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Highly efficient 

CRISPR/Cas

mediated 

homologous 

recombination 

(HR) in a diploid 

photosynthetic 

organism for the 

first time

Introduction
• This method has been used extensively to study human and 

mouse genes1; however, gene editing via HR in photosynthetic 

organisms has been limited to haploid organisms2 and/or has a 

low efficiency3.

• This study, by creating a highly efficient gene editing via 

CRISPR/Cas, has added an invaluable tool to the molecular 

toolbox to discover and study new genes across diatom species. 

Methods

• CRISPR-Cas9 targeting strategy
• Co-transformation with two plasmids

• Plasmid A Cas9 with guide RNA: propagated

Cas9-mediated double strand breaks in target genes 

of  interest using 1 - 2 guide (g)RNAs per target gene

• Plasmid B NAT resistant donor cassette:
provided the resistance cassette to be inserted into 

the disrupted target locus following homologous 

recombination

• Screening transformants by nested PCR 

• Nested PCR uses two sets of  primers to first amplify 

the locus. The resulting product is used as the 

template for second set of  primers, which anneal to 

the locus and the cNAT insert.

• Validation of clones by inverse PCR 

• Inverse PCR (iPCR) uses unbiased primers 

complimentary for a known sequence at the genome 

locus, and amplify into unknown sequence.

Figure 2: Cartoon of primer locations for nested PCR screening of transformants

Figure 3: Inverse PCR method used to validate insertion of cNAT cassette to 

correct locus in the genome 

Figure 1: Cartoon illustration of the plasmids co-transformed into T. 

pseudonana and their interaction with the target gene

Results

• Nested PCR Screening of transformants

• Validate positive transformants for a HR event via inverse PCR

•Target genes 
• Silacidin: Role in regulating valve diameter in centric 

diatoms. Disruption in gene increases cell size (Figure #)

• Nitrate Reductase: Loss of  gene function results in the 

cell significantly reduced in its capacity to assimilate NO3
-

into cellular biomass4

• Urease: Catalyses breakdown of  urea to ammonia for use 

as a nitrogen source. Growth experiments with urea as the 

only source of  nitrogen validate loss of  gene function

Figure 4. Screening for HR mediated substitution by nPCR. 

Figure 5: A) Illustration of the location of primers 

complimentary to known sequence for iPCR B) Resulting 

iPCR product on agarose gel.

Results 
• Phenotype of Silacidin mutants

Figure 6: A) Representative scanning electron microscope images of T. 

pseuodonana valves. Individual cells from HR clone 12 (A-C) and wild-type cells 

(D-F). B) Correlation between cell size (FACS) and base pairs per silacidin amplicon 

(quantification of Silacidin bands in figure 4A

Discussion
• Experiments with diatom Phaeodactylum tricornutum, resulted in a 

maximum HR efficiency of  only 27%

• This work has contributed to firmly establishing T. pseudonana as a 

model for bionanotechnology, but also for studying questions 

addressing fundamental diatom biology, adaptive potential, and to 

increase the prospects of  harnessing the metabolic potential of  

diatoms.

A) B)

GENE One allele replaced Both alleles replaced

Silacidin 67% 5%

Nirtate reductase 41% 7%

Urease 48% 1%

Table 1: Percentage of screened colonies for either monoallelic or biallelic

replacement of target gene
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