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We have in the past discussed how music can promote healing. 

Click next pic below for more details. 
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We have also discussed sound vibrartions. Click Here. This journal will discuss Sonogenetics.  

Sonogenetics is the science of using ultrasound to control genes and nerves. 

 
 

http://www.downloads.imune.net/medicalbooks/VIBRATION%20MEDICINE%20Frequency%20Listing.pdf
http://www.downloads.imune.net/medicalbooks/Music%20heals%20Disease.pdf
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How Scientists Are Using Sound To 
Control Genes, Cells and More 

By Bob Holmes | 

 
Focused beams of ultrasound can reach deep into the brain to deliver drugs or gene 

therapies to targeted areas with millimeter precision. 

Most parents’ first glimpse of their children comes in ultrasound images taken 
months before birth. But ultrasound could soon offer much more than prenatal 
portraits. In the past few years, researchers have opened a new door for 
ultrasound, developing techniques that harness the familiar, safe and noninvasive 
sound waves to control genes, alter brain function and deliver drugs to targets with 
millimeter precision. 

The advance of what’s being termed sonogenetics offers a new twist on one of 
biology’s biggest recent successes. For about a decade, biologists have been able to 
control genes and nerve cells by activating light-sensitive proteins with laser light. 
The technique, known as optogenetics, has transformed the field of neuroscience, 
and its use is spreading to many other branches of biology. With light, researchers 
can now control the firing patterns of individual nerve cells, turn on specific 
regulatory genes in particular cells to see how this affects development, and do 
many other things. But optogenetics faces a critical shortcoming: Light doesn’t 
penetrate very far into living tissue, so its applications are mostly limited to tiny, 
transparent animals, cell cultures in petri dishes and where optical fibers can be 
surgically implanted into deeper tissue. 

http://blogs.discovermagazine.com/crux/2019/01/30/ultrasound-sonogenetics-sound-waves-genes-cells/
http://blogs.discovermagazine.com/crux/2019/01/30/ultrasound-sonogenetics-sound-waves-genes-cells/
http://discovermagazine.com/authors?name=Bob+Holmes
https://www.annualreviews.org/doi/10.1146/annurev-chembioeng-060816-101254
http://blogs.discovermagazine.com/crux/files/2019/01/Sonogenetics-Header-1.jpg
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Ultrasound waves, in contrast, penetrate deep into tissues — hence their use for 
fetal imaging. They also can be focused almost as precisely as laser beams. At that 
millimeter-sized focus, ultrasound pulses can gently warm or physically jiggle cells. 
(More intense pulses can heat cells enough to kill them, an effect long used to 
destroy rogue regions of the brain to treat disorders such as essential tremor, a 
Parkinson’s-like disease.) 

As researchers develop cellular switches that are sensitive to temperature or 
vibration, they are gaining control over cellular processes beyond the reach of 
optogenetics. “This has the potential to provide the core capability of optogenetics, 
but now you can do it noninvasively in deep tissues,” says Mikhail Shapiro, a 
chemical engineer at the California Institute of Technology in Pasadena. 

 
Researchers can use focused ultrasound waves to control cells by pushing motion-

sensitive molecular switches (top), by heating temperature-sensitive ones (middle), 

https://www.annualreviews.org/doi/10.1146/annurev-chembioeng-060817-084034
http://shapirolab.caltech.edu/
http://blogs.discovermagazine.com/crux/files/2019/01/Ultrasound-in-Cells.jpg
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or by causing microbubbles in blood to swell and collapse (bottom), stretching the 
walls of surrounding blood vessels and allowing small molecules to pass through. 

For example, Shapiro is developing temperature-sensitive switches to control gene 
function. Most cells naturally have switches of this sort, but those typically aren’t 
powerful enough for research use: gentle warming turns up gene activity only 
about tenfold, which can be difficult to detect amid all the processes going on in a 
living organism. But Shapiro’s team found two proteins — one from a bacterium, 
the other from a virus — that had a 300-fold effect on gene activity over a 3-degree 
shift in temperature. After some genetic tweaking, he tuned these proteins to 
respond at different temperatures ranging from 32°C to 46°C. “As a result, now we 
have a whole library of thermal bioswitches, so you can pick the temperature you 
want them to operate at,” he says. 

So far, his team has used genetic engineering to insert the temperature switches 
into bacteria. Other researchers are beginning to put them in mammalian cells, too. 

Still others are developing genetic switches that are activated by ultrasound-
induced vibrations, rather than heating, with a report last year on the technique’s 
use in cancer immunotherapies. Eventually, it could also be used to explore the 
function of genes by selectively turning them on or off in particular cells to see 
what happens. 

Researchers have also found that the right sort of focused ultrasound pulses can 
somehow excite or inhibit nerve cells directly, even without specially engineered 
switches. The effect is not as precise as the switches, but can be sufficient for some 
studies. 

Squeezing Past the Blood-brain Barrier 

Ultrasound may also find use as a tool to insert genes into specific brain cells called 
neurons. Ordinarily, cells in intact, living brains are difficult to genetically engineer, 
because the cells lining blood vessels in the brain seal tightly against one another to 
keep pathogens and large molecules from entering the brain. This blood-brain 
barrier keeps out the viruses typically used by genetic engineers to introduce new 
genes. 

https://www.nature.com/articles/nchembio.2233
https://www.nature.com/articles/nchembio.2233
https://www.pnas.org/content/115/5/992
https://www.pnas.org/content/115/5/992
https://www.nature.com/articles/s41598-018-26287-7
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Nearly two decades ago, Kullervo Hynynen, a medical biophysicist now at the 
Sunnybrook Research Institute in Toronto, showed that focused ultrasound could 
gently stretch those tight junctions and open the blood-brain barrier. It did so by 
agitating tiny microbubbles that are often injected in the bloodstream to improve 
visibility on ultrasound scans. His team and others have used the method to deliver 
chemotherapy drugs to specific parts of the brain while sparing the rest. 

Now Shapiro and his colleagues have used the same technique to slip gene-toting 
viruses into targeted brain regions. Once through the blood-brain barrier, these 
viruses can permanently add new genetic switches to those brain cells. The 
switches can be activated by molecules small enough to cross the barrier on their 
own. 

“We do this brief ultrasound treatment, get the genes into that part of the brain, 
and then whenever we want to control the neurons at that location in the brain, we 
just give a pill that turns these neurons on and off,” says Shapiro. His team has used 
the technique to block the formation of fear memories in mice by selectively 
inactivating neurons in the hippocampus, a key region for memory that is 
implicated in anxiety disorders and Alzheimer’s disease. 

Sound Drug Delivery 

A third approach uses ultrasound to control brain activity by triggering the release 
of drugs in specific regions. One particularly promising example involves the 
anesthetic propofol. Raag Airan, a radiologist at Stanford University, and his 
colleagues bind propofol to oily droplets in the blood, which sends the drug around 

https://sunnybrook.ca/research/team/member.asp?t=11&m=86&page=172
https://www.nature.com/articles/s41551-018-0258-2
https://www.nature.com/articles/d41586-017-05479-7
https://www.nature.com/articles/d41586-017-05479-7
https://airan-lab.stanford.edu/
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the body. A pulse of focused ultrasound releases the propofol in a specific area. 
Detached from the droplets, the drug is now in a form small enough to cross the 
blood-brain barrier on its own and temporarily knock out the function of brain cells 
at that site. 

 
One example of how ultrasound can be used deliver drugs to a precise target in a 

rat brain. (Credit: E. Landhuis/Nature 2017) 

https://pubs.acs.org/doi/10.1021/acs.nanolett.6b03517
http://blogs.discovermagazine.com/crux/files/2019/01/Ultrasonic-Drug-Delivery.jpg
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Besides its use as a research tool, the technique should prove useful for 
neurosurgeons planning to destroy a particular brain region — to treat seizures, for 
example — but who want to make sure that the ablation will not have severe side 
effects. The focused release of propofol should let surgeons preview the effect of 
their proposed surgery. “The plan is to release this drug only in that specific region 
and use that to see whether this is the site we want to remove,” says Charles 
Caskey, a biomedical engineer at Vanderbilt University Medical School in Nashville, 
Tennessee, who collaborates with Airan’s team. 

So far, most of these uses of sonogenetics are still in the proof-of-concept stage, 
where researchers are verifying that they work and building an arsenal of trusted 
techniques. Only then will actual clinical and research applications become 
possible. However, if the techniques pan out, both researchers and medical 
workers could soon have powerful, new, noninvasive tools at their disposal. If the 
recent burgeoning of optogenetics is any guide, that’s likely to be a very good thing. 

10.1146/knowable-011619-1 

Bob Holmes is a science writer based in Edmonton, Canada. 
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Abstract 

A major challenge in neuroscience is to reliably activate individual neurons, particularly 

those in deeper brain regions. Current optogenetic approaches require invasive surgical 

procedures to deliver light of specific wavelengths to target cells to activate or silence 

them. Here, we demonstrate the use of low-pressure ultrasound as a non-invasive trigger to 

activate specific ultrasonically sensitized neurons in the nematode, Caenorhabditis elegans. 

We first show that wild-type animals are insensitive to low-pressure ultrasound and require 

gas-filled microbubbles to transduce the ultrasound wave. We find that neuron-specific 

misexpression of TRP-4, the pore-forming subunit of a mechanotransduction channel, 

sensitizes neurons to ultrasound stimulus, resulting in behavioural outputs. Furthermore, we 

use this approach to manipulate the function of sensory neurons and interneurons and 

identify a role for PVD sensory neurons in modifying locomotory behaviours. We suggest 

that this method can be broadly applied to manipulate cellular functions in vivo. 

Introduction 

Understanding how neural circuits generate specific behaviours requires identifying the 

participating neurons and subsequently recording and perturbing their activity. The best-

understood motor circuit, the crab stomatogastric ganglion, has benefited from 

electrophysiological access to well-defined cell types as well as an ability to manipulate 

their activity1. A number of approaches have been developed for manipulating neuronal 

activity using light (optogenetics) or small molecules2,3. While these methods have 

revealed insights into circuit computations in a variety of model systems, they suffer from 

one drawback: difficulty in delivering stimulus to target neurons located in deeper brain 

regions4,5. To address this issue, we have developed a new method that genetically 

sensitizes targeted neurons to low-pressure ultrasound, a stimulus that can be delivered to 

small regions of deep tissue throughout an animal, including its brain. 

