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Part 1 
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Title o Project 

TiiE BI·-LOGY OF BANANAS, PLAI'!TAINS. AND OF SI'}ATOKA IH n-IE 'qrIB2:DING 
FOR ~SISTA.NCE TO TE::: SIGATOKA L~F SPOTS 

Keywords: Sigatoka, Bananas, Tissue Culture, Chemotaxona.y, Electrophoresis, Isozymes 
rto-t · Cell t:e ec · 

1.ftlLJ.1..11 .. te Centre mall address: 
iiATI()NAL CSNTRE FOR GENE:lC RESOURCES AND BIO'fiO'~NOLCX.W 
P.M.B. 5382 
MOOR pr ~.NTATION, IB!-,DAN 

Telephone no. 022 - 312622 Telex no. 
Fax no. Email address 
Abstract: 

Stomata! inflorescence and fruit type ·1ariations are useful taxonomic tools in banana and 
plantains. 

Electrophoretic characterization of crude protein and en~e extractions (peroxidase, 
tetrazolium oxidase, and malate dehydragenase) are useful i~ indexing. It was established that 
all the three Mycosphaerella species, M.fijiensis var. difformis, M. fijiensis. 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 leaf discs. The toxins are not enzymes since th~y 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 . 
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Part 2 

OBJECTIVES/METHODOLOGY 
(proposed at the time of the submission Of the research prol>Osal) 

(a) Objectives 

1. Quantitatives and biochemical charaderization of plantain clones in Nigeria. 
2. Identification and desaiption of Mycorphaerela species present in Nigeria. 
3. Extraction and chemical characterization of toxins produced by the mycosphaerella species. 
4. Development of tissue culture technique for banana improvement. · · 
5. Assemblage of information that wil be useful in converting susceptible plantain/banana to 

resistant clones. 

(b) Methodology 

1. Limited Collection of plantain/banana culivars. 
2. Classificaticin of cuftivars using morphological traits such as variation in forms (a) inflorescence 

types (b) fruit types (c) stomatal variation -
3. Use of electrophoretic mobMy of aude proteins and isozymes to separate clones. 
4. Through spore pick technique. pure culures of Mycosphaerela spp. were obtained and on 

different growth media (Potato dexlrose Agar. PDA), Mycophi agar. v-8 juice agar, malt extract 
agar. 

5. 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 int'J the three different 
species. 

6. Protoplast culture from calus tissue was to be produced. 
7. Production of toxin from mycelium 
8. Using different plantain and banana culigens serologieal studies and toxin charaderrzation, the 

variability In the pathogen was to be estlblished. ' 
9. The poten~I of th~ use of the toxin in earty s&eeniiia and mass saeening in cultures wm be 

evaluated. - . 
1 O. The differential reactions fJf tissues to toxins of known concentrations by susceptible, tolerant, 

resistant and imm1.1ne curJgens will provide information on the utiflly of the toxins for selection 
on explants and on caAuses. 

11. It was left open to use plant transformation or cell selection to develop resistant clones. 
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Part 3 

(a) 

(b) 

(c) 

(d) 

(e) 

(f) 

(g) 

(h) 

(i) 

. 
Methodology 

Work plan and time schedule 
.(orlglilally eaYlsaged) 

Plantain collections will be concluded. 

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

Cultures of Mycosphaerella spp. wi8 be colected from several zones of the plantain growing 
areas of f~igeria 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 culligens 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 saeening in cultures will be 
evaluated. 

Isolation and characterization of the toxin. 
Chromatograohy: Descending paper chromatography win be carried out on oxalic acid Whatman 
No. 3mm chromatography paf.:er suing (A) 1-propanol-ethyl acetate-water (8) ethyl acetate­
acetic acid-formic acid-water (C) ethyl acetate-butanot-water as developing solvents (Kar et al. 
1974). 
Preparative and Quantitative Thin layer chromatography win be carried out using the method by 
Kar et al. 1974. Gas liquid partition chro111atography of the trimethyl silycl derivative of the toxin 
will also be done. -
The quantitative measurement of the toxin wil be done by absort>ance spectra method (Kar et ' 
al. 1975). The amount of toxin present in the filtrate wiU 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 wil provide information on the utility of this technique on 
explants and hopefuDy on calluses. 

Cultures of Agrobacterium tumefaciens whose plasmids will be used as genetic carriers will be 
maintained in ttie laboratory. 

