Distribution of cassava mosaic geminiviruses and #ir associated DNA satellites in Kenya.

Abstract

A countrywide survey was conducted to determinediséribution, incidence, prevalence and
severity of cassava mosaic disease (CMD) and theceged DNA satellites in Kenya. Disease
transmission either by whitefly or infected cutngas evaluated. PCR detection method was
used for the detection of these viruses and thecaged DNA satellites. CMD was widely
distributed in the country with an average incident 57%, whereas Coast province recorded
the highest incidence (74%). The prevalence of Cbhtibntrywide was 84% with Nyanza
province recording the highest (96%), whereas Eagtevince had the least (67%). The spread
of CMD through use of infected cuttings accountedd0% of the infected plants compared to
the whitefly-borne infections which accounted f@%. East African Cassava Mosaic Virus
(EACMV) and African Cassava Mosaic Virus (ACMV) acmted for 51% and 20% of samples,
respectively. Co-infection of cassava plants whth two viruses was detected in only 9% of the
samples. EACMV was detected in samples collectenh fall the provinces surveyed. ACMV
was mostly prevalent in Western and Nyanza prownEer the first time, ACMV was detected
in Eastern and Coast provinces. Nyanza provincettmadhighest whitefly count per plant with
Western province registering the least. The metifddansmission of CMD was mainly through
use of infected cassava cuttings with 100% trangonsby stem cuttings in Coast province.
DNA satellites associated with these Begomoviruseee distributed across the country with
41% of samples testing positive. The symptom sgwarmi plants infected by Cassava Mosaic
Geminiviruses (CMGs) and the associated DNA s#slliwere higher compared to those
infected with CMGs only. There is need for the iafezation of varieties resistant to these
viruses. The begomovirus symptom modulation by Di¢A satellites need to be further
investigated to determine effects on disease dg\and yield of cassava.
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Introduction

Cassava Nlanihot esculentaCrantz) is a major staple food for many commusitie sub-
Saharan Africa. In Kenya, cassava is grown on &&000 ha with an annual production of
about 540 000 tons [1]. Cultivation is concentulate Nyanza and Western provinces (60%),
Eastern (10%), and Coast provinces (30%). The r@oown by resource poor households for
subsistence where it is an important food security. The available information from surveys
and yield loss assessments due to CMD is summaj2jedhich estimates the losses in Africa
to be 15-24%. In Kenya, yields recorded range batweand 10 t/ha against a potential of 32
t/ha [3].

CMD is transmitted by a whitefly vector known Bemisia tabacibut proof of viral aetiology
was not obtained until the 1970s and 1980s, whenirsaculations to herbaceous hosts were
successful and virus isolates obtained in this waye purified and characterized [4]. After
initial uncertainty, the isolates were shown to s®«MD. Various isolates from Africa and
India were regarded as strains of a single virughef geminiviruses group and designated
African Cassava Mosaic Virus (ACMVyubsequent studies have led to the recognition of
several distinct but similar viruses namélfyican Cassava Mosaic Virl®&CMV), East African



cassava mosaic virus (EACMV)ndian Cassava Mosaic VirudCMV) and South African
Cassava Mosaic ViIruSACMV) [5].

Cassava Mosaic Disease (CMD) is caused by begousagrin the family Geminiviridae. These
include African cassava mosaic virus (ACMV), Eadtidan cassava mosaic virus (EACMV),
and Uganda variant (EACMV-UG) of the genus begomwvi Previous studies have shown
ACMV, EACMV, EACMV-UG and EACMZV to be present indfya [6] [7]. Earlier reports
indicate that EACMV, EACMV-UG and EACMZV have distt geographical distributions [7].

The whitefly vectorB. tabacii(Gennadius)Aleyrodidae, Hemiptepatransmits Cassava mosaic
geminiviruses (CMGs) from plant to plant [8]. Lodgstance spread of CMD occurs by the
distribution of infected stem cuttings [9]. Whitefpresence on plants does not necessarily
suggest that the disease is spread by the ing&ff¢exted plants are stunted and have greatly
diminished tuberous root yield. Cassava is alsectéid by the DNA satellites associated with
Cassava mosaic geminiviruses [10].