Ultrasound stimulation is non-invasive. This is particularly important for manipulating 

vertebrate neurons, as it eliminates the need for invasive surgery to insert fibre optics 

(required for some current optogenetic methods6). Furthermore, ultrasound is well-suited 

for stimulating neuron populations as it focuses easily through intact thin bone and deep 

tissue7 to volumes of a few cubic millimetres8,9. Previously, ultrasound had been used to 

directly stimulate clusters of neurons in vitro or within the brains of several model 

organisms10,11,12,13,14,15. Interestingly, activating neurons in these cases requires exposure to 

continuous or repeated pulses of ultrasound between 690 kHz and 3 MHz16. Ultrasound has 

also been shown to safely manipulate deep nerve structures in human hands to reduce 

https://www.nature.com/articles/ncomms9264/metrics
https://www.nature.com/articles/ncomms9264#ref-CR1
https://www.nature.com/articles/ncomms9264#ref-CR2
https://www.nature.com/articles/ncomms9264#ref-CR3
https://www.nature.com/articles/ncomms9264#ref-CR4
https://www.nature.com/articles/ncomms9264#ref-CR5
https://www.nature.com/articles/ncomms9264#ref-CR6
https://www.nature.com/articles/ncomms9264#ref-CR7
https://www.nature.com/articles/ncomms9264#ref-CR8
https://www.nature.com/articles/ncomms9264#ref-CR9
https://www.nature.com/articles/ncomms9264#ref-CR10
https://www.nature.com/articles/ncomms9264#ref-CR11
https://www.nature.com/articles/ncomms9264#ref-CR12
https://www.nature.com/articles/ncomms9264#ref-CR13
https://www.nature.com/articles/ncomms9264#ref-CR14
https://www.nature.com/articles/ncomms9264#ref-CR15
https://www.nature.com/articles/ncomms9264#ref-CR16
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chronic pain17. Despite these observations and the development of theoretical models18, the 

mechanisms by which ultrasound stimulates these neurons remain poorly understood. 

Moreover, an additional challenge lies in developing a method to target individual neurons 

to ultrasound stimulation, as the minimum focal zone of the ultrasound is larger than an 

individual cell. 

To overcome these challenges we developed a new method to stimulate neurons that we 

call ‘sonogenetics’, using the nematode, Caenorhabditis elegans. C. elegans with its small 

nervous system consisting of just 302 neurons connected by identified synapses19 has well-

characterized robust behaviours20 and reliable methods to monitor neural activity21. We 

identified a pore-forming subunit of a mechanotransduction channel, TRP-4, that is 

sensitive to low-pressure ultrasound. Further, we show that individual neurons 

misexpressing TRP-4 show changes in neural activity upon low-pressure ultrasound 

stimulation. Finally, we correlate these neural activity changes with specific behaviours at 

the level of whole animals. 

Results 

Imaging set-up delivers ultrasound waves to animals 

To investigate the role of ultrasound in wild-type C. elegans neural activity and behaviour, 

we developed a set-up that aligns optical imaging with the ultrasound focal zone (Fig. 1a). 

Ultrasound with different peak negative pressures was generated from a transducer and 

focused onto an agar plate, where animals were corralled into a small area using a copper 

solution (Fig. 1b). The transducer focused the ultrasound wave to a 1-mm-diameter circular 

area at the agar surface (red circle in Fig. 1b). The entire set-up was placed in a large tank 

filled with water to facilitate uniform transduction of the ultrasound wave (Fig. 1a). 

Depending on solution or tissue gas concentrations, high ultrasound peak negative 

pressures (>2.5 MPa) can create inertial cavitation, with the resulting shockwaves 

compromising the integrity of cell membranes22,23. Consistently, we observed that animals 

exposed to multiple pulses of high ultrasound pressures were unable to maintain their 

normal body posture (Supplementary Fig. 1). Therefore, we chose to use low-pressure 

ultrasound, which does not cause these damaging effects, to stimulate animal behaviour. 

Figure 1: Amplifying ultrasound signals using microbubbles modifies animal 

behaviour. 

https://www.nature.com/articles/ncomms9264#ref-CR17
https://www.nature.com/articles/ncomms9264#ref-CR18
https://www.nature.com/articles/ncomms9264#ref-CR19
https://www.nature.com/articles/ncomms9264#ref-CR20
https://www.nature.com/articles/ncomms9264#ref-CR21
https://www.nature.com/articles/ncomms9264#Fig1
https://www.nature.com/articles/ncomms9264#Fig1
https://www.nature.com/articles/ncomms9264#Fig1
https://www.nature.com/articles/ncomms9264#Fig1
https://www.nature.com/articles/ncomms9264#ref-CR22
https://www.nature.com/articles/ncomms9264#ref-CR23
https://www.nature.com/articles/ncomms9264#MOESM1326
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(a) Schematic of the computer-controlled imaging and ultrasound exposure system 

(frontal view) and (b) the agar plate with animals (top view) corralled into a small area 

by a copper barrier (1.5 cm in diameter). (c) Image sequence showing that animals do 

not respond to low-pressure ultrasound (US) alone. (d) Schematic of a stabilized 

microbubble. (e) Images showing that animals exhibit reversals and omega bends upon 

ultrasound (US) stimulus (single 10-ms pulse, 2.25 MHz with peak negative pressure of 

0.9 MPa) in the presence of microbubbles. 

Full size image  

https://www.nature.com/articles/ncomms9264/figures/1
https://www.nature.com/articles/ncomms9264/figures/1


IJMSHNEM  2019 Sonogenetics 

14 
 

We found that a single 10-ms-duration ultrasound pulse of 2.25 MHz and peak negative 

pressures below 0.9 MPa had no effect on animal behaviour (Fig. 1c). The mechanical 

disturbances24 of the fluid and tissue in the ultrasound focal zone take the form of 

compression and expansion deformations as well as bulk tissue distortions caused by 

acoustic radiation forces, but at low pressures they were not large enough to influence C. 

elegans locomotion. Previous studies have shown that ultrasound waves can cause 

temperature changes in the focal zone25. We first estimated the temperature increase as a 

result of ultrasound exposure. In a previous study, a continuous 1.1-MHz-ultrasound pulse 

with a peak negative pressure of 2.6 MPa increased the temperature of the surrounding 

media at the rate of 35 °C s−1 (ref. 25). Using these data, we estimated the temperature 

increase around the worms on the agar surface to be 0.04 °C for a single ultrasound pulse at 

0.9 MPa. Moreover, we also directly measured the magnitude of temperature change on the 

agar surface using a miniature thermocouple (Supplementary Fig. 2) and found that an 

ultrasound peak negative pressure of 0.7 MPa caused a temperature increase of less than 

0.1 °C (see Methods). This is a temperature stimulus that animals including C. elegans are 

unlikely to detect26,27. Together, these results show that C. elegans is unlikely to respond to 

the temperature and mechanical changes induced by the low-pressure ultrasound wave. 

Microbubbles amplify ultrasound mechanical deformations 

To test whether the tiny mechanical deformations created by a single low-pressure 

ultrasound pulse could be amplified we included gas-filled microbubbles in our assay (Fig. 

1d,e). We found that animals showed a dramatic response to ultrasound when surrounded 

by microbubbles (Fig. 1e). When the ultrasound wave was focused on the head of a worm 

surrounded by microbubbles, the animal immediately initiated a backward movement 

(termed ‘reversal’28) followed by a high-angled turn (identified as an ‘omega bend’28) (Figs 

1e and 2a). These behaviours were scored as previously described (Methods, Fig. 2a)28 and 

are quantified as shown in Fig. 2b,c. Reversals were separated into two categories: ‘large’ 

reversals involving three or more head bends and ‘small’ reversals with two or less head 

bends (Fig. 2a)28. All behavioural data were analysed using a non-parametric Fisher’s exact 

test (two-sided), with error bars showing the standard error of the proportion. The animal’s 

behavioural responses were positively correlated with the pressure of the ultrasound wave 

in the presence of microbubbles (Fig. 2c). Importantly, using a thermocouple, we found 

that the presence of microbubbles did not cause any measurable increase in the ultrasound-

induced temperature change at the agar surface (see Methods). Collectively, these results 

showed that C. elegans responds behaviourally to a single pulse of low-pressure ultrasound 

in the presence of microbubbles. 

Figure 2: C. elegans behavioural responses to ultrasound in the presence of 

microbubbles. 

https://www.nature.com/articles/ncomms9264#Fig1
https://www.nature.com/articles/ncomms9264#ref-CR24
https://www.nature.com/articles/ncomms9264#ref-CR25
https://www.nature.com/articles/ncomms9264#ref-CR25
https://www.nature.com/articles/ncomms9264#MOESM1326
https://www.nature.com/articles/ncomms9264#ref-CR26
https://www.nature.com/articles/ncomms9264#ref-CR27
https://www.nature.com/articles/ncomms9264#Fig1
https://www.nature.com/articles/ncomms9264#Fig1
https://www.nature.com/articles/ncomms9264#Fig1
https://www.nature.com/articles/ncomms9264#ref-CR28
https://www.nature.com/articles/ncomms9264#ref-CR28
https://www.nature.com/articles/ncomms9264#Fig1
https://www.nature.com/articles/ncomms9264#Fig1
https://www.nature.com/articles/ncomms9264#Fig2
https://www.nature.com/articles/ncomms9264#Fig2
https://www.nature.com/articles/ncomms9264#ref-CR28
https://www.nature.com/articles/ncomms9264#Fig2
https://www.nature.com/articles/ncomms9264#Fig2
https://www.nature.com/articles/ncomms9264#ref-CR28
https://www.nature.com/articles/ncomms9264#Fig2
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(ai-vii) Panels show an animal reversing and generating a high-angled omega bend on 

ultrasound stimulus. Reversals with greater than two head bends were scored as large, 

while those with fewer than two head bends were counted as small. Reversals and 

omega bends are shown with a red line overlaid on the animal tracks on the agar 

surface. Animal responses to ultrasound stimuli (single 10-ms pulse, 2.25 MHz) with 

varying peak negative pressures (b) without and (c) with microbubbles were 

quantified. n=30 for each of the conditions. Proportion of animals responding and 

standard error of the proportion are shown. **P<0.01 and *P<0.05 by Fisher’s exact test 

(two-sided). 

Full size image  

To probe how microbubbles transduce the ultrasound wave and modify animal behaviour, 

we analysed their behaviour upon ultrasound stimulation. Previous studies have shown that 

the majority of the ultrasound energy propagates through water and soft tissue as a 

longitudinal wave with alternating compression and rarefaction phases. These two phases 

create pressures that are alternately higher and lower than the ambient pressure level, 

respectively17. We designed our microbubbles to respond to the mechanical deformations 

induced by an ultrasound pulse. We filled our microbubbles with a stabilizing mixture of 

perfluorohexane and air that allows the compression and rarefaction phases of the 

ultrasound wave to shrink and expand the microbubbles from one half to four times their 

https://www.nature.com/articles/ncomms9264/figures/2
https://www.nature.com/articles/ncomms9264#ref-CR17
https://www.nature.com/articles/ncomms9264/figures/2
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original diameters29 in a process known as stable cavitation. This occurs at the driving 

frequency of the underlying ultrasound pulse30,31 (Fig. 3a). These size oscillations create 

mechanical deformations of the surrounding fluid31 as well as fluid microstreaming32 that 

can push against surfaces32,33. The microbubbles can also undergo lateral translations34 and 

complete collapse, creating large mechanical deformations that have been shown to 

propagate through water and tissue31. We found that ultrasound exposure affected the 

distribution of microbubbles in the focal zone on agar plates confirming these mechanical 

deformations (Fig. 3b,c). Next, we hypothesized that these large mechanical deformation 

events created by the ultrasound–microbubble interaction likely propagate from the 

location of the microbubbles into the body of the worm, thereby affecting behaviour. To 

test our hypothesis, we analysed the behaviour of microbubbles labelled with a fluorescent 

dye, DiO (Fig. 3d,e). We found that these microbubbles naturally distribute themselves 

around the animal, but are not attached to the animal’s body (Fig. 3f,g,j,k). On ultrasound 

stimulation, some microbubbles collapse, some merge together, while others move (Fig. 

