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CassavalNlanihot esculenta, cranfzis an important root crop in the tropics andstrdpics of
Africa and Latin American. It is vegetatively prg@ded crop. Due to the following cycles of
propagation, viruses are accumulated, which cauiteib to the decline of cassava yield and
quality. Stem cuttings of four cassava accessiarsm®is, Rendre, yalipé and M61/033 were
collected in experimental field and have brought laboratory. Infected plants were
thermotherapy treated by incubation of plants &CA@ay and 38/night for 2 weeks. The shoot
sproot leaves from thermotherapy are symptoms dfeCMV, shoots apicals were taken for
meristem tip culture and allowed to grow in vitrd.eaves from thermotherapy were also taken
for PCR test to confirm the success of ACMV elimioaton thermotherapy only compare to
meristem tip culture associated to thermotherapgagiplants material were acclimated and
taken to the experimental field. A total of 637 isEmMs were isolated in vitro, 512 (80,32 %)
were regenerated. A regeneration percentage of 80r%alipe accession, 82 % fdvi61/033
accession, 85,2 % fdRendreaccession and 92,3 % f&ix-moisaccession. A PCR test has
confirmed 95 % of virus free plants from meristetips culture associated to thermotherapy,
otherwise 99 % percent of plants from thermothermpgitment without meristems tips culture
were ACMV virus infected. A total of 712 explantedals virus free were submitted to
subculture and accimated, 363 plants of African @asdMosaic Virus free were obtained and
transfered to experimental field.

Copyright © 2015Yandia Simplice Prosper et.dlhis is an open access article distributed under @reative Commons Attribution License, which permi
unrestricted use, distribution, and reproductioreimy medium, provided the original work is propegited.

INTRODUCTION

Cassava roots are rich in carbohydrates and hase bsed

CassavaNlanihot esculenta Crankds a perennial crop of the
family Euphorbiaceae, grown mainly for its enlargederous
roots. Cassava is the most important cultivatectispen the
tropics and subtropics, with thousands of accessiand
cultivars.
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mainly in the production of flour for humain consption in
developing countries, where calorific deficienciesnd
malnutrition are widespread (Olsen et Schaal, 1988¢ crop
is drought tolerant, can be grown in diverse edagimatic
conditions, in depleted soils, and is able to recofrom
damage caused by pests, diseases and bush fifés 11990;
IFAD, 2008). These advantages and the adaptabibity
indigenous farming systems explain the rapid sprefathe
crop on the African and Asian continents (Byrne84)
Cassava has potential yield of 90 tonnes per tegtar year
(Cock, 1985). However, the average yield in Indenés 10.3
tonnes per hectares (Soenagjoal, 1987), and in Africa it is
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even lower (Anonymous, 1993). This low yield hasere
attributed to the poor fertility of the soils whecassava is
grown, deterioration of roots and severe incidesfogests and
diseases. African Cassava Mosaic Virus, for exampém
cause yield losses of up to 95 % (Legigal, 2011). Mosaic
disease of cassavdénihot esculenta Crantzposes serious
problems to the crop and is prevalent in most ef¢hssava-
growing regions of the world (Leget al, 2011). Cassava is
the main importance crops in Central African Refoybkith
production dried, around 600 000 T/HA. Very farrfranaize
60 000T/HA, following by peanut; Cassava, remaia fiist
crops, and the most revenue in CAR, (Malhouhi aadaka,
2002). The cassava main disease in Central Afrikepublic
(CAR) is Cassava Mosaic Disease what causes yekl The
incidence in the country is around 85 % for symp&ewerity
3, according to cours scales (Zirgjaal 2012).

The Cassava Mosaic, Disease survey, done in 20@hyrs
cassava mosaic incidence in some areas of countly as
Bangui, Boali, Sibut, Damara, Bossembélé and Bauar
from 67 to 97 % and caused lost crops of rootsradotb %
(Zingaet al, 2008). Besides the lack of resistant cultivés,
use of stakes infected with diseases and pestneebdheir
persistence. Propagation through stem cuttingsuzages the
spread of many virus diseases, such as cassavacmoss,
within a region and from one region to the othdisalthy
planting material can be produced via meristemuceltThis
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old vigorously sprouting shoots from stake growrtha heat
chamber. The shoot tips were decapitated and fffiedlcolder
leaves. Explants are brought to the laboratortcifkin) and
left under running tap for about 30 mn, and themdferred
into a sterile honey jar bottle and wash with &edistilled
water (SDW). The bottle was shaked with the exgldior
about five minutes, this step is repeated two timethree if
necessary, surfaced sterilized by immersing in 7@tB@anol
for 10 seconds followed by 2% sodium hypochloriduson
containing, 0,05 % tween-20 for 5 minutes and ngsfor
three times, 2 minutes each, with a sterile déstillvater.,