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

Plant transfonnatioo. 
The bacterit;m, Agn;bacterium tumefaciens wftl be used as a vector to transfer genetic material 
trom resista!lt cultigens to the preferred clones. DNA extracted and purified will be mildly 
shared and treated wlh appropriate restriction enzymes. This wiU be allowed to anneal with 
similarly treated plasmids of A tumefaciens which win then be transferred back to the bacterium. 
The carrier bacterial wil be allowed to multiply and used to infect the proliferating cultures 
·resistant (transfonned) plant cells wil be selected using toxins. It is poss:bl~ that a part of this 
aspect may ta carried out in other laboratories more suited to genet1c engineering. Such an 
arrangement has already been initiated. 
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• Work plan and lime schedule 

Project landmarks, duration of individual tasks (use bar charts); eV11luation criteria (publications, 
patents. services tntining) 

1. Planl colledion - Plan! colection had xeady been canio>d ou1 before lhis praiec! started. II - funded by Federal Agriculural 
Coordinating Unil. This - from 1989 -1991. This - carried oul by Falunla and Ge«ge Ude. 

2. Culures of Ille 1111..., species ol leal $pol$ causing Sigalok .. had Meady been eslablished by 1990 -Blessed Oliole. 

3. The plan to use malaroe clehydlogenase. peroxicbse. alcohol dehydrogenase. phosphogfucamul. and lr.osephosphale isc!merase. 
·by Altam. 

4. Wot!< plan on nssuoe culurelscreening for resistant tissues using toxin produced produced by h lhree ~ species. 
The prolocol WGS jointly mapped out by Principal Investigator and Blessed Oliole. a PHD c:anddale. The Nldtplan ._ !:ken to 
Germany for execulion and by frequenl inlerxtion. Ille program ._ developed. 
(i) Pure culures _,e developed using lhe ascospote discharge and spore pick ledlnique (Natural. 1990; Faure 1990). 

(i) Culural and morphological charad~ .;s of Ille three Mycosphaefela species. The gnMlh media used were Pobto 
delllroser Agal (POA). M,.:ophi. V-3 juice. Mal eitract. synlhetic medium gb:ose. czapets past. kind B. SNA. MIO 
coconut milt. The colony colour. colony diameter. rate of colony growlh pigmenl ofcably. lenglh ofconidia. seplalion 
of conidia size and shape of spores. 

(it) Toxin production and purilication. 

Each of Ille three fungal species - growt in two litre Erlenmeyer lasks c:onlaining 800ml modiied MIO filtftd 
medium. The medium was inocullled wilh two rnycelial discs andshaken al 140 rpm for 28 - 30 days al 26-C wilh 
12hrs of lighl in an incubalor shaker. Equal volume of methanol - added to Ille bwgal culure. The culun!s _,. 
lel b 24 hours al 4"C. The culun!s _,. lilered lhrough eighl layers of~ dalh and lats :hraugh a 02 Um lier 
paper under suction. By concentration in a rotary evaporalo." al Ja"C foloMd by exhauiiiw extradiDn Mii an equal 
vobne of ethyl acelalelchloroform, Ille toxins were oblaft!d. 

5. Tissue culure propagation of Banana and PlanlairiS 

Plant materials were from ow colection al lle-lfe and from lhe International Nelworfl for h fmprwmit of Bananas and Planlains 
(INIBAP) transi centre at Kathoieke Universiat Lewen. Belgium. 
Shoal apices ..-e prepared from Ille isolated corms of Ille cutigens aler sterilmg in sodUn hypoc:Nrrie (2.K) for lflirty nnates. 
The basal medium ._ Murashige and Skoog modified wilh basal sals and supplemenled wilh sucrose G.lrile and a Vitamin 

mixture. 
Reducing ;l!jenls (anti-oxidants) were used to prevent blackening of the tissues. 

After four -Us in Ille regeneration medium. ruoted plantlels were transferred to the lmdeMlg madium which - composed of 
f>.alr-strength MS sals Nlhoul growlh regulators. 
Vigorous shoots 8 - 10 lal Mil roocs were transferred lo sterie soil b hardening. 

6. Caius culure 

7. 

Caius cultures _,e produced from shol1 lips approximalety 5.0mm of each of the c:ulinrs excised tum the pnlilenling culures 
and placed on modilied MS medium and on Gamborg B-5 medium (1968). Auxins used inc:blecl Dicamlllll (3.6 Oichloro-2-
methoxybensoic acid). 2-40 and NAA. BAP and Zeatin c,;otinin were also used. 

Selection of Musa resistant c:d lines. 
The par1ialy purified (TlC) and HPLC loxins were diluted IM!h molen (48"C) Gamborg B-5 medium conlainirlg Geltie (1.5 gll). 
The loxins were dilute 1'. 1'. '11• '111 \IJ wilh Gramborg B-5 medium containing Oicamba (JO Um)and !AP (20 l.M). 
Cycical selection (recurrerrt seleciion) was used by exposing cal lines to inc:reaSing coo1cenflaliai1 levels of imms. al each level 
sunmnng eels -~ ~ aao-d lo recover - produce plantlels and tom these plantlels ~ - generated and then exposed lo a 
higher level of toxin. 

