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Abstract

DNA methylation influences regulation of gene expression during cell development and tissue
differentiation in plants. This study therefore discussed the role of DNA methylation in the
recovery of maize from Maize Streak Diseases (MSD). Bisulfite treatment and DNA sequencing
methods were carried out on the 2", 4" 6 and 8™ white to yellowish streaking leaves of five
infected maize varieties (DMR-ESR-Y, TZEBR, and ART/98/SW6) to assess the disease severity
using digital phenotyping. The bisulfite treatment utilizes various sensitivities of cytosine and 5-
methylcytosine (5-MeC) to deamination by bisulfite under acidic conditions in which cytosine is
converted to uracil, whereas 5-MeC remains unreactive. This study showed that DMR-ESR-Y
variety significantly (p<0.05) tolerated best for MSD, while TZEBR and ART/98/SW6 varieties
slightly tolerated MSD but were not significantly different. The analysis of the images from digital
phenotyping revealed that DMR-ESR-Y variety had the highest level of resistance, followed by
TZEBR while ART/98/SW6 showed mild resistance and DMR-LSR-Y had the least. The leaf
length had strong positive correlation with leaf width (r=0.94), number of leaves(r=0.64), plant
height (r=0.96) and stem height(r=0.96). The methylation patterns in bisulfite sequences across
the same leaf positions were significantly different (p<0.05), thus suggesting that CG methylation
could contribute to transcriptional gene silencing plant recovery mechanism in maize.

Keywords: Digital phenotyping, DNA methylation, maize streak, bisulfite, transcription.

INTRODUCTION

Maize (Zea mays L.) is a major grain crop grown in a variety of agro-, zones across Africa,
with 25 million hectares under cultivation in Sub-Saharan Africa (Galani et al., 2022; Olakojo et
al., 2007). It is one of the industrial raw materials and a major food source processed into various
dishes in many developing countries of Asia, Latin America, and Africa and it is regarded as a
hunger breaker after a long dry period (Grote et al., 2021; Olawuyi et al., 2015). The International
Food Policy Research Institute forecasted a 500 million ton annual maize demand in Sub-Saharan
Africa in 2020 (Grote et al., 2021; Rosegrant et al., 2008). However, the large yield gap in maize

Themed Edition - Food System Management Towards a Sustainable End to Hunger (SDG 2) 60
www.nasjournal.org.ng


http://www.nasjournal.org.ng/
mailto:olawuyiodunayo@yahoo.com

Proceedings of the Nigerian Academy of Science - PNgAS. Vol. 17, No 1s, 2024
Official Journal of the Nigerian Academy of Science

https://doi.org/10.57046/VTKX4618

is attributable to both abiotic and biotic constraints (Olowe et al., 2020). Biotic factors such as
maize streak virus reduce maize yields in sub-Sahara Africa (Olawuyi et al., 2012).

The maize streak virus (MSV) causes yield losses ranging from 0% to over 100% (Asare-Bediako
et al., 2017). Disease severity the amount of diseased plant tissue (infected area) compared to the
total amount of susceptible tissue available. When standard area diagrams are utilized as evaluation
tools, the accuracy, precision, and reliability of intra- and inter-rater estimates of plant disease
severity are greatly enhanced (Moreira et al.,, 2019). Many computer programs are now
commercially accessible proprietary software, being the most extensively used semi-automatic
computer tool for measuring disease intensity (Pethybridge and Nelson, 2015). Users can now
create macros for processing specific tasks in image analysis using open-source software such as
ImagelJ or proprietary platforms such as SigmaScan Pro and Adobe Photoshop (Pethybridge and
Nelson, 2015). The information on DNA methylation on resistance of plants to MaizeStreak Virus
which follows a recovery pathway, needs to be documented in affected plants.

DNA methylation is an addition of a methyl group to the C5 position of cytosine to form 5-
methylcytosine (5mC) (Kumar et al., 2018). It is predominantly found at Transposable Elements
(TEs) and repeats, ensuring the maintenance of TEs silencing. DNA methylation is involved in
important developmental processes and stress responses in both plants and animals (Ferrari et al.,
2023). According to Meaney and Szyf (2022), the dynamic interplay between methylation and
demethylation determines the level and pattern of DNA methylation in a specific organism. The
abundance of Transcriptional Elements (TEs), differences in genome size (C value), and other
types of repetitive sequences, according to Wang et al. (2019), may explain the wide variation in
total 5-mC contents in plants. Under normal conditions, DNA methylation is a primary mechanism
that inhibits the activities of transcriptional elements (TEs), but loss of methylation owing to
genetic or environmental perturbations may result in their de-repression (Parveen and Dhawan,
2021; Secco et al., 2015). Therefore, the study investigated the role of DNA methylation in
recovery of selected Maize Streak diseases varieties using digital phenotyping as provided by the
leaf-doctor application.

MATERIALS AND METHODS

Experimental site and duration

The screen house experiment was carried out at the nursery farm of the Department of Botany,
University of Ibadan, for three months, from September to December 2018 (Latitude 7° 26°N, and
7°28’S and Longitude 3° 52°W and 3° 52°E) with a mean altitude of 200m above sea level.