Meristem Tip culture

Following thermotherapy, axillary shoot tips witHamg of 2-
3 cm and nodal of long of 3-6 cm were cut. A pdrthe apex
of approximately 0,25 to 0,4 mm long with two Igafmordial
were excised and nodal around 2 cm for culture we t
containing 15 ml of MS salt medium (Murashige anw®&),
1962) supplemented with NAA 0,02 mg/l, BAP 0,05 S
4,4 g/l, Sugar 30 g/l, Myo-inositol 100 mg/l, CuSO4ml,
Thyamin 1mg/l, pyridoxine 1,5 mg/l, nicotinic acid5 mg/l,
Glycin 2mgl/l.

In vitro plant multiplication

After 2 months of subculture, plant regeneratedhfroeristem

technique was used to free cassava from Cassavaidlostip culture were transferred on proliferation mediuFor 8

Virus (Kartha and Gamborg, 1975). Healthy plants ¢t
produced in large numbers by multiple shoot cul{@withet
al., 1986). However, this technique requires sevéssue
culture steps which make the procedure labour &nen A
method for propagating plants from apical meristess not
been available. In this work, an attempt was madehtain

weeks.
ACM detection by polymerase chain reaction (PCR)

Plants from thermotherapy and thermotherapy foltbviy
meristem tip culture, were tested by PCR using erfm

Cassava free plant material through thermotherapgy a ACMV-F1, sequence 5 TTC AGT TAT CAG GGC TCG

meristem-tip culture of infected cassava shoots t@stl by
PCR to confirm CMD elimination.

MATERIALS AND METHODS

Plant material

Stems of four cassava cultivarSix-mois M61/06], Yalipe

TAA, position in DNA 271-28 and ACMV-F2, sequences
(5'au 3') GTG AGA AAG ACA TTC TTG GC position in
DNA 2558 -2577° that could detect ACMV. Total DNA
extraction from the samples was done as reported by
Dellaportaet al (1983).

The reaction mixture per tube contained 2, 5 phedd¢hermo
buffer (10 X concentration), Mg&(2.5 mM) and Tween-20

and Rendre were collected from the experimental field (55 mg mt'); 2.0 pl of dNTPs (2.5 mM), 1.0 pl each of

(Kapou) 45 Km of Bangui.
Thermotherapy

Stems were cut in 20 cm fragments; each cuttingadtoed
around 5 to 8 nods. Stems are disinfected in 70c#hal for
20 mn duration and washed in tap water three ticnes
planted in polybacks filled with soils.

Plants were subjected to the thermotherapy tredtrasn
follows:

Plants were placed in a thermotherapy chamber utiter
conditions of 16 hours day photoperiod at 31°C 8nltours
dark period at 27°C. Temperature were raised 2tai% till
final setting of 42°C day and 38°C night was olgdinPlants
were maintained under these conditions for addifiof
weeks. Shoot tip explants were collected from alwatweek

forward and reverse primers (5.0pM); 0,4 ul (2 s)ndf Tap
DNA polymerase (Promega product); 9,5 ul sterilidetilled
water and 5pl(1-2ng [} of DNA sample. These add up to
26.4 pl/reation tube. The reaction cycles in thekiReElmer
Gene Amp PCR system, model 9600, were as reporged b
Zhou et al (1997). The PCR products were separated by
electrophoresis in a 1% agarose gel at 100 voitalfout 1.5

H. The gel was attained in ethidium bromide (10mlg) for
about 60 min and the DNA bands were observed uheedV
light. The photograph was taken by gel documentatiod
analysis system computer software.

Micropropagation and acclimatization of ACMV free
vitro-plants

Vitro-plants ACMV free tested by PCR were micrprgpted
in MS: 4,4 mg/l, Morel vitamin: 2ml, and solidifidaly 3,5 g/
of phytagel. In-vitros Plants from 8 weeks old wiensferred
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in soil, with 50 % humidity; relative, were adjudtirom 96 %
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conserved regions present in all viral strains ioleth from

to 99 % for the first week and 85 % for second weelcassava CMD. 95 % of detected samples from mersstgm

acclimatization.

