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B R.. T 

Genetic oriability in banana weevil populations was nalyled in a large number 

of -ample· obtained rom I- b:m na gro ·ine ropical countries usin::. random amplified 

pol. m rphism D • \ (R. PO . otal o · 6 R PO markers ' ere s udied. \1 i hin 

pol. morphism • measured by percentage of pol)'morpht R PO . varied be[\ een 78.3% 

and 97 8%. Jt!netic vnriabilit. was measured using shannon· information index and 

par itioned imo bel\\een and ,., ithin populations compont!nts. Overall. genetic variation 

amone C. sordidus population was (H_s:~-Hpop)/ H~p = 2-.3%. The generic diversity for the 

specie (H p) was 83. %. lean o ' ithin population alue (Hpop) for all populations ._ as 

6_.3%. The total genetic iversity was e. plained by high voriation among populations 

(mean Gst = 0._13), which is consis ent with low gene flov. among populations 

(. m=O.S II . High between population ecnetic ariation observed in this study could be 

e~pl:1incd b. limit~d migrat'on due to res ricted mobility and monophagy in banana 

wee if. 

In a parallel study PCR-RFLP analysis was used to di ffcrentiare the CO I mtD\1 

of 19 populations ofbanana' ecvil. The PCR-RFLP method produced unambiguous 

profik thot differentiated cenain populations from others. In another study. the eenetic 

variabilit. in ' cevil population \ s analyzed in sample obtained from 15 site 111 

banana ;,rowing regions of ganda .. ·\!though the wet: il populations in rhis cas were 

v r. imilar genetically, some "ariabilil) 1,: as obs rved. The results clear!. shm gen tic 

'i er it) in bJnana \\Ce\ if. 
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1. 

1.1. i lo w ·il 

ordidu vol i in ia an is now 

n in e ions Os m rk 7 · a rhous nd orris, 19 7). 

I h displ:t e1l do umcnt d· in mos loc liti ho e r. th 

\ ' t:\ il is belie ed Lo h e been pre cnt or at I .. sl 10 years. 1 he adult C. sordzdus live un er or 

ly c tor ro in p udost m. ' h m lc ·ee 'il i her lays its eg sin the cut or rotting 

p os ens o 10 s out to he li i 1 b nana plant wh r he eggs are inserted single into a 

hoi mad by the ro tnrm. Usuall ~ ying hich t kes place at night the female moves 

b ck to the rot ing pit:ces o pseu os t=m. Th amagc is c us d mainly by th larvae, which 

tun1 cl , t nsiv ly into he rhizome nd pseudostem II nis l 7) nd tissues between the 

late I roots and he ulb thus cut in o he no" of · p o the plant ( foznet e 1920). In ested 

rrns show general decline in plant vigour. leading to red ce bunch size Hanis 1947; Bujulu 

eta! .. 19 3; ikora et al., 1989). Infes ed young pi nts becomes unted and leaves tum y llow 

and ithcr, o te 1 suck rs develo i 1 in heavily in cs ed s ools are too weak to resist strong 

' inds (Harris. 1 ) ·md easily snap jus below he groun lev l Bujulu era!. 19 3; Sikora et 

al .. 19 9). 

Tht; effect of clitnate. or geogr phi cal location, Jo s not appear o ffect the depre ations 

o this pt;SL I occurs throubh h\.: ropics well down into the sub-tropical r gions and is as 

prevalent and es e in mountain r nges as on lo lan is both at a is ance from and along 

th~ e board (F rag_, tt 

The c vi I sho\ s lon~ life sp·1n nd lov fecundity" i h a classic I "k" selected life 

tral gy (Ptankn 1 70 . dulls ar free living (not confine to the banana plant) and may liv 

• t wo or mor y ars ( ro~0a t 192 ). dult \Ve ils caus no significant d m ge to the banana 

plant. he function o the adult bein purely eproducti e. :;, production is lo ith 

o 1 osition es irn t from I o - · eggs pt:r" eek uill 19 -o; Del t re 1980; Arleu and ·eo 

and 10 o 270 in the life imt: ot he insect ( uille. 1 ·o· leu an eto 198 · Viswanath, 

77: C st ' lion. 19 9). er si . 1 al instars. pupation occurs near the surface of the rhizome. 
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ure 1: 

Decaying trunk of banana in ested with banana weevils in the field. 
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Figure 2: 

