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FIGURE 3 | Effect of water activity and temperature on (A) growth and
(B) aflatoxin B4, production by a strain of A. flavus (Abdel-Hadi et al.,
2012). Bars indicate least Significant Differences.
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Aflatoxin and CO,
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RNA-Seq: Experimental
Design

Dry air: [CO,]

350, 650, 1000 ppm PR
Maize jars with i

microporous lid

Modified ERH: [CO,]
350, 650, 1000 ppm

Appropriate glycerol/water solution: Incubation temperatures
«  Maize 0.99,0.91 a,, Maize: 30 and 37°C



Aflatoxin Analysis of Maize Kernels

ng AFB1/g maize

AFB,-Maize-37°C

CO, concentration
Water activity

350 650 1000 350 650 1000
0.99 0.91



RNA Sequencing

* RNA Seq. Results:

Average of 9.9 million reads per sample
obtained.

Average of 53% mapping to exons.

* Mapped to Aspergillus flavus strain 3357 genome
using Tophat and

 Differential expression and interaction determined by
DESeq?2.



RNA seq Results

66 Different comparisons can be made:
30°C/37°C ---------- 0.91a,/0.99a,-------- 350 ppm/650ppm/1000ppm

Number of genes showing differential expression at p<0.05.
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0 -
Temperature Water Activity Carbon Dioxide
Effect of Temperature Effect of Water Activity Effect of CO,
37°Cvs 30°C 0.91vs 0.99 w, 1000 ppm vs 350 ppm

@ 0.99 w, and 350ppm @ 30°C and 350ppm @ 30°Cand 0.99 w,



Individual comparisons

(based on gene ontology enrichment analyses)

Effect of Temperature

37°Cvs 30°C
@ 0.99 w, and 350ppm

Genes downregulated:
-glycolytic processes
-Energy production

(ie electron transport)

Genes upregulated:
-carbohydrate metabolism
-lipid metabolism

P<0.01

Effect of Water Activity

0.91 vs 0.99 w,
@ 30°C and 350ppm

Genes downregulated:
-translation

-tubulin complex assy.
-glycolytic processes
-Energy production

Genes upregulated:

-Transcriptional related
(chromatin remodeling,
RNA polymerase)
-Cellular growth (DNA repair
and morphology)

Effect of CO,

1000 ppm vs 350 ppm
@ 30°Cand 0.99 w,

Genes downregulated:
-secondary metabolic
processes

-response to oxidative
stress

Genes upregulated:

-mitosis/DNA replication
-Cellular growth



Individual comparisons

(based on gene ontology enrichment analyses)

37°Cvs 30°C
@ 0.99 w, and 350ppm

Genes downregulated:
-glycolytic processes
-Energy production

(ie electron transport)

Genes upregulated:
-carbohydrate metabolism
-lipid metabolism

P<0.01

0.91 vs 0.99 w,
@ 30°C and 350ppm

Genes downregulated:
-translation

-tubulin complex assy.
-glycolytic processes
-Energy production

Genes upregulated:

-Transcriptional related
(chromatin remodeling,
RNA polymerase)
-Cellular growth (DNA repair
and morphology)

1000 ppm vs 350 ppm
@ 30°Cand 0.99 w,

Genes downregulated:
-secondary metabolic
processes

-response to oxidative
stress

IGenes upregulated:
-mitosis/DNA replication
-Cellular growth




The effect of CO,: The effect of increasing CO, has at higher temperatures
And decrease water availability.

1000ppm vs 350ppm

@ 37°Cand 0.91 W, @ 30°C and 0.99 W,

Genes Up Regulated: 1400 Genes Up Regulated:

-DNA replication - DNA replication

-Metabolic Enzymes 1200 ' - endocytosis

1000
Genes Down Regulated:
-9 hypothetical genes Genes Down Regulated:
-Defense Response -Response to Oxidative Stress
-Energy Production 40 -aerobic respiration
20 . -housekeeping metabolism
I
Up Down Up Down

P<0.05




Effect of CO, on aflatoxin genes after 10 days

log-2 ratios of FPKM values

Effect of temperature changes

under different CO, concentrations
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A. flavus 3357

AFLA_006170
AFLA_010580

AFLA_016140

AFLA_041050
AFLA_045490

AFLA_062860

AFLA_064240
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Secondary Metabolite Backbone Genes

Name

polyketide synthetase (PksP)

nonribosomal peptide synthase

scytalone dehydratase (Arp1) (conidial pigment
biosynthesis)

enterobactin esterase IroE-like, putative
dimethylallyl tryptophan synthase, putative

polyketide synthase (PkfA)

nonribosomal peptide synthase (wykN)
isopenicillin N synthetase (ipnA)
polyketide synthase

Peptidase S41

aflatrem-geranylgeranyl pyrophosphate synthase

(atmCQ)

NRPS enzyme (/naA)

PKS-like enzyme, putative
polyketide synthase

polyketide synthase (fluP) (pksL2)

polyketide synthase (PkiA)

polyketide synthase (PkdA)

polyketide synthase (afIC / pksA / pksL1 )
hybrid PKS/NRPS enzyme

FAD-dependent oxidoreductase (kojA)

SM* Product

naphthopyrone

siderophore

conidial pigment 1,8-
dihydroxynaphthalene-melanin
siderophore

aflatrem, ATM2
3-(2.4-dihydroxy-6-methylbenzyl)-
orsellinaldehyde

WYK peptidase inhibitor
penicillin

asparasone

ustiloxin B

aflatrem,ATM1

piperazines
dihydrocurvularin
monodictylphenone

6-MSAI
6-hydroxy-7-methyl-3-
nonylisoquinoline-5,8-dione

2-ethyl-4,6-dihydroxy-3-methyl-6-(2-

oxopropyl) benzaldehyde et. al.

