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Анализ полиморфизма гена COL1A1_1 (rs1107946) как фактор риска рождения  
детей с низкой массой тела

Т. Е. Шумная, Т. О. Левчук, А. М. Камышный

Цель работы – определение генотипов полиморфизма С/А гена коллагена COL1A1_1 (rs1107946) и закономерность 
распределения аллельных генов у детей с малой массой тела при рождении.
Материалы и методы. Обследовали 168 детей. Пациентов поделили на 3 группы в зависимости от веса при рождении: 
І группа – 52 детей с весом при рождении 1500–1999 г, ІІ группа – 76 детей с весом при рождении 2000–2499 г, ІІІ груп-

UDC: 616-053.31-056.253-02-07:575.174.015.3

Analysis of COL1A1_1 gene (rs1107946) polymorphism as a risk factor  
for low birth weight
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Zaporizhzhia State Medical University, Ukraine
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Objective. Identification of the CA genotype of the (rs1107946) polymorphism of COL1A1_1 gene and the pattern of allele dis-
tribution in low birth weight babies.
Materials and methods. A total of 168 babies were examined. The babies were divided into 3 groups depending on the birth 
weight: the 1st group comprised of 52 babies (birth weight was 1500–1999 g), the 2nd group – 76 babies (birth weight was 2000– 
2499 g) and the 3rd group – 40 babies (birth weight was more than 2500 g, that is they had normal birth weight). Polymerase 
chain reaction genotyping method was used.
Results. It was found that the frequency of the C allele detection was equal to 39.60 %, the A allele – 60.42 %, chi-square (df = 1) 
29.17, P < 0.05. At the same time, the homozygous AA genotype was observed significantly more often and amounted to 52.98 % 
versus 32.14 % of the CC genotype cases. The heterozygous CA genotype was detected only in 14.9 % of children, significantly 
less than homozygous genotypes CC (df = 1) 13.92, P < 0.05 and AA (df = 1) 54.38, P < 0.05. The AA genotype of the (rs1107946) 
polymorphism of COL1A1_1 gene was found among babies of the 1st and 2nd groups in 61.53 % and 52.63 %, CC – 23.08 % 
and 31.58 %, CA – 15.38 % and 15.79 % of cases, respectively. The CC genotype of the polymorphism was detected almost in 
half of babies from the 3rd group (47.5 %), while the AA genotype was detected only in 35.0 % and the CA genotype – in 17.5 %.
Conclusions. The molecular and genetic study of the CA genotype of the (rs1107946) polymorphism of COL1A1_1 gene 
showed that the determination of the A allele frequency was significantly higher than the C allele among the examined babies. 
Consequently, the homozygous AA genotype was significantly more common than the CC genotype. The results of the study 
indicated the prognostic value of the A allelic gene for the risk of low birth weight – that is, the lower birth weight (1500–1999) 
was found in babies with homozygous AA genotype.

Аналіз поліморфізму гена COL1A1_1 (rs1107946) як фактора ризику народження  
дітей з малою масою тіла

