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Constructing stretches of DNA not found in nature remains key to most research in biological laboratories 

and commercial enterprises.  The first general means to make self propagating recombinant or "chimeric" 

DNA molecules by joining vector and desired DNA molecules arose in early 1970s from work at Stanford 

and UCSF, (Jackson et al., 1972, Cohen et al. 1973).  By the middle 1970s, flexible means for 

constructing recombinant DNA molecules (often then called "molecular cloning") were in wide use in 

laboratories all over the affluent industrialized world. Since that time, the ability of individual researchers 

to design and making self replicating or replicatable recombinant DNA molecules called (since at least 

1977) by a new word, "constructs"
a
. 

  

During the 1980s, carrying out the steps to get to a desired construct required putting together a 

formidable number of steps. To researchers today, most of these will seem to belong to an unimaginably 

remote past.  To list even the starting initial steps, these included, but were not limited to, growing E. coli 

containing the vector plasmid and "amplifying" plasmid copy number by killing the cells with 

chloroamphenicol (a 1940s- era antibiotic), while the plasmids continue to replicate, lysing the cells and 

isolating crude DNA from cells by centrifugation, using an ultracentrifuge to purify plasmid DNA in a 

cesium chloride density equilibrium gradient filled with ethidium bromide (a DNA intercalating agent), 

spun in a  titanium centrifuge rotor, lubricated with special silicone grease, rotating at more than 45,000 

rpm in a high vacuum over days, using an ultraviolet light to see fluorescence marking the plasmid DNA 

band in the gradient and extracting the DNA by punching through the walls of the tube with a hypodermic 

needle and sucking it into a syringe, extracting the ethidium from the DNA using isopropanol, putting the 

DNA into a cellophane dialysis bag and dialyzing it multiple times to get the cesium chloride-- even 

recalling these steps is exhausting-- and these are just the steps to obtain the purified cloning vector. Key 

further steps included cutting the vector with restriction enzymes, joining the cut ends to isolated pieces 

of DNA using DNA ligase, and recovering the "recombinant" construction by isolating a bacterial colony 

containing it after "transformation" with the ligation mixture. 

 

One now sometimes hears these 1970s-era methods described as allowing researchers to make "Cohen-

Boyer type" constructs.  The proper names come from Herbert Boyer and Stanley Cohen, two scientists 

who contributed to their development, and the term refers (approximately) to the construction of a 

recombinant plasmid by ligating in vitro one or more restriction fragments of DNA and a cut plasmid 

vector. No matter the ways to get to the DNA fragments, construction work then followed a common 

pattern, a common path and pass through a single common step, where, at the end, little pieces of DNA 

were added to a little Eppendorf tube, where they were stitched together with DNA ligase. 

 

In the above sense, the methods for making "Cohen-Boyer type" constructions formed the core of the 

initial Current Protocols in Molecular Biology (CPMB) manual, and to the insight that these individual 

methods would inevitably be joined by newer methods or simply superseded.  This idea led naturally to 

the idea of continually updating the published methods, and eventually to all the manuals in the Current 

Protocols (CP) series.  In the 40 years since 1975, researchers have continued to develop methods for 

making recombinant DNA constructs, and, for almost 30 years, as the new methods became important, 

CP published working protocols for performing them. 
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Of course, old ways can still be good ways, and the older methods first presented in the 1987 version of 

CPMB are still in use worldwide. The users of these older methods include labs in less affluent countries, 

labs frustrated by the opacity of more modern methods relying on commercial kits, and labs in which 

researchers use the use the older methods simply because they are reliable, or because the scientists have 

experience with them and know they can troubleshoot anything that goes wrong. 

 

But this commentary is about the new methods. In order to carry out the ligation step, the bottleneck step 

on the construction path, Cohen-Boyer methods abstracted a few processes and enzymes (restriction 

endonucleases from different bacterial species, DNA ligases from bacteriophage, fragments of error-

repair DNA polymerases to fill in overhanging DNA ends) from the biological world and brought those 

into the controlled world inside an Eppendorf tube.  But the universe of living organisms does not lack 

mechanisms it uses to create stretches of DNA with different sequences.  Year by year, scientists 

abstracted processes and enzymes used in DNA manipulation in nature brought them into the lab.  At the 

same time, scientists abstracted ideas from the biology of the living world and worked with these ideas 

develop means to get hold of DNA sequences that never evolved in nature.  The best example of this may 

be the development of PCR, the polymerase chain reaction (Saiki et al. 1985).  PCR, which is powerful 

enough to recover DNA from the toebones of long extinct human ancestors (Prüfer et al. 2014), is of 

course adaptable to be able to create fused DNA segments in vitro without DNA ligase (Chaudury et al. 