PCR based methods have been used for the send#igetion and discrimination of the plant
viruses [11,12]. Moreover, PCR is more sensitivenpared to ELISA for routine detection and
discrimination of viruses. Therefore, samples add from the different field during the survey
were confirmed for the infection of CMGs and DNAedktes using PCR.

This survey focused on determining the status asttiltltion of the CMG’s and the DNA
satellites particularly their incidence, prevaleacel severity in all major regions where cassava
is grown in the country.Knowledge of the diseased@nce and prevalence gave an indication of
disease spread in the regions surveyed. The seymints to the seriousness and economic
impact of the disease and the tolerance level®esvarieties.

Material and methods

Sampling sites

The survey was carried out in four distinct regiombich are also administrative regions called
provinces. The provinces surveyed were EasternniijdVestern and Coast provinces. These
are the major regions where cassava is grown asfahe major food crops. The districts within
these regions where sampling was done were selactedding to the importance of cassava as
a food crop and where the disease under studyaused serious problems. Fields having a
cassava crop as a pure stand or intercropped widr orops were selected and randomly
surveyed along selected routes at 5-10 km interdatstal of 94 cassava fields were surveyed.

In Nyanza province, the survey and sampling wasdorthe following districts as shown in Fig
1: Kisii central, Gucha, Kuria west, Migori, Rongdpma Bay, Rachuonyo, Gem, Bondo and
Siaya. In Eastern province, sampling was done iantmsouth, Tharaka south, Maara, Meru
south, Embu, Mbeere north, Mbeere, Kitui, Kitui wah Mwala, Makueni, Kangundo and
Kathiani districts in Kenya. In Western provincansey and sampling was done in the following
districts; Kakamega south, Butere, Mumias, BusiamBla, Teso North, Teso South, and
Bungoma west. Finally sampling was done in Coasvipce in the following districts; Kilifi,
Malindi, Kwale, Msambweni and Taita in Kenya.
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Fig. 1: YAreas surveyed for CMGs and assedi@iNA Satellites

An imaginary line (transect) was drawn diagonatiythe field from both directions thus ending
up with two transects within one field. A total b plants were examined for the symptoms of
both Cassava Mosaic Virus disease (CMD) and thecessed DNA satellites on each transect.
In total, 30 plants in every field were examined Bu- 4 samples were taken from each field
giving a total of 350 samples.

The prevalence of the viral diseases was evaluatedery region by calculating the number of
fields in which at least one cassava plant presesyenptoms of viral diseases divided by the
total number of fields observed in that region. Tigease symptoms severity was established
based on the disease severity scale (1-5) [13kavasplants in farmers’ fields were observed for
virus disease symptoms. Symptomatic plants werkedi@and preserved in bottles containing
silica gel granules. The tender young leaves a&@ties that were picked avoiding the old leaves
and woody parts. For CMD, the plants were obsefgethe foliar symptoms and their satellites
symptoms. Symptoms of CMD with the associated Difeltites showed the same symptoms
as described but with more leaf distortion assuraiisgckle shape and more severe, Fig. 2. DNA
satellites are short DNA strands found either & ¢RIl nucleus or in the cytoplasm that interact
with viral genomes resulting in modulation of sympt phenotypes. Episomal DNA satellites
are found in the cytoplasm while integrated DNAe#ldés are integrated in the viral genome.
DNA satellites have been shown to play a directe rad symptom enhancement with
characteristic stem-curling and vein-swelling phgpes, impacting host-range determination



and facilitating accumulation of both the begomosimolecules and the encoded pathogenicity
factors [14,15,16].

Fig. 2: CMD and DNA Satellites symptom and a hgatthssava plant

In each region, a particular representative rong taptures the area of interest was selected.
Amongst issues considered include the sample agawilability of suitable cassava fields. In
marginal and sparsely populated areas like Ukambatiicts in Eastern province, a distance
interval of 10 km was adopted. In all, 94 fieldsresvisited during the survey. In each field, the
coordinates were recorded using a global positpragstem (GPS; Magellan GPS 315, San
Dimas, CA).

Whitefly counts and mode of transmission

This study determined whitefly counts and also stgated the method of transmission of the
cassava mosaic geminiviruses in all the sites sed/dor CMD. The population of adult
whiteflies was determined on the five top-most apieaves of the tallest shoot of each sampled
plant. This was done in early morning hours befdiam since the flies become active as the day
warms up.

