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Background: Congenital cataract (CC) is a congenital abnormality characterized by lens opacity present 
at birth and is associated with highly heterogeneous clinical manifestations. Lens-specific integral membrane 
protein (LIM2) gene expression is localized to tight junctional domains of different lens fiber membranes. To 
date, only four mutations in LIM2 have been reported to be associated with congenital or presenile cataracts. 
Due to the rarity of variants detected in the gene, there is limited progress in understanding the correlation 
between the genotype and phenotype of patients with mutations in LIM2.
Methods: A total of four Chinese families with CCs were recruited for this study, including three families 
inheriting in an autosomal dominant (AD) pattern and one sporadic case. Genomic DNA was extracted from 
the leukocytes of peripheral blood collected from all available patients. Whole-exome sequencing (WES) 
was performed on all probands and at least one of their parents. Bioinformatics analysis was performed to 
evaluate the pathogenicity of the candidate variants. Exon 4 of LIM2 was amplified by polymerase chain 
reaction and directly sequenced. All patients underwent full ocular examinations. This was an observational 
study to explore the genotype-phenotype relationships in the four families with a common candidate variant.
Results: Various ocular phenotypes were detected in these families, mainly including CCs, elongated axial 
length, and myopia-related fundus changes. The LIM2 gene mutation, p.Arg130Cys, was detected in all 
patients. This was further confirmed by Sanger sequencing. The proportion of probands with this mutation 
in our CCs database was 3.1% (4/130), which indicated that this mutation appears to be a frequent cause of 
cataracts in the Han Chinese population. This variation has been reported by other investigators before and 
was correlated with isolated cataracts.
Conclusions: This is the first study that reports various ocular phenotypes associated with the p.Arg130Cys 
mutation in the LIM2 gene, which indicated the phenotypic heterogeneity of this gene. LIM2 might not only 
function as an integral membrane protein in lens fiber cells but also be associated with the axial development 
of the eyeball. Functional studies of the LIM2 gene are important and should receive more attention.

Keywords: Lens-specific integral membrane protein (LIM2); congenital cataracts (CCs); whole-exome sequencing 

(WES); phenotype-genotype correlation

Submitted May 27, 2020. Accepted for publication Nov 13, 2020.

doi: 10.21037/atm-20-4275

View this article at: http://dx.doi.org/10.21037/atm-20-4275

235

Original Article

https://crossmark.crossref.org/dialog/?doi=10.21037/atm-20-4275


Wang et al. Elongated axial length and myopia-related fundus changes associated with a mutation of LIM2 in patients with CCs

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2021;9(3):235 | http://dx.doi.org/10.21037/atm-20-4275

Page 2 of 11

Introduction

Congenital cataract (CC) refers to a congenital anomaly 
that occurs from the clouding of the ocular lens at birth. 
The global prevalence of CC ranges from 2.2–13.6 
per 10,000 children (1). The heredity of CC is highly 
heterogeneous (2). According to the Cat-Map database, 
there are more than 300 genes/loci associated with cataracts 
(http://cat-map.wustl.edu, last updated on March 30, 2020). 
To date, approximately 22 of these can be inherited in 
both autosomal dominant (AD) and autosomal recessive 
(AR) patterns, including EPHA2 (1p36.13), FOXE3 (1p32), 
GJA8 (1q21.1), FLNB (3p14.3), BFSP2 (3q21–q22), PITX3 
(10q25), LRP5 (11q13.4), CRYAB (11q22.1–q23.2), MIP 
(12q13), GJA3 (13q11–q12), NR2E3 (15q22.32), POLG 
(15q25), HSF4 (16q21), CRYBA1 (17q11.2–q12), GALK1 
(17q24), LIM2 (19q13.4), BFSP1 (20p11.23–p12.1), CRYAA 
(21q22.3), CRYBB3 (22q11.23), CRYBB1 (22q12.1), and 
CRYBA4 (22q12.1) (3-27). There is also a large variability 
in the phenotypes of patients with CC. Under most 
circumstances, the genotype heterozygosity of CC can 
lead to various manifestations. On the other hand, even in 
patients with the same mutation, their phenotypes can also 
be variable.

