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Abstract:

Stomatal inflorescence and fruit type variations are useful taxonomic tools in banana and
plantains.

Electrophoretic characterization of crude protein and enzyme extractions (peroxidase,
tetrazolium oxidase, and malate dehydragenase) are useful in indexing. Itwas established that
all the three Mycosphaerella species, M. fijiensis var. difformis, M. filiensis, and M. musicola are
present in Nigeria. Pure cultures of each species were produced. It was also demonstrated
that the crude filtrates from the mycelium produce necrotic lesions on susceptible plant leaves
both in the greenhouse and on ieaf discs. The toxins are not enzymes since they were still
active after being heated at 120°C for 20 minutes.

Callus tissues were established from resistant and susceptible plantain and banana cultigens.
Resistant lines were obtained from susceptible cultigens through the use of increasing
concentration of toxin on callus tissue by recurrent (cyclical) selection.




OBJECTIVES/METHODOLOGY )
(proposed at the time of the submission of the research proposal)
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Objectives

Quantitatives and biochemical characterization of plantain clones in Nigeria.

ldentification and description of Mycorphaerella species present in Nigeria.

Extraction and chemical characterization of toxins produced by the mycosphaerella species.
Development of tissue culture technique for banana improvement.

Assemblage of information that will be useful in converting susceptible plantain/banana to
resistant clones.

Methodology

Limited Coflection of plantain/banana culivars.

Classificaticn of cultivars using morphological trats such as variation in forms (a) inflorescence
types (b) fruit types (c) stomatal variation . _ .

Use of electrophoretic mobility of crude proteins and isozymes to separate clones.

Through spore pick technique, pure cultures of Mycosphaerella spp. were obtained and on
different growth media (Potato dextrose Agar, PDA), Mycophil agar, v-8 juice agar, malt extract
agar.

The colony colour, diameter, rate of colony growth, pigment, length of conidia, septation of
conidia, size and shape of spores were used to separate the collection into the three different
species.

Protoplast culture from callus tissue was to be produced.

Production of toxin from mycelum

Using different plantain and banana cultigens serological studies and toxin characterization, the
variability in the pathogen was to be established.

The potengal of the use of the toxin in eatly sBeening and mass screening in cukures will be
evaluated. - .. :

The differential reactions of tissues to toxins of known concentrations by susceptible, tolerant,
resistant and immune cufiigens will provide inforrnation on the utility of the toxins for selection
on explants and on calluses.

it was left open to use plant transformation or cell selection to develop resistant clones.
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RESULTS
(compare against the set objectives)

S plantains and ba-ana ranged from a mean for the adaxial, 35 0 for the aba

surfaces respectively per micrscipe field at 2400 mag iggigg width, pore sze and area
range fom 148' - 263 um 97 - ‘uni?Nubn!&E gggggggggg . AR the parameters showed
significant differences among culligens 3 i?!ﬂﬂlﬂ.i&ﬁ bety b } densities in the

daxial, abaxial surtace and zzngigaig! for each tra measured.
ﬁiﬁiﬁi:ﬂgg n combination witt: other morphological trads could be used in gloidy. group and
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identification and iption of Mycosp in Nigeria. We have established that the three My
fipensis, Ei.g.tgsglfg.fgllggig!sa

However on v.8 jice agar M. fensis var. difformis developed an earfier and pink colouration than M. fjensis.

M. mussicala grew faster than the other two species on PDA and V-8 juice agar.

Extraction and chemical characterization of foxins produced by the Mycosphaerella species. Type of media, PH aflected the yield of toxin.

R was observed thal the foxin was stil phyloloxic when the extract was heated A 100°C for 30 minules. The loxin is therefore not an

enzyme and the aclive substance is heat stable. .

Development of tissue cullure technique fr banana improvement

® Establishment of plantainbanana tissue cullures.
Shoot apices isolated from the culligens were obtaned afler sterilizing in sodium hypochiorile (2.0%) for 30 minutes. Short
tips with two to four leaf primordia and basal rhizome part (2 - 3cm) was further stesiized in 2 solution of sodium hypochiorite
(10.7%) and ascrdic acid (40 mgf). Afer finsing in sterile distilled waler, they ware aseplically Wansferved to the growth
medawn. These eventually produced profiferating ticsues. To oblain an optimal proliferaling rale, clusters of the white
meristems that become visbie afler removing the isaves wore regularly iransferred to fresh modiied MS mediom.