Plants exhibiting symptoms on upper leaves indecateculation by whiteflies while those
showing symptoms in all parts of the plant indicassmission of CMD through cuttings. As
such, scoring for whitefly infected fields was dtw by letter W while those infected by
cuttings with CMD by the letter C.



Detection of cassava mosaic geminiviruses in colted samples

Nucleic acid extraction and detection of Cassava rsaic geminivirus

Total nucleic acid (TNA) was extracted from the tigf samples using the CTAB based method
[17]. The pellet was suspended in sterilized watet stored at -2C. The PCR mix consisted of
10ul GoTag green (Promega), Ql%each of the forward and reverse primernd, af water and
2ul of the DNA template. Go Taq green contains Talymperase enzyme and dNTPs. The final
reaction volume was 20 Universal primers were used to detect Africars$2ava Mosaic Virus
(ACMV) with an expected amplicon of 774bp [18]. TRER detection of EACMV was done
using EAB555/F (5-TACATCGGCCTTTGAGTCGCATGG-3) andeAB555/R (5
CTTATTAACGCCTATATAAACACC-3). These primers are dgsed to amplify a 556 bp
fragment of EACMV DNA B component [18]. The PCR pewere as follows; 9€ (initial
denaturation) for 3 minutes, %2 for 1min, 48C ( annealing) for 1min and %2 extension for 4
mins. The reaction was set for 31 cycles.

Detection of DNA satellites

The CMD viral DNA was also analyzed for the presgent DNA satellites Il and Il associated

with Cassava mosaic geminiviruses. Specific primezse designed for the amplification of the
integrated and episomal satellites. Below are psnier episomal and integrated DNA satellites
associated with CMGs used in this study [26].

Primers for Episomal DNA satellites
SAT Il F-5’-GCCGCACCACTGGATCTC-3
SAT Il R-5-CGTTTACAGCCCACCTCTGT-3

Primers for DNA integrated satellites
SAT lll F-5'-AGGCCTCGTTACTAAAAGTGC-3
SAT Il R-5-ACCTGACGGCAGAAGGAAT-3’

The mastermix was prepared for 17 samples in egoérienental setup. PCR cycling conditions
were as follows: Initial denaturation @ for 3min, denaturation 9@ for 1min, annealing 5&
for 1.5min and extension of %2 for 1min. The final step in PCR extension was4orins at
72°C.

Statistical Analysis

Data on disease prevalence, incidence and sewsdtg subjected to one way Analysis of

variance (ANOVA) using Genstat discovery editioritware (2005). Mean comparison of the

incidence and severity were done using studerdstat 95% confidence level. ANOVA test was

used to determine any significant differences betw¢éhe means of the three independent
variables of CMD, incidence, prevalence and seyerit

Results

CMD incidence, prevalence and severity based on sytomatology

A total of 350 samples with symptoms of CMGs and IPNA satellites associated with the
CMGs were collected from the fields

Table 1 shows the disease incidence, prevalenogteyn severity and types of infection within
the districts surveyed in the four provinces.



Table 1: CMD incidence, prevalence, symptom seveyitand type of infection in sampled
Kenyan districts in 2009.

Province District Disease Prevalence Severity(1-5  Type of
incidence (%) (%) scale) infection
Western Kakamega 73+£1.15 50+0.33 3.1+0.11 C
Butere 66+1.15 100+0.00 2.8+0.11 C
Mumias 75+0.57 100+0.00 2.3+0.05 Cand W
Busia 22+1.15 75%1.15 2.1+0.05 C
Teso South 31+0.57 80+0.57 2.4+0.11 Cand W
Teso North 25+1.15 66+1.15 2.8+0.11 C
Bumula 26+1.73 85+2.3 2.1+0.05 Cand W
Bungoma W. 63+1.73 100+0.00 3.9+0.05 Cand W
Mean 47.6 82 2.7
Nyanza Siaya 58+1.73 100+0.00 3.7+£0.17 C
Bondo 62+1.15 100+0.00 3.1+0.05 C
Rachuonyo 36+1.15 100+0.00 3.2+0.11 C
Homa Bay 55+1.15 60+0.57 3.3+0.11 C
Rongo 46+0.57 100+0.00 2.840.11 C
Migori 6+0.57 100+0.00 3.0+0.11 C
Kuria West 54+1.73 100£0.00 3.8+0.17 C
Gucha 13+1.15 10040.33 2.0£0.12 W
Kisii Central 70+1.73 100+0.00 3.5+0.11 C
Mean 44.4 95.5 3.2
Eastern Kathiani 53+0.33 50+2.98 3.4+0.11 Cand W
Kangundo 30+1.73 100+0.00 2.310.11 Cand W
Makueni 68+1.15 90+2.3 3.3+0,11 Cand W
Mwala 16+0,57 50+0.57 2.5+0.12 w
Kitui Central 100+0.00 10040.00 4.340.08 C
Mbeere South 0 0 - -
Mbeere Notht 0 0 - -