The LIM2 gene encodes the second most abundant lens-
specific integral membrane protein, also known as MP19 or 
MP20. It is a member of the PMP-22/EMP/MP20/claudin 
(Pfam00822) family of proteins, with roles in intercellular 
adhesion and protein trafficking (28). To date, four variants 
of LIM2 have been reported to be associated with the CCs. 
Three variants (p.Gly78Asp, p.Phe105Val and p.Gly154Glu) 
are inherited in an autosomal recessive mode (23,29,30). 
The other mutation reported was p. Arg130Cys, which is 
inherited in an AD pattern (22). To date, all four mutations 
have been described as associated with congenital or 
presenile cataracts. The morphologies of cataracts can be 
cortical sutural, nuclear and pulverulent. In the present 
study, four Chinese families in our CCs database (130 
unrelated families in total) with the same p.Arg130Cys 
mutation in the LIM2 gene were detected. Other than 
CC, patients in these four families featured various ocular 
phenotypic manifestations, including elongated axial length, 
myopia-related fundus changes, congenital nystagmus, 
esotropia, and persistent fetal vasculature (PFV). All specific 
information of the patients in this report was deidentified. 
We present the following article in accordance with the 
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/atm-20-4275) as an observational study to 

explore the genotype-phenotype relationships in the four 
families with a common candidate variant.

Methods

Patients

Eleven patients in four Chinese families (Figure 1A) 
were recruited from the Home for Cataract Children of 
Zhongshan Ophthalmic Center between January 2020 and 
May 2020. The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The study was 
approved by the Institutional Review Board of Zhongshan 
Ophthalmic Center (No. 2020KYPJ007), and informed 
consent was provided by all the patients or their guardians. 
All included participants were diagnosed with CC at an 
early stage. A full ophthalmic examination was performed, 
including a best-corrected visual acuity assessment, slit-
lamp biomicroscopy, fundus photography, B-ultrasound 
scan, and retinoscopy with cycloplegia, and ocular biometry 
measurements were performed with an A-ultrasound scan 
or IOL Master. The axial length data of four eyes from 
three patients were not collected due to eye atrophy or 
because the patients were too young to cooperate with the 
examination.

Mutation screening

Genomic DNA was extracted from leukocytes obtained 
from peripheral blood samples, as previously described (31). 
The molecular basis of all probands in four families was 
identified with whole-exome sequencing (WES) technology. 
The Agilent liquid phase chip capture system was utilized 
for efficient enrichment of whole-exome region DNA. 
Database building and capture assay were performed by 
the Agilent Sure Select Human All Exon V6 Kit (Agilent 
Technologies Inc., CA, USA). WES was performed on the 
Illumina platform (Illumina Inc., CA, USA) following a 
quality inspection. The human reference genome assembly 
(NCBI build 37/hg19) was used to map sequence reads 
by CLC Genomics Workbench (version 6.5.2) software 
(CLC bio, Aarhus, Denmark). After alignment to the 
human reference genome (GRCh37/hg19), frequencies 
of variants were determined from the 1,000 Genomes 
database (http://grch37.ensembl.org/Homo_sapiens/Info/
Index, Sep. 2015 data release), and the gnomAD databases 
(141,456 individuals; Oct. 2018 data release), removing 
minor allele frequency (MAF) values that were greater 

http://cat-map.wustl.edu
http://dx.doi.org/10.21037/atm-20-4275
http://dx.doi.org/10.21037/atm-20-4275
http://grch37.ensembl.org/Homo_sapiens/Info/Index
http://grch37.ensembl.org/Homo_sapiens/Info/Index
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than 0.0002. The frequency was based on the incidence of 
CCs (2.2/10,000). The PolyPhen-2 (32), SIFT (33) and 
MutationTaster (34) online tools were used to predict the 
pathogenicity of missense mutations on the coding regions. 
The pathogenicity of splice-site changes in the introns and 
synonymous variants in the exons were predicted using 
the Splice Site Prediction program with Neural Network 
(BDGP) (35). The candidate variants in 355 cataract-
associated genes were selected for further validation by 
Sanger sequencing (http://cat-map.wustl.edu, last updated 
on March 30, 2020). In addition, the candidate variants in 
seven PFV-associated genes were also double-checked and 

validated (Table S1). Segregation analyses of mutations were 
performed for available family members.