1990). 

 

The PCR-based methods of the early 1990s are only one example of current perfectly good non-Cohen-

Boyer paths to making DNA constructs of desired sequence.  Most scientists now use at least some of 

these methods at least some of the time, and, as these methods became important, we included them in 

Current Protocols. 

 

The January 2016 issue of CPMB will contain an overview of where these developments stand today.  In 

this article, Brian Sands and I describe and compare the most important "post-Cohen-Boyer" methods in 

2015 (Unit 3.26; Overview of Post Cohen-Boyer Methods for Single Segment Cloning and Multisegment 

DNA Assembly).  It covers the means to insert single stretches of DNA into vectors and how to assemble 

multiple stretches of DNA into longer constructions of desired sequence.  The key new methods for DNA 

assembly it reviews are site-specific recombination in vitro (for example, the Gateway system now sold 

by Thermo Fischer), use of Cohen-Boyer methods to assemble in vitro DNA segments with standardized 

ends (we call these "Brick" methods), use of DNA polymerases to assemble DNA segments in vitro 

(exemplified by "Gibson assembly"), use of ligases to assemble multiple segments in vitro (Ligation 

Chain Reaction, or LCR), use of homologous recombination in vivo in E. coli (so-called 

"recombineering"),  or in yeast (powerful, but so far without examples with catchy names). It describes 

how the methods work and lays out criteria researchers might use to decide which or whether to use.   

 

The reason for providing these commentaries is the editors think that readers of CP journals value insight 

into the best methods of the present, and also value possible insight into how those might change in the 

future. I'll therefore make a few additional observations on changes wrought by the newer DNA 

construction methods and on possible future development. 

 

First, the vocabulary describing recombinant DNA construction has now changed. "Fragments," formerly 

most often made by restriction enzyme digestion of DNA, are now often "segments" and the term 

segments encompasses restriction fragments, PCR products, and, increasingly, double-stranded DNA 

segments produced by chemical synthesis, amplified by PCR, then shipped by commercial firms.  

"Construction" of the desired recombinant product is now often "assembly." In English, these words have 

slightly different connotations.  "Construction" implies craftsmanship and skill. "Assembly," in contrast, 

implies less skill.  The word "assembly" also connotes an expectation of ultimate success (although 
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possibly at the price of the low-level frustration that consumers in the affluent world have come to 

associate with the assembly of Ikea furniture).  To some extent the choice of words is intended to convey 

that the DNA methods are more reliable, assured, foolproof.  In any given case, this may not be true.  But 

insofar as 21st researchers are technology consumers rather than developers, they expect their 

technologies to work flawlessly, right out of the box.  It's likely that, for most CP subscribers, success in 

building the DNA constructions they desire will continue to depend on careful attention to detail.  The 

need for skill and craftsmanship is not yet dead. 

 

Second, part of the reason for the shift in vocabulary for making DNA is the appearance of a new term to 

describe design and construction of DNA sequences encoding desired biological functions.  This term, 

"synthetic biology" (described in Brent 2004; Endy, 2005), was in part an attempt to create a discipline, 

distinct from other DNA engineering, by first creating a name.  The idea remains vague, and it is usually 

left undefined, so that it can be understood by different listeners and readers by the associations it evokes.  

Moreover, it is often used to describe the future rather than the present. In 2015, it is used by proponents 

and policy intellectuals who speak of the future promise that present funding for the work should enable. 

