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I. Introduction

Cheju horses(national treasure No. 347) inhabiting Cheju island have
a long history back to 1227 when Mongols brought their horses to the
island. They are now used for racing at Cheju Racetrack and for riding.

Many studies have been done on the body types and conformation
scores (Lee, 1961; Choung et al, 1991: Yang et al., 1991, Yang et al.,
1996), the polymorphisms of blood proteins (Oh et al 1992, Oh et al
1995, Kim et al. 1995, and Shin et al., 1999) in Cheju horses. Recently,
Kim et al(1999) reported the phylogenetic relationships among Cheju
and other horse breeds (Mongol, Yunnan, Przewalskii, Swedish, and
Thoroughbred) to determine the origin of Cheju horses using the
nucleotide sequence polymorphism of mtDNA  D-loop region. They
suggested that Cheju horses are of mixed origin in their maternal
lineage and some extant Cheju horses are descendants of Mongolian
matrilines.

Most studies on Cheju horses focused on morphology, blood groups,
and blood protein variations. The present study was to investigate the
allele frequencies of exons 13, 15 and 16 of the transferrin gene and the
relationship of Cheju horses to Thoroughbred breed using the genotypes

and their frequencies of this gene.



[I. Literature Review

Transferrin, which is secreted mainly by the liver, is the major
iron-binding glycoprotein found in the serum of all vertebrates. Its
major function is to transport iron and also to play important roles in
cell proliferation and resistance to infection (Lehninger, 1982; Alberts B.
et al, 1989). Equine transferrin occurs in variant forms. Thirteen
electrophoretic variants of transferrin were recognized in domestic
horses. The segregation of polymorphic bands of plasma transferrin
followed autosomal codominant inheritance and these polymorphic bands
were used for in routine identifications and pedigree analyses (Bowling,
1999).

The rabbit serum transferrin, which has an a« 8 structure of
topology similar to human lactoferrin, is composed of two homologus
lobes, each of which binds a single ferric ion (Baily et al 1988.;
Anderson et al. 1989). The ion is bound by two tyrosines, one histidine
and one aspartic acid at the iron-binding site, which is located within
the interdomain cleft (Baker et al. 1987; Baily et al. 1988, Anderson et
al., 1989). The primary receptor recognition site of human transferrin is
on the C-lobe of the protein, and prior binding of this lobe to receptor
enables the N-lobe to respond to receptor as well, either directly or by
an interaction with the bound C-lobe (Zak et al 1994). The receptor
binding is through the C terminal part of the protein, which is in part
coded by exon 15 of transferrin gene (Zak et al, 1994). Exon 15 codes
for structurally conserved region, including an essential iron binding

restdue, a region of molecular contact between lobes, and a



domain-linking disulphide bridge (Bailey et al, 1988; Anderson et al.
1989; Baldwin et al., 1993).

The  human transferrin, Mouse lactoferrin, and  chicken
(ovoltransferrin genes have similar intron/exon patterns in which the
sizes of the 17 exons are conserved but the intron sizes differ
considerably (Schaeffer et al 1987. Shirsat et al. 1992, Ghareeb et al
1998). The human transferrin gene which is organized in 17 exons
separated by 16 introns has a total size of about 33.5 kb. The chicken
ovotransferrin gene comprising also 17 exons and 16 introns has a size
of 10.5 kb.

The horse transferrin ¢cDNA sequence is 2305 bp and encodes a
protein of 706 residues, including a signal sequence of 19 amino acids
(Carpenter et al, 1993). This sequence encodes a protein that had the
internally duplicated structure characteristics of the transferrin: the
halves had 43% identical amino acids. The horse transferrin had 73.7%,
73.4%, and 72.8% sequence identity with those of the pig, human, and
rabbit, respectively (Carpenter et al. 1993). Equine transferrin maps to a
chromosomal location 1623 (Lear et al. 1999).

Researchers have tried to interpret the polymorphism of plasma
transferrin on a DNA sequence basis (Beckman et al, 1998, Baldwin
1993; Carpenter et al, 1994, Brandon et al, 1999). Baily et al(1991)
detected a polymorphism in the horse transferrin gene from a Southern
analysis with a 700 bp fragment of human transferrin cDNA as a
probe. They reported that the digestion with Mspl yield a size of 2.4 kb
fragment when D, F1, F2, G or H2 alleles of tranferrin protein were
present whereas a size of 0.5 kb fragment for O or R protein alleles.