3h,l). These mechanical deformations occur all around the worm, including the worm’s 

head, and are specifically captured in the difference image (shown in red, Fig. 3i,m). Taken 

together, these results suggest that the ultrasound–microbubble interaction creates 

mechanical disturbances around the worm that result in increased reversal behaviour. 

 

Figure 3: Ultrasound−microbubble interaction with C. elegans. 

https://www.nature.com/articles/ncomms9264#ref-CR29
https://www.nature.com/articles/ncomms9264#ref-CR30
https://www.nature.com/articles/ncomms9264#ref-CR31
https://www.nature.com/articles/ncomms9264#Fig3
https://www.nature.com/articles/ncomms9264#ref-CR31
https://www.nature.com/articles/ncomms9264#ref-CR32
https://www.nature.com/articles/ncomms9264#ref-CR32
https://www.nature.com/articles/ncomms9264#ref-CR33
https://www.nature.com/articles/ncomms9264#ref-CR34
https://www.nature.com/articles/ncomms9264#ref-CR31
https://www.nature.com/articles/ncomms9264#Fig3
https://www.nature.com/articles/ncomms9264#Fig3
https://www.nature.com/articles/ncomms9264#Fig3
https://www.nature.com/articles/ncomms9264#Fig3
https://www.nature.com/articles/ncomms9264#Fig3
https://www.nature.com/articles/ncomms9264#Fig3
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(a) The microbubble (i) expands and (ii) contracts in size with the rarefaction (low-

pressure) and compression (high-pressure) phases of the ultrasound pressure wave. 

This oscillation behaviour occurs at the frequency of the driving ultrasound, resulting in 

a variety of behaviours including (iii) microbubble collapse, (iv) fluid microstreaming 

and (v) merging of microbubbles. These microbubble behaviours create mechanical 

https://www.nature.com/articles/ncomms9264/figures/3
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distortions that can propagate through the agar and the body of the animal. (b) 

Microbubbles are uniformly distributed on an agar surface and appear white. (c) 

Ultrasound stimulus (10 pulses lasting 10 ms each with a duty cycle of 1 Hz, 2.25 MHz 

with a peak negative pressure of 0.9 MPa) activates and destroys the microbubbles in 

the ultrasound focal zone of 1 mm diameter (white arrow). Microbubbles outside this 

focal zone (denoted by the red circle) appear undisturbed. Microbubbles were labelled 

with DiO, and (d) brightfield and (e) fluorescent images are shown. A whole-animal view 

showing (f) brightfield, (g) fluorescence before and (h) after ultrasound stimulus and 

finally, (i) the difference in red showing the locations of microbubble-induced 

mechanical deformations. A magnified view of the animal’s head in (j) brightfield, (k) 

before and (l) after ultrasound stimuli (US) and (m) the difference in red showing the 

locations of microbubble-induced mechanical deformations. The white arrow points to 

a large microbubble that is destroyed upon ultrasound stimulation. 

Full size image  

The microbubble synthesis process creates a size distribution of microbubbles from 1.5 to 

6.5 μm in diameter (see Methods). To better understand the effect of microbubbles from 

different size ranges we separated the mixed microbubbles into distinct large and small size 

categories based on settling time (see Methods, Fig. 4a). Both small and large 

microbubbles surround the animals completely (Fig. 4b). Interestingly, we found that the 

smaller microbubbles stimulated a significantly larger proportion of worms to generate 

large reversals when exposed to ultrasound, compared with larger microbubbles (Fig. 4c). 

To be consistent in the size distribution between different experiments we used well-mixed 

samples. This enabled us to ensure that worms were reproducibly exposed to the same 

microbubble size distribution for all experiments. We found that the proportion of wild-

type animals that responded to the same ultrasound peak negative pressure (0.47 MPa) in 

the presence of microbubbles changed over several months. Recent work has shown that C. 

elegans detects humidity changes and modifies its locomotory behaviours35. We also 

tracked environmental conditions during the days that experiments were conducted and 

found that the wild-type animals’ reversal responses were related to the relative humidity 

level. At low humidities more animals responded, while at higher humidities fewer animals 

executed reversal responses (Fig. 4d). We suggest that the observed variability in wild-type 

behaviour is independent of the ultrasound stimulus and depends on environmental 

humidity. We controlled for this by testing wild-type animals along with the mutants or 

transgenics on the same day. We also repeated our analysis over multiple days for each 

genotype to assure reproducibility.  

https://www.nature.com/articles/ncomms9264/figures/3
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Figure 4: Microbubbles transduce ultrasound stimuli. 

 
(a) A bar and whisker plot showing the distribution of microbubbles fractionated based 

on their size. A one-way ANOVA test shows significance in the distribution (***P<0.001 

using the LSD post hoc test). A mixed-size population was used for all experiments to 

maintain consistency. (b) Images showing animals incubated with small (1.5–2.5 μm; 

top) and large (4–6.5 μm; bottom) populations of microbubbles. (c) Behavioural 

https://www.nature.com/articles/ncomms9264/figures/4


IJMSHNEM  2019 Sonogenetics 

20 
 

responses of wild-type animals incubated with small and large microbubbles upon 

ultrasound stimulation with a single 10-ms pulse at 2.25 MHz with peak negative 

pressure of 0.9 MPa. Averages and standard error of the proportion are shown. 

***P<0.001 using Fisher’s exact test. (d) A graph showing the effect of external humidity 

levels on animal reversal behaviour. We observed that at different times of the year the 

animals had different reversal behaviour in response to the same 0.47 MPa ultrasound 

exposure. Under low-humidity levels the animals would undergo more large reversals 

than under high-humidity conditions. We accounted for this variable behaviour by 

running a wild-type control for each of the genetically modified strains that was tested. 

These controls were run on the same day and under the same conditions as the tested 

strain. Error bars show standard error of the proportion. 

Full size image  

TRP-4 ion channels sensitize neurons to ultrasound 

We hypothesized that mechanotransduction channels transduce the mechanical 

deformations of the ultrasound–microbubble interactions to stimulate individual neurons. 

Previous studies have identified TRP-4 as a stretch-sensitive, pore-forming cation 

mechanotransduction channel in C. elegans36,37. This channel is specifically expressed in a 

few C. elegans neurons, the four CEPs (CEPDL, CEPDR, CEPVL and CEPVR) and the 

two ADE (ADEL and ADER) dopaminergic neurons and the DVA and DVC 

interneurons36,37. Moreover, TRP-4 is both necessary and sufficient to generate 

mechanoreceptor currents in CEP neurons36. We tested whether TRP-4 was required to 

transduce the ultrasound–microbubble mechanical stimulus and modify animal behaviour. 

To probe ultrasound-induced behaviours we examined the effects of three different 

ultrasound pressure levels and found the responses to be dose dependent. We consistently 

found larger wild-type responses to ultrasound (see wild-type data in Figs 4d and 5a). In 

contrast, we found that animals lacking functional TRP-4 have reduced large reversal 

responses to specific peak negative pressures (0.41 and 0.47 MPa) of ultrasound 

stimulation, suggesting that this channel increases the probability of large reversals (Fig. 

5a). However, with an ultrasound pulse at 0.6 MPa peak negative pressure, trp-4 mutants 

have similar behavioural responses compared with wild type (Fig. 5a), suggesting that there 

is an alternate pathway that detects ultrasound at these higher pressures. Moreover, 

these trp-4 mutants also show a significant increase in small reversal behaviours on 

ultrasound stimulation at 0.41 and 0.46 MPa (Supplementary Fig. 3a), but no change in 

their omega bend behaviours (Supplementary Fig. 3b). Collectively, these results suggest 

that TRP-4 might be activated in response to ultrasound with peak negative pressure levels 

less than 0.5 MPa and modifies neurons involved in generating both small and large 

reversals. 
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Figure 5: TRP-4 expression activates ASH and AWC neurons in the presence of 

microbubbles. 

 

https://www.nature.com/articles/ncomms9264/figures/5
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(a) Large reversal responses to low-pressure ultrasound require the pore-forming TRP-4 

channel. n=30 for each condition. Transgenic animals expressing TRP-4 in (b) ASH 

neurons and (c) AWC neurons execute more large reversals on low-pressure ultrasound 

stimulation (single pulse, 2.25 MHz, 10 ms). n>30 for each genotype and condition. The 

proportion and standard error of the proportion are shown in all data panels. **P<0.01, 

while *P<0.05 by Fisher’s exact test (two-sided). (d) Schematic identifying chemosensory 

neurons ASH and AWC in C. elegans. False-coloured images showing changes in GCaMP 

fluorescence in AWC neurons on ultrasound stimulation. Warmer colours indicate 

increased calcium and neural activity. (e) Average AWC calcium responses upon 

ultrasound stimulation at t=5 s (AWC::GCaMP2.2b n=20, AWC::GCaMP2.2b;AWC::trp4 

n=23). (f) Average responses binned by distinct times 

for AWC::GCaMP2.2b and AWC::GCaMP2.2b;AWC::trp4 animals. Averages and s.e.m. are 

shown. *P<0.05 by t-test (two-sided, equal variances not assumed, AWC::GCaMP2.2b 

n=20, AWC::GCaMP2.2b;AWC::trp4 n=23). 

Full size image  

To test whether ultrasound sensitivity could be conferred to other neurons, we analysed the 

behaviour of transgenic animals misexpressing TRP-4 in specific chemosensory neurons. 

We tested for dose-dependent responses using three different ultrasound pressure levels. 

We initially misexpressed the TRP-4 channel in ASH, a well-studied polymodal 

nociceptive neuron38, whose activation leads to large reversals39. Consistently, we found 

that ASH expression of TRP-4 generated a significant increase in large reversals at 

ultrasound peak negative pressures of 0.47 and 0.6 MPa (Fig. 5b). Moreover, we found that 

these ASH::trp-4 transgenics show a decrease in small reversals (Supplementary Fig. 3c), 

but not omega bends (Supplementary Fig. 3d), indicating that activating ASH via 

ultrasound and TRP-4 specifically modifies the neural circuits driving small- and large-

reversal behaviours. Next, we tested the effects of TRP-4 misexpression on the function of 

the AWC sensory neurons and AWC-driven behaviour. Previous results have implied that 

AWC activation is correlated with an increase in the animal’s ability to generate large 

reversals21. We found that animals misexpressing TRP-4 in AWC neurons also initiated 

significantly more large reversals at the ultrasound peak negative pressure of 0.47 MPa 

(Fig. 5c), but we did not observe a change in small reversals or omega bends 

(Supplementary Fig. 3e,f). These results indicate that misexpressing the 

mechanotransduction channel, TRP-4, in ASH or AWC renders the neurons sensitive to 

low-pressure ultrasound, increasing the frequency of large reversals. 