Haplotype analysis

In addition to the proband in family 3, which was a sporadic 
case, the patients of the other three families all showed an 
AD inheritance pattern. Based on the WES results of the 
probands and their parents, the haplotypes of the three 
probands were analyzed to identify whether those families 
shared a common founder allele. Six single nucleotide 
polymorphisms (SNPs) within and flanking the LIM2 

Figure 1 Pedigrees of the four families and sequencing results of the LIM2 mutation. (A) Pedigrees and cosegregation analyses of four 
families with mutation p.Arg130Cys of LIM2. (B) Electropherogram of the involved sequence fragment of LIM2 for the proband in family 1, 
the result of forward sequence is shown. The mutation is absent in the normal control III:3 in family 1.

Family 1

Family 3 Family 4

c.C388T/p.Argl30Cys

Normal

Family 2A

B

http://cat-map.wustl.edu
https://cdn.amegroups.cn/static/public/ATM-20-4275-supplementary.pdf
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gene region were used for haplotype reconstruction, which 
spanned approximately 0.52 megabase (Mb) pairs. All SNPs 
met the variants’ quality criteria of the WES results (36). 
The list of the SNPs and the haplotype analysis of the 
probands are shown in Table S2.

Statistical analysis

The association between elongated axial length and myopia-
related fundus changes and the Arg130Cys mutation in 
the LIM2 gene was determined using a two-tailed Fisher 
exact test. Analyses with P values <0.05 were considered 
significant. All statistical analyses were performed using 
the IBM SPSS Statistics 20 software (IBM Inc., New York, 
USA).

Results

Molecular findings

A heterozygous missense mutation c.C388T (p.Arg130Cys) 
in exon 4 of the LIM2 gene was identified in all affected 
individuals. It was not detected in any unaffected family 
members nor in the 1,000 Genomes database or in the 
gnomAD databases. The mutation causes the arginine 130 
codon (CGC) to change to a cysteine codon (TGC) in 
the second extracellular loop of the LIM2 protein. This 
mutation was previously reported to be associated with 
isolated CCs in a British family and a Czech family. The 
pedigrees, cosegregation analyses, and sequence maps of the 
four families with the mutation in the LIM2 gene are shown 
in Figure 1.

Haplotype analysis and founder event identification

In the three families with an AD mode of inheritance, family 
1 lived in Xinjiang Province for at least four generations in 
Northwest China. Families 2 and 4 came from two different 
cities in Jiangxi Province in Southeast China. The distance 
between the two provinces is more than 3,600 kilometers. 
The geographical positions of the four families are shown 
in Figure S1. Considering the close distance between the 
positions of families 2 and 4, the haplotypes of the probands 
in families 1, 2 and 4 were analyzed to identify whether 
they shared the same founder allele. In the analysis results, 
the haplotypes shared by the three probands was between 
rs12461542 and rs3794984, which spanned 0.41 Mb pairs. 
The region shared between family 1 and family 2 was 0.26 

Mb pairs. The region shared between family 2 and family 
4 spanned 0.19 Mb pairs, which was even shorter than the 
shared region between family 1 and family 2. Considering 
that the shared haplotype region of the three probands was 
quite limited, as well as taking into account the geographical 
distance between Xinjiang and Jiangxi Province, the 
three families may have had founder events that occurred 
independent from each other. The positions, intermarker 
distance and allele frequencies of the SNPs, and the 
haplotype analysis results of the probands in families 1, 2 
and 4 are shown in Table S2.

Clinical data

Eleven patients (two female patients and nine male patients) 
and six normal members (four female members and two 
male members) from the four families were evaluated in this 
study. Bilateral CCs were diagnosed in all patients (11/11) 
at a median age of 7 months (ranging from 4 months to 
10 years). The elongated axial length was found in 72.7% 
of the patients (8/11). The myopia-related fundus changes 
(including leopard-shaped fundus, patchy chorioretinal 
atrophy and optic disc change) were found in all of the 
eleven patients (11/11). None of the normal members in 
the four families carried the LIM2 mutation nor had high 
myopia or myopia-related fundus changes. The prevalence 
of elongated axial length was statistically significantly higher 
in the patients’ cohort (8/11, 72.7%) than in the normal 
member group (0/6, 0%, P=0.009). The prevalence of 
myopia-related fundus changes was statistically significantly 
higher in the patients’ cohort (11/11, 100%) than in the 
normal member group (0/6, 0%, P=0.000). The summary 
of all ocular phenotypes of patients in the four families with 
the p.Arg130Cys mutation is shown in Table 1.