RESULTS

Thermotherapy treatment

A total of 200 cassava stems were treated by thiemapy.
Nearly all (100 %) of the heatherapy treated plantwived.
The gradual regime used for raining the temperaaliceved
plants to survive. Shoots plants after thermotheregised
with virus free symptoms (Fig.1).

Meristems Culture

A total of 637 meristems have been isolated olg1df (80.32

%) vitro-plants were regenerated (Table 1). Pousgss

regenerations were 80 % for accessigalipe 82 % for

accessiorM61/033 82,5 % for accessioRendreand 92.5 %
for accession Six-mois Around 113 vitro-plants were
regenerated without root and were brought in roediom

subculture (IBA, 0, 05 mg/l) (Fig. 2)

culture and thermotherapy were found to be ACM\&fré

band n° 2 and 3 are positives controls. All irrevitassava
accessions from thermotherapy treatment withoutigtesn

culture were found ACMV-positive. (Fig. 3)

Micro propagation and acclimatization of vitro-plants free
of Cassava Mosaic Virus

A number of 869 nodals cutting from in vitro-plartested
virus free were culture, 215 for accession M61/0333 for
Yalipe accession, 181 for Rendre accession et BB5Six-
mois accession. A total of 794 in vitro plants were
regenerated, 186 in vitro-plants for M61/033, 221vitro-
plants for Yalipe accession, 168 for Rendre acoesasnd 219
vitro-plants for Six-mois accession, a regenerapiercentage
of 91, 36 % of vitro-plants free of virus has bedrained on
15 ml of tube medium, each containing 4.4 mg/l o6 M
(Murashige and Skoog), 30 g/l of Sugar and 2ml/Lrafrel
vitamine, 0.05 mg/l IBA. We noticed thd#61/033 were
resistants accession and were noted tested by H@Re?2).

Table 1. Meristems culture, plants regeneration angourcentage of vitro-plants regenerated

Accessions  Nomber of meristems culture  Nombenefistems regenerated Percentage of vitro-ptegenerated
M61/033 187 153 82 %

Yalipé 145 113 78,62 %

Rendre 122 103 85,2 %

Six--mois 183 168 92,35 %

i el

Fig 3: PCR test for detecting cassava virus on mestem-tip and nodal culture
A. PCR test on in-vitro plantlets from thermotherapy and nodal culture, N° 1, 2, 3:Six-mois accessions,
N° 4, 5, 6:Yalipe accession; 7, 8 Rendre accession.
B. PCR test on in vitro plantlets from meristems tipsand thermotherapy culture; N°1: Six-mois accession;
N° 2, 3: Positives controls, N° 4, 5, 6: Yalipe aession, N° 7, 8: Rendre accession

Table 2. Micropropagation of cassava in-vitro-plantsfree from Cassava Mosaic Disease

Accessions  Nomber of nodals culture  Nomber afitiro plants regenerated Cost of regeneration (%)
M61/033 215 184 86,51
Yalipé 238 214 92,85
Rendre 181 166 92,82
Six-mois 235 218 93,2
Indexing of plants for CMD Plantlet establishment
Rooted-plantlets eight (8) weeks old subjectedPR Young cassava plantlets, produced from microcustireg

analysis using specifically designed primers based the

virus-free cultures, were established and acclzedti
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successfully and grew satisfactorily in a screenusko
(Fig.2C). Shoots from these plantlets tested “riegafor the

presence of ACMV 6 month after the initial virusstiags,

confirming the earlier tests for virus (data nobwh) were
allowed to experimental field (Fig. 2E).
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subsequent elimination of the virus from meristeips t
(Cooper, and Walkey, 1978; Kassassin, 1975), (8zitya,et
al., 2003; Qu.et al, 2005) found that, the efficiency of virus
induced RNA silencing found to be significantly ankbed at
the high temperature, Indeed, since, the firstistuthat aimed

Fig. 2. Procedure of plant free of ACMV productionthrough meristem-tip culture
A. Meristem-tip explant on medium
B. Regeneration of meristem tip on the medium
C. In-vitro-plant regenerated from meristem explant
D. In-vitro explants regenerate from meristem (one moth)
E. In-vitro-plants Acclimatization from meristems culture
F. In-vitro plants Acclimatization