To test whether ultrasound could directly stimulate AWC neurons, we expressed the 

calcium indicator GCaMP3 (ref. 40) in these neurons and recorded their activity levels 

upon ultrasound exposure (Fig. 5d). Consistent with our behavioural data, we found that 

ultrasound stimulation in the presence of microbubbles activated AWC neurons, as 

indicated by an increase in the fluorescence signal from the calcium sensor. The AWC 

https://www.nature.com/articles/ncomms9264/figures/5
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calcium responses were greatly increased in transgenic animals expressing TRP-4 

specifically in AWC neurons (Fig. 5d–f, Supplementary Fig. 4a–c). We also observed that 

AWC calcium responses were variable, with many transients lasting more than 30 s (the 

duration of our recording) and a few returning back to baseline (Supplementary Fig. 4c). 

Variability in AWC calcium responses has also been previously observed using odour 

stimuli21. To test whether AWC responses were related to artefacts in our imaging set-up, 

we recorded AWC calcium in the absence of ultrasound stimulus and found no consistent 

responses, suggesting that AWC responded to ultrasound stimulus (Supplementary Fig. 

4d,e–g). Both wild-type AWC neurons and those misexpressing TRP-4 showed a response 

lasting about 2–3 s immediately on exposure to a single ultrasound pulse in the presence of 

microbubbles. However, we also observed that AWC neurons misexpressing TRP-4 show a 

significant increase in their activity starting at 7 s after ultrasound exposure (t=12 s in Fig. 

5f) and lasting for at least 5 s, which is not observed in wild-type neurons. This sustained 

increase in AWC calcium levels likely represents the activity of TRP-4, which could 

potentiate calcium entry into the neuron via other calcium channels. Interestingly, large 

reversals take approximately 10–20 s to complete, a time window where we also observe 

sustained AWC calcium activity in the AWC::trp-4 transgenics. We suggest that the 

sustained AWC calcium activity observed in these AWC::trp-4 transgenics is likely 

correlated with the increased frequency of large reversals generated by these animals after 

ultrasound stimulation. Taken together, these results show that TRP-4 channels are 

sensitive to low-pressure ultrasound, and ectopic expression of these channels in sensory 

neurons causes correlated changes in neuronal activity and behaviour. 

New roles for PVD sensory and AIY interneurons 

To test whether our method of ultrasound activation of neurons can reveal unidentified 

behavioural roles, we misexpressed TRP-4 in the poorly understood PVD neurons (Fig. 

6a). PVD neurons have extensive, regularly spaced and non-overlapping dendritic arbours 

that extend throughout most of the animal, excluding the head and the neck41. PVD shares 

promoters with the FLP, IL2 and PVC neurons42 and so the TRP-4 proteins were expressed 

in multiple neurons in the PVD::trp-4 transgenic animals. We find that expressing TRP-4 

in PVD, FLP, IL2 and PVC neurons leads to a significant decrease in the animals’ reversal 

responses on ultrasound stimulation (two independent transgenics, Fig. 6b). We did not 

observe changes in FLP or other neurons in response to the ultrasound stimulus 

(Supplementary Fig. 5a,b). We hypothesize that misexpressing TRP-4 channels activates 

PVD neurons upon ultrasound stimulation, which in turn suppresses reversals. To test our 

hypothesis we monitored PVD neuron activity in response to ultrasound stimulation. We 

observed a sharp increase in PVD calcium over many seconds (Fig. 

6c,d and Supplementary Fig. 6a). The initial decline is likely an artefact of the ultrasound 

stimulus as it was observed in both AWC and PVD recordings (Figs 5e and 6d). 

Interestingly, we find a strong correlation between PVD activity and animal movement. In 

particular, we find that PVD neurons reach their maximum response when the animal has 

finished reversing (Fig. 6d). Moreover, we find that PVD neurons are more likely to be 

activated when the animal is moving backward rather than when moving forward in 
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response to the ultrasound stimulus (Supplementary Fig. 6b–d). These results suggest that 

ultrasound stimulation activates TRP-4-expressing PVD neurons and causes premature 

suppression of backward movement, leading to fewer reversals. 

Figure 6: PVD neurons inhibit reversals and AIY neurons stimulate omega bends in 

the presence of microbubbles. 

 

https://www.nature.com/articles/ncomms9264#MOESM1326
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(a) Schematic showing the PVD and AIY neurons in C. elegans. (b) Two independent 

transgenic strains expressing TRP-4 in PVD neurons show reduced reversals when 

stimulated with a single 10-ms 2.25 MHz 0.47 MPa peak negative pressure ultrasound 

pulse. n>46 for each genotype. The proportion and standard error of the proportion are 

shown. **P<0.01, while *P<0.05 by Fisher’s exact test (two-sided). (c) False-coloured 

images showing changes in GCaMP3 fluorescence in PVD neurons upon ultrasound 

stimulation. Warmer colours indicate increased calcium and neural activity. (d) Average 

PVD calcium responses (n=16) along with average distance moved by the animal shown 

as a function of time. Peak PVD response occurs when the animal has stopped moving. 

(e) Two independent transgenics expressing TRP-4 in AIY neurons show increased 

incidences of omega bends when stimulated with a single 10 ms 2.25 MHz 0.41 MPa peak 

negative pressure ultrasound pulse. n>40 for each genotype. (f) AIY calcium responses to 

ultrasound stimuli. A representative trace showing the ratio of change in fluorescence to 

the baseline is shown. Ultrasound stimulus was given at t=5 s and neurons that 

responded within a 5.5-s window after the stimulus were counted as responders. Bar 

graphs show % responders with and without ultrasound stimuli 

for AIY::GCaMP and AIY::GCaMP;AIY::trp-4. Numbers on the bars indicate the number of 

animals analysed in each condition. *P<0.05 by Fisher's exact test. (g) Schematic 

showing the neural circuit that responds to ultrasound stimuli amplified by 

microbubbles. ASH and AWC neurons promote reversals, while PVD neurons inhibit 

reversals. AIY neurons promote omega bends. 

Full size image  

We then tested whether our approach can manipulate the function of an interneuron, whose 

processes do not contact the external cuticle of the animal. We misexpressed TRP-4 in AIY 

interneurons, which are at least 25 μm from the cuticle19, and analysed the behaviour of 

these animals upon ultrasound stimulation. Optogenetic studies have previously shown that 

activating AIY interneurons reduces reversals and omega bends43. In contrast, we find 

that AIY::trp-4 transgenics are significantly more likely to initiate high-angled omega 

bends on ultrasound stimulation (two independent transgenics, Fig. 6e). It is possible that 

expressing TRP-4 in AIY neurons has altered that neuron’s function, leading to increased 

omega bends. Also, animals with genetically altered AIY function have been shown to 

have increased turns in a local search assay21,28. We found that these AIY::trp-4 transgenics 

did not show any defects in local search (Supplementary Fig. S7a–c), confirming that the 

AIY neurons were not altered in these animals. These data suggest that AIY can initiate 

different behaviours based on type of stimulation, ultrasound or light. 

To confirm whether ultrasound stimulus is activating AIY interneurons, we used calcium 

imaging. AIY neural activity is typically measured from a bulb in the AIY neurite21. 

Consistent with previous observation21, we found that AIY is a noisy neuron that shows a 
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number of transients during our recordings (Supplementary Fig. 8). We collected a number 

of AIY recordings from wild-type animals and defined the relevant transient. We counted 

all animals whose neurons responded within a 5.5s time window after the ultrasound pulse 

as responders. Using these criteria, AIY neurons in wild-type animals did not show a 

significant response to ultrasound stimulus (4/29) (Fig. 6f and Supplementary Fig. 8a,b). In 

contrast, we observed that a significant number of AIY neurons in AIY::trp-4 transgenics 

(11/28 animals) had a positive response (Fig. 6f and Supplementary Fig. 8e,f). The 

increased proportion of AIY responders in the AIY::trp-4 transgenics suggests that 

ultrasound stimulus activates AIY interneurons. These results show that mechanical 

deformations from the ultrasound–microbubble interaction can penetrate at least 25 μm into 

the worm and influence the function of AIY interneurons. Moreover, we find that 

misexpressing TRP-4 can influence both reversal and omega bend neural circuitry, 

suggesting that our sonogenetic approach is broadly applicable for manipulating circuit 

activity. Further, our results show that AIY interneurons are likely to have at least three 

activity states with one suppressing turns21, one promoting forward turns (as revealed by 

optogenetic stimulation)43 and one increasing omega bends (as revealed by ultrasound 

stimulation). These studies validate our approach of using sonogenetics to reveal novel 

roles for both PVD and AIY neurons in modifying turn behaviour. 

Discussion 

Our studies show that C. elegans neural circuits can be probed by combining low-pressure 

ultrasound stimulation with microbubbles that amplify the mechanical deformations. 

Specifically, we find that C. elegans is insensitive to low-pressure ultrasound but responds 

when surrounded by microbubbles. We find that animals missing the TRP-4 

mechanosensitive ion channel have significantly reduced sensitivity to the ultrasound–

microbubble stimulation, indicating that mechanosensitive ion channels play an important 

role in the mechanism of ultrasound stimulation. We also find that misexpressing the TRP-

4 mechanosensitive ion channel in specific neurons modifies their neural activity upon 

ultrasound stimulation, resulting in altered animal behaviours. Specifically, misexpressing 

TRP-4 in ASH and AWC sensory neurons results in an increase in large reversals, while 

misexpressing it in PVD neurons suppresses this behaviour, a novel role for this neuron 

(Fig. 6g). We also define a novel role for AIY neurons in stimulating omega bend 

behaviour (Fig. 6g). 

Our novel method provides new insights into the neural activity patterns that drive whole-

animal behaviour. We note that persistent AWC neural activity might drive reversal 

behaviour, providing a correlation between a distinct AWC neuronal activity pattern and 

whole-animal behaviour. We suggest that ultrasound stimulation might activate neurons 

with different kinetics than what has been seen using optogenetics. For example, activating 

AIY interneurons using light leads to an increase in forward turns43, while our studies using 

low-pressure ultrasound indicate an alternative role for AIY interneurons in promoting and 
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increasing frequency of omega bends. The stimulation of AIY interneurons demonstrates 

that this ultrasound technique can also be applied to deep internal neurons that do not 

contact the skin of the worm. Taken together, these results and other studies44 show that 

TRP channels can be used to manipulate neuronal functions and thus provide insight into 

how neural circuits transform environmental changes into precise behaviours. 

