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Why do we need another genome-wide KO library?

Host pathogen interactions

Drug resistance Pathogenic niche

Dimorphic nature and cellular structure

Immunogenic modulators and effectors

Gsaller et al 2018, AAC.



Reannotation of the A. fumigatus (A1163) genome

Putative coding transcripts identified: 10,322

New coding transcripts: 486

Re-annotated genes: ~2,800

9278 non-coding transcripts

3077 non-coding loci

Thursday POSTER SESSION 3 & FLASH TALKS - Poster C2-31



Generating a library of KO mutants

1 2 3 4 5 6 7 8 9 10 11 12
A +/+ +/+ +/+ +/+ +/+ +/+ +/+ +/+ +/+ -/- +/- +/+
B -/- +/+ +/+ +/+ +/+ +/+ +/+ +/+ -/- +/+ +/+ +/+
C +/+ +/+ +/+ +/+ +/+ +/+ +/+ -/- +/+ +/+ +/+ +/-
D +/+ +/+ -/- +/+ +/+ +/+ +/+ +/+ +/+ +/+ +/+ +/-
E +/- +/+ +/+ +/+ +/+ +/+ +/+ +/+ +/+ +/+ +/+ +/-
F +/+ +/+ +/+ +/+ +/+ +/+ +/+ +/+ -/- +/+ -/- +/-
G +/+ +/+ +/+ +/+ +/+ +/+ +/+ +/+ -/- -/- -/- -/+
H +/+ +/+ +/+ +/+ +/+ -/- +/+ +/+ +/+ -/+ +/+ +/+

Final summary AFKO9

Zhao et al 2019. Current protocols in Microbiology



Fitness profiling of strains
Drug resistance: AF transcription factors

0
0,2
0,4
0,6
0,8

1
1,2
1,4
1,6
1,8

WT ∆nctB ∆nctA nctA REC

Er
go

st
er

ol
co

nt
en

t (
fo

ld
: r

el
at

iv
e 

to
 

W
T)

Ergosterol content

The TFKO library can be accessed from 
Public Health England:

National Collection of Pathogenic Fungi 
(NCPF)



The TFKO library can be accessed from 
Public Health England:

National Collection of Pathogenic Fungi 
(NCPF)

The library has been used successfully by a number of groups



Competitive fitness profiling (Bar-seq)

Science v285 1999

PLoS Pathog 3(6): e92 2007
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Bar-seq is highly reproducible in A. fumigatus

Kinase KO library (n=120 isolates):
Competitive fitness profiles for 6 conditions

RPMI: 30˚C, 37 ˚C, 42 ˚C ; oxidative stress (H2O2), low iron, high osmolarity



Competitive fitness in a mouse model using barcoded kinase KO 
strains: experimental setup

Pooled spores

22-25 kinase KO mutants
∆Transposon (∆aft1)
∆pkaC (avirulent)*

Enumerate barcodes

Calculate fitness

Output pool/input pool

Neutropenic infection
200k spores per mouse (8k spores per null)

Lungs harvested 4 d.p.i

*Liebmann et al Infect Immun 2004 Sep; 72(9): 5193–5203.



Competitive fitness in a mouse model using barcoded kinase KO 
strains



Fitness profiles can be used to identify functional groups of 
kinases and provide an environmental sensor

Valiante et al 2015
Frontiers in Microbiology

∆mkk2

∆bck1

∆mpkA

WT

Cell wall integrity pathway



Itraconazole
adaptation

Low Fe 
adaptation

Oxiatative
adaptation

sreA
Ferricroin

HapX

Schrettl et al 2008 Mol Micro
Eisendle et al 2006  Euk Cell

ROS production
(complex I driven)

Gsaller et al 2016 Plos Path

Rotenone

Bromley et al 2016 Plos one

Shekhova et al 2017 AAC

Azole
resistance



Competitive fitness profiling is possible in a mouse model using 
non-barcoded isolates
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Current status of genome wide KO collection

• The first passage of gene knockouts for 10,322 coding genes has
been completed.

Coding genes 10,322
Genes with viable transformants 8,463 (82%)
Number of strains completed validation 6,358 (62%)
Number of validated null mutants 5,150 (50%)

• Completion of the library is expected by the end of 2020.



Accessing KO collection: COFUN project
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Resistance marker 3’flanking region

Resistance marker

Resistance marker

Shear, polish and A-tail

Ligate asymmetric adaptors

Sequence PCR products



hygRTarget-

hygRTarget-

hygSTarget+

Transformants

Non-selective

Selective

Identifying essential genes in 
the A. fumigatus genome



The A. fumigatus essential gene complement

154 protein  
kinases

495 transcription 
factors

180 ncRNAs
(tRNAs)

35 protein 
phosphatases

11 Essential TFs
(2%)

7 Essential PPs
(20%)

34 Essential PKs
(22%)

5 Essential tRNAs
(3%)

-Dox + Dox 

Tetoff:nimT

Wt



The A. fumigatus essential gene cohort: potential drug targets

Assessing druggable space within protein phosphatases (NimT aka:CDC25)

Structural model

Identification of discrete druggable pockets

VSpipe and PockDrug reveal overlapping druggable sites



AFUB_006190

AFUB_059390

AFUB_070630

AFUB_038060

AFUB_027890

AFUB_021710

AFUB_017750

AFUB_099170

AFUB_072650

AFUB_036500

AFUB_078810

AFUB_010510

AFUB_096030

ItraconazoleVirulence





What could be the drivers for in vivo fitness reduction

Uncharacterised CMGC: pH sensitive

Yak1: Fe sensitive

Sky1: Temperature and pH sensitive



RPMI1640 vs Neutropenic infection Larval infection vs Neutropenic infection



Generating a library of KO mutants
Genomic locus of gene of interest (GOI)

5’ 3’GOI

5’ 3’HygR

5’ 3’HygR

PCR using overlapping primers

5’
HygR

3’

Fusion PCR

Gene replacement cassette

5’ 3’GOI

Transformation of ∆ku80 isolate

Recombinant genetic locus

5’ 3’HygR

5’ 3’HygR