DISCUSSION

Out of 763 meristems isolated from cassava CMDcieifd
materials, 512 CMD virus-free vitro-plants
established. After PCR test, 95 % of in vitro plaave shown
virus free CMD disease from cutting materials fromaristem
culture associated to thermotherapy otherwise 96f @ants
from thermotherapy alone have shown CMD. This stsluyw
that CMD can be very efficiently eliminated fromssava
infected plants using thermotherapy in a combimatiith

meristem tip culture (Cooper and walky, 1978; Mjnk998).
While elimination of viruses by meristem culture size
dependent, it was recommended that the smalletighfat is
taken, the better chance for virus exclusion (datasshown), it
comes with the findings of (Michael, 1996), becaiusdhe
meristematic zone the rate of plant growth is iasheg
compring with the rate of virus multiplication.

Meristem culture technique has regenerates ovepgetera
(Quak, 1987). In contrast (Lankes, 1995; karesmteal,
2002; Theilter-Hedtrich, and Baumann, 1989) repmbrtieat
meristem tip culture alone obtained a few virugfigants.
However thermotherapy followed by meristem cultesulted
in CMD free plants. These findings raised the goasvf the
mechanism by which thermotherapy enhanced eradicati
CMD. Early studies indicated that thermotherapybith viral
replication while virus degradation continues, whiesults in

to produce virus-free plants from infected indivatk) it has
been known that the efficiency of virus eradicatiora given
host species differs depending on the virus and Hbst

becomegenotype. With some plants, thermotherapy followey

meristem tip culture did not result in any virugdrplantlet.
Recently, a novel approach based on cryotherapyaues to
solve this problem, (Wang, Q.C. and J.P.T. Valkon2808).

The In-vitro-plants derived from meristem-tip cultugave
more in vitro necrosis and callus formation thawiino plants
from nodal subculture. Some meristem-tip explamtsnéd
undesired callus and were discarded in order toidavo
somaclonal variation. The reason of callus formmaticay be
due to the fact that, meristem-tip is tissus arghoogenesis
processus may fail and the tissue turned brownfaited to
grown. Others meristems explants culture formedross.
The most likely cause of the necrosis is phenclidation, as
it is seems that cassava is prone to phenolic gnabllike
other woody species (Skirviet al 1986; Shu and Timon
1993).

Contaminated explants percentage of meristem eutmmged
from 4,2 to 13,32 % where as contaminated explants
percentage from nodal culture ranged from 18,833 %,
this results is due to the fact that the size adah explants
used of in-vitro culture is bigger(2 to 20 mm) thaeristem-

tip size culture (0,4 a 0,8) and could be assodiatéth
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infection such as funger or bacterial. However tégrowth
ability of the meristem tip decreased accordingrteristem
size used as explants, the smaller the size ofsteeni poor
ability to regenerate. These results are in agraemséth
Faccioli, G. and F. Marani, 1998; Fuglie, K@t al., 1999.
They reported that meristem tips of 0,2 and 0,3 with two
leaf primordial are commonly used for virus elintina in
various plant species, and the survival and graavehgreatly
improved if the tissue taken includes slightly exypled leaf
primordial. Meristem tips and nodal culture that reve
established successfully in vitro on basal medinodpced
explanded shoots (fig.2D) and multiplied (3- 6 peplants) in
the proliferation medium.

Those cultures that proved virus-free by PCR weseduin
subcultures for microcuting production. Microcugn
harvested from virus-free cultures, rooted readiy the
rooting medium, at a rate of nearly 80 % with onenth. A
total of 3 63 plants free of ACV from meristem tgnd
thermotherapy culture were acclimated in the giemimse and
have taken to experimental field (data not showim).
conclusion, the acquisition of virus-free plant eratl in
cassava from meristem-tip explants derived frormspdants
grown plants showed satisfactory results regardirglants
survival and therefore, it is recommended. On ttieerohand,
the application of thermotherapy, followed by miens-tip
culture (allowing a larger meristem to be excisedve
encouraging results indicating that the acquisitafnplant
propagation material free from ACMYV is possible eve the
case of virus-infected cassava plant with high sypmp
severity. The research should also be extendedreatec
resistance varieties by resistance gene engineesomatic
hybridation.
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