(O] Regeneration of plantain and banane
The shoot merisier~ tips isolated from the proliferaling cullures, corms, suckers 3nd peepers of al the cullivars gave 100%
swrvival n both iquid and solid media.
The problem of blackening which d with the culivars was overcome by adding ascorbic acid and Lcysiein HCL and
also by frequent transfer into resh medium.
Low BAP concentration resulled in single shool yields. Eher IBA or NAA promoled root indialion. Negative geotropi: root
growth nas aresied by p.ting rooted plantiets af the lower saction of the incubalor and by cowe ing tha lower section of the
tube with aluminum fold
Phnflets which had rigorous shools and rootls were transferred o slerile sod.

Assemblage of nformation that will be usefl in converting suscepiible plantainbonana 15 resistant clones.

® Callus production and cullure
Callus cullures were indtialed From shoot lips (5.0 mm) from proliferating cultures and placed on either modiied M & S, or
Gramborg medusm. :
Calus tissues were best produced in Garkness for afl the genotypes studied. Coflus indiafion and qually was influenced by
the concentration of Decamba in the cullire meda. When 24 -D and BAP was applied, Callus was prodiuced by af the
cullivacs.
There ware genctypic differsnces in response 0 auxin and cytokinin traalment for both callus proliferation and plantiet
regeneration kom cafus.
Determination of Sensilivity of the Cullures 1o fuxin.
Callus cullures were grown on medis conlaining a wide range of loxin cor.contration(10 - 100 ugf). Cyclicalrecurrent sclection
lechnique was used fo select resistant calius lissuet/cells. Swrviving calluses a0 which wers pro-embryonic wers iransferred

lo modiked M & S medium and regeneraled io planitus.




Work plan and time schedule
{origlnally envisaged)
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Me‘thodology
Plantain collections will be concluded.

Cytological and morphological characteristics of Nigerian piantains and bananas will be
compared with those of other countries. Since many of the cultigens from these countries are
in IITA collection in Onne, it will be possible to have fresh specimens in addition to descriptions
in the literature. This work is already in progress.

Cultures of Mycosphaerella spp. will be collected from several zones cf the plantain growing
areas of Nigeria and grown on different culture media such as (1) water agar, (2) Fries medium,
(3) Soyabean broth and coconut milk (4) mycosel, and (5) mycophyl agar, in other to select
which culture will give the greater yield for the different isolates.

Using different plantain and banana cultigens serological studies and toxin characterization, the
variability in the pathogen will be established.

The potential of the use of the toxin in early screening and mass screening in cultures will be
evaluated.

Isolation and characterization of the toxin.

Chromatography: Descending paper chromatography will be carried out on oxalic acid Whatman
No. 3mm chromatography paper suing (A) 1-propanol-ethyl acetate-water (B) ethyl acetate-
acetic acid-formic acid-water (C) ethyl acetate-butanot-water as developing solvents (Kar et al.
1974).

Preparative and Quantitative Thin fayer chromatography will be camied out using the method by
Kar et al. 1974. Gas quid partition: chromatography of the timethyl sitycl derivative of the toxin
will also be dene. B

The quantitative measurement of the toxin will be done by absorbance spectra method (Kar et =
al. 1975). The amount of toxin present in the filtrate will be expressed relative to a standard
concentration curve prepared.

The differential reactions of tissues to toxins of known concentrations by susceptible, tolerant,
resistant, and immune cultigens will provide information on the utility of this technique on
explants and hopefully on calluses.

Cultures of Agrobacterium _tumefaciens whose plasmids will be used as genetic camiers will be
maintained in the laboratory. '

Basic study on callus productior. in plantain and bananas will be initiated.

Plant transformation.

The bacterium, Agrcbacterium tumefaciens will be used as a vector to transfer genetic material
from resistant cuitigens to the preferred clones. DNA extracted and purified will be mildly
shared and treated with appropriate restriction enzymes. This will be allowed to anneal with
similarly treated plasmids of A tumefaciens which wili then be transferred back to the bacterium.
The carmier bacterial will be allowed to muliply and used to infect the proliferating cultures
resistant (transfonmed) plant celis will be selected using toxins. it is possible that a part of this
aspect may te camied out in other laboratories more suited to genstic engineering. Such an
arrangement has already been initiated.