Banana weevils demonstrating a high degree ofcl stering bLh · ·;ill' i· du.·:1_ J• 

tissue of banana in the field. 
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in conn c ·on 'ith b by let u. in I in his ccount o 

h s b in com 10 in ro m ban n . It s not s 

a 1 its d s 1 uc iv pow r on th Jsl nd of ao 

lorn · s p st abou h s tim in 

localiti s dao scar an Fiji so h t th rei no in it origin ted 

or ho\ it spre d, . ccpt hat it pro a ly mo cd round the tropics ith th edibl b nana sit 

was spr d by m n rom its oriJin, I home in the st Jndi s Harris, 19 7). Kno I s noticed 

impon nt damage in Fidji in 908. In 1912 Knowles nd J pson published results on nature of 

amag c nd iology of the ccvil and uggcst h t inv sion goes b ck to round 190 l 

( 1ow le and 1 pson, 1 l_ . [n 1917 K.no vies noticed th t weevils were spreading all over the 

fsland causing cry important damag in several reas Knowles, 1918). 

The weevil wa described by hevrolat in falasia s early s 1885 (Chevrolat 1885). In 

1915, aasscer discovered banana we viis in America from anana originating from Phillipines 

( assccr 1915). Bet e n 1916-1917 Tryon reponed the presence o banana weevil in Australia 

(Tryon 1 17). In 1919 Frog.::latt foun banana we vii in some areas of ew Wales (Froggatt, 

19--). ccording to Tryon and Benson banana ecvil was introduced to ustralia around 1895 

\ ith plants originating from Jamaica Tryon nd Benson, 19_0). Tn 1941 Froggatt found low 

popul tion of banana weevil in ew Guinea (Fro 1:,att 1941 ). In 1 85 Chevrolat reported 

presenc of banana eevil in Chin and ietnam Ch vrol t~ 18 -). Banana weevil has been 

eshtablished for a lonci time in the Indies India Pakistan Sri lanka according to Chevrolat. He 

reported the presence of the weevil in rilanka in 18 5 (Chevrol t 1885). oznette reported 

weevils presence in Florida (1 orth merica in 19lJ. Sine 1920 it has disappeared from the 

U.S ter severe control measures (Moznette, 19.-0). It was reported in South America in Brazil 

in l 5 by Chevrolat. 

On the ·can continent it was first observed in the lower Congo in 1913 in the region of 

Mayombe Ghesquiere l9_ . It was reporte by o dey in Uganda in 1918 with his opinion 

that it as not of recent introduction (Go wdey 1919 . Thou~h not recorded by the Germans in 

1 an.::lanyika prior to 191 , i was found to be weH es ablished at. ani by A. H. Ritchie in 1922. 
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By19 vtl h I b en recorde in most p n of nd . Four years I ter i " 

.ound Bu ·oba istrict of n nyi · a don islands in he ex r me 

south or Lake actoria (H rris I 5 p cim ns of the pest were identified from 

Zanzib rand in the folio~; ing y r, from Kihm njaro r a o ·onhem n anyik In the same 

year i w:Is stated o be generally da tribut u in he nch W t frican colonies. Banana ~; ecvil 

e. isted tn ierrs-Lcone a arly s I 25 H rgreaves, 1 -5). IL "as reported in Sou h Africa in 

1atal m 1924 ( non .. m , 1926) A considerable time elapses between the first anival of 

Cosmopolites in a new arc and i becoming a seriou p st. It i estimat d that this took about 

en y ars in Uganda (Hargreaves, 1940). There is very little in ormation a¥ailable on the 

imroduc ion of the ban n.1 weevil in Kenya. 

1. . Ban:tna evolution and importan ce 

Bananas originated in outh and Sou h-east. sia from two wild progenitors .'vlusa 

actmwwra (donor of. genome) nd Musa balbisimw (donor of B genome), and then spread 

throughout the humid trop1cs (Sto er and S1mmonds, 19 ). Secondary centers of crop 

diversit) exist in East Africa (highland cooking bananas. unique to the region) and West Africa 

(plantams) (Stover and S1mmonds, 1987). 

Banana and plantains are some of the most Important food crops in the world. Grown 

principally in developing tropical countries, the ot I nnual production ofbananas and plantains 

is 85 5 million tonnes. There are t\ o main types of bananas: dessert bananas and cooking 

bananas. While dessert bananas are exported to Europe. the Umted States and Japan (9 million 

tonnes annually), cooking bananas are an important carbohydrate source in developing countries. 