To target smaller groups of neurons, the resolution of the ultrasound focal zone can be 

made smaller than the 1 mm diameter used in these studies. Frequencies above 2.25 MHz 

can produce sub-millimetre focal zone spot sizes45. Higher-frequency ultrasound waves 

with their smaller focal zones are better suited to targets that are closer to the body surface 

as these waves do not penetrate tissues as well46. One of the advantages of ultrasound is 

that small focal zones of just a few millimeters can be maintained noninvasively even in 

deep brain tissue8. Outside the focal zone the peak negative pressures are significantly 

lower and are unlikely to result in neuron activation11,47. This was seen on the agar plates 

where only worms that were in the focal zone responded to the ultrasound and nearby 

worms that were outside the focal zone did not. Another advantage of ultrasound is that this 

focal zone can be moved arbitrarily within the tissue to simulate different regions without 

any invasive procedures8,47,48. With an electronically steerable ultrasound beam, multiple 

different targets can be noninvasively manipulated either simultaneously or in rapid 

succession48. Moreover, the genetic targeting of the stretch-sensitive ion channels to 

individual neurons allows for targeting well below the resolution of the ultrasound focal 

zone. 

We speculate that the use of ultrasound as a non-invasive neuronal activator can be broadly 

applied to decode neural circuits in larger vertebrate brains with opaque skin and intact 

skulls. Ultrasound waves with peak negative pressures of <1 MPa have been shown to 

penetrate through skull and brain tissue with very little impedance or tissue damage49. Our 

results show that low-pressure ultrasound (with peak negative pressures of 0.4–0.6 MPa) 

specifically activates neurons expressing the TRP-4 channel. Moreover, TRP-4 channels do 

not have mammalian homologues36,37; therefore, it is unlikely that expressing these 

channels in the mammalian brain would produce deleterious effects. We suggest that 

neurons in diverse model organisms misexpressing this channel can be activated by 

ultrasound stimulation, allowing us to probe their functions in influencing animal 

behaviour. Additionally, other mechanosensitive channels can be explored that may be 

more sensitive to mechanic deformations than TRP-4. Of particular interest are the 

bacterial MscL and MscS channels that have different sensitivities to membrane stretch and 

are selective for different ions50. Moreover, TRP-4 and other channels may be mutated in 

and around the pore region to change their ion selectivity51 as well as their sensitivity to 

mechanical stretch to broaden the utility of this method. 

Furthermore, if low-pressure ultrasound stimulation by itself does not activate TRP-4-

expressing neurons, we demonstrate that the mechanical signals can be amplified by gas-
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filled microbubbles. Perfluorohexane microbubbles are well-established for use as 

ultrasound contrast agents in vivo52 and can be administered intravenously to circulate 

throughout the vertebrate body including the brain53,54,55,56. They can remain active for up 

to 60 min57, providing a time window where they could be used safely to amplify the 

ultrasound stimulus and manipulate neural activity. Microbubbles have been shown to 

undergo inertial cavitation when exposed to ultrasound with peak negative pressure of 

0.58 MPa and higher58. Using ultrasound pressure levels lower than this will prevent 

damage to the brain from the microbubble–ultrasound interaction. Moreover, we used a 

third of the number of microbubbles that has been previously used to successfully image 

the mouse brain59, showing that the required microbubble dose would not be prohibitive 

for in vivo administration. Our experiments show that in the presence of microbubbles the 

low-pressure ultrasound stimulated the deep AIY interneurons expressing TRP-4. This 

result enables us to estimate the distances at which the mechanical deformations from the 

ultrasound–microbubble interaction can effectively penetrate into brain tissue from the 

vasculature. The C. elegans cuticle is 0.5 μm thick60 and the AIY interneurons are 25 μm 

from the cuticle19, indicating that the mechanical deformations travelled at least 25.5 μm 

into the worm. In contrast, the mammalian blood–brain barrier is 0.2 μm thick61 and the 

average distance of a neuron from a capillary is less than 20 μm (ref. 62). These distances 

are well within the range of our sonogenetic approach. With the data presented in this 

paper, we offer a novel, non-invasive approach to activate genetically targeted neurons 

using low-pressure ultrasound stimulation. 

Methods 

Ultrasound and microscopy set-up 

A schematic of the ultrasound and microscopy set-up is shown in Fig. 1a and is previously 

described63. The single 10-ms, 2.25-MHz sine wave ultrasound pulse was generated with a 

submersible 2.25 MHz transducer (V305-Su, Panametrics, Waltham, MA) using a 

waterproof connector cable (BCU-58-6W, Panametrics). The resulting sound field was 

quantified using a needle hydrophone (HNP-0400, Onda Corporation, Sunnyvale, CA). An 

arbitrary waveform generator (PCI5412, National Instruments, Austin, TX) controlled by a 

custom-designed programme (LabVIEW 8.2, National Instruments) was used to create the 

desired ultrasound pulse. The peak negative pressure of the ultrasound pulse was adjusted 

from 0 to 0.9 MPa using a 300-W amplifier (VTC2057574, Vox Technologies, Richardson, 

TX). Ultrasound attenuation though the plastic and agar was found to be minimal. 

White light illumination was achieved by reflecting light from an external light source up at 

the petri dish using a mirror mounted at 45°. Behaviour was captured using a high-speed 

camera (FASTCAM, Photron, San Diego, CA). Fluorescent images were collected using a 

Nikon 1-FL EPI-fluorescence attachment on the same set-up as described. GCaMP imaging 

was performed using a × 40 objective and the images were captured using a Quanti-EM 

512C camera (Photometrics, Tucson, AZ). 
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The petri dish was held at the air–water interface with a three-prong clamp mounted to an 

XYZ micromanipulator stage, which allows the dish to be scanned in the XY plane while 

maintaining a constant Z distance between the objective and ultrasound transducer. This 

alignment positioned the agar surface in the focal zone of the ultrasound wave. 

Microbubble synthesis 

Microbubbles were made using a probe sonication technique as described64. Briefly, the 

lipids were dissolved in chloroform and mixed together in the previously described molar 

ratios in a glass vial64. The chloroform was evaporated under an argon stream, allowing the 

lipids to form a layer along the sides of the glass vial. The choice of lipids is essential for 

tuning the behaviour of microbubbles since they can affect the stiffness of the monolayer 

that surrounds and protects the microbubbles. The formulation used here has a stabilizing 

lipid monolayer consisting of distearoyl phosphatidylcholine (DSPC, Avanti Polar Lipids 

Inc., Alabaster, AL), distearoyl phosphatidylethanolamine-methyl polyethylene glycol 

(mPEG-DSPE 5k, Layson Bio Inc., Arab, AL) and DiO (Biotium Inc., CA) in 85:13:2 

molar ratio. The lipids were rehydrated in 500 μl of PBS. The headspace of the vial was 

filled with a perfluorohexane (Sigma-Aldrich, St. Louis, MO) and air gas mixture. A probe 

sonicator tip was then placed just below the surface of the PBS and run at maximum power 

for 3 s to cause the spontaneous formation of the lipid-coated microbubbles. The gas core 

of the microbubbles consisted of the perfluorohexane and air mixture which was designed 

to attain stability under atmospheric pressure. Microbubbles were fractionated based on 

size by their settling time (Fig. 4a). We chose a mixed size distribution of microbubbles 

from the manufacturing process to maintain uniformity across all the experiments. The 

microbubbles were shown to be stable on agar plates sealed with parafilm for up to 24 h. 

Behavioural assays 

A 15 μl solution of microbubbles at a density of 3.8 × 107/ml was added to an empty 

nematode growth media 2% agar plate. The microbubbles were left on the plate for 20 min 

to ensure absorption of the liquid leaving the microbubbles on the surface. Well-fed young 

adult worms were placed on the plate and were corralled into the small microbubble area 

using a filter paper soaked in copper sulphate solution (200 mM). The worms were allowed 

to crawl around for 10 min before being stimulated by ultrasound. The agar plate was 

moved to localize the animal in the ultrasound focal zone where it was stimulated with one 

pulse. Resulting reversal and omega bend behavioural responses were recorded. The 

ultrasound pulse regime is described above. Reversals with fewer than two head bends 

were identified as small (Fig. 2aiii), while those with more than two were counted as large 

(Fig. 2aiv). High-angled turns that lead to a significant change in the direction of an 

animal’s movement were identified as omega bends (Fig. 2avi)28. Each animal was only 

exposed to a single ultrasound pulse. Since previous work has shown that C. 

elegans detects changes in humidity and modifies its locomotory behaviours35, we 

controlled for humidity effects by testing wild-type animals daily to ensure stable reversal 

behaviour and repeating our analysis over multiple days for each genotype. Behavioural 
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https://www.nature.com/articles/ncomms9264#ref-CR64
https://www.nature.com/articles/ncomms9264#Fig4
https://www.nature.com/articles/ncomms9264#Fig2
https://www.nature.com/articles/ncomms9264#Fig2
https://www.nature.com/articles/ncomms9264#Fig2
https://www.nature.com/articles/ncomms9264#ref-CR28
https://www.nature.com/articles/ncomms9264#ref-CR35


IJMSHNEM  2019 Sonogenetics 

30 
 

data were collected on three separate days to ensure reproducibility. The data from all three 

days were combined for the final statistical analysis. Significance and the relevant 

comparisons are shown in each figure. 

Local search behaviour28 was used to test whether AIY functionality was affected in 

the AIY::trp-4 transgenics. Briefly, day 1 adults were moved from food plates to a food-

free plate and their behaviour was scored as indicated. Reversals were scored as small 

(fewer than two head bends) or large (more than two head bends). Four animals were 

scored for each genotype. Data were collected over 2 days and combined. AIY::trp-

4 transgenics executed normal local search behaviour (Supplementary Fig. 7). 

Imaging 

Transgenic animals expressing GCaMP in specific neurons were corralled into a small area 

using a filter paper soaked in copper solution (as described above). The acetylcholine 

agonist and paralytic, tetramisole65, was used at a concentration of 1.3 mM to paralyse the 

animals to facilitate recording neural activity. Anaesthetized animals were surrounded by a 

solution of microbubbles and stimulated using ultrasound peak negative pressures as 

described above. Fluorescence was recorded at 10 frames s−1 using an EMCCD camera 

(Photometrics, Quant-EM) and resulting movies were analysed using Metamorph software 

(Molecular Devices)21. Briefly, a fluorescence baseline was calculated using a 2-s window 

from t=3 to t=5 s before ultrasound exposure. The ratio of change in fluorescence to 

baseline fluorescence was plotted in all graphs using custom MATLAB scripts21. For 

imaging PVD neurons, the concentration of the tetramisole was reduced to 1 mM, which 

allowed these animals greater movement. For imaging AIY interneurons, two doses of 

tetramisole at 3.9 mM were used to restrict animal movement. Here, we recorded 

fluorescence from the AIY process and the increased tetramisole enabled the animal to be 

paralysed. Their motion and corresponding fluorescent intensity changes were captured and 

analysed using Metamorph software. For all imaging experiments, one neuron was imaged 

in each animal and the animal was only used once. Imaging data were collected on three 

separate days to ensure reproducibility. The data from all three days were combined for the 

final statistical analysis. 