In family 1, all patients were diagnosed with bilateral 
cataracts before the age of 10 years. IV:1 was the proband. 
He was referred to the ophthalmic department for bilateral 
leukocoria at 4 months of age and was diagnosed with 
nuclear cataracts. His cataract phenotype was bilateral 
nuclear cataract surrounded by pulverulent cortical opacity. 
After undergoing cataract extraction and intraocular lens 
implantation surgery at 6 months, he was diagnosed with 
elongated axial length (23.17 mm OD, 23.07 mm OS), 
leopard-shaped fundus and optic disc tilt in both eyes at the 
age of 4 years and 5 months. IV:2 was the younger brother 
of IV:1. Differing from the nuclear cataract phenotype of 
IV:1, he had bilateral lamellar cataracts with a relatively 
transparent central area. He also had myopia-related fundus 

https://cdn.amegroups.cn/static/public/ATM-20-4275-supplementary.pdf
https://cdn.amegroups.cn/static/public/ATM-20-4275-supplementary.pdf
https://cdn.amegroups.cn/static/public/ATM-20-4275-supplementary.pdf
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changes, including patchy chorioretinal atrophy and optic 
disc tilt. In addition, there were plaques of remnant tissue 
sitting on the posterior face of the bilateral lens of IV:2. 
He was diagnosed with PFV at when he was 7 months old. 
The fundus photo and B-ultrasound scan of IV:2 are shown 
in Figure 2A (right panel) and Figure 2B. III:2 is the father 
of IV:1 and IV:2. He was diagnosed with bilateral cataracts 

and had cataract surgery when he was 5 years old. His right 
eyeball was atrophied. The axis length of his left eye was 
within normal limits (23.86 mm) when he was 35 years 
old. Nevertheless, he had severe leopard-pattern changes 
and an oval and tilt optic disc in the fundus of his left eye  
(Figure 2A, left panel). II:5 was the grandfather of IV:1, 
and II:3 was the elder brother of II:5. Both II:3 and II:5 

Figure 2 Ocular phenotypes of patients with CCs in the four families. (A) Left panel: fundus photo of the left eye of III:2 in family 1 showed 
severe leopard-pattern changes and an oval and tilt optic disc. Right panel: fundus photo of the left eye of IV:2 in family 1 showed PFV and 
posterior patchy chorioretinal atrophy (red arrow head). (B) B scan of IV:2 in family 1 showed fibrovascular stalk from the optic disc to the 
lens posterior capsule (red arrow). (C) Fundus photo of II:3 and II:5 in family 1, showed posterior patchy chorioretinal atrophy. (D) Fundus 
photo of II:2 and III:1 (the proband) in family 2, showed leopard-shaped fundus and optic disc changes. (E) The total cataract of III:1 in 
family 2. (F) The development of cataract type from posterior subcapsular cataract to perinuclear cataract of II:1 (the proband) in family 3. (G) 
The irregular lamellar cataracts surround by pulverulent cortical opacity of III:2 in family 4. CC, congenital cataract; PFV, persistent fetal 
vasculature.

OS—III:2 in Family 1                           OS—IV:2 in Family 1

OD—IV:2 in Family 1                           OS—IV:2 in Family 1

OD—II:3 in Family 1                           OD—II:5 in Family 1

OD—III:1 in Family 2                    OD—proband in Family 2

OD—proband in Family 2                    OS—proband in Family 2

OD—III:2 in Family 4                         OS—III:2 in Family 4

July 2016 

August 2019 

(three years after cataract surgery of the right eye)

 OD—proband in Family 3                   OS—proband in Family 3

A

B

C

D

E

F

G
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had bilateral CCs, elongated axial length, posterior patchy 
chorioretinal atrophy and optic disc tilt (Figure 2C). The 
axial lengths of both eyes of II:3 and II:5 were longer than 
31 mm. Other ocular phenotypes observed in family 1 
include bilateral congenital nystagmus (II:3, IV:1, and IV:2) 
and intermittent esotropia of the left eye (IV:1 and IV:2).