Т. Є. Шумна, Т. О. Левчук, О. М. Камишний

Мета роботи – визначення генотипів поліморфізму С/А гена колагену COL1A1_1 (rs1107946) і закономірність розподілу 
алельних генів у дітей із малою масою тіла при народженні.
Матеріали та методи. Обстежили 168 дітей. Пацієнтів поділили на 3 групи залежно від ваги при народженні: І група – 52 
дітей (вага при народженні становила 1500–1999 г), ІІ – 76 дітей (вага при народженні – 2000–2499 г), ІІІ – 40 дітей (вага при 
народженні – понад 2500 г, тобто нормальна маса тіла). Генотипування здійснили методом полімеразної ланцюгової реакції.
Результати. Частота виявлення алеля С становила 39,60 %, алеля А – 60,42 %, chi-square (df = 1) 29,17, p < 0,05. Гомо-
зиготний генотип АА виявляли вірогідно частіше – 52,98 % проти 32,14 % випадків генотипу СС. Гетерозиготний генотип 
СА визначили тільки у 14,9 % дітей, вірогідно рідше, ніж гомозиготні генотипи СС (df = 1) 13,92, p < 0,05, АА (df = 1) 54,38, 
p < 0,05. Генотип АА поліморфізму гена колагену COL1A1_1 (rs1107946) виявили в дітей І та ІІ груп у 61,53 % та 52,63 %, 
СС – 23,08 % та 31,58 %, СА – 15,38 % та 15,79 % випадків відповідно. Майже в половини дітей із ІІІ групи (47,5 %) вста-
новили генотип СС поліморфізму, генотип АА – тільки у 35,0 %, СА – 17,5 %.
Виcновки. Молекулярно-генетичне дослідження визначення поліморфізму С/А гена колагену COL1A1_1 (rs1107946) 
показало, що частота виявлення алеля А була серед обстежених дітей вірогідно вища, ніж алеля С. Відповідно, гомо-
зиготний генотип АА виявляли вірогідно частіше, ніж генотип СС. Результати дослідження свідчать про прогностичне 
значення алельного гена А в розвитку ризику народження дітей із малою масою тіла, тобто меншу масу тіла (1500–1999 
г) мали діти з гомозиготним генотипом АА.
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па – 40 детей с весом при рождении 2500 г и более (с нормальной массой тела). Генотипирование проводили методом 
полимеразной цепной реакции.
Результаты. Частота определения аллеля С составила 39,6 %, аллеля А – 60,42 %, Chi-square (df = 1) 29,17, p < 0,05. 
При этом гомозиготный генотип АА устанавливали достоверно чаще – 52,98 % против 32,14 % случав генотипа СС. Ге-
терозиготный генотип СА определяли только у 14,9 % детей, достоверно реже, чем гомозиготные генотипы СС (df = 1) 
13,92, p < 0,05, АА (df = 1) 54,38, p < 0,05. Генотип АА полиморфизма гена коллагена COL1A1_1 (rs1107946) отмечен среди 
детей І та ІІ группы в 61,53 % и 52,63 %, СС – 23,08 % и 31,58 %, СА – 15,38 % и 15,79 % случав соответственно. Почти 
у половины детей ІІІ группы (47,5 %) установлен генотип полиморфизма СС, генотип АА – у 35,0 %, генотип СА – только 
у 17,5 % обследованных.
Выводы. Молекулярно-генетическое определение полиморфизма С/А гена коллагена COL1A1_1 (rs1107946) показало, 
что частота определения аллеля А была среди обследованных детей достоверно выше, чем аллеля С. Соответственно, 
гомозиготный генотип АА устанавливали достоверно чаще, чем генотип СС. Результаты исследования свидетельствуют 
о прогностическом значении аллельного гена А в развитии риска рождения детей с малой массой тела, то есть более 
низкий вес тела (1500–1999 г) имели дети с гомозиготным генотипом АА.

Birth weight is an important parameter that influences later 
health of a newborn. But on the other hand, the low birth 
weight is a consequence of premature birth or intrauterine 
growth retardation, which can lead to problems of adaptation 
to extrauterine life, severe postpartum complications and 
even death within the first 5 years of life. In case of the low 
birth weight, there is also a risk of developing chronic kidney 
disease, hypertension, obesity, neuropsychiatric symptoms, 
cognitive decline and autistic spectrum disorders at older 
ages [1–11].

Therefore, the topical issue of pediatrics is the study 
of low birth weight causes and the problem of “low weight” 
itself is polyethiologic one [12,13].

Indeed, today it is known that all risk factors for a child’s 
low birth weight can be divided into intrauterine, placental, 
parental and genetic both from mother and father. That is, 
the weight and length of a fetus body and then of a new-
born child are determined by genetic inheritance from both 
parents [14–16].

At the present stage, the data on the study of some 
polymorphisms affecting various risk factors for low birth 
weight, namely endocrine mechanisms [17], folic acid 
metabolism [18,19], vitamin D metabolism [20], metals ex-
posure [21], cytokine profile changes [22], the influence of 
caffeine [23], etc., can most often be found in the literature. 
Although existing information about genetic factors caused 
by one or another gene polymorphism is not sufficient to 
study this problem.