Embu 33+0.11 33+0.57 2.3+0.05 C
Meru South 6.6+1.15 45+0.57 2.1+0,12 C
Maara 81.6+0,3 100+0.33 4.1+0.55 C
Tharaka South  96+1.15 100+0.00 3.8+0.11 C
Imenti South 76+0.57 100+0.00 2.1+0.05 Cand W
Mean 46.7 64 2,8

Coast Kilifi 80+1.73 100+0.00 3.5+0,11 C
Malindi 98+0.57 100+0.00 4+0.55 C
Msambweni 68+1.15 100+0.00 3.3x0.12 C
Kwale 52+2,3 100+0.00 2.840.11 C
Taita 71+1.15 66+0.57 3.2+0.11 C
Mean 73.8 93.2 3.36
LSDO0.05 6.13 34.05 0.52

C-Infection caused by cuttings \AInfection caused by whiteflies

Incidence and prevalence is expressed in percentalgiée severity in the scale 1 — 5.

Table 2 depicts the analyzed data for diseaseencig prevalence, severity and whitefly counts
at the provinces level. There was a significanfedénce in CMD prevalence among all the
provinces where the survey was done. The same wascdvident with the disease incidences in
the four provinces under study. However, there m@asignificant difference of CMD severity in
all the provinces surveyed apart from Western promi

CMD was observed in major areas where cassavaoisngin Kenya. The disease is widely
distributed countrywide with an average inciden€& 't (Table 2). Coast province had the
highest average CMD incidence (74%) followed byt&amsprovince recording a mean incidence
of 57%. Western and Nyanza province had the lov@dD incidence of 47% and 51%,
respectively. Overall CMD prevalence was 81% witilahza province recording the highest
(96%) prevalence followed by Coast province withdiaease prevalence of 93%. Eastern
province had the least disease prevalence of 7&@¥he disease was not detected in Mbeere
district (Table 1).

Table 2: Incidence, prevalence, severity of CMD anthe whitefly counts in the four major
cassava growing provinces in Kenya (2009)

Province | No.of CMD CMD Whitefly counts CMD
fields incidence prevalence (%) severity
Western | 25 47.0£0°3 82.0+3.6 1.16+0.07 2.7+0.2




Nyanza | 26 51.0+0% 96.0+2.6 3.18+0.17 3.2+0.7
Eastern 23 57.4+0°3 78.0+2.6 1.86+0.16 3.1+0.3
Coast 20 74.0+2%0 93.0+2.6 2.99+0.2% 3.4+0.F

Means with the same subscripts in the same coluenotds no significant differences between
the means at0.05

Although Coast province had the highest CMD sympsawverity (3.4) there was no statistically
significant difference between the provinces oreas® severity apart from Western province
(2.7), Table 2. A mean severity of 3.1 countrywiggher indicates the severe symptoms
prevalent in the survey areas. District means \aeezaged to get the provincial means.

Table 3: Symptom severity of CMD compared to combiation of CMD with DNA satellites

District CMD Symptom CMD + DNA Satellites
Severity Symptom Severity

Kakamega 2.5 3.1

Teso South 2.8 3.2
Bumula 2.2 2.8

Busia 2.3 3.0

Siaya 2.2 3.1
Rachuonyo 2.4 2.9
Kathiani 2.7 2.8
Makueni 2.6 3.5

Kilifi 2.9 3.2

Kwale 2.8 3.8

Taita 2.6 3.52.