Carpenter et al. (1994) reported the variant sequences of exon 15, which



had 10 SNPs (Single Nucleotide Polymorphisms). Brandon et al. (1999)
reported that they identified 23 SNPs in the equine transferrin exons 13
(3 SNPs), 15 (17 SNPs) and 16 (3 SNPs). They observed 16 amino acid
changes; 2 in exon 13, 11 in exon 15, and 3 in exon 16

The single-strand conformation polymorphism (SSCP) analysis is a
technique that could detect single base substitutions. It is baéed on the
fact that a single-stranded DNA fragment has a unique folded structure
in SSCP process. SSCP analysis is also useful to identify homozygosity
or heterozygosity in specific alleles (Orita et al. 1989; Kutach et al,

1999).



[ll. Materials and Methods

1. Animals

Three groups of horses were used in this study: 137 Cheju horses
from the Cheju Institute (GroupI), 30 Cheju horses from farms (group
), and 43 Thoroughbred horses from Cheju Stud Farm and Training
Center established by the Korean Racing Association. The 10 m¢ of

whole blood were collected from each horse for DNA extraction.

2. Genomic DNA preparation

Genomic DNA were extracted from blood samples by a procedure
similar to that described by Miller et al. (1988). Leukocyte pellets were
collected after lysis of erythrocyte with lysis buffer (155 mM NH.C], 10
mM KHCOs, and 10 mM Na:EDTA) in a 50 m¢ polypropylene centrifuge
tube. Buffy coats of nucleated cells were resuspended with 3 m¢ nuclei
lysis buffer (10 mM Tris-HCl, 400 mM NaCl, and 2 mM Na:EDTA, pH
82). The cell lysates were digested overnight at 50 C after being
mixed with 0.2 m¢ of 10% SDS and 50 ¢ Proteinase K solution (20 mg/
mé). After digestion was complete, 1 ml 6 M NaCl was added to each
tube and the tubes were shaken vigorously until the mixture was
homogenous, followed by centrifugation at 2,500 X g for 5 minutes.
The supernatant containing DNA was transferred to a 15 mf
polypropylene tube. About 2 volumes of -20 ‘C absolute ethanol was

added and the tube was inverted several times until the DNA
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precipitated. The precipitated DNA strands were removed with a
pasteurized plastic pipette and transferred to a 1.5 m¢ microcentrifuge
tube and then dissolved in 0.5 - 1 m¢ TE buffer (10 mM Tris-HCl, 0.2
mM Na:EDTA. pH 75). The amount of extracted DNA was quantified

by a spectrophotometer.

3. Primer design

The following primers were used to amplify the 138 bp, 286 bp and
212 bp fragments of exons 13, 15 and 16 of transferrin gene,

respectively.

Exon 13 Forward 5 -TTT CCG TGA AGG CTG TGC CC-3’
Reverse 5'-CTG AAA GCC CCT GTG TAA CC-3’
Exon 15 Forward 5'-CAG TGA GAG AGC CTT GAC CA-3'
Reverse 5'-CAC CCG AGA AGA GAA GGT AG-%
Exon 16 Forward 5'-GTC CTC ATG CAC TTT CTG TC-3'
Reverse 5'-GAG CAC TGT CTC AGG TTA GC-3'

The transferrin exon 13 primers were the same primers used by

Bradon et al. (1999). The primers of exons 15 and 16 were designed

from a published cDNA sequence (Capenter et al. 1993).

_11_



4. PCR conditions

PCR was performed in a total of 20 ut¢ reaction containing 50 ng
genomic DNA, 5 pM of each primer, 50 mM KCI, 1.9 mM MgCl,, 10
mM Trns-HCI (pH 9.0), 0.1 % Triton X-100, 0.25 mM each dANTP, and
0.75 U Tag polymerase (Promega, Madison, WI). The reaction for exons
13 and 16 included 2 min denaturation step at 94 C, followed by 30
cycles of a 92 C denaturation step for 15 sec, a 54 C annealing step
for 15 sec, and a 72 C elongation step for 30 sec, and a final 72 C
elongation step for 5 min. The reaction for exon 15 was the same as
used for exons 13 and 16 except for 58 C for annealing temperature.
The reaction was done using a PTC-100 thermocycler (M] Research,

Watertown, MA).