Bananas are n important food crop in man. tropical and subtropical regions and are the 

pnmary sou rce of dietary carbohydrates, vitamins and minerals for more than 400 million people 

( fc1 Ticoll. 19 9). In large parts ofEast-African highlands, bananas are the primary food source 

with per capita consumption reaching 2_0- 60 kg per annum (Jl'..WAP, 1987). The countries 

around the La ·e basan, viz. ·ganda. Tanzania, R\ anda Burundi and Kenya alone produce and 

consume 18% of he world ban:1na production (f AO. 1991 ). los of the produce is consumed 

' ithin the region and exported quantities are rather low. Initially, banana germplasm probably 

cmerc · East. frica from two directions: the human inhabited ropics of Western and Central 

6 



AtTica, and the Indian Co 1. Yet he numb r o disunctive clones recorded in East Afric 

sug:: s s the importance of the region as a secondary center o diversi y (Oav:i s, 1995). 

Edible ban. nas (1\.fusa spp. comprise a genetic lly diverse crop encompassing a range of 

diploids, triploi s nd t r ploid to ~.:rand immonds. I ). Triploidy giYes various 

benefits. most imponantly riploid plants tend to be more vigorous and productive than dtpl01ds. 

The vas majority of cultiv ted t. pes are riploid. These now cons i ute important staple and/or 

cornm rcial crops in Sub-Saharan frica, Latin • merica, Asi • the Pacdic and Australia. Banana 

and plantain production constraints include a pest complex (weevils, nematodes and diseases) 

which cause serious yield losses and shortens plantation life ( . IBAP 1986; Sebasigari and 

Sto\ler 19 8: Swennen, 19 ~; Gold eta/., 1993). Pest status. in tum, is influenced by genome 

group. In frica. for example, the banana\ eevil. Cosmopolites sordidus ( Gennar), is 

considered a primary production constraint of highland cooking bananas and plantains but not of 

dessert or brewing bananas. As such. ir has been reported as he maJOr biotic constraint to 

banana production in Eastern Africa (Persley and de Langhe, 1987) and either the first or second 

(after black s1gatoka disease) most Important plantam pest in West Afnca (INIBAP, 1988a). 

Uganda ts the" orld's leading producer and consumer of cooking bananas. In recent years, a 

declme m productton, largely attributed to pest pressure bas led to culrivar shifts and replacement 

by annual food crops e.g. cassava. sweet pot:noes and maize in central Uganda (Gold eta/., 

1993). In central Uganda, farmers have anributed disappearance oftughland cooking bananas, in 

large part, to increased banana weevil problems. 

In Kenya. the banana is culttvated on about 7 .000 hectares, which makes up 1.7 percent 

of the country's total land used for crop production (1 [ALDM, 1997). Banana ranks eighth m 

the Ken. a government's crop priority lis enlarging food production m order to keep pace with 

population development (t 'guthi, 1996). In all of Kenya's etght provinces bananas are grown, 

although the four major growing provinces: ryanza. CentraL Eastern and Western make up 90 

percent oftotal national production (Table 1). 

The mos constraining pes s in all banana growing regions of Kenya are banana -. eevils 

and nematodes, particularly Radoplrolus simt!is and Pracylenclws goodeyi (Table 2). Host plant 

reststance for these pests 1s not known in any of he domesticated or wtld banana species, 

although some variettes show a moderate degree of tolerance to nematodes (Sarah, 1993). 

Farmers are often faced " i h gross damage caused by these pests, which can be quite severe. 
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Yield reduc ions 'u o ·ce &Is, or ins• nee n ea •IY reach 50 percent . Los 

here lh re is n in r 1 n e • n ee ils tnd n m lo 9J). 

T hie I : B 

Pro ince 

Central 16.913 16 ,316 10.0 

Coas -.743 s- 9.6 .4 

Eastern 9,669 97,1 10.0 9.5 

airobi 48 409 8.5 0.0 

orth Eastern 2 L I,--2 5.6 I 0.1 
yanza 30,234 19.0 -6 1 

Rift alley 2.688 14.8 39 

Western ll.O 8.5 

4,360 



able :!. 1 i ude, banana t. pe. se of ban na plants pc:rcent coefficient of infestation (PC I), and 
numbers ofbanana \ eevils nd nematodes in banana fields in Kenya, 1989. (Source: Waudo, 
199 ) 

Alutudt.: I B:mana Age PCI for 
D1strict (m) TYJX !Yo::!:lrs weevil 
Kabmeg" 1.:160 Cookmg 6 83.3 

I 60 S veet 6 -lO.OO 
1'30 Cooking i 73.33 
I 30 Sweet 7 53.33 

Bungoma 1500 Col"kmg 5 13.33 
1 ·oo Sweet 5 30.00 
16:0 Cookmg 30 3.30 
16'0 Sweet 30 23.30 

I 
Busm 1160 Cookmg 15 100.00 

1160 Sweet 15 86.33 

Siaya 1330 Cookmg I I 100.00 
1330 Sweet II 76.66 
I.:li'O Cooking 11 93.33 

Swee 11 40.00 

Krsumu 1·00 I Cookmg 5 160.00 
I-DO Sweet . 