Soil sterilization and experimental seeds

Topsoil collected from nursery was sieved and sterilized using autoclave at 121°C, 15 psi for
15 minutes. Ten varieties of maize collected from the Institute of Agricultural Research and
Training (IAR&T) were; ART/98/SW1, ART/98/SW6, BR9943-DMR-LSR, BR9928-DMR-SR,
DMR-LSR-Y, DMR-ESR-Y, SUWAN-1 SR, LNTP-Y, PROVITA-Y, and TZEBR (Table 1).
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The descriptive characteristics of the selected maize varieties are shown in Table 1:

SIN Maize Varieties Descriptions
1 ART/98/SW1 Quality protein maize (Akinyosoye, 2022), Tolerant to UV
radiation (Olawuyi et al., 2016)
2 ART/98/SW6 Tolerant to Striga lutea, Tolerant to Aspergillus niger (Olawuyi

et al., 2012; Olawuyi et al., 2014), Tolerant to UV radiation
(Olawuyi et al., 2016), Early maturing traits (Olawuyi and
Okoli, 2017), Quality Protein Maize [QPM] (Olakojo et al.,

2007).
3 BR9943-DMR-LSR Streak resistant, Early maturing.
4 BR9928-DMR-SR Streak resistant, Early maturing.
5 DMR-LSR-Y Streak resistant Early maturing.
6 DMR-ESR-Y Streak resistant, Early maturing.
7 SUWAN-1 SR Streak resistant. Early maturing.
8 LNTP-Y Early maturing, MSV-susceptible.
9 PROVITA-Y Early maturing, MSV- susceptible.
10 TZEBR MSV-susceptible, Early maturing.

Experimental design and treatments

The experiment was carried out using Complete Randomized Design (CRD). It is laid out in three
replications consisting of sixty (60) polythene bags containing ten kilograms (kg) of sterilized dirt.
The seeds were treated with MSV, while untreated seeds served as control.

Seed planting and inoculation method

The maize varieties were inoculated artificially by conleafhoppers into insect-proof cages
containing 5-day old maize seedlings, while the control is the non-inoculated plants. A forty-eight
(48) hour acquisition access period was given to specie of Cicadulina mbila species were given on
infected maize plants. The inoculated leafhoppers were obtained from the field maintained in
insect-proof cages in an insect-proof mesh-screen house at the International Institute of Tropical
Agriculture. The insects were frequently disturbed, to ensure uniformity of viral infection. The
inoculated plants were transferred and transplanted in the screen house. Agronomic practices such
as watering, thinning, were duly carried out on the inoculated plants and control throughout the
trial till maturity.

Diseases assessment and digital phenotyping
Data collected from disease incidence and severity were recorded from symptoms appearance at
weekly interval for 8 weeks based on visual evaluation of disease symptoms on individual plants.
The symptom rating (1-5 scale) was based on the chlorotic/streaked areas on the leaf surface, the
standard procedure used in MSV screening as reported by Barrow (1992), where :

1=no or very few streak symptoms.

2 = light streak symptoms on most leaves.

3 = moderate or mild streak symptoms on most leaves.

4 = abundance symptoms on all leaves (60 -75%) and 5 = severe streak on all leaves (75%

and above).

Samsung camera with 21MP was used to take pictures of the infected leaves on black background.
Pictures were downloaded, well labeled and uploaded to the leaf doctor application
(Pethybridge and Nelson, 2015). The influence of the camera on the total diseased areas were
then determined.
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DNA extraction

DNA extracted from 70mg of selected diseased leaf samples were carried out using with
Dellaporta DNA extraction protocol (Dellaporta et al., 1983). Each leaf sample was grinded in 30
pl of extraction buffer in a sterilized Eppendorf tube and 3ul of 10% Sodium Dodecyl Sulphate
(SDS) was then added, vortexed and incubated in a water bath at 65°C for 10mins. At room
temperature, 10l of 5M potassium acetate was then added, vortexed and centrifuged at 100009
for 10 minutes.

Supernatants were collected in a new Eppendorf tube, and 20ul of Cold Iso-propanol was added,
gently mixed, and stored at -20°C for 60 minutes. The DNA was sedimented by centrifugation at
13000g for 10 minutes, after which the supernatant was carefully decanted and ensured that the
pellet was not disturbed. After centrifuging at 10000g for 10 minutes, the DNA pellet was washed
with 100 pl of 70% ethanol. Ethanol was decanted from the tube, and the DNA was air-dried at
room temperature until no trace of ethanol was visible. To protect and suspend the DNA, the pellets
were re-suspended in 15ul of Tris EDTA buffer. Extracted DNA was bisulfite treated using the
EZ DNA Methylation TM Kit according to the manufacturer's instructions.

Primers, thermal cycling PCR and gel electrophoresis

Primers were selected using the online website of http://eu.idtdna.com/site. Primer sequence was
sent to Inquab West Africa for synthesis. Thermal cycling PCR was carried out on the treated DNA
to amplify the methylated DNA. The PCR mix consisted of the following (6.25 ul): DNA 2.0,
Green buffer 250, MgCl> 0.75 dNTPs 0.25, Methyl-MSV-F primer (5
GTTTTTTTTAGTAGGGTTGAAGAGG-3¢) 0.25, Methyl-MSV-R primer (5¢-
AAACAATAAATATAAAACCATTACC -39) 0.25, Taq polymerase 0.06. 6.0ul of distilled
water was added to make the volume 12.5ul. The cycling parameters consisted of a pre-PCR
denaturing temperature of 94°C for 1 minute, 35 cycles of 94°C for 1 min, 50°C for 1min 50
seconds and 70°C for 1hr 45secs per cycle and a final termination at 72°C for 7 minutes. The
integrity of the amplified gene was checked with a 1.5% Agarose gel electrophoresis stained with
Ethidium bromide, viewed and capture in a gel Doc ™ EZ imager from BIO-RAD.

