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POLYMORPHIC SHORT TANDEM
REPEATS FOR PCR-BASED DIAGNOSIS
OF THE CHARCOT-MARIE-TOOTH 1A
DUPLICATION IN UKRAINE

Charcoi-Marie- Tooth newropathy (CM T) is one of the mosi
common hereditary disorders, affecring I : 2500 individuals.
The major mutation — microduplication of 1.4 megabases in
I7p 11 2 region, which is responsible for 68— 90 % of cases of
CMTI, results in CMTIA. In the present article we provide the
population genetic study in 32 unrefated non-CMT volunteers
from population of Ukraine in three STRy (DI78921,
DI781338 and DI7S5122) from the 17pll.2 chromosomal
region o determine their ability for the CMTIA-duplication
detection using STR-PCR method in Ukraine. The informativ-
ity for the CMT 1A defection in current use STR panel is calcu-
lated to be 93,6 %. It has been shown that current use STR
panel analvsis iv impartant for CMTIA duplication detection,
early differential diagnosis of CMT including prenatal diagno-
six and penetic consulting in high risk families.
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Introduction. Charcot-Marie-Tooth disease
{CMT) and related neuropathies (hereditary neu-
ropathy with liability to pressure palsies [HNFPP]
and Dejerine-Sottas disease [[D55]) are sensori-
neural polyneuropathies. The disease is one of the
entities that demonstrate heterogeneity with auto-
somal dominant inheritance, autosomal recessive
inheritance, and X-linked dominant and X-linked
recessive inheritance.

Charcot-Marie-Tooth disease is a common Men-
delian disorder with a frequency of 1 in 2500 [1].
CMT has been separated historically into two dis-
tinct clinical/pathological categories: CMTI and
CMT2 (MIM# 118200, 118210 and [18220) [2,
3]. CMT]1 shows defects in the formation or main-
tenance of myelin with motor conduction velocity
(MCV) reduced to =38 m/sec in the upper limbs
{median nerve), and segmental demyelination and
remyvelination with «onion bulbss at peripheral
nerve biopsy [3—35] and represents about 2/3 of all
cases of CMT. The other form (CMT2) with a rel-
atively preserved MCV (=38 m/sec in the upper
limbs), and chronic axonal involvement at biopsy
represents about 20—30 % of the CMT cases [4].
These two forms are further subdivided according
to genetic mapping criteria into -A, -B, -C, and
so forth. Overall, CMT exhibits substantial genet-
ic heterogeneity with at least 15 loci identified to
date [3].

CMTIA — the most common form of the dis-
ease, accounting for 70—90 % [6] is associated
with alterations in the chromosomal region 17p11.2
containing the gene of peripheral myelin protein
22 (PMP22; MIM#601097), and involves micro-
duplication of 1.4 megabases [6, 7] which is res-
ponsible for 68—90 % of cases of CMTI1 [8] or
PMP22 gene point mutations (frequency 1 %) [9].
The CMTIA region is flanked by a set of 24-kb,
low-copy number repeats (CMTI1A-REPs), and
99 % of the CMTIA duplication is mediated by
unegual crossing-over between the proximal and
distal CMTIA-REPs (Fig. 1) |7, 10]. A clinically
distinct hereditary neuropathy with liability to
pressure palsy (HNPP) has been found allelic to
CMTIA, in which deletion of the same 1.4-Mb
region is responsible for the disease. Additional
molecular studies revealed that CMTIA and
HMNPP result from a reciprocal interchromosomal
recombination event [10].