5. SSCP (Single-Strand Conformation Polymorphism)

SSCP gels consisted of 10% w/v acrylamide: Bis-acrylamide (37.5:1),
0.5« TBE (445 mM Tris, 445 mM boric acid, ] mM Na:EDTA pH 8.0),
250 wt of 10% Ammonium persulfate and 45 w¢ TEMED. The loading
mixture was made of 8 uf of PCR product plus 15 ¢ loading dye (91%
N,N-dimethyl formamide, 5% glycerol, 20 mM Na2EDTA, 0.05%
bromophenol blue, 0.05% w/v xylene cyanol FF). The mixture was
heated to 93 T for 10 min and then placed on ice until loaded. Gels
(165mm X 175mm X 1mm} were run in 05X TBE on a V20-set (SCIE-PLAS,
Warwickshire, UK) at 100 volts for 12 h (exons 13 and 16) or 16 h
(exon 15) at 14 C. After running the gels the resulting DNA bands

were visualized by silver staining.
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6. Sequencing

PCR products of exons 13, 15 and 16 of transferrin gene were
seperated on a 1.5% agarose gel and extracted using CONC_ERTTI\I Gel
Extraction Systems (GIBCO, LIFE TECHNOLOGY). The extracted PCR
products were cloned into pCR2.1-TOPO vector using TOPO TA
cloning kits (Invitrogen, CA, US). PCR cycle sequencing reactions were
accomplished with the SILVER SEQUENCE™ DNA Sequencing System
according to the manufacturer’'s recommendation (Promega, Madison,
WD. PCR sequencing reactions were run for the forward and the
reverse strands in each sample with M13 forward (17mer) and reverse
(17mer) primers. A 6% acrylamide (19:1) gel solution containing 7 M
urea, 400 p¢ of 10% ammonium persulfate and 50 w¢ TEMED was
prepared and polymerized in a set of 35 x 45 cm length glass plates.
The sequencing PCR products were run on the S3S sequencing
apparatus (OWL, Woburn, MA). The PCR sequencing products were
fully sequenced in both directions and the sequences were compared for

agreement. Ambiguous sequences were checked by re-sequencing.

7. Statistical analysis

To determine whether the observed numbers are consistent with

Hardy-Weinberg predictions, a chi-square value was calculated as:

x> =X [(0-E’JE]
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O and E are the observed and expected numbers of a particular
genotype(Weaver et al, 1991, Gardner et al., 1991).
The probability for parentage exclusion for n alleles was calculated

using the following formular (Jamieson et al., 1997).

n n n n

p=1+ 2p’C-pl-2[ T p2-p)I+4( T pH-1 2 p’

171 171 171 i1

n and pi are the number of alleles and i-th allele frequency.
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IV. Result

1. SSCP analysis of transferrin gene

1) SSCP of exon 13 fragment

SSCP  analysis of the PCR products of the transferrin exon 13
revealed three SSCP bands; the fast migrating band (Al), the slow
migrating one (A2), and the intermediate band (B) (Fig. 1). The
homozygous AA genotype had two bands, Al and AZ. and the
heterozygous AB had' three distinct bands, Al, A2 and B. No
homozygous BB genotype was found in these samples.

The frequencies of alleles A and B were 0.993 and 0.007 in Group I,
0.977 and 0.023 in Thoroughbred, respectively. The allele B was not
found in group II. The frequency of allele A was much higher than that
of the allele B in Cheju horse Group I and Thoroughbred horses(Table 1).

The genotype frequencies of exon 13 was 0985 (AA) and 0.015
(AB) in GroupI, 1.000 (AA) in Groupll, and 0.953 (AA) and 0.046
(AB) in Thoroughbred horses.

The genotype distribution of exon 13 did not agree with the
Hardy-Weinberg  genetic  equilibrium in  Groupl (p<0.001) and
Thoroughbred (p<0.005).