Statistical analysis

The response of maize cultivars to MSV and healthy (control) were analyzed using Genstat
computer programme 2007 for analysis of variance, while means were separated by Duncan
Multiple Test Range at 5% probability level. The response of maize cultivars to MSV and healthy
(control), and data obtained from the leaf symptomatic areas were analyzed using Genstat
computer programme 2007 for analysis of variance while means were separated by Duncan
Multiple Test Range at 5% probability level.

RESULTS

The mean square interaction of varieties and weeks in Table 2 was highly significant (P<0.01) on
growth and yield-related characters (leaf length, leaf width, plant height, and stem height) of
healthy maize varieties, while higher significant effects were recorded on weeks for shoot biomass
at p<0.01. The effects of varieties, and weeks are significantly (p< 0.01) higher for leaf length, leaf
width, number of leaves, stem height, plant height, and diseased shoot and root biomass (Table 3).

The result in Table 4 shows that the effect of Varieties, Treatments and Weeks were highly
significant (p<0.01) on the growth characters, shoot biomass and disease severity of maize except
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for root biomass. The varieties x weeks produced highly significant effect on shoot biomass and
disease severity, while the second order of interaction (Varieties x Treatment x Weeks) had
significant effect on leaf length and disease severity of maize (Table 4).

The variety, PROVITA-Y is significantly (P<0.05) high for leaf length 4.08cm and plant height
79.00cm, while LNTP-Y and DMR-ESR-Y were higher for stem height (33.18cm) and number of
leaves (11.58cm) respectively (Table 5). The SUWAN-1 SR had higher significant effects on
leaf width (51.50cm) shoot (0.48g) and root biomass (0.129).

The mean values of BR9928-DMR-SR and DMR-LSR-Y in Table 5 are not significantly (P>0.05)
different for leaf length, number of leaves, shoot and root biomass, while leaf length, number of
leaves, root and shoot biomass are statistically similar for BB9928-DMR-SR and DMR-LSR-Y.
Again, leaf width, plant height, and shoot biomass had similar statistical effects for ART/98/SW6
and BR9943-DMR-LSR, while DMR-LSR-Y and DMR-ESR-Y had the same statistical effect on
leaf width, shoot and root biomass.

The varietal effect of BR9943-DMR-LSR on growth and yield-related characters of diseased
maize in Table 6 is significantly higher on number of leaves but not significantly different for
DMR-ESR-Y, LNTP-Y, TZEBR, PROVITA-Y and ART/98/SW1 varieties while BR9928-DMR-
SR is significantly higher on leaf width and disease severity. Also, DMR-ESR-Y is significantly
higher for plant height (42.78cm) and shoot biomass (0.46g), while stem height (21.56cm) and leaf
length (34.86cm) were higher in TZEBR. The mean of leaf length in ART/98/SW1, ART/98/SW6,
BR9943-DMR-LSR, BR9928-DMR-SR, DMR-LSR-Y and SUWAN-1 SR are not significantly
(P>0.05) different from one another, while leaf width in BR9943-DMR-LSR, DMR-LSR-Y,
DMR-ESR-Y LNTP-Y are not statistically different from one another (Table 6).

The result of combined performance of growth and yield-related characters of healthy and diseased
maize in Table 7 shows that the leaf length (40.32cm) and stem height (27.36¢cm) in LNTP-Y is
significantly higher, while PROVITA-Y is significantly higher, but different for leaf width
(3.48cm). The number of leaves (9.53), shoot biomass (0.47g) and plant height (57.61cm), in
DMR-ESR-Y are significantly higher. The LNTP-Y variety is significantly higher for stem height
(27.36cm), SUWAN-1 SR is significantly higher and different for root biomass (0.09g), while
BR9928-DMR-SR is significantly higher for disease severity.

The root biomass for all the varieties is not significantly different from one another, while the mean
values for disease severity of BR9928-DMR-SR, DMR-LSR-Y, DMR-ESR-Y SUWAN-1SR and
PROVITA-Y are statistically different (Table 7).

The result in Table 8 shows that the second leaf positions in ART/98/SW6, DMR-LSR-Y, DMR-
ESR-Y, LNTP-Y and TZEBR had the least disease rating score and highest methylated cytosine
of (1.00, 37.00%), (1.00, 33.00%), (1.00, 19.00%), (1.00, 16.00%) and (1.00, 15.00%)
respectively. Again, the 4", 6™ and 8" leaf positions in ART/98/SW6, DMR-LSR-Y, DMR-ESR-
Y, LNTP-Y andTZEBR had disease rating scores of 2, 3, and 4 respectively, while (31.00, 29.00,
12.00); (27.00, 21.00, 18.00 ); (15.00, 13.00,6.00); (15.00, 9.00, 6.00) and (12.00, 8.00, 5.00) for
methylated cytosine were observed in ART/98/SW6, DMR-LSR-Y, DMR-ESR-Y, LNTP-Y and
TZEBR respectively.
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The result of Principal Component Analysis of growth and yield-related character in table 9 is
delineated into six (6) principal component axes Prin 1, Prin 2, Prin 3, Prin 4, Prin 5 and Prin 6.
Prin 1 accounted for the highest variation with a proportion of 43.20% and eigen value of 3.46. In
Prin 1, the leaf length (0.05), leaf width, (0.47), plant height (0.47) and stem height (0.46) are
closely related, while the root biomass (0.65) and shoot biomass (0.65) are related in Prin 2. Also,
the number of leaves (-0.17), plant height (-0.16), stem height (-0.17) are negatively associated,
while leaf length (0.03), plant height (0.03), and stem height (0.02) are positively related in Prin
3. The shoot biomass (0.15) and root biomass (0.17) are related in Prin 4 while leaf width (-0.05)
plant height (-0.06) and shoot biomass (-0.08) are negatively related in Prin 5. In Prin 6, the stem
height (0.23) is related to disease severity of 0.20.

