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��'ÔÕ�5§ ö��}~C���ÔÕ�y+�j�

 �!½��%���+�ðö"� �#$�%I���

'}~+ZMde5$g5��j� �2�����+&

'de�56¹�.§¨+($�5$§¨�)ï2*

wvv+�,Æ-.O� 'ðñ�5$/02�1a^2�

Ï3+ w�u Ã45+67�����n����89&?�5$

ðö:;<�./��=>��Ö�?
�-
 °±@

loÝ@ly+ô�5$#H�ßþ'�°±�-
 2�

ABCDA���@l+ô�5<��@Eæ�F6�f5	G

�2��./��°±@loÝ@ly+ô
�Ê2°±+

dI�56�HI J¤KI � C���@E�L+MN�5$�


����}~íî�ðñn��-
 û�ü�¤�ß�×�5$

}~íî2�ßÝ � OPQ� ���RS�§¨+$f��

��'ÔÕ�5§¨o�¥v�'����y+TU� �!

½� �����V�����5��+���9����

��ô�5$uK����'íî+ðñ9�	G�2��

1�ÔÕ��!½E�* w EW<��È#���'ÔÕ�

5ÔÕ�+!½�5$/02�^2� ß�Ï3+XY/0Z

���ô
��0P��n����89&?�5$}~í

î:;<�����E�[_+ô
�\�²+01��]

ª�õö��� 78�5$�

�� � 	�

� �./�}~ðö^_`�=>^2H���õö:;<

�=>��Ö+ û�ü�¤���×�5$
`f�ª����	

���� 2�³ì.2¹�.���@E�Ó
��Ö+

×�5���a�vÞvÏ¦$g5�uvw�ª�ðñ�5êë���

�9�}~ðö�H
 ��³ì.2¹�.���@E�

Ó
��Ö+×�5���a�vÞvÏ¦$uvw�ª��bE��³

ì.�{�*2�Å�.�cde<'D����×df5$

d���³ì.���Ö2 uvwÏ ª��� uvwx ª�fg�

h���uvw�ª2 uvwx ª�cde<'D�5$i®'�

¹�.2�ª���¿�-�2D�����i� à
�

�Ö'D�5$�

�


� � ��

� éêë'2�������}~íî+ðñ��%f��

��Ö+òó�5$íî+ðñ�5³ì.2�fg���

Ö�h���uvw�ª�2�����}~ðö���ÔÕ

2�cdF6�f#Ð#�5$i®'�}~íî+ðñ�

 
#
¹�.2���Ö�h�2F6�f#E�5$�

����22�§¨������9�{�*�áâ��

jkdf����-g�{�*áâã��l�×mdf�

��+×m� 
�$}~íî��� �{�*áâã+

Lines

Year of

introduction

Origin of lines

Used cold-water disease strain and

its artificial infection history

Selected

Hybrid Line

2004 Amphidromous line × Landlocked line 

Laboratory strain�2004�2010�2012

Farm strain�2013�2014

Amphidromous line 2003 Wild fish from the Kiso River 

Laboratory strain�2005�2007�2009�2012

Farm strain�2013�2014

Landlocked line 2001 Landlockd line from the Lake Biwa None

Table1. Origin of ayu used for the investigation, and infection history of cold-water disease

Year Fungus strains and experiment periods Ayu lines Number of ayu

Number of repetition

tanks

2015 Farm strain�August 5 - September 4

Selected Hybrid Line�
Landlocked line

18 2

2016 Farm strain�June 11 - July 11

Selected Hybrid Line�
Landlocked line

25 3

Farm strain�June 9 - July 2

Selected Hybrid Line�Amphidromous

line�Landlocked line

20 4

Laboratory strain�August 25 - September 13

Selected Hybrid Line�Amphidromous

line�Landlocked line

15 4

Table 2. Details of artificial infection experiments
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Year Fungus strains Ayu lines

Average body

weight (g) at start

Average survival

rate (%)

Selected Hybrid Line 17.8 61.1

Landlocked line 17.8 25.0

Selected Hybrid Line 3.6 96.0

Landlocked line 3.5 25.3

Selected Hybrid Line 37.1 95.0

Amphidromous line 21.5 100.0

Landlocked line 37.8 30.0

Selected Hybrid Line 3.3 98.3

Amphidromous line 4.7 73.3

Landlocked line 3.2 0.0

Table 4. Average survival rate in infection experiments, and average body weight at the start of experiment

2016
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2017

Farm strain

Farm strain

Farm strain
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Year

Fungus strain and  selection

by artificial infection

Egg collection days

2014 Farm strain�August 7 - October 6 October 7 and 10

2015 Farm strain�August 7 - September 29

September 30,

October 6, 9

Farm strain�August 4 - September 19

Laboratory strain�July 7 - August 3

Table 3. Details of selection by artificial infection of cold water disease
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 20, 23, 27
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Fig. 1. Changes in estimated value of survival rates, gene frequencies,  Ne (effective population size) until 20 

generations after infection selection against cold water disease. a: changes in estimated value of survival rate at 

hetero genotypes of against of cold water disease (survival rates 25%, 50% and 100%). b: resistance gene 

frequencies of against cold water disease at different survival rate 25%, 50% and 100%).  c: number of susceptible 

homologue genotype individuals of against of cold water disease at three different survival rate in Ne = 50. d: 

Number of susceptible homologue genotype individuals of against of cold water disease (survival rate is 100%) at 

four different Ne (25, 50, 100, 500) . 
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