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Dr. Nipam Patel is a Professor of Genetics, Genomics and Development in the 

Department of Molecular and Cell Biology and a Professor in the Department of 

Integrative Biology at the University of California, Berkeley. Professor Patel’s interests 

revolve around understanding the genetic and molecular underpinnings of development. 

In this interview, we talk about what leads to the observed body structure, the structural 

color in butterfly wings and the techniques that Professor Patel’s group uses to 

understand these principles. 

 

 
Figure 1. Professor Nipam Patel 

[Vicente. 2015. Development 142: 4189-4190] 

 

Berkeley Scientific Journal: What initially got you interested in studying 

developmental biology? 

Professor Nipam Patel: I got interested in developmental biology when I was a high 

school student in Texas. The teacher would get us chicken embryos from a farm and we 

would work on them. [During the summers], I worked in a research program at the 

University of Texas at Austin. I worked in a lab that studied blood cell development in 

adult chickens. But I said, “Oh, I know how to study embryos! Can I look at blood cell 

development in embryos?” They said, “Sure,” and so I worked on that. And when I was 

an undergraduate, I started in a lab of a developmental biologist right away.  

 

BSJ: And what about your interest in the broader idea of evolution and its genetic 

basis?  

NP: I had very little background in evolution as an undergraduate. It was while I was a 

graduate student that I stumbled on a discovery about a way to look at certain genes 

across many different organisms very quickly. That’s what got me interested in 

evolutionary biology. In some ways, I became sort of self-trained.  



 

BSJ: One prevalent topic is the role of Hox genes in the development of the body 

structure. Could you give a brief overview of how Hox genes dictate segmentation? 

NP: Hox genes are a set of genes that are present in all animals. In a few cases, they’ve 

imparted identity on the regions of the body from the anterior to the posterior. For 

example, in flies they dictate which segments have wings and which do not.  

In our body, the most obvious function is the dictation of the type of vertebrae you have 

along your back. The Hox genes are what make the repeats non-identical to one another. 

But that also extends to other parts of your body and that is an ancestral feature of this set 

of genes.  

 

BSJ: What role do the Hox genes play in the broader gene regulatory network? 

NP: Hox genes a set of transcription factors that basically turn on and off lots of other 

genes. In flies, probably the best-known system, there is a whole cascade of genes that 

sets up and establishes segments along the anterior-posterior axis. But in parallel, another 

set of Hox genes are also activated and they impart identity to the segment. So, they fit in 

very early into gene network patterns. But they are not like the earliest genes that are 

involved in building the network.  

 

 
Figure 2. Nodes in an abstract representation of a Gene Regulatory Network (GRN). 

Activation and repression is represented by arrows and bars, respectively. Internal nodes 

are upstream of terminal nodes and affect the activity of the terminal nodes.  

[Rebeiz et al. 2015. Annual Review of Genomics and Human Genetics 16:103–31] 

 

BSJ: So, they are not the most upstream nodes?  

NP: Well, there’s always a problem when you say “most upstream” because you know 

life is kind of a circle. For example in flies, the key steps that determine the axis of the 

embryo are actually the way the mother makes the egg. So, if she doesn’t make the egg 

properly, nothing else can happen. So, then you would say that it’s her genes that she 

uses to build the egg that are key. But the egg only has polarity because the ovaries have 

polarity. And the ovaries have polarity because her body has polarity. So, it’s always hard 

to define when is time zero for anything in this context.  

 



BSJ: And what do we know about the factors that regulate and activate these 

effects? 

NP: We know that in flies the initial pattern is controlled a set of genes called gap genes. 

Those play a role both in segmentation and in setting up the regional identity via Hox 

gene activation. It’s a little bit not as well understood in human. There’s thought to be 

key players like retinoic acid that form a gradient of information across the egg.  

 

BSJ: Why are arthropods specifically a good model organism/system to study 

segmentation and regionalization? 

NP: The initial discoveries in flies were facilitated by the fact that they’re a really good 

genetic system: rapid generation times, relatively simple genomes, easy to keep and to 

mutate.  