The result in table 10 shows that the leaf length is strongly positive and correlated with leaf width
(r=0.94), no of leaves (r=0.64), plant height (r=0.96), stem height(r=0.96) and weeks (r=0.82).
Also, leaf width is positive and strongly associated with number of leaves (r=0.65), plant height
(r=0.91), stem height (r=0.93) and weeks (0.83) while number of leaves is positively related to
plant height (r=0.61) and stem height (r=0.63). More so, plant height had strong positive
association with stem height (r=0.93), while shoot biomass had strong positive association with
root biomass at r=0.85. The bisulfite treatment is negatively associated with disease severity at
r=0.81

The result showing relationship among healthy maize varieties in figure 1 shows that variety
TZEBR branched out from the major cluster. It is also deduced that DMR-LSR-Y and LNTP-Y
closely related to each other than SUWAN-1 SR and PROVITA-Y likewise DMR-ESR-Y and
ART/98/SW1 are related to each other than to BR928-DMR-SR, while ART/98/SW6 and
BR99943-DMR-LSR are closely associated with each other.

In figure 2, DMR-ESR-Y branched out from the two clusters. Cluster 1 which is the major cluster
comprised of 7 varieties while cluster 2 has 2 varieties. Also, varieties LNTP and TZEBR
in cluster 2 were closely related. SUWAN-1-SR and PROVITA-Y are closely related in cluster
1, while ART/98/SW6 and BR9928-DMR-SR are more related to BR9943-DMR-LSR while
DMR-LSR-Y and ART/98/SWL1 are closely associated to each other. The result in figure 3 shows
that the diseased variety ART/98/SW6 recorded mean area of 64.95cm?. The DMR-LSR-Y, DMR-
ESR-Y, LNTP-Y and TZEBR produced leaf area of 78.19cm?, 26.06cm?, 75.70 cm?, and 49.60cm?
respectively. DMR-LSR-Y had the highest diseased area at the eighth leaf with a score of 3 while
DMR-ESR-Y had a score of 3 at the second leaf. The highest level of resistance was shownby
DMR-ESR-Y followed by TZEBR while ART/98/SW6 showed moderate resistance and DMR-
LSR-Y had the least.

The digital phenotype photographs in figure 4 show the leaf positions and recovery of DMR-ESR-
Yvariety from MSV infection. The digital phenotype photographs of leaf positions show no
recovery of MSV in LNTP-Y variety (Figure 5). There were severe infections without recovery in
all the leaf positions shown in the digital phenotype photographs of ART/98/SW6 variety
(Figure 6) showed the digital phenotype photographs of leaf positions of TZEBR variety and
the extent ofrecovery while variety DMR-LSR-Y showed a mild recovery from MSV infection
(Figure 7).
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Table 2: Mean square interactions of varieties, and weeks on the growth and yield-related
characters of healthy maize varieties

Source of Df Leaf Leaf Number of Plant Stem Shoot Root
Variation Length Width Leaves Height Height Biomass  Biomass
Varieties 9 943.13™ 772" 63.62"™ 1746.03™ 645.53™ 0.14"s 0.03"s
Weeks 11 21637.61™ 74.39™ 450.47 48673.35™ 7439.44™ 61.17" 1.85
Replicates 2 177.45m 7.54m 0.76™ 691.31" 72.50m 0.05m 0.02ms
Model 22 1122.76 41.04 251.32 25113.80 3990.39 30.65 0.94
Error 337 98.8336 0.49 32.02 258.68 33.22 0.17 0.03
Corrected

total 359

Note: * P<0.05 significant, ** P<0.01 highly significant, ns is not significant and df is the degree of freedom

Table 3: Mean Square Interactions of Varieties, and Weeks on the growth and yield-related
characters of diseased maize varieties

Source of Leaf Leaf Number Plant Disease Stem Shoot Root
Variation Length Width  of Leaves Height Severity Height Biomass Biomass
Varieties 9 239.93" 2.13™ 6.82"" 2.95™ 11.96™ 76.61™ 0.17" 0.00"s
Weeks 11 6008.81™  40.23™  298.83™ 8489.52™  77.95™ 4534.54™  40.00™ 0.65™
Replicates 2 39.34m 0.39"s 11.20m 17.21m 2.23m 42.34m 0.01ms 0.00ns
Model 22 3106.13 21.02 153.22 4367.20 44,07 2302.46 20.07 0.34
Error 337 12.80 0.08 1.50 10.68 0.27 4.29 0.07 0.00
Corrected

total 359

Note: * P<0.05 significant, ** P<0.01 highly significant, ns is not significant and df is the degree of freedom.