- 15 -



2) SSCP of exon 15 fragment

Three alleles, A, B, and C were observed in exon 15 and all possible
combinations, AA, BB, CC, AB, AC, and AB were found. All the
homozygous genotypes showed two SSCP bands, Al and AZ for AA,
Bl and B2 for BB, and Cl1 and C2 for the CC genotype (Fig. 2). The
homozygous AA, BB, and CC genotypes consisted of one fast migrating
band and one slow moving band. Because of the similar electorphoretic
mobility under the SSCP condition, alleles Al, Bl and Cl were shown
the same moving distance in each lane. For this reason heterozygous
genotvpes AB, AC and BC showed only three bands instead of four.

The allele frequncies of A, B, and C were 0.398, 0.463, and 0.139 in
group I, 0.60, 0.283, and 0.117 in group II, and 0.884, 0.023 and 0.093 in
Thoroughbred, respectively. The frequency of allele A in Thoroughbred
was much higher than those of the other groups (Table 2). Groups I
and 0O showed all six genotypes of transferrin exon 15, but
Thoroughbred showed only three genotypes, AA, AB, and AC. The
most frequent genotype was AB (0.445) in group I, AA (0.367) in
Groupl, and AA (0.767) in Thoroubred. The genotype frequencies of
GroupsI and O agreed well with the Hardy-Weinberg genetic
equilibrium(p>0.05), but not in Thoroughbred (p<0.025).
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3) SSCP of exon 16 fragment

Three different alleles (A, B and C) and all the genotypes (AA, BB,
CC, AB, AC and BC) were identified in the SSCP analysis (Fig 3). The
AA genotype had a dark single band which migrated between Bl and
B2 bands. The CC genotype had two bands (Cl and C2) which
migrated just above the BZ band. The AB and AC genotypes had all
three bands; A, Bl and B2 for the genotyvpe AB. and A, Cl and C2 for
the genotype AC while the BC genotype showed four bands, Bl, B2, Cl
and C2. The genotype CC was not detected in the present study groups
but detected in some Mongolian horses (data not shown).

Three alleles (0.536 A, 0.409 B and 0.055 C) in groupl and two
alleles (0683 A and 0317 B) in group II and only allele A in
Thoroughbred were observed. The genotypes in Cheju horses were AA,
BB, AB, AC and BC but only the AA genotype in Thoroughbred.

A total of 13 individual genotypes by the combination of exons 13,
15 and 16 were identified and listed in Table 4. There were differences
in the frequencies of the individual genotypes among the three groups.
The most frequent genotype was the genotype AA-AB-AB (0.372) for
the group I, genotype AA-AA-AA (0.366) for group II, and the
genotype AA-AA-AA (0.767) for Thoroughbred.

-17_



2. Sequence polymorphism of transferrin gene

The DNA sequences of exon 13 for the genotypes AA and AB are
presented in Fig 4. Polymorphism was found at the cDNA position
1582, 1604 and 1626. The genotype AA had one polymorphic site at
1582 (A/G) (Fig. 4). The allele A of the genotvpes AA and AB in exon
13 showed the same sequence as AF103832(Genbank accession number).
The allele B of the genotype AB showed polymorphism at 1626 (A/G)
without amino acd change. G/A subtitution at 1604 reported in
Genbank(accesion number AF103826) was not observed in the present
study.

Fifteen polymorphic sites were observed in exon 15 (Fig. 5). The
polymorphic sites were 1750, 1775, 1783, 1794, 1813, 1827, 1828, 1830,
1837, 1846, 1847, 1897, 1900, 1902, and 1910 in the cDNA. The sequence
of allele A showed the same sequence as AF103835. The B allele had
14 SNP sites which were found at ¢DNA positions 1775(A/G),
1783(A/C), 1794(T/C), 1813(T/G), 1827(C/T), 1828(A/G), 1830(A/G),
1837(T/A), 1846(C/A), 1847(G/A), 1897(T/C), 1900(C/G), 1902(G/A), and
1910(A/G). Translation of the sequence into amino acids revealed that
10 of 15 polymorphic sites caused amino acid substitutions (1750, 1775,
1783, 1813, 1828, 1837, 1847, 1897, 1900, and 1910) (Fig. 5, Fig. 7). The
allele B of genotypes BB, AB and BC in exon 15 showed the same
sequence as AF103845. The allele C had 15 SNP sites, two of which
(position 1750, 1846) differed from those in the B allele of BB type. The
1750 and 1846 sites of SNPs were substitution of A for G and G for C,
respectively. The allele C of genotypes CC, AC and BC showed the
same sequence as AF103845.

