
ともながまさおの原爆講話 2023年1月19日

第5回 原爆被爆者2世研究を振り返って
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Detection of de novo single nucleotide variants 
in offspring of atomic-bomb survivors close 

to the hypocenter by whole-genome sequencing
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Introduction

• Ionizing radiation has been demonstrated to have 
genetic effects in animal models, leading to concerns 
over the potential hereditary effects of atomic bomb-
related radiation.

• Numerous studies have addressed this question by 
examining various potentially heritable phenotypes 
among children of atomic bomb survivors. 

• There is so far no clear evidence for any hereditary 
effects of atomic bomb radiation.
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Studies Population 
size 

Surveillance
period Result 

Birth defects
(stillbirth, malformation, etc.) 77000 1948〜1954 Not significant 

Weight 72000 1948〜1954 Not significant 

Sex ratio 141000 1948〜1962 Not significant 

Chromosome aberrations 16000 1967〜1985 Not significant 

Protein electrophoresis 24000 1975〜1985 Not significant 

Mortality, cancer incidence 77000 1946〜 Not significant 

Clinical examination program 12000 1946〜 Not significant 

DNA studies （ongoing） 1000 families 1985〜 Not significant 

Studies for heritable effects for A-bomb radiation among 
children of survivors (RERF study)
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64 ×109 base × 0.8 × 10-8 = 40〜60

Human intergeneration mutation rate
0.8 〜1.0 × 10-8   per position per haploid genome 

Next-generation sequencing (NGS) makes it possible
to detect single nucleotide variation (SNV) in the genome.

Jared C. Roac,h et al. Science. 2010;328:636 20



Next-generation sequencing (NGS) makes it possible
to detect single nucleotide variation (SNV) in the genome.

Kong et al. used NGS to address the de novo variant rate in 
offspring, and pointed out the importance of the father’s age.

We used NGS to assess the heritable genetic effects in the children of 
atomic bomb survivors by examining the number of de novo SNV.

Rate of de novo mutations and the importance of father’s age to disease risk
Kong A, et al. Nature. 2012;488:471–5.
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FPMX01 FPMX03 FPMX06 FCMC10

A-bomb survivor father father father -
(control)

Distance from hypocenter 1.2km 1.0km 1.0km -

Age of father at bombing 16 9 6 -

Acute radiation syndrome
diarrhea
hair loss
bleeding tendency

+
-
+
+

+
+
+
+

+
+
+
-

-
-
-
-

Age of father at child birth 34 30 31 31

Age of mother at child birth 27 23 26 22

Characteristics of trios 
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FPMX01 FPMX03 FPMX06 FCMC10
GQ score≧90 107 159 116 122

TRUE 58 79 41 48
FALSE 41 73 60 61

transmitted 1 0 0 3
undetermined 7 7 15 10

FPMX01 FPMX03 FPMX06 FCMC10

GQ score<90, QUAL ≧200 117 114 122 118
TRUE 4 2 1 0
FALSE 110 74 90 94

transmitted 19 13 13 8
undetermined 43 25 18 18

De novo SNVs (TRUE) 62 81 42 48

The number of de novo SNV in child of 4 trios 

The number of de novo SNVs was not increased, at least 
evidently, in the three children analyzed in this study. 23
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