Work plan and time schedule

Pro;eci landmarks, duration of mdnvndual lasks (use bar charls); evnluahon cnienl {publicstions,
putents, services training)

1. Ptant collection - Plant collection had akeady been camied out bekre this projec! started. R was funded by Federal Agricultural
Coordinating Unit. This was from 1989 -1991. This was carried out by Falunla and George Ude.

2 Cullures of the three species of leaf spots causing Sigatok« had already been establshed by 1990 -Blessed Okole.

3. The plan to use makate dehydrogenase, peroxidase, aicohol dehydrog phosphogh sase, and lrosephosphale iscmerase.
- by Akam.

4 Work plan on Tissue culture/screening for resistant tissues using toxin produced produced by the three nycesph L2
Thepmocolmspmﬂynnppedmbmeqnlhvestww&sedOkob a PH.D candidate. Thenndtphnmtamlo
G y for ion and by fr t the program was d

® Pure cult were devek ‘mhawewwswepﬁwmtm;mesm.

Y a

(0] cmw;mwm«:;dmw«mm The gronth media used were Potato
dextroser Agar (PDA), Mycophl, V-8 juice, Malt extract, synth apeks yeast, kind B, SNA, MID
coconut mik. The colony colour, colony diameter, meolmbnygroﬁhwdmhty length of conidia, septation
of conidia size and shape of spores.

(™) Toxin production and purification.
Eacholmetfueeh\galspmnnsgmmnmireEw fasks containing  800mi modifed MID Bquid
The was inocutaled with two mycekal discs andshaken at 140 rpm for 28 - 30 days at 26°C with

12hrs of kgt in an incubalor shaker. Equal volume of methanol was added to the fungal cullure. The cullures were
left for 24 hours at 4°C. The cultures were fltered through eighi layers of cheese cloth and later through 2 0.2 Um flter
paper under suction. By conceniration in a rolary evaporatos at 33°C followed by exhaustive exiraction with an equal
volume of ethyl acetate/chioroform, the toxins were obtained.

5. Tissue culture propagation of B and Plantaiis
Plant materials were fom our collection at lle-ife and from the Infemnational Network for the improvement of Bananas and Plantains
(INIBAP) transit centre at Katholieke Universiat Levven, Belgum.

Shoot apices were prepared from the isolated corms of the cultigens after sterilizing in sodium hypochiorite (2.0%) for thirty minutes.
The basai medium was Murashige and Skoog modified with basal salls and suppiemented with sucrose Gelrile and a2 Vilamin
mixture.
Reduci (anti-oxidants) were used {o pr t blach g of the fis:
Aﬂﬂhnmdsnmmmmﬁphnmmembrdhmmmm“wnmd
kalf-strength MS sals without growth reguiators.
Vigorous shoots 8 - 10 1all with rools were transferred to sterie sod for hardening.

6. Callus culture
Callus culixres were produced from short fips approximately 5.0mm of each of the cultivars excised from the proliferating cultures
and placed on moditied MS medium and on Gamborg B-5 medium (1968). Auxins used inchuded Dicamba (3.6 Dichloro-2-
methoxybensoic acid), 2-4D and NAA. BAP and Zeatin cy.okinin were alsc used.

7. Selection of Musa resistant cefl nes.
The partially purified (TLC) and HPLC toxins were diuted with moRen {48°C) Gamborg B-5 mediom containing Gekite (1.5 g).
The toxins were dikte %, %, /. ", (/) with Gramborg B-5 medium containing Dicamba (30 Um)and BAP 20 UM).
Cychical selection (recurreni selection) was used by exposing call fnes {o increasing concentration leveis of inxins, al each level -
surviving celis we-. allowed o - prod phlantlets and om these plantiets callus was generated 20d then exposed to 2
higher level of foxin.

8. Use of Biochemical markers in identification of Plantain_culigens
nsaspectoﬂhesludyudndodlondexm mmmmmwbmmmwmﬂ

morpt clers of the mature plant particutarly the fruit and inflorescence.