aflatoxin
cyclopiazonic acid

kojic Acid

Effect of
Temperature
1000 ppm 350 ppm
- 1.8

3.6 -
- 2.4
2.5 1.2
- 2.7
- 2.9
2.1 -
4.4 -

Effect of Water
activity
three-way
1000 ppm 350 ppm interaction
2.1 5.0 3.9
-2.2 -3.5 -
-4.5 - -
-1.8 - 4.5
-2.7 - 4.9
-2.9 - -
-1.8 - 4.5
- -2.9 -
-3.2 - -
-2.2 - 2.7
- -3.4 -
- 0.9 2.9
o a0 8.1

Log2 fold change



WGCNA Cluster Dendrogram: tool utilized to dissect the
data and find biological meaning

* Genes based on co-expression similarity are clustered ( shown in bands below)
Branched tree diagram is based on the statistical relevance of their fit in the
cluster. ( then biological networks are created)
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Conclusions from RNA-seq analysis

* CO, effects aflatoxin production

* CO, effects the molecular response to temperature stress and water
availability

* Interaction effect of the three variables show altered regulation of
core enzymes in secondary metabolic cluster genes.

* WGNCA analysis indicates genes related to oxidative stress response,
mitosis and conidia production affected.



Food and Feed Safety Unit

* Goals:

e Establish acclimatized AF70 and
3357 strains
e growth
e spore production
* toxin production

* Maize — Fungus interactions.

* KSA assays using acclimatized
strains

* Determine pathogenicity (GFP)
and toxin production




Water Activity

e

Generating acclimatized strains

* 20 generations of subcloning conducted at

« 30°C/0.99A,/ 350 ppm CO,

« 37°C/0.91A_/ 1000 ppm CO,

v
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R2=1

0

50 100 150 200 250
g/L glycerol

Mogensen et. al., 2009

300

Water Activity

0.75

N

0.98

0.96

B 094

0.92

y = -0.0018x +m\s\‘
R2=0.9851

Water Activity

&
o

0.88

20 40

mils of glycerol

60 80 100

per 250ml CYA media

1 0.86
120

5.0ml

60.0 ml 65.0ml

glycerol/250ml Cz media



Cco
o

(@)]
o

Diameter (mm)
N e
o o

o

Diameter (mm)
N Y (@)] co
o o o o

o

AF70

3357

4 5
Days

4 5
Days

Growth Conditions

30°C/ 0.99A,,/ 350 ppm CO,

37°C/0.91A,/ 1000 ppm CO,

-—-Gen0-1
-o—-Gen 20NS -1

——Gen 20S-2 -e—-Gen 20NS-2

--Gen 20S-1

Gen0-2

30°C/0.99A,/ 350 ppm CO,

37°C/0.91A,/ 1000 ppm CO,

-—Gen0-1 -—Gen 20S-1
Gen0-2
——Gen20S-2 =—Gen20NS-2

—-—Gen20NS -1



N o o))
) &) o

Diameter (mm)
o

N B O
©c O O O

Diameter (mm)
o

AF70

Days

3357

Days

6

—-—-Gen0-1
30°C/ 0.99AQ/
—-—Gen20S-1 350 ppm C02
—-— Gen20NS-1
—-—Gen0-2
—-—-Gen20S-2 37°C/ 0.99Ag/
Gen 20 NS - 2 1000 ppm CO,
—-—Gen0-1
30°C/0.99A ./
—-—-Gen20S-1 —
= 350 ppm CO,
—— Gen20NS-1
—-— Gen0-2
37°C/ O.99Aw/
—-—Gen20S-2 -

—— Gen 20NS-2

1000 ppm CO,



e
w0
©
>~

=

~
(%5 ]

re

o

Sp

Sores/ml/dish

8.0E+07
6.0E+07
4.0E+07
2.0E+07
0.0E+00

1.5E+08

1.0E+08

5.0E+07

0.0E+00

Spore Production

30°C/0.99A,/ 350 ppm CO,

i-ﬁ

Gen0-1 Gen20U-1Gen20S-1

Gen0-1 Gen20U-1Gen20S-1

AF70

3357

37°C/0.91A/ 1000 ppm CO,

« 0 m

Gen0-2 Gen20U-2Gen20S-2

Gen0-2 Gen20U-2Gen20S-2



Aflatoxin Production

Standard

30°C/ 37°C/
0.99A,/ 0.91A,/
350 ppm CO, 1000 ppm CO,

Acclimitized
strains grown
In liquid YGT
media for

5 days.



Kernel Screening Assay

Environmental Conditions

Corn Line
\ Growth
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Establish KSA assays — interaction between kernel and fungus
under different environmental conditions.

1) Soak kernels 48 hours in appropriate glycerol:water

1.05

[EEY

0.95

o
00
g

Water Activity

40% 60% 80% 100% 120%
Water Content

0.91 Aw 0.99 Aw



2) Inoculated in CO, incubators
with AF70 strains:

1) GFP transformed
2) Acclimitized




GFP-fluorescence to measure fungal growth

Water Content
50% 55% 80% 95% 100%
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Acclimatized Lines — KSA Assay

2500

30°/0.91/350 ppm 37°/0.91/1000 ppm



Conclusions

* Development of Acclimatized strains indicate changes in spore
production and aflatoxin production

* Changes in development (i.e.; spore production) and toxin profile are
being explained and assessed in conjunction with RNA-Seq data.

* Development of a modified kernel screening assay is permitting the
identification of key virulence genes affected by environmental
factors.
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	- 
	- 
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	- 
	- 

	- 
	- 
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