 

 

Molecular biology and transgenic animals 

All C. elegans strains were grown under standard conditions as described66. Cell-selective 

expression of TRP-4 was achieved by driving the full-length cDNA under odr-

3 (AWC)67, sra-6 (ASH)68, des-2 (PVD and FLP)42 and ttx-3 (AIY)69 promoters. Germline 

transformations were obtained using the methods previously described70. Complete 

information for all strains is listed in Supplementary Table 1. 
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Temperature measurements 

Temperature was measured in the ultrasound focal zone on the surface of the agar using a 

High Precision Digital RTD/Thermocouple Thermometer/Data Logger (model number 

DP9602) along with a Fine Tip TJ Probe, both from Omega (Stamford, CT). The miniature 

probe was 2.4 mm long by 0.5 mm in diameter (Supplementary Fig. 2). These small 

dimensions are within the spot size of the ultrasound focal zone and close to the dimensions 

of the worms themselves. The small dimensions, and correspondingly small mass of the 

probe, helped to reduce the effect of the probe itself removing heat from the ultrasound 

focal zone, making our temperature measurements as accurate as possible. The tip was 

placed in the focal zone of the ultrasound on the agar surface both with and without the 

presence of microbubbles. The agar surface was ensonified with the same ultrasound pulse 

used in the experiments. We observed that both with and without the presence of 

microbubbles an ultrasound peak negative pressure of 0.7 MPa caused a temperature 

increase of less than 0.1 °C. 

Statistical analysis 

Data were analysed using SPSS software v22 (IBM, NY). The sample sizes used in the 

behavioural experiments were chosen to detect effect sizes of at least 15% with a power of 

0.80. All behavioural data were analysed using a non-parametric Fisher’s exact test (two-

sided). The sample sizes used in the imaging experiments were chosen to detect effect sizes 

of at least 20% with a power of 0.80. Animals were excluded from the study if they showed 

visible signs of injury or disorder, and measures used to determine an animal’s health were 

established prior to the study. Animals were randomly chosen from large breeding 

populations of the different genotypes for each of the three replicates and analysed on 

different days. The observer was not blind to the genotype of the group being tested. The 

populations used for imaging data (t-test) and microbubble size distribution (one-way 

ANOVA) had adequate normal distribution to justify the use of those tests. 

Additional information 

How to cite this article: Ibsen, S. et al. Sonogenetics is a non-invasive approach to 

activating neurons in Caenorhabditis elegans. Nat. Commun. 6:8264 doi: 

10.1038/ncomms9264 (2015). 
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New Alzheimer’s Vibration Medicine 

treatment fully restores memory function 

Of the mice that received the treatment, 75 percent got their memory 

functions back. 

http://www.sciencealert.com/new-alzheimer-s-treatment-fully-restores-memory-function 

Australian researchers have come up with a non-invasive ultrasound 

technology that clears the brain of neurotoxic amyloid plaques - structures that 

are responsible for memory loss and a decline in cognitive function in 

Alzheimer’s patients. 

If a person has Alzheimer’s disease, it’s usually the result of a build-up of two 

types of lesions - amyloid plaques, and neurofibrillary tangles. Amyloid 

plaques sit between the neurons and end up as dense clusters of beta- 

amyloid molecules, a sticky type of protein that clumps together and forms 

plaques. 

Neurofibrillary tangles are found inside the neurons of the brain, and they’re 

caused by defective tau proteins that clump up into a thick, insoluble mass. 

This causes tiny filaments called microtubules to get all twisted, which disrupts 

the transportation of essential materials such as nutrients and organelles 

along them, just like when you twist up the vacuum cleaner tube. 

As we don’t have any kind of vaccine or preventative measure for Alzheimer’s 

- a disease that affects 343,000 people in Australia, and 50 million worldwide - 

http://www.sciencealert.com/new-alzheimer-s-treatment-fully-restores-memory-function
http://thebrain.mcgill.ca/flash/d/d_08/d_08_cl/d_08_cl_alz/d_08_cl_alz.html
http://thebrain.mcgill.ca/flash/d/d_08/d_08_cl/d_08_cl_alz/d_08_cl_alz.html
http://thebrain.mcgill.ca/flash/d/d_08/d_08_cl/d_08_cl_alz/d_08_cl_alz.html
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it’s been a race to figure out how best to treat it, starting with how to clear the 

build-up of defective beta-amyloid and tau proteins from a patient’s brain. Now 

a team from the Queensland Brain Institute (QBI) at the University of 

Queensland have come up with a pretty promising solution for removing the 

former. 

Publishing in Science Translational Medicine, the team describes the 

technique as using a particular type of ultrasound called a focused therapeutic 

ultrasound, which non-invasively beams sound waves into the brain tissue. By 

oscillating super-fast, these sound waves are able to gently open up the 

blood-brain barrier, which is a layer that protects the brain against bacteria, 

and stimulate the brain’s microglial cells to activate. Microglila cells are 

basically waste-removal cells, so they’re able to clear out the toxic beta- 

amyloid clumps that are responsible for the worst symptoms of Alzheimer’s. 

The team reports fully restoring the memory function of 75 percent of the mice 

they tested it on, with zero damage to the surrounding brain tissue. They 

found that the treated mice displayed improved performance in three memory 

tasks - a maze, a test to get them to recognise new objects, and one to get 

them to remember the places they should avoid. 

"We’re extremely excited by this innovation of treating Alzheimer’s without 

using drug therapeutics," one of the team, Jürgen Götz, said in a press 

release. "The word ‘breakthrough’ is often misused, but in this case I think this 

really does fundamentally change our understanding of how to treat this 

disease, and I foresee a great future for this approach." 

The team says they’re planning on starting trials with higher animal models, 

such as sheep, and hope to get their human trials underway in 2017. 
 

http://stm.sciencemag.org/content/7/278/278ra33
http://www.futuretimeline.net/blog/2015/03/14-2.htm#.VQkT21OUdjH
http://www.futuretimeline.net/blog/2015/03/14-2.htm#.VQj_v1OUdjG
http://www.futuretimeline.net/blog/2015/03/14-2.htm#.VQj_v1OUdjG


2019 IJMSHNEM SONOGENETICS 

49 
 

 
 

https://youtu.be/yn1ynZRvJB

s 

https://youtu.be/41xRABtcm

Bk 

http://indavideo.hu/video/Alzheimers_Eductor_treatment http://youtu.be/lUNCKspJ1iw 

http://medicalexposedownloads.com/PDF/Zapping%20Memory%20Better%20in%20Alzheimer%92s.pdf 

 

http://www.downloads.imune.net/medicalbooks/HOW%20TO%20detect%20- 

%20treat%20Alzheimer's%20.pdf 

http://www.downloads.imune.net/medicalbooks/Alzheimer%27s%20Disease%20and%20Natural%20Ener 

getic%20Medicine.pdf 

 

https://youtu.be/yn1ynZRvJBs
https://youtu.be/yn1ynZRvJBs
https://youtu.be/41xRABtcmBk
https://youtu.be/41xRABtcmBk
http://indavideo.hu/video/Alzheimers_Eductor_treatment
http://youtu.be/lUNCKspJ1iw
http://medicalexposedownloads.com/PDF/Zapping%20Memory%20Better%20in%20Alzheimer%92s.pdf
http://www.downloads.imune.net/medicalbooks/HOW%20TO%20detect%20-%20treat%20Alzheimer%27s%20.pdf
http://www.downloads.imune.net/medicalbooks/HOW%20TO%20detect%20-%20treat%20Alzheimer%27s%20.pdf
http://www.downloads.imune.net/medicalbooks/Alzheimer%27s%20Disease%20and%20Natural%20Energetic%20Medicine.pdf
http://www.downloads.imune.net/medicalbooks/Alzheimer%27s%20Disease%20and%20Natural%20Energetic%20Medicine.pdf
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Sonogenetics and the Eductor 

Edited by Prof of Medicine Desire’ Dubounet 

Abstract :  

The Eductor system has been designed to use sonogenetic vibration medicine for 

Alzheimer’s, Weight Loss, Genetic Stabilization, Vision control, ADHD and Mood 

disorders. Using ultrasounds as part of the therapy has broadened the systems 

field of energetic medicine reactions. In this article we review the main stream 

literature and some more Avant Garde works to show the new advances in 

Energetic Medicine.  

Sonogenetics Review:  

Epigenetics refers to functionally relevant modifications of the genome that do 

not involve a change in the nucleotide sequence. Examples of such modifications 

are DNA methylation and histone modifications. Both modifications serve to 

regulate gene expression without altering the underlying DNA sequence. The 

epigenome encodes critical information to regulate gene expression. The cellular 

epigenome is established during development and differentiation and maintained 

during cell division. These instructions are different in each cell type; therefore, 

the epigenome is cell type specific. Nutrient availability, life style choices, music, 

sounds, light  and other environmental factors cause changes in the epigenome. 

Recent research suggests the critical contribution of the epigenome to the 

development of complex gene-environmental diseases. 

Ultrasound (Sonic Vibrations past 20k) isn’t just for images anymore. 

Sonogenetics and other promising technologies let researchers use focused sound 

waves to control genes and entire cells deep in the tissues of living animals, 

without surgery. This means that these high-pitched sounds can activate dormant 

locked up epigenetic genes.  

Growing evidence of the extent of epigenetic influence on the genome has led 

some researchers to argue that much of medical research, and indeed 

mainstream evolutionary theory, places too much importance on genes in 

determining an organism’s characteristics. They think the environment plays a 
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much bigger role in their emergence as an organism develops. 

 

Another major portion of the non-protein-coding regions of the genome is 

composed of variable-number, randomly repeating sequences known as “satellite 

DNA.” Microbiologist William Brown believes that through specific 

conformational arrangements, satellite DNA interfaces with the so-called 

“morphic field.” Various conformations have specific resonances with the morphic 

field and can tune into different information programs. Since satellite DNA is very 

specific to each person, each of us tunes into a distinct and unique 

morphogenetic pattern. 

 

As a fractal antenna, DNA interacts with the vacuum/aether (terms synonymous 
in this context with zero point/implicate order/time-space), transducing the zero-
point energy which interacts with our consciousness. A greater interaction 
between our DNA and the torsion and/or scalar forces in the vacuum might 
equate to expanded consciousness, while a lesser interactivity would result in a 
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contracted awareness. Thus, in Brown’s words, “certain modular arrangements of 
DNA would be more conducive to conscious awareness.” 