Table 4: Mean Square Interactions of Varieties, Treatment and Weeks on the growth-
related characters of Combined Healthy and Diseased maizevarieties.

Sou_rcg of Df Leaf L_eaf No of Plgnt Stgm $h00t _Root Disea_se
variation Length Width  Leaves Height Height Biomass Biomass  Severity
Varieties 9 253.69™ 4.29™ 36.96™ 723.91™ 294.20™ 0.18™ 0.02" 5.
Treatments 1 54723.23™ 127.50™  475.31 170786.00™ 15642.69™ 1.12™ 0.15™ 198
Weeks 11 25173.67" 111.93™  728.64™ 48658.67" 11699.77" 100.05™ 2.35"™ 38
Varieties*Treatment 9 929.37™ 5.55" 33477 1317.59™ 427.94™ 0.13™ 0.01™ 5.
Varieties*weeks 99 27.78™ 0.13™ 15.77™ 42.24" 6.57™ 0.18™ 0.02" 0.
Treatment*weeks 11 2472.75™ 2.69” 20.65™ 8504.20™ 274.21™ 1.12™ 0.15™ 38
varieties*Treatments g9 44 69~ 041" 1821™ 58.96™ 13.76™ 013" 0.01 0.
*weeks

Model 239 1575.97 6.28 53.20 3464.31 652.17 4.80 0.13 1
Error 480 64.33 0.39 16.57 171.19 22.62 0.11 0.12 0
Corrected total 719

Note: * P<0.05 significant, ** P<0.01 highly significant, ns is not significant and df is the degree of freedom.
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Table 5: Performance of growth and vield-related characters of healthy maize varieties

Leaf Leaf Number Plant Stem Shoot Root
Varieties Length  Width of Leaves Height Height  Biomass Biomass

(cm) (cm) (cm) (cm) (@) (9
ART/98/SW1 3.40cde  44.92b 8.50bc 72.97ab 27.11cd 0.41a 0.06a
ART/98/SW6 3.11°¢ 46.362 9.3020¢ 69.61b¢ 30.922 0.442 0.11@
BR9943-DMR-LSR ~ 3.53b®  47.89% 9.25% 70.31b¢ 28.67b 0.402 0.072
BR9928-DMR-SR 3.33¢  46.06° 8.25b¢ 63.69¢ 28.28bd 0.35? 0.062
DMR-LSR-Y 3.31¢d  50.19% 8.500¢ 68.75°¢ 32,532 0.432 0.092
DMR-ESR-Y 3.73%c 47,03 11.582 72.442% 25.834 0.472 0.072
SUWAN-1 SR 3.79% 51.502 8.94abc 72.72% 31.17%® 0.482 0.122
LNTP-Y 3.992 49,28 8.673¢ 70.863¢ 33.812 0.462 0.062
PROVITA-Y 4082 48.94® 8.612bc 79.002 29.28b¢ 0.322 0.032
TZEBR 2.50f 33.14¢ 6.08¢ 52.814 18.78¢ 0.372 0.042

Mean with the different letters in the same column are significant at p<0.05 according to Duncan Multiple Range Test

(DMRT).

Table 6: Performance of growth and vield-related characters of diseased maize varieties

Leaf Leaf Number Plant Disease Stem Shoot Root
Variety Length  Width of Height Severity Height Biomass Biomass

(cm) (cm) Leaves (cm) (cm) (9) (9)
ART/98/SW1 26.86° 2.29¢ 7.222 37.11¢ 3.67%¢ 17.86° 0.21¢ 0.032
ART/98/SW6 27.92¢ 2.35¢ 6.56% 38.58c 3.64bc 18.25¢ 0.37% 0.042
BR9943-DMR-LSR 28.31°¢ 2.700 7.532 38.42¢ 3.56%¢ 18.89bcd 0.28¢ 0.042
BR9928-DMR-SR 28.03°¢ 2.882 6.42¢ 38.86° 4.142 17.86¢8d 0.30bc 0.052
DMR-LSR-Y 27.47°¢ 2.57° 6.58b¢ 36.944 3.72b 19.61° 0.33be 0.052
DMR-ESR-Y 21.33° 2.66° 7.472 42.782 2.17° 21.03¢ 0.462 0.052
SUWAN-1 SR 27.47°¢ 2.36° 7.11% 34.19 3.19d 19.61° 0.32bc 0.052
LNTP-Y 31.36° 2.68P 7.472 42.36% 2.92¢ 20.922 0.382 0.042
PROVITA-Y 27.92°¢ 2.872 7.312 35.03¢ 3.44¢ 18.67bcd 0.32bc 0.042
TZEBR 34.862 2.992 7.502 40.86% 2.72¢ 21.562 0.382 0.032

Mean with the different letters in the same column are significant at p<0.05 according to Duncan Multiple Range Test

(DMRT).
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Table 7: Genotypic performance on growth and yield-related characters of combined

healthy and diseased maize varieties.