Detection of Cassava mosaic geminiviruses

The PCR product of 556bp was evident as expectethéoamplification of the DNA — B with
EABS55F/R primers for the detection of EACMV (Figa). For the detection of ACMV, the
expected PCR product of 774bp was realized aft@liication of the ACMV coat protein gene
by the primer set JSP001/002 (Fig. 3b).
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Fig. 3a: PCR products (556bp) of East African cassaosaic virus (EACMV) from infected
cassava leaf samples total nucleic acid. The nwsrbehe gel picture are sample numbers

kb 22 23 24 2526 27 28 29 30 31 32 33 3

Fig. 3b: Amplification of ACMV (coat protein) witRCR products of 774bp.

Table 4 summarizes the molecular detection of Gasgaosaic virus amongst the samples
collected. ACMV was detected for the first timeHastern and Coast province. Dual infection of
EACMV and ACMV were common in Nyanza, Western armh$§l province.

Table 4: Detection for EACMV and ACMV in the four provinces under survey

No. of Positive for Positive for
Province Samples tested EACMV ACMV  EACMV+ACMV
Western 110 11 3 2
Nyanz: 97 21 4 4
Eastern 78 11 1 0
Coast 62 11 3 3

Total samples 350 51 11 9




From the PCR-based detection, EACMV was more wicksp than ACMV in the country.
EACMV occurred in all the provinces surveyed (Tad)e Nearly all the districts under survey
showed the presence of EACMV. However, ACMV was tiyggrevalent in Western, Nyanza
and for the first time in Coast and Eastern pro@i(itable 4). The distribution was not so intense
as EACMV. About 18 out of 61 samples had ACMV cdnshg 29.5% in Western province.
ACMV was recorded only in one sample from Kathidistrict in Eastern province. ACMV was
detected in leaf samples collected from severdddien Kilifi, Msambweni and Kwale districts
of Coast province, an area previously presumektd®MV free. Co-infection of EACMV and
ACMV was recorded in field samples collected assiitated in Table4. Co-infection was more
prevalent in Nyanza and Western province and toesertent in Coast province. Teso North,
Teso South and Bungoma West districts in Westemmy&dnad the highest co infection rates of
the two viruses.

Survey of CMG’s and associated DNA satellites

PCR detection for the CMG DNA Satellites

The PCR products after the amplification of DNAediges associated with CMGs and gel
electrophoresis were of the expected size of 30@-lgp 4). The 1kb molecular marker was used
thus perfectly giving the expected PCR productresve in Fig. 4. Some samples were negative
for the DNA integrated satellites but the majontiythe samples collected from the field with
typical symptoms of the satellites associating withk CMGs tested positive. The integrated
satellites were common amongst the samples cotlletiteing the survey. Out the 350 samples
collected from the field during the survey, 145tédspositive for the integrated CMD DNA
satellites accounting for 41.1%. The episomal DN#eBites for CMD on the other hand were
very rare with just a few samples testing positorethe satellites after DNA amplification.

M 79 52 23 324 176 215184 35 89 337 16 138 269 24

306 bp - - i .
- ™ s =
M 62 121 243 89 55 325 187 305 14538 265107 334 168
306 bp

Fig. 4: Agarose gel electrophoresis of the integrat DNA
satellites specific PCR products of 306bp from CMDrassava
leaf samples total nucleic acidPrimers used were Sat Ill F and R.
The numbers in the figure are sample numbers.

Whitefly counts and mode of transmission of CMGs
Nyanza region had the highest number of adult willage per plant (3.2) which was not
significantly (P=0.05) higher than the populatiecarded in Coast region (2.9). The lowest



whitely population was recorded in Western provir{@@ble 5). There was no significant
difference in cuttings and whitefly method of tramssion in Eastern and Western provinces.

Table 5: cMD severity, mode of infection and whitefly count peplant in the four provinces

Province CMD Whitefly Cuttings Whitefly counts
Severity(1- I nfection (%) infection (%)
D)
Western 2.7 33.3 66.6 1.2+0.07
Nyanza 3.2 11.7° 88.8 3.2+0.17
Eastern 3.1° 33.3 66.6 1.9+0.18
Coast 3.4 0 100 2.9+0.27
Mean 3.1 19.6 80.5 2.3

The infection due to cuttings is correlated to kthgh severity symptoms. There is significant
difference in white fly infection across the pros@s. However, there is no significant difference
in cuttings borne infections in Eastern and wesfgovinces. Cutting-borne infection of CMD
accounted for 80.5% compared to the whitefly intecof 19.6%.