In the 1990s, a team of Russian linguists led by Dr. Peter Gariaev discovered that 
the genetic code in “junk” DNA obeys uniform grammar and usage rules very 
much like those of human language. It turns out that the “junk” is laden with 
intimations of intelligence, purpose and meaning (a perspective forbidden by 
fundamentalist Darwinism). 
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This ground-breaking research followed Jeff Delrow’s discovery in 1990 that the 
four nucleotides (A, T, G and C) of DNA naturally form fractal structures uncannily 
related to human speech patterns. Within non-coding DNA segments, to quote 
anthropologist Jeremy Narby, scientists have found large numbers of “endlessly 
repeated sequences with no apparent meaning, and even palindromes, which are 
words or sentences which can be read in either direction.” 

Human language seems to have emerged from the grammatical and syntactical 
structures within our very DNA—the massive “junk” portion, no less! Hence there 
is no substance to the notion that there was some kind of linear progression from 
the primitive form of pre-linguistic communication in the animal kingdom to 
human language. Instead, it was a quantum leap right out of the 
aether/vacuum/implicate order. 

The Gariaev group’s pioneering DNA research accounts for the power of hypnosis 
(and potentially most other psi phenomena, also referred to as 
“hypercommunication”). One of the basic assumptions made by the Gariaev team 
is that “the genome has a capacity for quasi-consciousness so that DNA ‘words’ 
produce and help in the recognition of semantically meaningful phrases.” 

Because the structures of DNA base pairs and language are so similar, we can 
alter our own genetics by simply using words and sentences, as has been 
experimentally proven. Live DNA “will always react to language-modulated laser 
rays and even to radio waves, if the proper frequencies are being used. This finally 
and scientifically explains why affirmations, autogenous training, hypnosis and the 
like can have such strong effects of humans and their bodies.” 

One of the most famous cases of hypnotically induced genetic alteration was 
documented around 1951 at the Queen Victoria Hospital in West Sussex, England. 
This case involved the cure of Brocq’s disease in a teenage boy. 

His skin, which cracked and bled easily, was dry, hardened and reptile-like. Using 
hypnotic suggestion, anaesthetist and hypnotist Albert A. Mason remedied the 
condition in a matter of weeks—a miracle at the time, since Brocq’s disease is a 
genetic condition, which meant that in eliciting a cure Mason had effectively 
reprogrammed the boy’s genes (which scientists of the time “knew” was 
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impossible). The boy’s hardened skin fell away, exposing soft, healthy flesh which 
remained so thereafter. 

Today we know that by using correct light and sound frequencies—as well as 
words—we can activate some of our mobile DNA to “re-code” certain portions of 
the genome, thus effecting physical transformation at the most fundamental 
biological level. 

Light and Sound Vibration  

During 1984-85, Gariaev made a startling discovery. He found that an in vitro DNA 
sample in a test tube had the ability to attract and harness coherent laser light, 
causing it to spiral along the DNA helix. This alone was an unexpected (and 
paradigm-shifting) discovery, but it was not all. 

After the DNA sample and apparatus were removed, the photons continued to 
spiral as if the DNA were still there. This was dubbed the “DNA phantom effect,” 
and it signified that some “new” scalar/torsion field structure had been excited 
from the vacuum/aether and was entraining the light even in the absence of the 
DNA! 

This effect has been observed to last for up to a month, showing that the new 
field structure possesses remarkable persistence and stability. Even after blowing 
the phantom away with gaseous nitrogen, it returns within eight minutes. 
(Torsion fields are known to be stable and persistent). 

Significantly, Gariaev also remarked that “sound waves radiated by the DNA 
molecules were registered in these experiments,” showing that DNA not only 
absorbs and emits light (as is well established) but radio frequencies and phonons 
as well. 

Our DNA harnesses both sound and light in its moment-by-moment operations. 
But more than this, it “punches holes” in space-time, opening a window to the 
“time domain” of time-space, a sort of parallel reality to ours. 

In the words of Grazyna Fosar and Franz Bludorf, our DNA creates “magnetized 
wormholes” in the fabric of space: “tunnel connections between entirely different 



2019 IJMSHNEM SONOGENETICS 

55 
 

areas in the universe through which information can be transmitted outside of 
space and time. The DNA attracts these bits of information and passes them on to 
our consciousness.” 

Most of us know this process as intuition or psychic insight. Ordinary human 
memory also operates on similar principles, since available evidence indicates 
that our memories are stored not in our brains but in aetheric/implicate/time-
space field structures which envelop our bodies (our “auric fields”). 

Various researchers have theorized that the energy occupying time-space 
responsible for these phenomena is twisting or spiraling torsion energy. The 
“magnetized wormholes” mentioned above could also be described as “torsion 
fields” or “vortices.” 

A torsion field is a self-sustaining vortex in the aether which is innately non-
electromagnetic—though it can produce electromagnetic effects such as light. By 
spinning, a vortex can excite photons, or virtual photons, out of the fabric of the 
aether—and static torsion/scalar fields can harness and store light within them 
(as seen in the DNA phantom effect). 

Sol Luckman, co-developer of a sound-based healing technique called 
the Regenetics Method, considers qi, prana and orgone to be light-based effects 
of torsion fields. In his book CONSCIOUS HEALING, Luckman describes torsion 
energy as “universal creative consciousness or subspace energy (aether) 
experiencing itself in time … Torsion Energy in the form of a ‘life-wave’ … 
interfacing with and modifying Potential DNA’s Transposons is the driving force 
behind the evolution of human consciousness and physiology.” 

The research generally credited with the discovery of this “fifth force”—torsion—
was done in the late 1800s by Russian professor N. P. Myshkin. Einstein’s 
colleague Dr. Elie Cartan first coined the term “torsion” in 1913 in reference to 
this force’s twisting movement through the fabric of space-time; but his 
important work was virtually buried by the success of Einstein’s theories. 

In the 1950s—the same decade in which James Watson and Francis Crick 
discovered the helical structure of DNA—pioneering Russian scientist Nikolai A. 

http://www.phoenixregenetics.org/
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Kozyrev proved the existence of this energy, demonstrating that, like time (as well 
as DNA), it flows in a geometric spiral. 

Russian scientists are reported to have written thousands of papers on torsion 
energy in the 1990s alone. More recently, award-winning physicist Nassim 
Haramein, along with his colleague Elizabeth A. Rauscher, has reworked Einstein’s 
field equations with the inclusion of torque and coriolis effects. 

Torsion Fields, Mental Intention & Healing 

If your “soul” is, in fact, a torsion field or vortex in the fabric of space (or a 
structure of multiple nested vortices, as described by seers and occultists), then 
your consciousness, by definition, must survive the demise of your physical body: 
it existed in the aether/vacuum/time-space/implicate order/zero point field 
before you ever obtained a body. 

This is exactly the perspective promoted by physicist Fred Alan Wolf, who refers 
to the vacuum of space as “the home of the soul,” from which the material world 
was actually born. 

Interestingly, to cite A.M. Nowak, the work of scientists Gennady Shipov and 
Burkhard Heim “established that torsion generators allowed us not only to 
replicate all ‘phenomena’ demonstrated by so-called ‘psychics,’ but they were 
also able to demonstrate effects that were never demonstrated by any ‘psychic.’” 

This “transcendent force” that is intrinsically unrestricted by the bounds of our 
space-time (and which, in the form of torsion/scalar waves, effectively operates 
billions of times beyond the speed of light) can account for the well-documented 
remote healing phenomena demonstrated in many studies, as well as more 
localized, short-range psychokinetic effects. 

Cell biologist Glen Rein discovered that anger, fear and similar emotions have the 
power to contract the DNA molecule, compressing it. On the other hand, 
emotions such as joy, gratitude and love unwind or decompress DNA exposed to 
them. This effect could be created on samples up to half a mile away from the 
“sender” of the emotion. 
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Years earlier in Russia, remote-influence experiments with human targets 
presaged Rein’s results and proved that remote human intention could be used to 
affect physiological and conscious processes in a distant human target, as well as 
to send telepathic messages. 

In another of Rein’s experiments, those with coherent electrocardiograms could 
wind or unwind DNA samples (not extracted from their own bodies) at will, while 
those with incoherent heart energy could not. Furthermore, in these experiments, 
simply feeling love-based emotions was not enough to affect the DNA 
samples: the intent to alter them had to be present. 

The effect was achieved up to half a mile away in an experiment with Lew Childre. 
Another experiment with Russian healer Valerie Sadyrin replicated the effect with 
Sadyrin stationed thousands of miles away from Rein’s setup in California, in 
Russia. 

These distance experiments indicated that, although coherent electromagnetic 
heart energy does act locally in the body, it also has a non-electromagnetic 
(torsion/scalar) component. This nonlocal aspect appears to entangle healers with 
their “healees” via time-space/aether. Ipso facto, DNA is a “torsion antenna,” a 
biological “bridge” between our local space-time reality and nonlocal time-space 
mirror. 
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Rein’s research links torsion energy to life-affirming emotions—in particular 
unconditional love, which propels both our individual and collective evolution. 
“Only the love-based emotions,” writes Luckman, “stimulate DNA to decompress 
so that messenger RNA can access codes for healing.” Negative emotional states 
compress the DNA helix, “severely limiting access to genetic information 
necessary for healing as well as evolution.” 

Sounds like DNA Activation 

We have recently entered into what Dr. Larry Dossey has dubbed “Era III” 
medicine. In Luckman’s view, Era III medicine is concerned with the primacy of 
bioenergetic consciousness in the “sound domain” (time-space/aether) in healing 
and transformation. 

“Era II” medicine, on the other hand, is primarily restricted to mind-body 
interactions in the “light domain” of space-time. Finally, “Era I” medicine was and 
is myopically based solely on physico-chemical considerations—a boon for Big 
Pharma. 

Era III acknowledges that since consciousness is fundamentally nonlocal, not only 
can your thoughts influence your own physiology, but someone else’s as well, 
regardless of distance—as per the aforementioned Russian remote-influence 
experiments and Rein’s work. 

 

As the Gariaev group has shown, sound and light can be utilized to rewrite the 
genetic code. The group went so far as to be able to turn frog embryos into 
salamander embryos by electronically recording one species’ DNA informational 
patterns and then re-transmitting them to the other species. The resulting 
salamanders could even mate and produce baby salamanders.  

Specific sound frequencies: herein lies the power of Luckman’s DNA activation 
method. Some readers may be aware that our DNA is “tuned” to resonate with 
the ancient Solfeggio scale. According to mathematicians Marko Rodin and Victor 
Showell, this scale constructs the entire universe.  

http://phoenixregenetics.org/resources/solfeggio-tuning-forks
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Dr. Leonard Horowitz, an early pioneer of the Solfeggio, comments that the 
“creationistic dynamics of matter have their source in pure acoustic spirit,” which 
is vividly demonstrated by the work of Dr. Hans Jenny. 

By vibrating a mass of solid particles on a metal plate at certain frequencies, Jenny 
caused the particles to arrange spontaneously into specific geometric forms. 
Alternatively, the vibration of these loose particles suspended in a fluid could be 
seen to create nested geometric figures—the Platonic solids, in point of fact. 
Hence Horowitz’s point about matter being created by “sonic” frequencies in the 
“spiritual” domain. 