But for our way of thinking, crustaceans [are beneficial for] studying body patterning 

because they’ve got segments and each segment also has a pair of appendages. So, it’s 

very easy to tell segments from other segments. And when you’re looking for changes, 

it’s very easy to see what those are by looking at the appendages. And they’re sufficiently 

different [from flies] in their body plans that we can ask a lot of evolutionary questions. 

 

BSJ: How loosely do you define the term ‘segmentation’? 

NP: If you define segmentation as creating a repeating pattern, then Hox genes do not 

affect segmentation.  But without Hox genes, you would have a bunch of repeating 

patterns where the repeats are all the same. The Hox genes give identity to these 

segments.  

There’s been lots of debate as to how we can best define segmentation. Some people 

think it needs to include the internal structure as well. I think people are now beginning to 

think about defining segmentation molecularly, to see which molecular patterns are 

conserved. However, even that is problematic, because it assumes that segmentation is 

homologous between groups. And there’s still an ongoing debate about how to compare 

segmentation between species. 

 

BSJ: Based off your studies, how would you define whether an organism is 

segmented or not? 

NP: I think I go for the fairly liberal definition, of having repeating patterns that go 

across the body along its axis.  

 

 
Figure 3. Segmental pattern of expression of even-skipped gene in Drosophila  

[Davis and Patel. 1999. Trends in Cell Biology] 

 

BSJ: Are there any known advantages to segmentation? 



NP: People have speculated a lot about that. It’s a way to extend the body, by having one 

repeat, and then just repeating that pattern. But there are other things, for instance 

biomechanically, helping the body to move. And certainly having segments is a good 

way to create a diversity of appendages because you can have lots of appendages and 

then modify what they do so that they can have many different functions. 

 

BSJ: One of your papers mentioned the relationship between the 

segmentation/regional identity of the body and the nervous system. Is there a 

molecular basis by which neurons mirror body segmentation/regionalization? 

NP: Well, it has to do with the fact that the nervous system is actually derived from the 

ventral ectoderm, so they are intimately tied together. That makes it relatively easy to 

control the appendages of that segment, because as you’re building the body plan you’re 

building repeated neuromeres (neural segments).  

But what’s interesting is whether the organism knows what kind of limb that limb is! For 

example, we transformed the pleopods of an organism into walking legs. But the animal 

in a sense doesn’t know that they’re not pleopods, so it still tries to swim with them, 

because the brain doesn’t know that those aren’t swimming legs anymore, so it moves 

them as though it were trying to swim and not walk with them. 

 

BSJ: So, functionally the transformation is successful, but there’s no recognition by 

the brain of that transformation? 

NP: The problem is that the behavior also has to evolve. That’s another mystery. When 

you make these changes, there are a lot of things that have to evolve at the same time.  

 

 
Figure 4. CRISPR-Cas9 mediated alterations in crustacean to induce reverse walking 

morphology results in upwards curling of the abdomen.  

[Martin et al. 2016. Current Biology 26:14-26] 

 

BSJ: How has the precision of CRISPR-Cas9 type method has facilitated your 

research or opened the door for new types of experiments that have not been done 

before? 

NP: It has been great. We are still using CRISPR-Cas9 like a hammer compared to a lot 

of other people. We are using it in a very crude way, but for us it is great because, 

compared to RNAi, it’s much more efficient and much more affordable. And with RNAi 

we weren’t completely eliminating the gene but were just lowering function. With 

CRISPR-Cas9, you have a real shot at having it null so you can see a much more severe 

phenotype. We are trying to now use this system to integrate things into the genome, and 



that’s much harder. But that would allow us to do things that we couldn’t even dream of 

before. 

 

BSJ: In regards to what you're trying to study in butterfly wing patterning, is it 

more downstream of Hox gene control in terms of GRN? 

NP: Yes. 

 

BSJ: What initially led you to pick that type of a model system? Is it just the ability 

to visualize the changes in butterflies that is beneficial? 