Four polymorphic sites in exon 16 were 1945, 1979, 2011, and 2075
in cDNA (Fig. 6). Allele A of genotypes AA, AB and AC of SSCP
was the same sequence as AF103856. The B allele of BB type showed

_18_



one SNPs at the position 1979(C/T), which caused amino acid
substitution(alanine/valine) at amino acid position 652 (Fig. 7). The B
allele of genotypes BB, AB and BC showed the same sequence as
AF103864. The C allele of CC type showed three SNP sites which were
at the position 1945(C/G), 2011(C/G) and 2075(C/T). The position 2075
was the newly identified SNP site in this study and the substitution at
this site resulted in the animo acid change (threonine/methionine) at the

amino acid site 684.
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V. Discussion

In the SSCP analysis of transferrin gene, the allele A(0.993 in group
I, 1.000 in group II, 0.977 in Thoroughbred) of the two alleles(A, B) in
exon 13 was predominantly distributed in horse groups. Alleles B and C
of the three alleles (A, B, C) In exon 16 were not found in
Thoroughbred horses. The differences in the allele and genotype
frequencies of the exons 15 and 16 were observed among groups I and
II, and Thoroughbred. Shin et al (1999) also reported that TF'' and
TF' showed different frequencies between Cheju horses, Cheju racing
horse and Thoroughbreds. However, the intergroup differences in the
frequencies of alleles and genotypes of transferrin gene could not be
clearly explained as the characteristics of three horse groups. The
differences in allelic and genotypic frequencies among groups could be
resulted from a small sample size in group II and Thoroughbred and
from the different breeding schemes among the groups.

The Mendelian inheritance for these alleles and the multiple allelic
frequencies, especially for exons 15 and 16, suggested that SSCP
genotyping of this gene could be used to identify the individuals and to
test the parentage of offspring. The estimates of the probability for
parentage exclusion were 0.46 and 0.374 for the exons 15 and 16 for
group I

Thirteen individual genotypes found by the combination of exons
13, 15 and 16, were different in the observed genotype frequencies
among the three groups. The genotype AA-AB-AB (0.372) was the

most common in group I, but the genotype AA-AA-AA was common
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in II (0.366) and Thoroughbred (0.767). It is not clear that these
differences in the genotype frequencies were from the genetic
characteristics specific to each group or that the specific type of
tranferrin gene was introgressed into group II by crossbreeding between
the Cheju horse and Thoroughbred.

A study on the sequences of transferrin gene done by Cérpenter et
al. (1994) reported the 10 SNPs in exon 15 at ¢cDNA positions 1738,
1775, 1783, 1794, 1813, 1827, 1828, 1830, 1837, and 1846. Brandon et
al.{1999) reported further seven SNPs in exon 15 at ¢cDNA position
1750, 1847, 1897, 1900, 1902, 1909, and 1910. Fifteen SNPs were
identified in exon 15 in the present study and the position and base
substitution of these SNPs were the same as the previous reports
(Carpenter et al, 1994; Brandon et al, 1999) except the base
substitutions at positions 1738 and 1999, which were not observed in
the present study. Exon 16 had a SNP in the allele C, which
substituted cytosine for thymine at the position 2075 and the amino acid
also changed from threonine to methionine at 684.

In conclusion, the polymorphism of exons 13, 15 and 16 in the
present Cheju horses is as high as in Thoroughbred and other horse
groups reported at revious studies. On the consideration of different
allele frequencies among the Cheju horse groups I and II and
Thoroughbred group, Cheju horse group II may have crossbred with
Thoroughbred.

_21_



VI. Summary

This study was conducted to determine the polymorphism of
transferrin exons 13, 15 and 16 by Single-Strand Conformation
Polymorphism(SSCP) analysis and to compare their genotypes of Cheju
horse group I (Cheju Institute), Cheju horse group II (farms)., and
Thoroughbred (KRA).