Leaf Leaf Number Plant Stem Shoot Root Disease
Variety Length  Width of Leaves Height Height Biomass  Biomass Severit

cm)  (cm) . (cm) (cm) © @) ven
ART/98/SW1 35.89¢ 2.85° 7.86b° 55.042b 22.14¢ 0.31° 0.042 1.83b
ART/98/SW6 36.99b¢ 2.73¢° 7.79bc 54.10% 24.58bcd 0.40% 0.08? 1.82bc
BR9943-DMR-LSR  38.102¢ 3.12cd 8.390 54.36% 23.78¢de 0.340 0.05?2 1.78b¢
BR9928-DMR-SR 37.04b¢ 3.10cd 7.33bc 51.28% 23.07¢% 0.32° 0.062 2.072
DMR-LSR-Y 38.692bc 2.94de 7.54bc 52.85% 26.072 0.382 0.072 1.86°
DMR-ESR-Y 39.18% 3.20bc 9.532 57.612 23.430% 0.472 0.06? 1.08f
SUWAN-1 SR 39.492 3.07¢d 8.03bc 53.46% 25.21bc 0.402 0.092 1.60¢
LNTP-Y 40.322 3.33® 8.07be 56.612 27.362 0.422 0.05?2 1.46¢
PROVITA-Y 38.432be 3.48?2 7.96b¢ 57.012 23.94¢cd 0.42¢d 0.042 1.72¢
TZEBR 34.004 2.758 6.79¢ 46.83¢ 20.17° 0.32° 0.042 1.36¢

Mean with the same letters in the same column are not significant at p<0.05 according to Duncan Multiple Range Test

(DMRT).

Table 8: Disease rating scores and methylated cytosine on leaf positions of maize

Maize varieties

Leaf position

Disease rating

Methylated cytosine

scores (%)
2.00 .00 37.00
4.00 2.00 31.00
ART/98/SW6 5.00 3.00 59,00
8.00 4.00 12.00
2.00 1.00 33.00
DMR-LSR-Y 4.00 2.00 27.00
6.00 3.00 21.00
8.00 4.00 18.00
2.00 1.00 19.00
4.00 2.00 15.00
DMR-ESR-Y 6.00 3.00 13.00
8.00 4.00 6.00
2.00 1.00 16.00
LNTP-Y 400 2.00 15.00
6.00 3.00 9.00
8.00 4.00 6.00
2.00 1.00 15.00
TZEBR 4.00 2.00 12.00
6.00 3.00 8.00
8.00 4.00 5.00
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Table 9: Principal component axis of growth, disease severity and yield-related characters

of maize
Characters Prin1 Prin 2 Prin 3 Prin 4 Prin 5 Prin 6
Leaf Length 0.50 0.10 0.03 -0.12 -0.12 0.19
Leaf Width 0.47 -0.07 0.22 -0.09 -0.05 -0.84
No of Leaves 0.25 -0.17 -0.05 0.95 0.02 0.04
Plant Height 0.47 -0.16 0.03 -0.11 -0.06 0.37
Stem Height 0.46 -0.17 0.02 -0.12 0.79 0.23
Shoot Biomass -0.13 0.65 0.15 0.15 -0.08 -0.18
Root Biomass -0.10 0.65 0.20 0.17 0.05 -0.01
Disease Severity -0.09 -0.09 -0.25 0.94 0.02 0.20
Eigenvalues 3.46 1.93 0.95 0.81 0.31 0.26
Proportion (%) 43.20 24.18 11.87 10.04 3.80 3.20

Table 10: Correlation coefficients among the growth and yield-related characters of maize.

Leaf Leaf No of Plant Stem Shoot Root Disease
Length Width L eaves Height Height Biomass Biomass Severity Treatment Varieties Weeks
(cm)  (cm) (cm)  (cm) )] )]
Leaf
Width
No of -
Leaves 0.94
No of - -
Leaves 0.64 0.65
Plant - . e
Height 0.96 0.91 0.61
Stem - - e -
Height 0.96 0.93 0.63 0.93
Shoot
Biomass 0.35 0.29 0.12 0.36 0.41
Root -
Biomass 0.32 0.25 0.10 0.33 0.37 0.85
Severity -0.21 -0.09 -0.04 -0.28 -0.15 -0.02 -0.04
Treatment 0.37 0.28 0.15 0.43 0.31 0.03 0.06 -0.81"
Varieties 0.01 0.06 -0.02 -0.02 -0.00 0.01 -0.02 -0.07 0.00
Weeks 0.82™ 0.83™ 0.58" 0.76™ 0.88™ 0.46 0.39 0.16 0.00 0.00
Replicates 0.01 0.04 0.00 0.01 0.03 0.03 0.01 -0.02 0.00 0.00 0.00
Note: * P<0.05 significant, ** P<0.01 highly significant, *** P<0.001 highly significant
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Figure 1: Dendrogram of the healthy maize varieties
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Figure 2: Dendrogram of selected diseased varieties of maize.
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Figure 3: Frequencies of the disease areas in relation to varieties and scores of the digitally phenotyped leaves
of maize
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Figure 4: Digital phenotype photographs of leaf positions showing the recovery of DMR-ESR-Y variety from
MSYV infection.
KEYS: A— MSV symptoms in: A- 2" leaf, B - 4th leaf, C- 6™ leaf, and D - 8™ leaf.