Because the ground of reality is fundamentally holographic, it assembles the 
manifest universe fractally in a self-referencing manner in which geometric 
forms—such as the Platonic solids—can be nested within one another. 

By simply utilizing the correct vowel chanting technique—the most important 
ingredient—and a 528-Hertz Solfeggio tuning fork (as detailed in Luckman’s latest 

http://phoenixregenetics.org/resources/solfeggio-tuning-forks
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book POTENTIATE YOUR DNA), apparently some of your mobile genetic elements 
can be activated to harness greater amounts of torsion energy from time-
space/aether. 

With the Regenetics Method, DNA activation occurs incrementally as one goes 
through the different stages of Potentiation, Articulation, Elucidation and 
Transcension. Potentiation—the first phase—specifically employs the “mi” note 
of 528 Hertz, which has been used by molecular biologists to correct genetic 
defects and is also known simply as “Love Hertz.” 

The transformed octave-based human bioenergy blueprint five months after 
Potentiation. According to this model, at this stage a ninth out-of-place vortex 

above the eight vortex/chakra above the head has descended and “sealed” and 
energy drain in the second centre referred to esoterically as the “fragmentary 
body”. The result is a balanced octave of eight vortices/chakras. (Image credit: 

Sol Luckman, CONSCIOUS HEALING.) 

The result of the total process of the Regenetics Method—which unfolds over 27 
months—is a gentle and progressive kundalini awakening and healing of the 
physical, mental, emotional and spiritual bodies/layers of the psyche (see figure 
at left). 

Based on many testimonials, often allergies disappear, old injuries repair, serious 
diseases vanish, the body detoxifies, emotional baggage is purged, and a sense of 
peace and well-being develop. Some people can even begin to sense their 
fundamental interconnectedness with creation, a development that reaches its 
fullest fruition with the completion of the final stage, after the prefrontal lobes in 
the brain have been awakened through Elucidation. 

For my part, immediately following my own Potentiation, I noticed my damaged 
rotator cuffs felt subtly different. Within a few weeks, they had improved very 
significantly. Seven months later, I experienced virtually no pain in them and 
could comfortably lie on my side to sleep at night—something I had not been able 
to do for about twelve years previously, no matter how positive I tried to be or 
how determined I was to heal them myself. 

http://phoenixregenetics.org/books/potentiate-your-dna
http://phoenixregenetics.org/activations/potentiation
http://www.phoenixregenetics.org/books/conscious-healing
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Before doing my own Potentiation, even swinging my arms back and forth across 
my chest caused sharp, stabbing pains in my shoulders—but no more. After 
several months I also experienced a spontaneous detoxification process (primarily 
through my sinuses), and my food allergies show signs of disappearing. 

With DNA acting like a tuning fork and resonating with the vowel chanting and 
528-Hertz Solfeggio frequency, the “errors” in the sonic torsion field blueprints (in 
time-space, or the sound domain) for our biology are corrected. At the biological 
level, jumping DNA shifts to “rewrite” the gene code for the better, as previously 
dormant codons are switched on—while others may be switched off—in order to 
improve healing mechanisms, and so on. 

Consciousness researcher Stephen Linsteadt has reported that, at the 528-Hertz 
frequency, “the clustered water molecules that surround and support the DNA 
structure form a perfect six-sided hexagon”—meaning that you are apparently 
generating your own internal cymatic effect as you perform your Potentiation! 
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“In theory,” writes Horowitz, “phase-locking your body to [the 528-Hertz] 
frequency sends the most powerful healing energy in the universe to your DNA’s 
amino acid sequence, which vibrates in a glycoprotein matrix of structured water 
[which] depends heavily on [this] frequency not just for its physical structure but 
also for its bioelectrical and bioacoustic functions.” 

A New Kind of Human? 

Microbiologist Colm Kelleher has studied “junk” DNA for years. He states that 
transposons are known to be engines of evolution, explaining that the most 
plausible mechanism for initiating a rapid, large-scale change in physical 
structure—even the emergence of a new species—is a “simultaneous 
transposition burst.” He speculates that similar mechanisms might also be 
involved in a “kundalini experience.” 

 

Kundalini—a real physical energy—has always been held in high esteem by 
mystics and seers because of its ability to awaken higher consciousness and vivify 
and restore the physical body. It also upgrades the bioenergy system. 

The principal function of kundalini in occult development is reputedly to pass 
through the chakras and energize them so that they bring astral experiences into 
physical consciousness. An enhancement of the chakras naturally has positive 
physical effects, as the etheric body (where the chakras are located) is an 
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energetic counterpart to the physical body and, in fact, is considered to be of the 
“physical” density in its own right (unlike astral, mental, or spiritual energies). 

Theoretical physicist Amit Goswami states in PHYSICS OF THE SOUL that the 
raising of kundalini seems to unleash the dormant capacities of consciousness for 
making new representations of the vital (etheric) body onto the physical body. 
“There is evidence,” he writes. “People in whom kundalini has risen and been 
properly integrated undergo extraordinary bodily changes (for example, the 
development of nodules on the body that [form] the figure of a serpent).” 

Kundalini experiencers also often describe an incredible white light enveloping 
their consciousness—as the plasma-like kundalini rises up the spine and explodes 
into the head and crown chakra. The result in the moment is often a state of 
expansive bliss. 

One salient point to any researcher of these topics has to be that there are 
elements in the aftermath of DNA and kundalini activation that are quite similar 
to those reported in near-death experience (NDE). 

Aside from biophysical alterations (an effect shared by all groups), many near-
death experiencers (NDEers) have reported that they feel a deeper sense of 
connectedness with all things, higher levels of empathy, decreased 
competitiveness and egotism, elimination of the fear of death, and a greater 
sense of peace and contentment. 

The spontaneous resolution or disappearance of serious diseases and allergies 
falls under the category of biophysical transformation, which is correlated with 
kundalini awakening as well as DNA activation. Similarly, NDEer Mellen-Thomas 
Benedict, for example, had an inoperable brain tumor prior to his 90-minute NDE. 
Post-NDE, his cancer was simply gone: it had vanished. 

Quite often NDEers also find that their psychic faculties are put into overdrive—
whether they like it or not! In TRANSFORMED BY THE LIGHT, Dr. Cherie 
Sutherland offers the case studies of fifty Australian NDEers, one of whom 
reported that post-NDE it was possible to telepathically pick up on the internal 
monologues of people around—totally unintentionally. 
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Dr. Kenneth Ring hypothesised in the 1990s that NDEers undergo a kundalini 
awakening, and he marshaled some impressive evidence in support of this notion 
in THE OMEGA PROJECT. 

We might speculate whether the NDE can also spontaneously precipitate the 
sealing of the “Fragmentary Body” (an energy defect theorized to exist in the 
second chakra) by revealing to people their true nature as immortal “spirit” or 
infinite consciousness. Understanding that they are an integral part of the 
cosmos, NDEers might find their “separation consciousness”—as well as other 
personal issues around self-loathing and guilt—simply healed. 

Certainly, the experience of contacting a force of cosmic love, compassion and 
total, unconditional acceptance is powerfully healing for many NDEers. Perhaps 
not surprisingly, many NDEers find that they spontaneously develop powerful 
healing faculties—even to the extent that they give up their old careers to 
become energy healers. 

This suggests the activation of previously dormant sections of DNA involved in the 
transmission and mediation of electromagnetic energy and torsion forces. In 1996 
Kelleher cloned a stretch of human DNA from activated human T-cells and found 
it to consist of a tandem array of transposon sequences “arranged like beads on a 
string.” 

This was the perfect structure that he had envisioned for accomplishing “a large-
scale speciation-type change.” Kelleher predicts that people who have undergone 
NDEs or have meditated for long periods “should have a higher transcriptional 
level of this transposon cassette.” 

NDE case studies seem to support this contention. Many NDEers appear to 
represent a new kind of human being: one not just more metaphysically aware 
than the “average” person, but one who is also more “switched on,” genetically 
and psychically. Overall, NDEers seem to show an unusually high level of intuitive 
activation, not unlike kundalini-awakened individuals. 

Speculative Conclusions & Visions for the Future 
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In 2003 the Encyclopedia of DNA Elements (“Encode”) genome research project 
was launched. Pooling the resources of over 400 scientists over thirty-two 
laboratories throughout the UK, US, Spain, Singapore, and Japan, the Encode 
project is the largest research project into the human genome yet conducted. 

In September, 2012, after analyzing all three billion pairs of genetic code 
comprising our DNA, scientists from the project confirmed that far more of it is 
biologically active than had been widely believed. In fact, eighty percent of our 
DNA is performing a specific function, confirming that most non-protein-coding 
“junk” DNA is not junk at all. 

Perhaps more importantly, in the context of the foregoing discussion, these 
scientists also identified four million “switch genes,” which are sections of DNA 
that control when genes are switched on or off in cells. These can even be a long 
way from the actual gene they control (in an uncoiled DNA strand). 

Many switches are linked to changes in risk levels for various diseases and 
disorders. We have the field of epigenetics to thank for proving that local 
environmental triggers (including stress) are ultimately more important in 
determining the activation or silencing of certain genes—and therefore our 
biological health—than inherent genetic defects (which account only for about 
five percent of all diseases). 

It is only logical to conclude that mobile DNA elements/transposons—comprising 
as much as half of our “junk” DNA—are involved in mediating the functions of at 
least some of these four million “switch genes.” 

In addition, mobile DNA (with possibly satellite DNA as well) appears to interface 
with our consciousness in the aetheric realm of time-space. This means that Era 
III, “metagenetic” modalities such as the Regenetics Method—where the 
facilitator can be located thousands of miles from the recipient—can be effective 
in influencing genetic expression regardless of healer-healee proximity. In the 
time-space domain occupied by consciousness, distance is meaningless. 

Thanks to the innovative work of researchers in fields as diverse as shamanism, 
epigenetics, thanatology, psychiatry, molecular biology, hypnosis, kinesiology, 
occultism and more, we may have identified four major ways to activate our 



2019 IJMSHNEM SONOGENETICS 

66 
 

latent jumping DNA to effect dramatic personal transformation and even 
conscious evolution: hypnosis, DNA activation with vowel chants and Solfeggio 
frequencies, kundalini awakening, and NDEs. 

This is to say nothing of astrophysical processes which can influence planetary 
microbiology, and over which we as individuals seemingly have little control—a 
subject we lack space for here. 

With the extinction of bottom-up Darwinian “DNA primacy,” we can and must 
relinquish the moribund notion that our genetic inheritance is a done deal which 
we can no more change than the Earth’s orbital pathway around the Sun. 

The various lines of research discussed herein reveal that in using vowels and 
targeted light and sound frequencies to deliberately change our genetic 
expression in a controlled fashion, we can also change our consciousness—and 
vice versa. 

We can change our consciousness and, in turn, alter genetic expression (more or 
less permanently). No longer can a human be conceived of as a powerless 
Darwinian “meat computer” at the mercy of the random forces of “natural 
selection.”  
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