Similar to family 1, all available patients in families 2, 
3 and 4 had CCs, elongated axial length and/or myopia-
related fundus changes. Family 2 and family 4 inherited 
in an AD mode, and the patient in family 3 was a sporadic 
case. The proband of family 2 (III:1) was a 4-year-old 
boy. His axis lengths were larger than 25 mm in both 
eyes before he was 4 years old. He had bilateral leopard-
shaped fundus and optic disc tilt (Figure 2D, right panel). 
The phenotypes of his cataracts were nuclear opacities 
surrounded by white dots (Figure 2E). His father also had 
long eye axial lengths and myopic fundus (Figure 2D, left 
panel). The proband of family 3 was a sporadic female case 
with a bilateral asymmetric cataracts phenotype. She had a 
pulverulent cataract in the right eye and a posterior polar 
cataract in the left eye when she was 2 years old. Three 
years later, her left eye developed into a lamellar cataract 
with pulverulent dots in the cortex, which differed from 
the cataract phenotype in her right eye (Figure 2F). The 
proband of family 4 was diagnosed with bilateral nuclear 
and posterior polar cataracts and had cataract surgery at the 
age of 7 months. Her younger brother III:2 had irregular 
lamellar cataracts surround by pulverulent cortical opacity 
in both eyes (Figure 2G). All patients in family 4 had long 
axial length and related fundus changes. The axial length 
data was not collected in the right eye of III:2 or either eye 
of IV:2 from family 1 or in the left eye of II:2 from family 2, 
because the eyes of III:2 and II:2 atrophied at approximately 
30 years of age and IV:2 was too young to cooperate for the 
A-ultrasound scan examination. The ocular phenotypes of 
families 1–4 are shown in Figure 2.

Discussion

In this study, we report four Chinese families with the same 
c.C388T (p.Arg130Cys) mutation in the LIM2 gene among 
130 unrelated CCs families and sporadic cases. Haplotype 
analysis showed that the four families may have had founder 
events independent from each other. The proportion of 
probands with this mutation in our CCs database was 3.1% 
(4/130). This mutation appears to be a frequent cause of 
cataracts in the Han Chinese population. New phenotypes 
detected in the four families included elongated axial 

length, myopia-related fundus anomalies (leopard-shaped 
fundus, patchy chorioretinal atrophy and optic disc change), 
congenital nystagmus, esotropia, PFV and eyeball atrophy. 
Of them, elongated axial length and/or myopia-related 
fundus anomalies were consistently present in all available 
patients. The occurrence of other phenotypes, including 
congenital nystagmus, esotropia, and eyeball atrophy in 
multiple members of two or three of the families might be 
complications associated with the elongated axial length. 
The ocular phenotypes presented in this study were more 
than an isolated structural abnormality of the lens described 
in previous literature for patients with mutations in the 
LIM2 gene (22,23,29,30).

The LIM2 gene is a 20-kDa membrane protein with four 
intramembrane domains (37). It is expressed mainly in the 
cortical region of the lens and is localized to tight junctional 
domains of different lens fiber membranes (38-40).  
It may play an essential role in both lens development and 
cataractogenesis. The first mutation of LIM2 associated 
with cataract (p.Gly15Val) was identified within the first 
coding exon in the cataractous To3 (total opacity of lens 
#3) mouse model (41). Phenotypic heterogeneity existed 
in both homozygous and heterozygous mice: heterozygous 
To3 mice had isolated dense opacities of the lens, while 
homozygous ones had dense cataracts and abnormally small 
eyes. Another mouse model with the LIM2 p.Cys51Arg 
mutation displayed similar phenotypes as the To3 mice: 
the heterozygous mice were only affected with smaller 
lenses and eyes, and the homozygotes had nuclear cataracts 
and further reduced lens and eye sizes (42). Both mouse 
models above indicate a semidominant mode of inheritance. 
Different from the mouse models with missense mutations, 
a gene-trap mouse model that was functionally null for 
LIM2 showed an autosomal recessive pattern of inheritance. 
Only homozygous gene-trap mice (LIM2Gt/Gt) were observed 
with central pulverulent cataracts (43,44). In the aspect 
of histological analysis, all affected mouse models showed 
disorganized lens fiber layers in the lens cortex, which 
might reduce lens stability and lead to refractive defects  
(41-43). A summary of all reported LIM2 mutations associated 
with cataracts in mouse models is shown in Table 2.