SSCP of transferrin exons 13, 15, and 16 showed two (A. B), three
(A, B, C) and three (A, B, C) codominant alleles, respectively. The
frequencies of alleles A and B in the transferrin exon 13 were 0.993,
0.007 in group 1. 0.977 and 0.023 in Thoroughbred group, but only allele
A in group 0. In transferrin exon 15, the frequencies of alleles A, B
and C were 0.398, 0463, and 0.139 in groupl and 0600, 0.283. and
0.117 in groupll, and 0884, 0023, and 0093 in Thoroughbred,
respectively. The allele frequencies of exon 16 were 0.536, 0.409 and
0.055 for the alleles A, B and C in Group, 0.683, 0.317 for the alleles
A and B in Groupll and 1.000 for the allele A in Thoroughbred. The
multiple allele frequencies in exons 15 and 16 suggested that the
genotyping of this locus could be used to identify an individual and to
test the parentage of offspring. The probability for parentage exclusion
were 0.46 and 0.374 for exons 15 and 16 for Cheju horse group L

Among the 13 combined genotypes of exons 13, 15 and 16, the
genotype AA-AB-AB (0.372) is the most common in Cheju horse group
I, but genotype AA-AA-AA is common in the Cheju horse group II
(0.366) and Thoroughbred (0.767), indicating possible crossbreeding

between group II and Thoroughbred.
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The present study showed one more SNP(not reported before),
which was at the ¢cDNA position 2075 (C/T) in C allele of the exon 16
resulting in amino acid change (Threonine — Methionine).

Result of the present study suggests that polymorphism of exons 13,
15 and 16 in Cheju horses is as high as in Thoroughbred and that
some Cheju horses in group II may have crossbred with Thoroughbred.
Record keeping about the pedigree information and breeding control
system are required for the preservation of genetic characteristics of

Cheju horses.
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a8 AB

Fig. 1 SSCP pattern of equine transferrin exon 13.
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AL BB

cc AB AC BC

Fig. 2 SSCP pattern of equine transferrin exon 15.
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AA BB CC AB AC BC

Fig. 3 SSCP pattern of equine transferrin exon 16.
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1558
AF103819 TATAGGCGAA ATTCCACCCT CTGCAATCTG TGTATTGGCT CGGCAAGTGG

AF103826 --=----=-= mmemmmmem e .
AF103832 ---------- mmmmmen oo .
11K L T e I
TF13AB-A  ~----=-mmm —mmmmmmomm oo Grmmmm mmmmmmmmm oo
R T r— e

1608

AF103819 TCCAGGAAGG GAGTGTGAAC CCAACAACCA TGAGAGATAC TAT
AF103826 - W Al=lfiatyl =2 At
AF103832 -Wer JENMATIONAL UNIVERSITY LIBRARY _____ ___
TFI3AA  -mmmmmmo mmmmmmol ool
TF13AB-A === mmmm —memmon i el

Fig. 4. Nucleotide sequences of transferrin exon 13. Reference
sequences were from GeneBank(accession number AF103819, AF103826,
AF103832). Residues identical with AF103819 sequence are denoted by a
dash. The number above sequence is In accordance with
cDAN sequence of transferrin gene(GenBank M69020).
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1736
%F103835 GA%GTMCCC TGACGATTGG GCTAAGGATC TGAAGAGTGA AAACTTTAAG

\FlO38dy Lo oiIIII I Ammmm e G ------- C--
AF103848 - ---m----- mmmmmm mmmme e G ------- C--
AF103868 -------=n === o oo G ------ C--
TFI5AA  —mmmmmmmm mmmmmmo oo e oo
TFISBB  ---==-c- - —mem oo mmmmmee oo R C--
1 S S —— Ao e R C--
TF15AB-A - ==--m-= —mmmmoo= moioie oo oo

O (Y C--
TFISAC-A = -=---= —=mmmmmm= oo e oo

C mmmmmmm - Ao e s G ------- C--
TFISBC-B - ------=== ==mmmmmm= —mmmmmmooe —omoooo e C--

C -ooommmen mmm- Ao e s G ------- C--
\F10383  CTGCTATGTC CTGATGGCAC TAGGAAGTCT GTGACTGART TCAIMAGCTG
\F103845 -------- o (e ~TG-G-----
AF103848 -------- GRS e R -TG-G-----
AF103868 -------- o Gon mmmmmmme- -TG-G-----
TFISAA  —mmmmmmooo mmmmmmmmon demdiiie e
TFISBB  -------- o Goe mmmmmmmoo TG-G-----
TFISCC  ------n- Co mmmmm e e R “TG-G-----
TF15AB-A - --=-=mo- —mmmmmo oo el oo

