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For immediate release:  30 October 2015 
Okayama University research: Epigenetics research traces how crickets restore lost legs  
  
 
(Okayama, 30 October) RNA interference experiments identify crucial genes and proteins 
behind the processes that regenerate amputated cricket legs, report researchers at 
Okayama University and The University of Tokushima Graduate School. 
 
 
“The two-spotted cricket Gryllus bimaculatus has a remarkable regenerative capacity to 
restore a missing distal leg part,” say Hideyo Ohuchi, Tetsuya Bando and Yoshimasa Hamada 
and their colleagues in their recent paper. However, as they continue to explain, the 
mechanisms behind regeneration “remain elusive”. Their latest research identifies key 
genes and proteins involved in these epigenetic changes that allow regeneration to occur. 
 
Following the loss of a leg the cricket develops assemblies of cells that can differentiate into 
various different types to restore the lost part of leg. A similar process occurs in other 
regenerative animals including flat worms, insects, fishes, frogs, salamanders and newts, but 
the processes involved in the dedifferentiation and redifferentiation of cells during the 
regeneration of leg tissue are unknown. 
 
It is largely understood that epigenetic changes – heritable changes in gene expression that 
do not derive from changes in the DNA sequence – are responsible for the processes in 
regeneration. Epigenetic changes can occur through chemical modifications of amino acids, 
such as methylation or demethylation on the histone H3 lysine residue 27 (H3K27), which 
can repress or promote gene expression. 
 
In previous work Ohuchi, Bando, Hamada and colleagues identified the expression of several 
epigenetic modifiers that were enhanced during regeneration. They now focus on the two 
genes Gb’E(z) and Gb’Utx. 
 
Using RNA interference (RNAi) the researchers produced crickets with expression of either 
Gb’E(z) or Gb’Utx genes suppressed. When they amputated legs from these crickets the legs 
regenerated with either additional leg segments (Gb’E(z)RNAi) or defective joints (Gb’UtxRNAi). 
They link the effects to epigenetic changes by the genes through methylation and 
demethylation of the protein histone H3K27me3.  
 
“This report provides a clear contribution to an understanding of the epigenetic regulation 
of gene expression during tissue regeneration,” conclude Hideyo Ohuchi, Tetsuya Bando and 
Yoshimasa Hamada and their colleagues. 
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Background 
Epigenetic changes 
Chemical changes to proteins can enhance or repress gene expression without any changes 
being made to the DNA sequence. These chemical changes include methylation, acetylation, 
phosphorylation and ubiquitylation, of specific amino acid residues in histones - a type of 
protein. Histones are highly alkaline proteins that are responsible for the packing of the 
extremely long DNA molecules into more manageable structural units. 
 
An example of epigenetic changes can be found in histone H3K27, which refers to the lysine 
residue 27 of histone H3 and is known for repressing expression of neighbouring genes. 
Demethylation of the trimethylated histone H3K27 (H3K27me3) counters this effect, 
promoting gene expression. 
 
 
Cricket legs 
The two-spotted cricket Gryllus bimaculatus is a hemimetabolous insect, that is, it 
undergoes incomplete metamorphosis and has terrestrial young that resembles the parent. 
The cricket has six legs made up of six segments referred to as (from nearest the body to 
furthest) coxa, trochanter, femur, tibia, tarsus and claw. 
 
 
The genes 
The researchers focused on the function of the two genes Gryllus homologues of Enhancer 
of zeste [Gb’E(z)] and Ubiquitously transcribed tetratricopeptide repeat gene on the X 
chromosome (Gb’Utx), which regulate methylation and demethylation of histone H3 lysine 
27 (H3K27), respectively. Regeneration defects have been observed in other organisms 
when the gene responsible histone H3K27 demethylation was silenced. 
 
When a leg is amputated dedifferentiated cells form in a ‘blastema’ at the wound. Several 
factor proteins involved in epigenetic changes are upregulated in the blastemal cells.  
 
Silencing the gene Gb’E(z) led to form an additional tibia leg segment when an amputated 
leg was regenerated, whereas silencing Gb’Utx led to joint defects in regenerated legs. 
Gb’E(z) and Gb’Utx epigenetically regulated leg patterning genes involved in regeneration.  
Silencing the Gb’E(z) or Gb’Utx caused misexpression of leg patterning genes that led 
inappropriate leg regeneration. 
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Figure caption 
(A) Cricket nymph.  
(B) Cricket leg regeneration process.  
(C-D) Typical regenerated leg phenotypes in control, Gb’E(z)RNAi, and Gb’UtxRNAi crickets. 

Tarsus is indicated by bracket. The additional tibia segment and its spurs are indicated 
by the red bracket and red arrow, respectively. 
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Further information 
Okayama University 
1-1-1 Tsushima-naka , Kita-ku , Okayama 700-8530, Japan 
Public Relations and Information Strategy, Okayama University 
E-mail: www-adm@adm.okayama-u.ac.jp 
Website: http://www.okayama-u.ac.jp/index_e.html 
Okayama Univ. e-Bulletin: http://www.okayama-u.ac.jp/user/kouhou/ebulletin/ 
Okayama Univ. e-Bulletin (PDF Issues): http://www.okayama-
u.ac.jp/en/tp/cooperation/ebulletin.html 
About Okayama University (You Tube): 
https://www.youtube.com/watch?v=iDL1coqPRYI 
Okayama University Image Movie (You Tube):  
https://www.youtube.com/watch?v=_WnbJVk2elA 
https://www.youtube.com/watch?v=KU3hOIXS5kk 
 
 
Okayama University Medical Research Updates （OU-MRU） 
Vol.1：Innovative non-invasive ‘liquid biopsy’ method to capture circulating tumor cells 
from blood samples for genetic testing 
Vol.2：Ensuring a cool recovery from cardiac arrest 
Vol.3：Organ regeneration research leaps forward 
Vol.4：Cardiac mechanosensitive integrator 
Vol.5：Cell injections get to the heart of congenital defects 
Vol.6：Fourth key molecule identified in bone development 
Vol.7：Anticancer virus solution provides an alternative to surgery 
Vol.8：Light-responsive dye stimulates sight in genetically blind patients 
Vol.9：Diabetes drug helps towards immunity against cancer 
Vol.10：Enzyme-inhibitors treat drug-resistant epilepsy 
Vol.11：Compound-protein combination shows promise for arthritis treatment 
Vol.12：Molecular features of the circadian clock system in fruit flies 
Vol.13：Peptide directs artificial tissue growth 
Vol.14：Simplified boron compound may treat brain tumours 
Vol.15：Metamaterial absorbers for infrared inspection technologies 
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About Okayama University 

Okayama University is one of the largest 
comprehensive universities in Japan with 
roots going back to the Medical Training 
Place sponsored by the Lord of Okayama 
and established in 1870. Now with 1,300 
faculty and 14,000 students, the University 
offers courses in specialties ranging from 
medicine and pharmacy to humanities 
a n d  p h y s i c a l  s c i e n c e s .  O k a y a m a 
University is located in the heart of Japan 
approximately 3 hours west of Tokyo by 
Shinkansen. 