However Y. V. Alegina and co-authors in their study 
demonstrated the association of COL1A1 gene polymor-
phism with miscarriage, but we did not meet the data on 
the incidence rate of this gene polymorphism in children 
born with low body weight, necessitating further our study 
[24]. After all, structural integrity of connective tissues is 
upheld by collagen, which is the most abundant protein 
in the human body, up to 25 % of the total body protein. 
The word «collagen» means in Greek “glue”. At present, 
scientists know 28 types of collagen, but the most com-
mon in the human body is type 1 collagen. It is a part of 
many tissues: skin, ligaments, bones, cornea, placenta, 
arteries, liver, dentin, and the like. Type 1 collagen fibers 
have the highest mechanical strength among all collagen 
types. Collagen synthesis is regulated by about 40 genes. 
Therefore, virtually any gene mutation in collagen synthesis 
leads to loss or alteration of this protein function that, in 
turn, affects the properties of tissues and organs, inclu-
ding the “strength” of tissues. The gene COL1A1 encodes 

the component of type 1 collagen. The collagen molecule 
typically consists of three protein chains interlaced with each 
other. The main protein of the collagen includes two chains 
of collagen α1 and one chain of collagen α2 [25].

Objective
Identification of the CA genotype of the (rs1107946) poly-
morphism of COL1A1_1 gene and the pattern of allele 
distribution in low birth weight babies.

Materials and methods
To study the CA genotype of the (rs1107946) polymorphism 
of COL1A1_1 gene, babies with different birth weight were 
examined. A total of 168 children were divided into 3 groups 
according to the birth weight: the 1st group consisted of 
52 babies (birth weight was 1500–1999 g), the 2nd group 
included 76 babies (birth weight was 2000–2499 g), the 3rd 
group – 40 babies (birth weight was more than 2500 g).

Polymerase chain reaction genotyping was performed 
with the Applied Biosystems (USA) using total DNA samples 
extracted from whole venous blood with a set of SNP-Screen 
reagents (manufacturer “Syntol”) on the amplifier CFX96TM 
Real-Time PCR Detection Systems (Bio-Radlaboratories, 
Inc., USA). This study was carried out in the Department of 
Molecular and Genetic Researches of the Educational Med-
ical and Laboratory Center at the Microbiology Department 
of Zaporizhzhia State Medical University in Zaporizhzhia city 
(Head of the Microbiology Department, Head of the Depart-
ment of Molecular and Genetic Researches of the Educa-
tional Medical and Laboratory Center of Zaporizhzhia State 
Medical University – MD, Professor O. M. Kamyshnyi). The 
work was carried out within the framework of the scientific 
and research work of the Children Diseases Department 
of Zaporizhzhia State Medical University.

The obtained results of the studied distribution of allele 
frequencies and genotypes were used to analyze the genet-
ic structure of the population according to the Hardy-Wein-
berg equilibrium. To compare the allele frequencies and 
genotypes in different groups, the non-parametric statistical 
“2 × 2 Table” method, Chi-square (df = 1) test were used. 
Also, the odds ratio (OR) was calculated using a four-field ta-
ble with a confidence interval (CI) construction by the Woolf 
method. To evaluate the diagnostic significance, the indica-
tors such as sensitivity, specificity, accuracy and prognostic 
value of positive and negative results were determined. To 

Оригинальные исследования
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process the study results, the non-parametric statistical 
methods of the licensed software package Statistics for 
Windows 6.1.RU, serial number AXXR712D833214SAN5 
were used.

Results
A molecular and genetic study of 168 babies was performed 
to detect the CA genotype of the (rs1107946) polymorphism 
of COL1A1_1 gene, which showed that the frequency of 
C allele detection was equal to 39.6 %, A allele detection – 
60.42 %. Chi-square (df = 1) 29.17, P < 0.05. At the same 
time, the homozygous AA genotype was observed signifi-
cantly more often and amounted to 52.98 % versus 32.14 % 
of the CC genotype cases. The heterozygous CA genotype 
was detected only in 14.9 % of children, significantly less 
than homozygous genotypes CC (df = 1) 13.92, P < 0.05 
and AA (df = 1) 54.38, P < 0.05.