Leaf samples were oblained from the Teaching and Research farm, OAU, He-ife, Nigens. Crude protein and enzymes were
extracted using appropriate extraction buffers, and homogenates centrifuged at 12,100 rpin at 4°C for 15 minutes. Polyacrylamide
disc gel electrophoresis was used to defermine the elecirophoretic patierns in 12 plantain clones which were analysed in leafl
prolein, isozymes of peroxidese, tetrazobum oxidase and makite dehydrogenase.

-

9. Use of Morphological markers in identification of plantain culligens.
This aspect of the study is directed towards the - ssemblage of plart characters that could be usefd in describing plantain cultigens
n a gerplasm bank.

0] e ] dies n B. and Flantain culigens.
Gum impressions were taken from the adaxial and abaxial leaf surfaces of seven culligons, Three of these culligens
were plantain seedings developed through meristem (ssue cullure while the remaining are matwe culligens.
Photomicrograph of representative culligens were also taken at X40~ .ag. Samples were 1aken fom the middie portion
of the second leaf and the impressions were taken at the bace middle and tip of each sar.ple.

" Variation mn Fruit types of plantan
Dala was colected on matured plantaim bunches on the lengtt of finger, dameter of fnger, shape of frull, total number
of fingers per hand. hands per bunch, deqree of curvatire, number of fingers in the first bosal amm and number of fingers
on second basal arm
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1) Federal Agricultural Coordinating Unit, ibadan

(2) Blessed Okole (under Prof. F.a. Schluz
Technische University,
FG Phytomedizin, Lentzeallee
Berlin, Germany.

Akam C.A. (1993) Use of Biochemical Markers in identification of Plantain Cultigens -
Unpublished M.Sc thesis

Okole, B.N. (1993) Selection of Banana and Plantain (Musa spp) Tissues resistant to
toxins produced by Mycosphaerella species using in vitro culture techniques. A report
submitted to the Project Coordinator after two years study on the proposal in Germany.
Nosiru, A.R. (1992) Stomatal Studies in Banana (Musa AAA group) and Plantains (Musa
AB, AAB, ABB groups) Cultigens. B.Sc thesis

Adedokun, A.A. (1994) Inflorescence as a Basis for Plantain Classification. B.Sc. thesis.
Balogun, K.M. (1924) Variation in Fruit types of Plantain (Musa spp). B.Sc thesis.
Afolabi, M.O. (1994) Inflorescence and fruit types of Bananas (Musa spp) in Nigeria. B.Sc
thesis.




Part 4

[ - STATEMENT OF EXPENDITURES |
To be filled by ICGEB To be filled by the Affilliated Centre
Budgels as per original proposal Summary of expenditures *

1) Capital Equipment us$ | 1) Capital Equipment Us$ o
92) consumables US$ o 2) consumables uss
3) training US$ or|  3) training us$ o

4) literature US$ | 4 literature Us$
5) miscellaneous us$ 5) miscellaneous Us$
TOTAL GRANT uss. TOTAL 0 J—

Please itemize the following budget categories (if applicable)
Capital equipment

Deep Freezer (1) 1750
PC Computer (1) 3000
Repairs and spares £000
Refrigerator (1) 1500
Dehumidifier (2) 4000
Cooled incubator (1) 4000
18250

Training (provide names, duration of training, host laborarory)

See attached Page 8

Literature

A lot of literature was photocopied and mailed to Nigeria from Germany. Similarly a lot of
literature was obtained locally and ace still being obtained.

* Please do nof send invoices, receipls efc.; these should be kep! by the Affillialed Centre for fulere reference and sent
to ICGEB upon request
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."  Training (provide names, duration of train:ng, host labor-tory)

1.

Blessed Okole - Department of Plant Science,
OAU, lle-Ife of Nigeria
and
Technische University
FG Phytomedizin, Lentzeallee
Berlin, Germany

Worked on Tissue culture and Breeding for resistance - for three years (Doctoral Student)
Duration of Training 2 years

George Ude - Department of Plant Science
OAU, lle-ife, Nigeria
and
liTA, Ibadan

Worked on Plant Collection and variation in morphological traits Duration of Training - for
2 years (Doctoral student)

Cletus Akam - Departinent of Plant Science
OAU, fle-Ife, Nigena

Obtained his masters in Plant Science working fully on this project - 2 years
1. NDSIRU, A, 2. Afolabi, M.O. 3. Balogun K.M. 4. Adedokun, A.A

Depariment of Plant Science
OAU, lle-Ife