Discussion

This survey of viruses infecting cassava in Kenye the most comprehensive to date covering
the entire country including Eastern province ahd Mt. Kenya region which has not been

studied yet. The plants showing symptoms of CMDeneasily identified due to the symptoms

they exhibited. Typical symptoms of CMD observedeveaf chlorosis which ranged from pale

yellow to white and others were paler that the radrleaf colour. Defined mosaic patterns, leaf

malformation and distortion were associated withrergevere symptoms of the disease.

CMD was reported in all the major areas where sassagrown in Kenya. CMD incidence was
observed to be highest in Coast province compavedther provinces. Western and Eastern
provinces had the least CMD incidence. On the olttaerd, Nyanza province had the highest
CMD prevalence followed by Coast province with [Eastprovince registering the lowest
disease prevalence. A mean severity of 3.1 couidenindicates the severity of CMD in the
surveyed areas is high. However, Coast provincettmathighest CMD severity (3.4). Farmers in
this province indeed expressed the fear that thgpgyms are nowadays more severe compared
to the recent years. The high CMD severity may be t cuttings infection since the young
plants sprout already infected with the virus amereéfore developed the disease earlier than in
the whitefly infected plants. The presence of duétction of ACMV and EACMV together
with DNA satellites also contributed to the higlvesdty levels of the disease in Coast. Nyanza
province recorded the second most severe CMD symgptd 3.2 with Western province posting
the least severe symptoms of 2.7. CMD was veryrsdanethe late 1980’s to early 1990’s but the
disease severity was greatly reduced due to thednttion of resistant and tolerant varieties by
KALRO and the Ministry of Agriculture [18]. The s@a€measures were not taken in Coast and
Nyanza districts at that time.

Nyanza province had the highest whitefly counthie tountry followed by Coast province. It is
vividly clear that infection by cuttings is moremmpant than that caused by whiteflies. Though
whiteflies carry the CMD viruses, the method ofmsmission through distribution or use of



infected cuttings is widespread. This phenomena diso been observed in Togo [19]. It is
quite contrasting for Coast, where the average eflizitcount per plant is 2.9 but has 0%
infection due to whiteflies. All the plant sampled Coast showed that the method of CMD
infection is mainly due to the use of infected ingg$ for planting. The same applies to Nyanza
province, where the whitefly infection accounts ft.1% and through infected cuttings

accounting for 88.8%. Eastern province had the dsglwvhitefly method of infection at 33.3%

but still infection by cuttings is more prevalehté.6%.

All begomoviruses code for coat protein (CP) whaidt as the protective coat of the virus
particle and determine vector transmission of tineses by the whitefly vectds. tabacii Thus,

the CP gene is highly conserved among begomoviraisgsating from the same geographical
region and adapted to transmission by local ve@opulations [19]. Smaller fragments
comprising the core coat protein gene (core Cigraal 575-579 base pair (bp) sequence of the
Coat Protein gene [20], or the complete CP sequleacge also been used to establish provisional
species identification owing to the highly conservature of the viral CP sequence.

The PCR detection of viruses from the samples c@tein the nationwide survey showed that
EACMV is more widespread than ACMV in the countBACMV occurs in all the provinces
and was distributed across the country. Nearlyhalldistricts under survey showed the presence
of EACMV. ACMV was recorded only in Kathiani disttiin Eastern province, signaling the
first recorded occurrence of ACMV species in tlagion. In Coast province, an area presumed
to be free of ACMV reported the presence of ACMVsoafor the first time. ACMV was
detected in several farmers’ fields in Kilifi, Msameni and Kwale districts which had been
presumably been thought to be free from this sgexi€€MV. Previous studies show indeed that
EAMCYV is the most common species of CMV in Kenyarenthan ACMV [6]. However, and in
this study, ACMV was only detected in western andima provinces, but none in Eastern and
Coast provinces.

ACMV and EACMYV are synergistically interacting, tBag to severe symptoms as reported by
farmers and as observed in the CMD pandemic in dad®]. The study shows that the method
of infection is predominantly due to the use otuted cuttings, with farmers utilizing almost no
management practices [21]. The same trend was neilddCMD symptom severity, where
again Coast province recorded the highest symptewergy of 3.4. This observation was
amplified by the respondents’ interviewed during survey. The farmers whose fields were
sampled expressed that they have known the sympbbnie disease and still were able to get
some yields. They have also noted that the disegsptoms are now quite severe and that the
yields have greatly reduced. The detection of ACM\Kathiani district and several districts in
Coast province present challenges in the manageofi€W¥ID in these regions. Dual infections
of EACMV and ACMYV in these regions point to a pdasily of more severe forms of CMD due
to synergism and genetic recombination between EXGid ACMV [22].

