
L i g h t s h e e t  M o d e T M :   
a  n o v e l  f i r m w a r e  

m o d i f i c a t i o n  t o  i m p r o v e  

r e s o l u t i o n  i n  l i g h t s h e e t  

m i c r o s c o p y  



Orca Flash 4.0 - sCMOS 
• 100 fps 4mpx  readout, 0.9 e- read noise 

• 72% Q.E. – highest available  

Most suitable camera for lightsheet microscopy 
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sCMOS rolling shutter  

From Baumgart & Kubitscheck. 2012, using Orca Flash 2.8 
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E n t i r e  c h i p  e x p o s e d  =  s c a t t e r e d  l i g h t  c o l l e c t e d  

G l o b a l  s h u t t e r  



T i m e  
E x p o s u r e  R e a d o u t  

S c a t t e re d  l i g h t  

L a se r  b eam  

C o n f o c a l  –  l i k e  v i r t u a l  s l i t  

s C M O S  c h i p s  c a n  b e  r e a d  o u t  l i n e  b y  l i n e .  I n  l i g h t s h e e t  R e a d o u t  M o d e ,  e a c h  l i n e  i s  r e s e t  

b e f o r e  t h e  n e x t  e x p o s u r e ,  g i v i n g  t h e  e f f e c t  o f  a  ‘ v i r t u l  s l i t ’  a n d  r e m o v i n g  o u t  o f  f o c u s  

l i g h t .  

L i g h t s h e e t  R e a d o u t  M o d e   

u s i n g  r o l l i n g  s h u t t e r   



S c a t t e re d  l i g h t / B l u r  

L a se r  b eam  

L i g h t s h e e t  R e a d o u t  M o d e   

u s i n g  r o l l i n g  s h u t t e r   

G l o b a l  s h u t t e r  

F e a t u r e  1 :  E x p o s u r e  r e s e t  

C o m p a r e d  t o  i m a g e s  a c q u i r e d  w i t h  g l o b a l  s h u t t e r ,  m u c h  f i n e r  d e t a i l  c a n  b e  r e s o l v e d  i n  

i m a g e s  a c q u i r e d  w i t h  L i g h t s h e e t  R e a d o u t  M o d e  s i n c e  b a c k g r o u n d  s c a t t e r e d  l i g h t  i s  r e m o v e d .   

Courtesy of Dr. Hufnagel and Dr. Krzic, EMBL Heidelberg, Germany 



C h a n g e a b l e  r e a d o u t  s l o p e ,  t i m i n g  t o p  t o  b o t t o m / b o t t o m  t o  t o p ,  

a n d  e x p o s u r e  t i m e  t o  t h e  s p e e d  a n d  w i d t h  o f  i l l u m i n a t i o n .  

F e a t u r e  2 :  A d j u s t m e n t  o f  r e a d o u t  s l o p e  a n d  e x p o s u r e  t i m e  

               * P a t e n t  p e n d i n g  



Time 
E x p o s u r e R e a d o u t 

L i g h t s h e e t  R e a d o u t  M o d e  i s  f l e x i b l e .  S e t t i n g  o f  r e a d o u t  s l o p e  

c a n  b e  a d j u s t e d  f r o m  1 0  μ s  t o  1 0 0  m s  f o r  e a c h  l i n e ,  s o  l i g h t  

s o u r c e  c a n  b e  e a s i l y  s y n c h r o n i z e d .  

A d j u s t m e n t  o f  r e a d o u t  s l o p e  a n d  e x p o s u r e  t i m e  

               * P a t e n t  p e n d i n g  



T i m e  
E x p o s u r e  R e a d o u t  

A n y  i l l u m i n a t i o n  w i d t h  i s  c o v e r e d  b y  t h e  L i g h t  s h e e t  m o d e  w i t h  f l e x i b l e  e x p o s u r e  

t i m e  s e t t i n g .  

F e a t u r e  2 :  A d j u s t m e n t  o f  r e a d o u t  s l o p e  a n d  e x p o s u r e  t i m e  

               * P a t e n t  p e n d i n g  



T r i g g e r i n g  -  S y n c h r o n i s i n g  l i g h t  

m o v e m e n t  t o  c a m e r a  c h i p  r e a d o u t  



E x t e r n a l  t r i g g e r  o u t p u t  

O R C A - F l a s h 4 . 0  V 2  L i g h t s h e e t  R e a d o u t  M o d e  c a n  o u t p u t  

a n  e x t e r n a l  t r i g g e r  e v e r y  l i n e  a n d  f r a m e .  T h e  c a m e r a  

c a n  b e  a  m a s t e r  t o  c o n t r o l  s t a g e  a n d  l i g h t  s o u r c e .  



I m a g e  s a m p l e s  



Light sheet readout   

With thanks  to Dr. Felix Evers, Aleks Chmliewski, University of Cambridge 



L i v e  w h o l e - b r a i n  b r a i n b o w  i m a g i n g  i n  z e b r a f i s h  

Multi-color SiMView imaging of brainbow-labeled zebrafish embryo at 3dpf; brainbow line developed by Schier lab (Harvard) 

Courtesy of Dr. Philipp J. Keller, Howard Hughes Medical Institute, Janelia Farm Research Campus, Ashburn, VA 20147, USA 



Nuclei-labeled Drosophila embryo, 30 second intervals for 17 hours; 1,100,000 high-resolution images (11 terabytes) 

Q u a n t i t a t i v e  h i g h - s p e e d  i m a g i n g  o f  d e v e l o p m e n t  

Courtesy of Dr. Philipp J. Keller, Howard Hughes Medical Institute, Janelia Farm Research Campus, Ashburn, VA 20147, USA 



Multi-color multi-angle SiMView imaging of gastrulating Drosophila embryo at 3 hpf (H2A-RFP,spider-GFP) 

0 min = onset of gastrulation 50 µm 

Q u a n t i t a t i v e  h i g h - s p e e d  i m a g i n g  o f  d e v e l o p m e n t  

Courtesy of Dr. Philipp J. Keller, Howard Hughes Medical Institute, Janelia Farm Research Campus, Ashburn, VA 20147, USA 



T h a n k  y o u  f o r  y o u r  a t t e n t i o n !  