The AA genotype of the (rs1107946) polymorphism 
of COL1A1_1 gene was found among babies of the 1st 
group in 61.53 % of cases. Moreover, the AA genotype 
was significantly more common than the CA genotype 
(df = 1), 23.40, P < 0.05, and the CC genotype (df = 1), 
15.76, P < 0.05. The CC genotype was found in 23.08 % of 
the examined babies in the 1st group, that was significantly 
less than the AA genotype (df = 1), 15.76, P < 0.05. Among 
the 1st group babies, the heterozygous CA genotype was 
detected in 15.38 %. Although the CA genotype was less 
common than the CC genotype, no significant differences 
were found. These data are shown in Fig. 1.

Among the 2nd group babies, the AA genotype of 
the (rs1107946) polymorphism of COL1A1_1 gene pre-
vailed, which was recorded in 52.63 % of babies (Fig. 2).

However, among the 2nd group babies, the AA geno-
type of the (rs1107946) polymorphism of COL1A1_1 gene 
was significantly more common than the CA genotype 

СС,*АА
23,08 %

СА,*АА
15,38 %АА, *СА, СС

61,53 %

СС

СА

АА

*: significant difference between the groups, P < 0.05.  

СС

СА

АА

*: significant difference between the groups, P < 0.05.

СС,*АА, СА
31,58 %

СА,*АА,СС
15,79 %

АА,*СА, СС
52,63 %

Fig. 1. Distribution of genotypes of type 1 collagen (COL1A1_1) gene among babies  Fig. 2. Distribution of genotypes of type 1 collagen (COL1A1_1) gene among 
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(df = 1), 6.91, P < 0.05, and CC genotype (df = 1), 22.92, 
P < 0.05. Thus, the CC genotype was found in 31.58 % of 
the examined babies in the 2nd group, that was significantly 
more common than the CA genotype (df = 1), 5.24, P < 0.05 
and significantly less than the AA genotype (df = 1), 6.91, 
P < 0.05. The CA genotype was detected only in 15.79 % 
of the 2nd group babies, which was significantly less com-
mon than the AA genotype (df = 1), 5.24, P < 0.05, and CC 
genotype (df = 1), 22.92, P < 0.05.

The CC genotype of the (rs1107946) polymorphism of 
COL1A1_1 gene frequency was significantly higher than 
the CA genotype (df = 1), 7.94, P < 0.05, in almost half of 
babies from the 3rd group (47.5 %). The CA genotype was 
detected in 17.5 % of babies, which was significantly less 
common than the CC genotype (df = 1), 7.94, P < 0.05. 
Among babies of the 3rd group, the AA genotype was re-
vealed in 35 % of cases. The data are presented in Fig. 3.

The following comparative analysis was done to detect 
the frequency of each genotype of (rs1107946) polymor-
phism of type 1 collagen (COL1A1_1) gene not only within 
each of the examined groups of babies, but also between 
the study groups, that is, we analyzed the frequency of 
each genotype detection depending on the birth weight. 
The CC genotype was significantly greater among the 2nd 
group babies (43.63 %), (df = 1), 5.95, P < 0.05, than 
among babies of the 1st group (22.82 %). There was no 
significant difference in comparison with the control group 
(Fig. 4 and Table 1).

Among the 1st group babies, the genotype CA was 
found in 29.63 %, among the 2nd group babies – in 44.44 %, 
among babies of the 3rd group – in 25.93 %; there were 
no significant differences between the three groups (Fig. 5 
and Table 1).

The low percentage of the AA genotype was revealed 
among the 3rd group babies (16.28 %) as compared with 
the 1st group babies (df = 1), 9.56, P < 0.05 and the babies 
of the 2nd group (df = 1), 18.14, P < 0.05. Among the 1st 
group babies, the AA genotype was determined in 37.21 %, 
among the 2nd group – in 46.51 % (Fig. 6 and Table 1).

According to the Hardy-Weinberg equilibrium, the fre-
quency of alleles at the CA (rs1107946) polymorphism of 
COL1A1_1 in the examined babies (Fig. 7) showed that 
the A allele detection was significantly higher in the 1st 
group babies (babies with the birth weight of 1500–1999 
g) amounting to 69.2 % of cases (df = 1), 17.5, P < 0.05 
and in the 2nd group (babies with the birth weight of 2000– 
2499 g) – 60.5 % (df = 1), 37.57, P < 0.05 in comparison 
to babies with birth weight of more than 2500 g (the 3rd 
group) – 43.75 %.

