at 197 bp in lane 1, the size expected on the basis of the structure reported
by Simmen et al. (1989). In lanes 3 and 4, genomic DNA or UF cDNA, respectively, was amplified using UFINT3-F and UF-
SEQ-2. Expected products were 221 and 82 bp, respectively. Note the absence of the 82-bp band in lane 3, the expected size
given the structure reported by Simmen et al. (1989). In lanes 5 through 18, genomic DNA was amplified using UFGC-R1 (lanes
5,7,9, 11, 13, 15, and 17) or UFGC-R2 (lanes 6, 8, 10, 12, 14, 16, and 18) as reverse primers and forward primers based on
the promoter sequence of Gonzalez et al. (1994; UFGC-F1 [lanes 5 and 6], UFGC-F2 [lanes 7 and 8], UFPROM-F1 [lanes 9 and
10], and UFPROM-F2 [lanes 11 and 12}) or forward primers based on the promoter sequence from pUFD1 (UFMIS-F1 [lanes
13 and 14], UFMIS-F2 [lanes 15 and 16], and UFSEQ-37 [lanes 17 and 18]). Expected products were 428 bp for lane 5, 407 bp
for lane 6, 402 bp for lane 7, 381 bp for lane 8, 770 bp for lane 9, 748 bp for lane 10, 741 bp for lane 11, 720 bp for lane 12,
435 bp for lane 13, 413 bp for lane 14, 412 bp for lane 15, 391 bp for lane 16, 1033 bp for lane 17, and 1012 bp for lane 18.
Note that the forward primers based on the promoter sequence of Gonzalez et al. (1994) consistently failed to amplify a sequence

of the expected size. Forward primers based on pUFD1 all amplified sequences of the expected size.

Finally, Figure 6 illustrates the results of a Southern analy-
sis of genomic DNA. Positions of the restriction sites in pUFD1
and in the previously reported sequence are diagrammed in Fig-
ure 5. Single bands were generated in all cases, and the results
were consistent with the gene structure obtained in the present
study. The sizes of the bands generated by MscI and BamHI +
Kpnl are not consistent with the structure of the gene reported
previously (Simmen et al., 1989; Gonzalez et al., 1994).

DISCUSSION

Results obtained here and those of others (Ling and Roberts,
1993) are consistent with a single gene for UF-TRAP. Only sin-
gle bands are present following restriction analysis, as shown
in Figure 6. The isolation of five BACs containing the UF gene
from a fivefold representation of the BAC library we screened
is consistent with the presence of a single gene. The PCR am-
plification of genomic DNA failed to amplify products consis-
tent with the structure reported by Simmen ef al. (1989) and
Gonzalez et al. (1994). Thus, it is very unlikely that more than
a single gene for UF is present in the swine genome. A more
likely explanation for the discrepancies between the structure
of the gene reported here and that reported previously is that
the previous results were the result of cloning artifacts. Thus,
the structure of the gene for porcine UF is very similar to the
structure reported for mouse and human TRAP genes.

The differences in the region 5’ to the UF gene found in the

present study compared with the results of Gonzalez et al.
(1994) are unlikely to be the result of multiple genes. Again, a
more likely explanation is that the previous results represent
cloning artifacts; e.g., a rearrangement in the clone obtained
from the Clontech library from which the UF structure de-
scribed by Simmen ez al. (1989) and the promoter region de-
scribed by Gonzalez et al. (1994) originated. Neither previous
report presents evidence that the reported structures match that
found in genomic DNA. However, another possible explana-
tion for the discrepancies is that the differences in the 5’ region
of the UF gene obtained in the present study and that reported
previously results from a large polymorphism between breeds
of pigs.

Whether the differences in the sequences are attributable to
multiple genes, cloning artifacts, or large polymorphisms, ex-
periments to determine promoter elements based on the previ-
ously reported sequence require a reanalysis. Numerous exper-
iments based on the previously isolated clone have been
performed in attempts to understand regulation of expression
of the UF gene in pig endometrium (Fliss ef al., 1991; Lamian
et al., 1993; Gonzalez et al., 1994, 1995; Wang et al., 1997,
Simmen et al., 1999). The differences in the promoter regions
suggest that the results presented by Fliss et al. (1991) need to
be reexamined, because large regions of the fragments used in
that experiment are not actually upstream of the UF gene. The
XP region of Lamian ez al. 1993) and the XB and AB regions
of Gonzalez et al. (1994, 1995) are likewise not present in the
UF promoter region according to the results in the present re-
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UFSEQ37 -1449 —+

UFMISF1 -848_|_

UFMISF2 -828

UFGCR2 -458 —
UFGCR1 -434 T

i—

UFEX2F1 +416

UFINT3F +793-+468
UFEX2R1 +816
UFSEQ2 +1031
+1050 B
pUFD1
R

-3228

-1193 BamHlI

=410 Stul
+1 transcription start
+403 Mscl

+1052 Mscl

+1515 Sacl

+2042 Kpnl
+2287 end
+2555 BamHl|

+2911 Dral

+3858 Stul

+4711
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UFPROMF1 -1185— -1321 Dral
PO 2 a2 = 1106 BamHI
UFGEES 81
UFGCR2 -458
UFGCR1 -434 | ~410 St

+1 transcription start
+46 Sacl

UFEX2F1 +416 == +403 Mscl

+709 Mscl
UFEX2R1 +612
UFSEQ2 +671

+707
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gene
structure

——+2490 BamHI
—1—+3034 Kpnl

m——-+3267 End

FIG. 5. Schematic diagrams of pUFDI, the clone containing the UF gene isolated in this experiment, and the previously re-
ported gene structure (Simmen et al., 1989; Gonzalez et al., 1994). Positions of the primers used to obtain the results in Figure
4 and of the sites of the restriction enzymes used to generate the data in Figure 6 are indicated. The black box in each diagram
indicates the position of the probe used for the Southern analysis shown in Figure 6.
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BamHI 3748/3590 ~3800
BamHi+ 3231/3590 ~3100
Kpnl
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Stul 4268/?  ~4300
Mscl 657/306  ~700

Sacl 1470/?  ~1500
Dral >6139/?  ~6000

FIG. 6. Genomic Southern blotting for UF using the indicated restriction enzymes. For each digest, the expected fragment based
on the sequence for pUDF1 and the previously reported sequence are indicated. In some cases, indicated with ?, the expected
size based on the previously reported sequence could not be determined. In each case, the single band obtained with each re-
striction enzyme(s) is consistent with the sequence obtained for pUFDI.
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port. The GC boxes 1-3, described by Gonzalez et al. (1995)
and subsequently used to investigate the role of basic tran-
scription element-binding protein (Wang et al., 1997; Simmen
et al., 1999), are present in both the previous and the current
sequence. Thus, these results are probably valid. Alternatively,
if there is more than one gene for UF, it remains to be deter-
mined which gene(s) is transcribed within the endometrium and
how differences in promoter elements relate to control of each
gene. If the differences are attributable to a polymorphism, ex-
periments to examine how major differences in this region in-
fluence transcription of the gene are needed. Clearly, further re-
search is required to answer these questions.
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