So far, the term's most important impact on mainstream biological research and economic activity has 

probably come from the word "synthetic."  Many self-identified synthetic biologists emphasize the 

making of new DNA sequences as an end in itself (e.g., Knight 2003) rather than a means toward other 

goals. Some widely used multisegment assembly methods, including those using DNA polymerases to 

join multiple overlapping fragments in vitro (e.g., Gibson Assembly), were perfected in order to enable 

demonstrations of ability to achieve long and complex sequences of DNA. Whether or not synthetic 

biology ever distinguishes itself as a recognized discipline, there are likely to be future contributions to 

DNA construction methods by engineers who think that methods are good in their own right.  

 

Third, the spread of post-Cohen-Boyer DNA methods is only one example of an ongoing trend enabling 

individuals and small groups to carry out technical work that formerly only possible in leading 

corporations and elite research labs.  We sometimes give this larger 21
st
-century trend names such as 

"empowerment" and "democratization."  One driver of the trend is the wider dissemination of technical 

information (with the CP journals as good examples of this).  Another is the gradual systematization of 

technical tasks, identification of the most difficult steps and making them easier to perform, devising new 

and simpler methods.  Leaving aside any assertions about whether this development is good or bad, I 

simply note that it never been easier for individuals or small groups to make complex DNA constructions.  

 

Finally, although one can be sure that these developments will continue to have impacts, it's not clear 

what their effect will be on how people construct and assemble DNA over the next decade. Figure 1 

shows two key questions.  The first is who in 2025 (or what machines) will be doing most of the 

constructing?  It could be that most construction will be done by individuals and small groups using "wet" 

in vivo approaches, supported by relatively cheap equipment.  On the other hand, the systematization of 

any kind of work and reduction in the level of skill needed to carry it out allow it to be carried out by less 

skilled workers (for example, in the US, undergraduates who follow computer prompts on touchscreens)
b
.  

Systematization also allows the work being done by robots.  Roboticization requires significant capital 

investments in equipment, and specialized knowledge to design the setups and to keep them operating.  

And yet, the quest to make DNA constructions in high throughput, if possible using robots, has obsessed 

some researchers for decades, and burned through tens or hundreds of millions of dollars of capital 

investment (for an example, see Dharmadi et al., 2014).  But cost and time effective roboticization may 

become practical during the next decade.   

 

This question of who will do the work makes sense in the context of a larger uncertainty.  This is whether 

most DNA construction and assembly work will be centralized, for example in core facilities or 

specialized suppliers, or will continue to be carried by individuals and small groups?  Of course, to a large 

http://dmmsclick.wiley.com/click.asp?p=24366516&m=94426&u=2457904
http://dmmsclick.wiley.com/click.asp?p=24366516&m=94426&u=2457905


 
 

4 | P a g e  
 

extent, the answers to both questions will depend on the evolution of the methods. We'll provide another 

overview of DNA construction methods in 2025, if not sooner.  Meanwhile, as the methods continue to 

change, CP journals will continue to reflect the most important current practices. 

 

Notes 
This commentary is based on notes for a perspectives article to be published in 2016. 

 

a) Google nGram search (Michel et al. 2011) conducted on 3 October 2015 using the term "recombinant construct".  As a noun, 

the word is pronounced differently than the verb "to construct", approximately "kahn-struct", with equal emphasis on each 

syllable 

 

b) For example, the "Aquarium" concept of Eric Klavins.  http://klavinslab.org/aquarium.html 
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Figure 1.  Two questions about the future development of DNA construction and assembly methods.  

Top panel asks how the work might be carried out.  It might be done by a small number of workers using 

"wet" biological methods and appropriate small equipment.  It might be carried out by much less skilled 

workers using more standardized procedures and following instructions and prompts delivered just in 

time.  Finally, the hopes of many decades might be fulfilled, and the work might be done by robots.  

These different means require different inputs of labor, capital, and skill.  In the next ten years, the mix of 

means used may change based on changes in the availability of these inputs and on other considerations.  

For example, it might be the policy of an educational institution to involve young students in DNA 

construction work, or it might be the policy of a company to perform all construction using robots in 

order to maintain tight quality control.  Bottom panel asks how centralized the work will be.  It might 

continue decentralized as today, with most work done by individuals and small groups, making DNA 

segments by PCR, isolating restriction fragments, and ordering segments from outside sources.  

Alternatively, most work might be done by core facilities and commercial suppliers.  As with top panel, 

the mix of decentralized and centralized means used in 2025 will be influenced by economic and other 

considerations. 
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