The LIM2 gene mutation detected in this study, 
p.Arg130Cys, was the only AD mutation of the LIM2 
gene associated with CCs in humans. It corresponds to an 
arginine for cysteine substitution at residue 130, which is 
in the second extracellular loop of LIM2 (45). Unlike the 
three autosomal recessive mutations associated with isolated 
cataracts, elongated axial length and/or myopia-related 
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fundus changes were present in all affected members with 
the p.Arg130Cys mutation in this study. Thus, myopia is 
more likely to be due to the axial nature rather than being 
secondary to cataracts. Two of the 11 patients in this study 
developed unilateral eyeball atrophy at approximately  
30 years of age. This indicated that patients with this 
mutation may have a higher risk of retinal detachment. 
It was necessary for them to receive regular fundus 
examinations to avoid severe complications associated with 
high myopia. A summary of all reported LIM2 mutations 
associated with cataracts in human beings and cataract 
phenotypes of the patients is shown in Table 2.

Our research indicated that the LIM2 gene could be 
a candidate gene for early-onset myopia, especially in 
patients with CCs. There were some limitations to this 
study. One limitation was that the number of patients 
recruited in this study was limited. Further exploration of 
this mutation’s genotype-phenotype relationship could be 
carried out in a larger cohort or in other populations. The 
other limitation was the lack of basic experiments on the 
pathological mechanism of the relationship of cataracts 
and myopia with this mutation. The underlying molecular 
mechanism between this mutation in the LIM2 gene and 
myopia remains unknown. The function of the LIM2 gene 
might be related with the increased remodeling and creep 
rate of scleral matrix during the embryonic and postnatal 
period (46). It is necessary to further study the relationship 
between the p.Arg130Cys mutation in the LIM2 gene 
and myopia in cell or animal models. It might offer more 
information for identifying key gene signaling pathways and 
exploring specific molecular mechanisms of myopia.

Conclusions

The phenotypes of patients with CCs have a high 
heterogeneity. In this study, we first reported new phenotypes, 
including elongated axial length and myopia-related fundus 
changes in four Chinese families with a p.Arg130Cys mutation 
in the LIM2 gene. This study could extend the understanding 
of the function of the LIM2 gene and give insight into the 
relationship between lens fiber cell differentiation and the axial 
development of the eyeball. The importance of the LIM2 gene 
in mutation screening of Chinese CC patients and a further 
study of its function are needed.
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Table S1 Genomic information of the seven PFV associated genes

Gene Cytogenetic locus gDNA mRNA Protein

NFKB1 4q24 NC_000004.11 NM_003998 NP_003989

VEGFA 6p21.1 NC_000006.11 NM_001025366 NP_001020537

EDN1 6p24.1 NC_000006.11 NM_001955 NP_001946

CDKN2A 9p21.3 NC_000009.11 NM_000077 NP_000068

ATOH7 10q21.3 NC_000010.10 NM_145178 NP_660161

TGFB1 19q13.2 NC_000019.9 NM_000660 NP_000651

NDP Xp11.3 NC_000023.10 NM_000266 NP_000257

The human genome information was based on NCBI build 37/hg19. PFV, persistent fetal vasculature.

Table S2 The list of the SNPs and the haplotype analysis of the probands in family 1, 2 and 4

#Chromsome Position Intermarker distance (bp) SNP ID
Haplotype of the mutant LIM2 allele

F1-proband F2-proband F4-proband

19 51,608,074 – rs2691249 C C A

19 51,689,700 81,626 rs12461542 T C* C*

19 51,837,332 147,632 rs10418551 G* G* G*

19 51,883,831 46,499 Mutation A* A* A*

19 52,032,964 149,133 rs3976745 G* G* C

19 52,095,980 63,016 rs3794984 T* T* G

19 52,130,337 34,357 rs8105105 C T T

Distance of both ends of the shared haplotypes (bp) 258,648 406,280 194,131

* in haplotypes were the haplotypes shared between the three families. The human genome information of SNPs was based on UCSC 
NCBI build 37/hg19. SNP, single nucleotide polymorphism.
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Figure S1 The geographical positions of families 1, 2, 3 and 4 are shown in the map of China. The position of family 1 was in Urumqi, 
Xinjiang province. The position of family 2 was in Ji’an, Jiangxi Province. The position of family 3 was in Changning, Hunan province. The 
position of family 4 was in Ganzhou, Jiangxi province. The geographical distance between family 1 and families 2&4 is more than 3,600 
kilometers. The geographical distance between family 3 and families 2&4 is around 400 kilometers. The geographical distance between 
family 2 and family 4 is around 200 kilometers. The map of China was download from the China Standard Map Service Website (http://
bzdt.ch.mnr.gov.cn/) with the map approval number GS(2019)1696.
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