Several methods have been used in clinical lab-
oratories for the molecular diagnosis of CMTI1A
and HNPP [7, 11, 12]. Conventional Southern
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hybridization was used initially to visualize the dif-
ference in dosage by densitometric measurement
using a region-specific probe. Subsequently,
pulsed-field gel electrophoresis (PFGE) has been
used to detect recombination-specific junction
fragments [13]. More recently, interphase fluores-
cence in situ hybridization (FISH) analysis was
developed for the CMTIA/ HNPP diagnosis,
which directly visualizes the gain or loss of the
PMP22 signal [14], as well as real-time fluorescent
PCR, which measures gene dosage [15]. PCR-
based methods using short tandem repeats (STRs)
[16, 17], guantification of gene dosage [18], and
detection of the unigue junction fragment of the
CMTIA/HNPP recombination [19] have also
been reported. STR-PCR methods detect three
different alleles in CMT 1A duplication in combi-
nation with semi-quantitative dosage measure-
ment, Because of its advantages in cost, amount of
DNA sample required, labor, and turnaround
time, the STR-PCR method has been widely used
for molecular diagnosis of CMTIA. This method
shows to have the limitation in sensitivity due to
the diagnosis often relies not only on the three dif-
ferent alleles detection in CMTIA-duplication
sample but, in some cases, on the interpretation of
differences in allele intensities, even with use of the
most polymorphic markers that have been report-
ed to date [20].

In the present article we provide the population
genetic study of three poly(CA) STRs (D175921,
D1751358 and D175122) from the 17p11.2 chro-
mosomal region (CMTI1A-duplication region) in
52 unrelated non-CMT volunteers from popula-
tion of Ukraine to determine and estimate their
ability for the CMT1A-duplication detection using
STR-PCE method in Ukraine. Furthermore, it
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Fig. 1. The scheme of CMTI1A-duplication formation in
17p11.2 region

has been estimated the limitations and difficults in
the results interpretation obtained by the current
use method for CMTIA-duplication analysis in
Ukraine.

Materials and methods. DNA samples were
extracted from blood obtained after informed con-
sent from 52 unrelated volunteer donors from dif-
ferent regions of Ukraine. Blood sampling, togeth-
er with DNA isolation were done by standard
procedures. A total of 104 chromosomes were
studied. The STR loci D175122, D175921 and
D1751358 from 17pll.2 chromosomal region
were selected for current study [21]. We used pre-
viously published primer sequences [21, 22] for
loci under investigation.

DMA amplifications were performed with
«PerkinElmers thermocyclers, PCR conditions
were the optimized as followed (Table 1).

Table |
The PCR conditions for DI175122, D175921, D1751358 loci amplification
Locus Stage Mool cycles Dxenaturation Anncaiiﬁlgﬁzumlurc Elongation
D175921 I 1 44 *C—2 min 57°C—45s T2°C—40s
11 30 04 *C—40 5 56°C—135% T2oC—348¢1
1751358 | | 94 *C—2 min SE*C—455% 72°C—40 5
Il an 04 sC—A 5 56 *C=35s 72°C=35%s
D175122 I | 94 *C—2 min 56°C—45s T2°C—35%
11 5 94 *C—4l s 56 °C—35s T2°9C—40s
1] 25 94 *C—dl s 54 °C—355% T29C—40s
[SSN 03643783, Humonozun u sewemuwa, 2005, No 5 57
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Fig. 2. An example of analysis of loci D175122 (4), D175921 (A), DI7S1358 (B with the use of an A L _Fexpress automat -
ic laser sequenator (a fluoregram). Locus D17S122: line 13 — genotype 36/36, line 14 — genotype 36/40, line 15 — geno-
type 36/37; locus D175921: line 35 — genotype 26/26, line 36 — genotype 26/28, line 37 — genotype 26/30; locus
D1751358: line 29 — genotype 16/20, line 30 — genotvpe 20421, line 31 — genotype 16/21, line 32 — genotype 16/16
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Fig. 3. Physical map of CMT1A locus on human 17pl1.2

For accurate allele identification we used fluo-
rescence Cy3 labeled primers for every of exami-
ned loci. 1—2 ml of PCR products were mixed with
3 ml formamide solution, containing the internal
markers, denaturated at 98 ?C for 2 min and loaded
on a6 % (with TM urea) PAGE gel and electro-
phoresed on the automated DNA «ALF express [1»
sequencer (Amersham Bioscience). The PCR frag-
ment analysis was performed with the Fragment
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Manager computer program (Fragment Manager
Software V2.1, Pharmacia) (Fig. 2).