Figure 5: Digital phenotype photographs of leaf positions of variety ART/98/SW6 showing no recovery from
MSYV infection.
KEYS: MSV symptoms in: A - A — MSV symptoms in: A- 2 " leaf, B - 4th leaf, C- 6™ leaf, and D - 8™ leaf.
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Figure 6: Digital phenotype photographs of leaf positions of variety ART/98/SW6 showing the extent of MSV
infection.
KEYS: MSV symptoms in: A - A— MSV symptoms in: A- 2 " leaf, B - 4th leaf, C- 6 leaf, and D - 81" leaf.

Figure 7: Digital phenotype photographs of leaf positions of variety DMR-LSR-Y showing mild recovery from
MSYV infection.
KEYS: MSV symptoms in: A - A— MSV symptoms in: A- 2 " leaf, B - 4th leaf, C- 6" leaf, and D - 81" leaf.

DISCUSSION

Methylated cytosine regions were observed, and the varieties followed the same methylation
pattern and frequencies. This indicates the contributions of DNA methylation to the resistance and
recovery of maize varieties from disease caused by Maize Streak Virus (MSV). This is inline
with the findings of Kitimu et al. (2015) and Rodriguez-Negrete et al. (2013).

The findings from this study showed that variety TZEBR was moderately tolerant to MSV, DMR-
ESR-Y showed strong resistance, while ART/98/SW6 and DMR-LSR-Y that were severely
affected showed recovery due to higher production of methylated cytosine. The moderately tolerant
varieties expressed symptoms of viral infection, and their methylation frequencies are negligibly
affected though, not significantly different (p>0.05) from the resistant maizevarieties. This in
accordance with the reports of Zhu et al. (2021).
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Biotic stresses such as pathogen infection generally increase the overall level of DNA methylation
and slows down the metabolism of the plants. This helped the maize cultivar to overcome the
temporary challenge of infection. This is in agreement with the reports of Lamalakshmi Devi et al.
(2017). From the sequenced DNA, methylated cytosine of the 2" leaf in all the varieties followed
similar pattern, but slightly higher in DMR-ESR-Y. For the 4™" leaf across all varieties, methylated
cytosine were few. The same was observed in the 6™ and 8" leaf positions across the sequenced
varieties.

From the dendrogram constructed for diseased varieties, DMR-ESR-Y (resistant variety) branched
out from the main clusters (figure 2) indicates resistant characteristics, while TZEBR branched out
for healthy maize due to its best performance in growth and yield related characters. The result of
correlation showed that leaf length had strong positive correlation with leaf width (r=0.94), no of
leaves(r=0.64), plant height (r=0.96) and stem height(r=0.96) respectively. Also, leaf width had
strong positive association with number of leaves (r=0.65), plant height(r=0.91) and stem height
(r=0.93) respectively. Number of leaves had strong positive correlations with plant height (r=0.61)
and stem height (r=0.63). More so, plant height had a strong positive correlation with stem
height (r=0.93), while shoot biomass had strong positive association with root biomass at r=0.85.
This indicate that the leafy characters contributed to the development of shoot a root biomass of
maize. Again, leaf width, number of leaves, plant height and stem height reveal the impact of
methylation in the assessment of growth and yield characters, this implies that leaf traits should be
considered in future breeding of maize.

It was also found from the table that the higher the diseased area, the lower the number of
methylated cytosine. This shows the contributions of cytosine methylation to the recovery of
the leaves frommaize streak virus. DNA methylation could impact gene expression due to the
presence of methylated cytosine which is a regulatory element of genes that can act as transcription
binding factor and hence affect gene regulation. As a result, a biomarker might be created by
accurately estimating changes in DNA methylation at specific loci between normal and diseased
states.

CONCLUSION

The DMR-ESR-Y variant was shown to have the best tolerance to maize streak virus in this study.
The digital phenotyping supported the rating scores of 1 to 5 levels of Maize Streak Disease
resistance.

More efficient protocols can be used for determining the extent of the contribution of DNA
methylation in maize recovery from maize streak virus as these will give better results for genome-
wide sequencing.

Conflict of interest
The authors declare no conflict of interests

References

Akinyosoye ST (2022). Genotype—genotypex environment (GGE) biplot analysis of extra-early
maturing quality protein maize hybrids for grain yield. Journal of Crop Science and Biotechnology
25, 599-610.

Themed Edition - Food System Management Towards a Sustainable End to Hunger (SDG 2) 73
www.nasjournal.org.ng


http://www.nasjournal.org.ng/

Proceedings of the Nigerian Academy of Science - PNgAS. Vol. 17, No 1s, 2024
Official Journal of the Nigerian Academy of Science

https://doi.org/10.57046/VTKX4618

Asare-Bediako E, Kvarnheden A, Puije G, Frimpong K, Amenorpe G, Appiah-Kubi A, Lamptey
J, Oppong A, Mochiah M, & Adama | (2017). Spatio-temporal variations in the incidence and
severity of maize streak disease in the Volta region of Ghana.

Barrow M (1992). Development of maize hybrids resistant to maize streak virus. Crop protection
11, 267-271.

Dellaporta SL, Wood J, & Hicks JB (1983). A plant DNA minipreparation: version Il. Plant
molecular biology reporter 1, 19-21.

Ferrari M, Muto A, Bruno L, & Cozza R (2023). DNA Methylation in Algae and Its Impact on
Abiotic Stress Responses. Plants 12, 241.