P o G —mmmmm - -TG-G-----
TFISAC-A  ===m-omoo- —ommmmmmom Smdeddioo e e

C —mmmm--- Cm mmmmmmmmom e Gon —mmmmmmmmm ~TG-G-----
TF15BC-B  ---=---- o Grm e ~TG-G-----

C --4» ey p s R -TG-G-----

183

3}?}8%238 CTACCTAGCC CGAGCCCCGA ATCATGCTGT AGTCTCACGG AAAGAAAAGG

AF103845 -A-------- GA= == e e e
AF103848 -A-------- Ao ecoen ool el
AF103868 -A-------- GA- = o el oo
TFISAA  -——-m--=m= mmmmeme d oo oo
TFISBB  -A-------- AA- - mmmm mmmmmmmen oo ool
TFI5CC  -A-------- GA- - - mmmmmmmmm mmemmmomoo —mcemmeee-
TF15AB-A - ---===== —=—=m=mm== —emmo e oo
B -A-------- Ao e oo e
TFISAC-A === - ---== —mmommomom mmmmmomoon Sl .
[ GA- === - === =mmmmmmmmm —mmmmmmoom —emmm—oeos
TFISBC-B -A------—- o
C -A-------- GA-- === —=mmmmmmo= mmmmmmmmme —mmmeoeo-
1886
AF103835 CAGCTTGTGT TTGCCAGGAG TTACACAACC AGCAG
AF103839 —-------mm moomsomo ool IiLID DI
AF103845 ---------- - C--G-A--- ---- Gommmm oo
AF103848 ---------- - C--G-A--- ---- Gommmm -
AF103868 ---------- -C--G-A--- ---TG----- -----
TFISAA  —-mmmm==-= m—mmmmmmoe ael oo
TF15BB  ---------- - C--G-A--= —--- Gommmm —mmm-
TFISCC  --m-mmm-mm - C--G-A--- ---- e B
TFI5AB-A  -----===== —=mmommmoe —oooioooo oo
| C--G-A--- ---- (c RS
TFI5AC-A =-==--mmm= m=mmcmmmoe —mmooeeeoe oo
C -mmmmmmme- - C--G-A--- ---- Gommmm —mme-
TF15BC-B  ---------- - C--G-A--- ---- Gmmm —mmm
[ C--G-A--- ---- G--mmm —m--

Fig. 5. Nucleotide sequences of transferrin exon 15. Reference sequences were from
GeneBank(accession number AF103835, AF103839, AF103845, AF103848 AF103868).
Residues identical with AF103835 sequence are denoted by a dash. The number above
sequence is in accordance with cDAN sequence of transferrin gene(GenBank M69020).
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1921

AF103856 GCTTCGTATG GAAAAAATGG AAGTCACTGC CCAGACAAGT TTTGTTTGTT
AF103864 —-------- = e e e
AF103866 ---------- ---------- ---- G- —mmmmmmmmm mmmmmmmm o
TF16AA  ——m e e e e mm e e et mmeeee oo
TF16BB - e e e e mm e e e e
TF16CC  ---------- —----ommmm - Gemmm= =—mmmmmmmm mmmmmmmmo
TF16AB-A - - m oo e oo e e

B

TFI6AC-A  ~=-mmmmmmm =mmmom mmmmmmoos —ooooooo S
C

2 U] : O
C

1971

AF103856 CCAGTCAGCC ACCAAGGACC TTCTGTTCAG GGATGACACA CAATGTTTGG
AF103864 -------- To mmmmmmmmmm s e e
AF103866 ---------= ========== mmmmeee oo G---------
TFIBAA === mmmmmmmmms s o o
TF16BB  -------- Te e e e s
TFI6CC === == =mmmmmmm mmmmooooe o G---------
TFI6AB-A -=-=-===== ===mmmmmme s el oo