Statistical results analysis was done with use of
GENEPOP and ARLEQUIN V2.000 software
packages. The P wvalues for the exact Hardy-
Weinberg test were estimated according to the
Markov chain approach of Guo and Thompson.
Expected numbers of heterozygotes are computed
using Levene's correction.
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Results and discussion. We have picked out
three poly(CA) STRs (DI175921, DIT7S1358 and
D175122) from the 17pl1.2 CMTIA-duplication
region on the grounds of previously published het-
erozygosity levels of every of these loci were nearly
70 % in different populations [21, 23]. The physi-
cal map of CMT1A-duplication locus with STRs
from 17pl11.2 is visualized on Fig. 3.

We have carried out a population genetic study
of given 5TRs on 52 unrelated individuals (104
chromosomes) from Ukraine to determine and
estimate the ability for the CMTI1A-duplication
detection using STR-PCR method.

The nomenclature of D175921, D1751358 and
2175122 alleles in current paper corresponds with
the number of CA-repeats.

The STR D175122 revealed seven different alleles
{Fig. 4). The most common alleles were 36 (frequen-
cy: 0.269), 37 (frequency: 0.298) and 38 (frequency:
0.260). The observed index of heterozygosity was
63,4 %.

The STR D175921 revealed six different alleles
(Fig. 5). The most common alleles are 26 (frequen-
cy: 0.346) and 30 (frequency: 0.452). The observed
index of heterozygosity was 73,1 .

The STR DI1751358 revealed six different alleles
(Fig. 6). The most common alleles were 16 (fre-
quency: 0.288), 19 (frequency: 0.356), 38 (fre-
quency: 0.240). The observed index of heterozy-
gosity was 65,4 %,

The distribution of genotypes of all three loci
was in agreement with the expected values of the
exact Hardy-Weinberg test (Table 2).

We have also provided the test for random asso-
ciation of alleles at the three STR loci in popula-
tion of Ukraine. As the haplotypic compositions of
the samples were known we had done the exact test
to estimate pair-wise linkage disequilibrium
between the DITS122, DI7TS92]1 and D1751358
loci, The results of the test showed the random
allele association (absence of significant allele

Table 2
Exact Hardy-Weinberg test using a Markov chain

i Mol Ohbserved Expected B it

: genotypes | heterzygosity [heterzygosity|
D175122 52 0.65385 077184 014288
175921 52 0.73077 0.66430 0.57588
DI151358 52 0.65385 0.73152 0.52658
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Fig. 6. The allele distribution of 1751358 locus

linkage disequilibrium; significance level = 0.0500}
for every pair of loci in Ukrainian population.
These results allowed us to use all three STR-loci
simultaneous for CMT1A-duplication analysis in
CMT-families from Ukraine, It also let us cal-
culates the averaging index of total heterozygosi-
ty of all three loci in Ukraine, which had to be
96,7 % (expected). It has been correlated with
obtained population data — 51 heterozygoutes
from 52 (98 %).

Using the SRT-PCR method for the diagnosis
of CMTIA-duplication, we will considered the
presence of the CMTIA duplication in a CMT
patient if at least for one DNA marker three dis-
tinct alleles will be detected, or if clear dosage dif-
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ferences were seen for two different markers. It
based on the fact that, when poly (CA) repeats are
used for molecular diagnosis, artifact bands pro-
duced by slippage of the polymerase enzyme may
lead to difficulties in interpretation of dosage for
different alleles. Dosage analysis was not possible
when the difference in length between two (CA)n
repeat alleles is only two nucleotides (1 CA-
repeat). In this case, the sstutters effect results ina
non=-specific synthesis of DNA fragments. The
non-specific peaks from the larger allele might
affect the dosage of the shorter allele.

S0 in a case of duplication in a CMT patient
from Ukraine (according to population genetic
data, obtained in present study) we would received
three distinct alleles in sample by at least one of
STR loci only in 70,85 % of cases (full informative
case); in 0,07 % cases the patient would be
homozygous by all three loci (full non-informative
case) and in the rest cases we have to provide the
allele dosege estimation.