Galani YJH, Ligowe IS, Kieffer M, Kamalongo D, Kambwiri AM, Kuwali P, Thierfelder C,
Dougill AJ, Gong YY, & Orfila C (2022). Conservation agriculture affects grain and nutrient
yields of maize (Zea Mays L.) and can impact food and nutrition security in Sub-Saharan Africa.
Frontiers in nutrition 8, 804663.

Grote U, Fasse A, Nguyen TT, & Erenstein O (2021). Food security and the dynamics of wheat
and maize value chains in Africa and Asia. Frontiers in Sustainable Food Systems 4, 617009.

Kitimu SR, Taylor J, March TJ, Tairo F, Wilkinson MJ, & Rodriguez L6pez CM (2015). Meristem
micropropagation of cassava (Manihot esculenta) evokes genome-wide changes in DNA
methylation. Frontiers in Plant Science 6, 590.

Kumar S, Stecher G, Li M, Knyaz C, & Tamura K (2018). MEGA X: molecular evolutionary
genetics analysis across computing platforms. Molecular biology and evolution 35, 1547.

Lamalakshmi DE, Kumar S, Basanta ST, Sharma SK, Beemrote A, Devi CP, Chongtham S, Singh
CH, Yumlembam RA, & Haribhushan A (2017). Adaptation strategies and defence mechanisms
of plants during environmental stress. Medicinal plants and environmental challenges, 359-413.

Meaney MJ & Szyf M (2022). Environmental programming of stress responses through DNA
methylation: life at the interface between a dynamic environment and a fixed genome. Dialogues
in clinical neuroscience.

Moreira RR, da Silva Silveira Duarte H, & De Mio LLM (2019). Improving accuracy, precision
and reliability of severity estimates of Glomerella leaf spot on apple leaves using a new standard
area diagram set. European Journal of Plant Pathology 153, 975-982.

Olakojo S, Omueti O, Ajomale K, & Ogunbodede B (2007). Development of quality protein
maize: Biochemical and agronomic evaluation. Tropical and subtropical agroecosystems 7, 97-
104.

Olawuyi O, Bello O, & Abioye A (2016). Mutagenic effects of ultraviolet radiation on growth and
agronomic characters in maize cultivars. Molecular Plant Breeding 7.

Olawuyi O, Bello O, Ntube C, & Akanmu A (2015). Progress from selection of some maize

Themed Edition - Food System Management Towards a Sustainable End to Hunger (SDG 2) 74
www.nasjournal.org.ng


http://www.nasjournal.org.ng/

Proceedings of the Nigerian Academy of Science - PNgAS. Vol. 17, No 1s, 2024
Official Journal of the Nigerian Academy of Science

https://doi.org/10.57046/VTKX4618

cultivars’ response to drought in the derived savanna of Nigeria. Agrivita, Journal of Agricultural
Science 37, 8-17.

Olawuyi O, Odebode A, Olakojo S, & Adesoye A (2012). Variation in maize tolerance to Striga
lutea (Lour) and influence of arbuscular mycorrhizal fungi. International Journal of Basic, Applied
and Innovative Research 1, 1-5.

Olawuyi O, Odebode A, Olakojo S, Popoola O, Akanmu A, & lzenegu J (2014). Host—pathogen
interaction of maize (Zea mays L.) and Aspergillus niger as influenced by arbuscular mycorrhizal
fungi (Glomus deserticola). Archives of Agronomy and Soil Science 60, 1577-1591.

Olawuyi O & Okoli S (2017). Genetic variability on tolerance of maize (Zea mays L.) genotypes
induced with sodium azide mutagen. Molecular Plant Breeding 8.

Olowe OM, Akanmu AO, & Asemoloye MD (2020). Exploration of microbial stimulants for
induction of systemic resistance in plant disease management. Annals of Applied Biology 177, 282-
293.

Parveen N & Dhawan S (2021). DNA methylation patterning and the regulation of beta cell
homeostasis. Frontiers in endocrinology 12, 651258.

Pethybridge SJ & Nelson SC (2015). Leaf Doctor: A new portable application for quantifying
plant disease severity. Plant disease 99, 1310-1316.

Rodriguez-Negrete E, Lozano-Duran R, Piedra-Aguilera A, Cruzado L, Bejarano ER, & Castillo
AG (2013). Geminivirus R ep protein interferes with the plant DNA methylation machinery and
suppresses transcriptional gene silencing. New Phytologist 199, 464-475.

Rosegrant MW, Zhu T, Msangi S, & Sulser T (2008). Global scenarios for biofuels: impacts and
implications. Review of agricultural economics 30, 495-505.

Secco D, Wang C, Shou H, Schultz MD, Chiarenza S, Nussaume L, Ecker JR, Whelan J, & Lister
R (2015). Stress induced gene expression drives transient DNA methylation changes at adjacent
repetitive elements. elife 4, e09343.

Wang L, Shi Y, Chang X, Jing S, Zhang Q, You C, Yuan H, & Wang H (2019). DNA methylome
analysis provides evidence that the expansion of the tea genome is linked to TE bursts. Plant
Biotechnology Journal 17, 826-835.

Zhu M, Tong L, Xu M, & Zhong T (2021). Genetic dissection of maize disease resistance and its
applications in molecular breeding. Molecular Breeding 41, 32.

Themed Edition - Food System Management Towards a Sustainable End to Hunger (SDG 2) 75
www.nasjournal.org.ng


http://www.nasjournal.org.ng/