8. Use of Biochemical markers in id<mldlcalion of Plantain cu!igens 
This aspect of the study is directed lo indexing new IOrMIS from liuue c:ulures and to awoid --= naary delay by wating Iii 
morphological characters of Ille mature planl particularly the fruit and inbncence. 
Leaf samples were oblained from the Teaclling and Research farm, OAU. le-lfe. Nigen.. Crude protein and enzyrMS were 

extracted using appropriate extraction buffers. and liornogenatn centrifuged at 12,100 rpm at 4-C Jar 15 minules. Palpa,iamide 
disc get electrophoresis was used lo determine the efectrophoreeic patlems in 12 plantain ca- which - aMlysed in leaf 
protein, isozymes of peroxidese, letrazolum oxidase and malale dehydrugenase. 

9. Use or Morphological markers in identification of plantain culigena. 
This aspect of the study is directed towards the r uemblage of plarol chanlclers thal could be useU In descslling plantain culigens 
in a gerplasm bank. 

(i) :ilomatal stucflft in Banana and Plantain culiqens. 
Gum impressions were laken from the adaxial and abaxial leaf sUlfaces of MYen culigens. TlirM of 0- culigens 

were plantain seedlings developed through meristem liUUe c:ulure whle the r8llllining •• mature culligens. 
Photomicl'ograph of representalive culigens -•• also laken at X40" .asi. Samples -•taken tom the middle portion 
of lhe second leaf and the impres•ions -re laken at the base mkldle and lip of each ur.iple. 

(ii) v~rialion 111 F ru~ lypes or planlain 
O;ila Wd colected on matured plantain bunches c.n lhe Ieng!~ of fonger, diameter of linger. Maps offnlil, lotal number 
of fingers per hand. hands per bunch, de11ree of curval•ire, number of ringers in the hi bQsal arm and number of r111gers 
on sncond basal ;nm 
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(1) Federal Agricultural Coordinating Unit, Ibadan 

(2) Blessed Okole {under Prof. F .a. Schluz 
Technische University, 
FG Phytomedizin, Lentzealee 
Ber1in, Germany. 

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

(2) Okole, B.N. (1993) Selection of Bana::ia and Plantain <Musa !l!ID 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 Germal\y. 

(3) Nosiru, A.R. (1992) Stomata! Studies in Banana ~AAA group) and Plantains (Musa 
AB, AAB, ABB groups) Cultigens. B.Sc thesis 

(4) Adedokun, A.A. (1994) Inflorescence as a Basis for Plantain Classif:cat!on. B.Sc. thesis. 
(5) Balogun, K.M. (1994) Variation in Fruit types of Plantain (Musa !l!ID. B.Sc thesis. 
(6) Afolabi, M.O. (1994) Inflorescence and fruit types of Bananas (Myg ~ in Nigeria. B.Sc 

thesis. 
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!>art 4 

I . STATEMENT OF EXPENDITURES 

• 

To be filled bv ICGEB To be filled bv the Affilliated Centre 
Budgets as per original proposal Summary of expenditures * 

1) Capital Equipment ~--- I) Capital Equipment uu _____ 

2) cor.sumables US$ ___ 2) consumables US$ ____ 

3) training US$ 3) training US$ 

4) literature US$ 4) literature US$ 

5) miscellaneous US$ 5) miscellaneous Us.$ 

TOTAL GRANT US$ TOTAL US$ 

Please itemize the following budget categories (if applicable) 

Capital equipment 

Deep Freezer (1) 
PC Computer (1) 
Repairs and spares 
Refrigerator (1) 
Dehumidifier (2) 
Cooled incubator (1) 

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

See attached Page 8 

Literature 

1750 
3000 
::ooo 
1500 
4000 
4000 
18250 

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

• Please do not sen~ invoices, receipts etc.; these should bP. kepi by the All11l1ated Centre for futere reference and sent 
lo ICGEB upon request 
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• 
fuining (provide names, duration of tra.in:.n'1:• host labor::tory) 

1. 

2. 

3. 

. 
Blessed Okole - Department of Plant Science, 

OAU, lle-lfe of Nigeria 
and 

Technische University 
FG PhytGmedizin, Lentzeallee 
Bertin, 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-lfe, Nigeria 

and 
llTA, Ibadan 

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

Cletus Akam - Department of Plant Science 
OAU, lle-lfe, Nigeria 

Obtained his masters in Plant Science working fuDy on this project - 2 years 

4. 1. NOSIRU, A, 2. Afolabi, M.O. 3. Balogun K.M. 4. Adedokun, A.A 
Department of Plant Science 
OAU, lle-lfe 