The DNA satellites associated with CMGs in thisdgtwere common across the country in the
samples collected during the survey. The integr&®&tA satellites were common while the
episomal DNA satellites for on the other hand weeey rare with just four samples testing
positive for the satellites after DNA amplificatiohe interaction of the DNA satellites with
Begomoviruses leads to different symptoms exprassib Cassava mosaic Disease with a



likelihood of increasing the disease severity [Bhhe leaves exhibiting these symptoms were
definitely also having typical symptoms of the @ssmosaic Begomoviruses.

The interaction of the DNA satellites with Begomonges leads to enhanced symptom severity
of Cassava mosaic Begomoviruses as shown in Tab[é].3In this study, the symptom
phenotypes modulation by the DNA satellites on@hGs symptoms was quite evident. DNA
satellites species are often associated with gemises infection [23]. These DNA molecules
can either enhance symptoms severity or even araithe symptoms in some cases [24]. The
leaves of the infected plants assumed a sickleesttags distinguishing them from other CMGs
infected leaves. It was also established that wrasienfected with CMGs and DNA satellites
exhibited more severe symptoms compared to the sameties infected only with CMGs. The
effect of the DNA satellites on the quality andlgi@f cassava is not known. Studies in Sri
Lanka show that each of the cassava-infecting gemises showed a contrasting and
differential interaction with the DNA satellitesptnhonly in the capacity to interact with these
molecules, but also in the modulation of symptorargtypes by the satellites [27].

Conclusions

EACMV is more prevalent than ACMV in Kenya, and tfne viral species causing CMD are
now well mapped in the country. The study has redeaases of dual infection accounting for
21% of all the samples analyzed for the presenc¢keo¥irus. The increased symptom severity is
attributed to the dual infections of the two CM\ksfes and the combined infection of CMD and
the associated DNA satellites as shown in Tablei8.vividly clear that infection by cuttings is
more rampant than that caused by whiteflies. Thowdhteflies carry the CMD viruses, the
mode of transmission through distribution or usenéécted cuttings is widespread. Even in the
provinces where the whitefly infestation is higtkelin Coast province, the dominant mode of
transmission of the virus is by infected cuttingéiere exist DNA satellite molecules which
associate with the viral DNA of Cassava mosaicsiifthe symptoms severity score correlated
well with the molecular detection of the DNA satellmolecules. The DNA integrated satellites
were far more prevalent and are distributed actiesscountry than the episomal satellites, as
determined from this study.

The detections of ACMV in Kathiani district of East province and several districts in Coast
province in this study present challenges in th@agament of CMD in these regions and the
county at large. Dual infections of EACMV and ACMNV these regions point to a possibility of
more severe forms of CMD due to synergism and genetombination between EACMV and
ACMV. As such there is the need to continue evalgavarieties resistant or tolerant to these
viruses and pooling regional efforts in the chasazation of the viruses. The existing varieties
that are resistant or tolerant to CMD can now bglaed in areas where the disease severity,
prevalence and incidence have been determined tugbe This will lead to reduced severity
levels hence increased yields.

Breeders can now target resistance to the two sp@cies of CMV i.e. ACMV and EACMV
since the two species are now characterized. Genwidification techniques or conventional
breeding techniques can now be tailored to comewitip resistant and tolerant varieties to
mitigate this situation. Further characterizatidndges are therefore required to ascertain the



isolates from Coast and Nyanza where exceptioradlii severity symptoms were recorded in
the study.

There is the need to evaluate the Integrated DNéllgas associated with CMGs to determine
their modulation of symptom expression of the CMi&d the possibility of causing more severe
symptoms of the disease. The effect on the yielchefava also needs to be evaluated.

These results call for more detailed analyses edalsub viral components and an investigation
of their possible interaction with the cassava nwslisease complex. There is need to
investigate the above mentioned phenomenon witkiapmterest on interaction of the DNA
satellites with plants having dual infection of the species of CMV ACMV and EACMV.
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