From the above it should be clear that the index
of the three STR-test system informative heterozy-
gosity for CMTIA-duplication analysis using
PCR-STR method in our population would be less
than the index of total heterozygosity (96,7 %) of
all three loci in Ukraine. The STR loci informative
heterozygosity would be decreased due to dosage
estimates limitation, which we had to provide in
29.08 % of CMTI1A-duplication cases, if only the-
se three STR-loci are used. The dosage estimates
uninformative cases would be: a) the CMT sample
heterozygous by only 1 SRT-locus — 1,4 %; b) the
CMT sample heterozygous by two SRTs, but only
one «distinct= heterozygoute (alleles differed by
more than | CA-repeat) — 4,2 %; c) the CMT
sample heterozygous by two SRTs, but both het-
erozygoutes would be «closes (alleles differed by |
CA-repeat) — 0,8 %.

Taking all these considerations into account,
the effective (informative) index of heterozygosity
for the CMTI1A detection, based on three STR-
test system analysis in Ukraine would be 93,6 %.

To conclude, the results of present study show-
ing that CMT1A-duplication analysis with use of
D175122, D17592]1 and DI1751358 STR-panel
analysis may be applied to early differential diag-
nosis of CMT including prenatal diagnosis and
genetic consulting in high risk families in Ukraine,
as far as these loci revealed to have rather high
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indexes of heterozygosity and the number of dif-
ferent alleles of each locus is more then six. The
effective (informative) index of heterozygosity for
the CMTI1A detection in current use STR panel
was estimated to be not more than 93,6 %. To
increase the informativity of CMT | A-duplication
analysis in Ukraine the additional novel highly
infotmative STRs from the 17pl1.2 region have to
be equipped into the investigation. We should
increase the informativity of CMT I A-duplication
diagnosis in CMT1 family involving the relatives of
the patient into investigation. But it is important to
realize that PCR-STR CMTI1A-duplication dete-
ction approach with allele dosage estimation is rat-
her subjective. Thus, it will be necessary to note that
CMTI1A-duplication detection require other addi-
tional diagnostic methods, such as direct PMP22
zene dosage estimation by quantitative PCR analy-
sis in a case of unclear allele dosage estimation.

PEIOME. Boneans Iapko-Mapu-Tve (LUMT) — oa-
HO H3 HanbOoMee PACTPOCTPAHENHEIN HACTKEICTREHHEX H-
Goneparmi ¢ yactoToi 11 2500, Dynamkanma 1,4 s noa.
B xpoMmocoMmuoi obmactu 1Tpll.2 sensercs mamopHoi
siyTamuci (68—90 % LUMTIL) u npuBOANT K PAssHTHIO
LUMT pemuenwuonoro THOAa 1A (IUMTIA). B nacTosuel
paboTe HAMM NPeICTARNEH MOMYAALHOHHO-TEHETHUEC K
AHATHI (52 HEPOACTRCHHEIX JOHOPA M3 ¥KDHHHEL) TPEX 110-
nuMophHex nokyeos (DI75921, DITSI3538 w DITS122)
M3 xposMocoMHON ofaacTd 17pll.2 WSt BRACHEHWS WH-
ﬁi\ﬂpHETHBIIl}ETH HX HCMONLIOBAHWA MPH AHACHOCTHEE
HIMT I A-mynnekansn setogoM STR-TUP awanu3a n
Yipanue. YeranosaeHo, 410 MHhopMaTHBHOCTE MCIIL-
JOBAHHA TPexX HOCHEOVEMBX JOKYCOBR LM BBIABTICHHA
IWIMTIA-mynankaund v Goassex LUMT u3 Yepannm
cocTapnger 936 %. [lonyyennele DanMele CRUIETENL-
CTBYIOT O TOM, 4T0 NAHETEL M3 TPEX HCCIEAYEMBIX TOKYCOR
MOMET HCTIOTBIOBATBCH 1A paHHe AndsdepeHuMaibHoi
auarHocTHEA LMT, Beotrouas NpeHaTaIbHYD, LU0 31 -
amsa IWMTIA-IVIIHEAUHH W FEHSTHYECKOrD KOHCYb-
THPOBAHHWA B CEMEAX BEICOKOTD PHCKA NaHWono sadone-
BAMHA.
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