B -------- To mmmmmmmmee s e e
113 o e

C

TF16BC-B -------- To e mmmmmmm e e
C

2021
AF103856 CCAACCTTCA GCCCACAACA ACATATAAAA CCTACTTAGG AGAAAAGTAT
AF103864 - ---===== --==---== memeses moeeees eeooooooo-
AF103866 - ------- ~--=mmmees mmmmmms e oo
TFIBAN  mmmmmmmmm oo e e s
TFIBBB ~ =~====-=== ====mmmms mmemoes oo oo
TFIBCC ~ ===mm=mm== mmmmm=mmms s oo oo
L

TFI6BC-B ===~ ========== mmmmooooo oo oo
C

TF16AC-A  ~-----mmm= —=mmmmmm= cmmmecmes e amemeeeaos
C

2071
AF103856 CTCACGGC
AF103864 --------
AF103866 --------
TF16AA  —-------
TF16BB  --------
TF16CC  ----T---
TFI6AB-4 --—---—-
TF16AC-A ----=---

C

TF16BC-B  --------
:

Fig. 6. Nucleotide sequences of transferrin exon 16. Reference sequences were from
GeneBank(accession number AF103856, AF103864, AF103866). Residues identical with
AF103856 sequence are denoted by a dash. The number above sequence is in accordance

with ¢cDAN sequence of transferrin gene(GenBank M69020).
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exon 13

512
AF103819 YRRNSTLCNL CIGSASGPGR ECEPNNHERY Y
AF103826 YRRNSTLCNL CIGSANGPGR ECEPNNHERY Y
AF103832 YRRNSTLCDL CIGSASGPGR ECEPNNHERY Y
TF13-A YRRNSTLCDL CIGSASGPGR ECEPNNHERY Y
TF13-B YRRNSTLCDL CIGSASGPGR ECEPNNHERY Y

exon 15
572

AF103835 RNPDDWAKDL KSENFKLLCP DGTRKSVTEF KSCYLARAPN HAVVSRKEKA ACVCQELHNQ Q
AF103839 CNPDDWAKDL KSENFKLLCP DGTRKSVTEF KSCYLARAPN HAVVSRKEKA ACVCQELHNQ Q
AF103845 RNPDNWAKDL KSGNFQLLCP DGTRKAVTEF ESCNLAEAPN HAVVSRKEKA ACVRQELRNQ Q
AF103848 RAPDDWAKDL KSGNFQLLCP DGTRKAVTEF ESCNLAKAPN HAVVSRKEKA ACVRQELRNG Q
AF103868 RNPDDWAKDL KSGNFQLLCP DGTRKAVTEF ESCNLAEAPN HAVVSRKEKA ACVRQELCNQ Q
TF15-A RNPDDWAKDL KSENFKLLCP DGTRKSVTEF KSCYLARAPN HAVVSRKEKA ACVCQELHNQ Q
TF15-B RNPDDWAKDL KSGNFQLLCP DGTRKAVTEF ESCNLAKAPN HAVVSRKEKA ACVRQELRNQ Q
TF15-C RNPDNWAKDL KSGNFQLLCP DGTRKAVTEF ESCNLAEAPN HAVVSRKEKA ACVRQELRNQ Q

exon 16
633

AF103856 ASYGKNGSHC PDKFCLFQSA TKDLLFRDDT QCLANLQPTT TYKTYLGEKY LT
AF103864 ASYGKNGSHC PDKFCLFQSV TKDLLFRDDT QCLANLQPTT TYKTYLGEKY LT
AF103866 ASYGKNGSDC PDKFCLFQSA TKDLLFRDDT ECLANLQPTT TYKTYLGEKY LT
TF16-A ASYGKNGSHC PDKFCLFQSA TKDLLFRDDT QCLANLQPTT TYKTYLGEKY LT
TF16-B ASYGKNGSHC PDKFCLFQSV TKDLLFRDDT QCLANLQPTT TYKTYLGEKY LT
TF16-C ASYGKNGSDC PDKFCLFQSA TKDLLFRDDT ECLANLQPTT TYKTYLGEKY LM

Fig. 7. Amino acid sequences of the transferrin exon 13, 15 and 16.
Reference sequences were from GenBank(accession number AF103819,
AF103826, AF103832, AF103835, AF103839, AF103845 AF103343,
AF103868, AF103856, AF103864, AF103866).
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