NP: When I was eight years old I started collecting butterflies, and I had about fifty 

thousand of them. I have an enormous collection that I’ve accrued over a long, long time. 

So, I've always been interested in studying them, but it has only been recently that I've 

been able to turn it into an actual science that we do in the lab.  

Yes, definitely part of it is that it's a prime example of what people call charismatic 

megafauna. If you’re trying to appeal to the general public, this is great!  

The great thing is that they're so visually rich that if you're trying to study pattern 

formation, it’s a great system to study because the patterns are really obvious and there's 

an incredible wealth of patterns out there.  

Our work is not really so much on the pattern, but about the other aspects of the butterfly. 

We're studying structural color: how they make blues and greens which are not made by 

pigment, but are made by the way that light interacts with the surface of the scales.  

 

 
Figure 5. Butterflies as a model organism to study structural color.  

[Martin et al. 2014. EvoDevo 5:7] 

 

 

BSJ: We read that there are a limited number of loci that control these pattern 

formations. Does that then lead to a combinatorial limit on the number of patterns 

that can be seen? 

NP: That's a great question! So, there is a very influential paper published a long time 

ago saying that you can look at this one large group of butterflies called Nymphala. You 

seem to get an infinite number of patterns that you can see in the wings but the author 

basically spelled out very nicely that you could break that down into a much more finite 



set of pattern elements, and that these can interact in many, many different ways, which 

would give you millions of possible outcomes. But, you could break it down into a fairly 

finite number of initial elements.  

 
Figure 6. Diversity of pigmentation patterns observed on wings in species within the 

Drosophila family.  

[Parchem et al. 2007. Current Opinion in Genetics and Development 17:300-308] 

 

BSJ: What exactly leads to the final pattern that we see? 

NP: We're only beginning to understand it. There are probably coordinate systems in the 

wing that are like local gradients that emanate from different parts of the wing, and then 

these gradients can interact with other gradients that are repeating patterns or lines or 

curves in the wings.  

 

BSJ: In regards to identifying genes that are responsible for modifications in body 

structure or pattern formations, what bioinformatics methods do you currently use 

in your lab? 

NP: In collaboration with the whole community, we've got the Parhelia genome 

sequence, and we're trying to assemble and annotate it. From that you can 

bioinformatically predict genes in the genome and do an automated annotation and make 

predictions.  

There's a graduate student in the lab, and one of her projects is to try to identify the genes 

that are downstream of the Hox genes, and so, one way we could do that is to sequence 

the RNA of individual sequences of the animal, and then ask which genes might be 

downstream of the Hox genes but control different limb morphologies. There must be 

thousands of genes downstream that actually make the structure a particular way. We are 

looking bioinformatically at all the RNAs that are in a segment that are differentially 

expressed from another segment, and we are looking at the patterns to see if immediate 

and possible hypotheses emerge.  

 

BSJ: Are there any non-model organisms that you think could be used in the future 

to answer questions that model systems can’t address? 



NP: I think that that key is going to be taking advantage of more and more of the non-

model systems especially if you want to ask non-evolutionary questions because 

generally our models are too far apart. There are so many interesting questions in biology 

that should be driven by the question and you should go to the organism that best answers 

that question but of course you have to temper that because if you pick some animal that 

you can only get embryos from once a year and you can't do much with them then you 

can only go so far, so it's a balance.  

But the nice thing is that a lot of technologies being developed in model species can so 

quickly be applied to non-model species and I think RNAi and CRISPR-Cas9 are perfect 

examples. 

 

BSJ: Looking forward, what do you think will be some of the questions that are 

going to be addressed or are larger unanswered questions that you would like to 

work on? 

NP: I think one would be: what are the specific regulatory changes that are really 

occurring? Another question that I’d really like to answer is: when we see these shifts in 

Hox genes, what exactly changed in the genome to do that? So, I think we still know 

relatively little about specific molecular changes that underlie a lot of changes in 

regulatory networks and specific enhancers but I think that's going to change pretty 

quickly and we’ll get better and better at doing that. So, we’ll get it down to a much more 

mechanistic explanation for what's going on. 