Also, the A allele frequency was significantly higher 
among the 1st group babies than among the 2nd group 
babies, (df = 1), 4.15, P < 0.05. According to the data 
of the multiplicative inheritance models, the distribution 
of the allele frequencies among babies also proved that 
the inheritance of a phenotypic feature such as a low birth 
weight was associated with the predominance of A allele 
of COL1A1_1 gene (rs1107946) polymorphism (Table 2).

But the homozygous AA genotype with a reliable odds 
ratio = 2.97, DI [1.26–7.00] was found only among the 1st 
group babies (birth weight of 1500–1999 g). Such pattern 
was not observed in case of the CA and CC genotypes.

Discussion
We compared the results of our study with population-based 
studies. The frequency of the AA genotype detection in 
children enrolled in the study was significantly higher than 
in the world population [26]. The same pattern was observed 
in relation to the A allele. The opposite pattern was found 
regarding the CC and CA genotypes, as these genotypes 
were determined less frequently among the children in our 
study than in the population (Fig. 8, 9). This can be explained 
by the sample representativeness in our study, that is, chil-
dren weighing less than 2500 g at birth. The study results 
showed the prognostic value of the A allelic gene for the risk 
of low birth weight, that is babies who were homozygous 
for the AA genotype had lower birth weight (1500–1999 g).

As a result of the study, it has been found that all low 
birth weight babies were carriers of the A allele. For instance, 
among babies carrying the A allele, the odds ratio was 
equal to 2.89, DI [1.58–5.31] in the 1st group and 1.97, DI 
[1.14–3.41] in the 2nd group.

Analyzing the study results, we calculated the prog-
nostic value of the A allele detection among the low birth 
weight babies: sensitivity – 0.63, specificity – 0.55, positive 
prognostic value 0.82 and negative prognostic value – 0.69.

Conclusions
1. The molecular and genetic study of the CA geno-

type of the (rs1107946) polymorphism of COL1A1_1 gene 
showed that the A allele frequency was significantly higher 
than the C allele and was equal to 60.42 % and 39.6 %, 
respectively. At the same time, the homozygous AA geno-
type was detected significantly more often and amounted 
to 52.98 % versus 32.14 % of the CC genotype cases, 
P < 0.05; the heterozygous CA genotype was determined 
only in 14.9 % of babies.

2. Depending on the birth weight, the genotypes had 
the following distribution: the homozygous CC genotype – 
22.88 %, 43.63 %, 34.55 %, the homozygous AA geno-

Table 1. Characterization of genotypes of the COL1A1_1 gene (rs1107946) 
polymorphism (abs./%)

Groups n Genotypes /n (abs/%)
СС (55/100 %) AA (86/100 %) CA (27/100 %)

І 52 12/22.82 % 32/37.21 % 8/29.63 %
ІІ 76 24/43.63 % 40/46.51 % 12/ 44.44 %
р (I – II) <0.05 >0.05 >0.05
ІІІ 40 19/34.55 % 14/16.28 % 7/25.93 %
р (I – III) >0.05 <0.05 >0.05
р (II – III) >0.05 <0.05 >0.05

Table 2. Distribution of the allele frequencies among the babies according to 
multiplicative inheritance models

Groups Babies  
n

Alleles 
n

Alleles (abs/%)
А С

І 52 104 72/69.23 % 32/30.77 %
ІІ 76 152 92/60.53 % 60/39.47 %
р (I – II) <0.05 <0.05
ІІІ 40 80 35/43.75 % 45/56.25 %
р (I – IIІ) <0.05 <0.05
р (II – III) <0.05 >0.05
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type –37.21 %, 46.51 %, 16.28 % and the heterozygous 
CA genotype – 29.63 %, 44.44 %, 25.93 %. These data 
are not consistent with the population-based studies due to 
the representativeness of the birth weight sample.

3. It was found that the babies of the 1st and 2nd groups 
had the A allele more frequently with the odds ratio equal to 
2.89, DI [1.58–5.31] and 1.97, DI [1.14–3,41], respectively. 
The results of the study showed the prognostic value of 
the A allele for the risk of low birth weight.

Prospects for further studies. In the future, we are 
planning to study the effect of other collagen gene poly-
morphisms as well as their effect on the low birth weight.
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