1000 
1470 Cookmg . 3.33 
1470 Sweet 5 3.33 

outh t=:o Cooking 2 100.00 
. y;mza 1330 Sweet 2 36.70 

Kisii 14 0 Cookmg 4 80.00 
1470 Sweet 4 33.33 
,-.. o Cooking 7 90.00 
1740 Sweet 7 33.33 

Tmns I 00 Cookmg 15 33.33 
Nzo1a 1800 Sweet 15 13.33 

Kericho 1 ;o Cookmg 9 50.00 
17 0 Sweet 9 20.00 

Meru 1940 Cooking .5 6.66 
19 0 Sweet 5 000 
1510 Cookmg II 56.66 
1510 Sweet II 23.33 

~ achakos I' 0 

1 

Cookmg 14 43.33 

11580 Sweet 14 23.33 
1650 Cooktne 5 6.66 

'umbers of 
Pnuylen clws 
GMdeytl 

Radopho/us Helicocylenchus 
smult'sl ssp. 

I IOOcm lg I IOOcm lg IOOcml 
sod drv root sorl drv root sot! 
30 0 10 0 80 
0 0 0 0 0 
20 1-1,2 6 10 0 0 
10 0 0 0 0 

-l40 0 0 20 30 
20 0 10 0 100 
110 1:!5 10 0 30 
0 0 0 0 0 

0 0 20 0 130 
00 0 0 0 340 

0 0 0 0 60 
10 0 10 0 30 
0 0 0 0 60 
0 0 0 0 80 

190 0 0 0 0 
50 0 0 0 0 
4i'O 0 0 0 0 
0 0 0 0 0 

0 11,111 0 0 250 
0 0 0 0 0 

120 0 30 0 0 
30 0 0 0 20 
180 0 0 0 0 

160 0 20 0 0 

;o 0 10 0 90 
20 0 20 0 70 

20 0 0 0 0 
0 10,000 0 0 0 

10 80.000 10 I 0 0 
0 50.000 0 25,000 0 
10 20.000 0 0 0 
10 6,250 0 6,250 0 
10 0 0 33,333 70 
10 0 0 I~ 

0 
0 0 0 0 
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1650 Sweer s 666 so 63.636 0 0 0 

aarobt 17 0 Cookins 6 10.00 30 277,778 0 ,762 20 
1780 S ect 6 000 52,17 0 0 10 
IS30 Coolcans 3 000 90 10.1 10 20 .5,304 30 
1530 Sweet 3 000 0 0 10 0 0 

yera 1700 Cookang s 20.00 0 4,348 0 0 0 
100 wect 5 1333 0 0 0 18,519 0 
1580 Cookins s 000 0 10,000 0 90,000 0 
1580 Sweer s 0.00 20 18,182 0 9,091 10 

Embu 1490 Cook·ng 20.00 0 0 10 0 0 
190 Sweet 4 16.70 10 10 0 0 0 
14 0 Cooking 96.66 60 37.SOO 0 25,000 0 
1470 Sweet 4 50.00 0 0 0 0 0 

Kannyaga 1330 Cookang 4 0.00 20 0 10 2.5,000 0 
1330 Sweet 4 90.00 10 0 0 0 20 
1470 Cookmg s 000 0 0 0 0 0 

Kiambu 2040 Coo1ung 7 96.66 0 0 0 0 10 
2040 Sweet 7 10.00 0 0 0 0 0 

J Muranga 121.5 Cookrng s 40.00 0 20,000 0 0 0 
1215 Sweet .s 33.33 0 0 0 0 0 
1190 Cookmg 5 6.66 0 0 0 0 0 
1190 Sweet s 43.33 0 0 0 0 0 

Ktlifi 10 Cookrng 25 26.66 10 0 0 0 200 
10 Sweet 2S 10.00 0 0 0 0 200 
20 Cookmg 2 83.33 0 11,111 0 0 1,800 
20 Sweet 2 76.66 0 0 0 0 60 

. 
Mombasa 40 Cookmg 10.00 0 0 0 0 140 

40 Sweet 4 13.33 0 so 
32 Cookang 4 10.00 0 0 0 0 0 
32 Sweet 0.00 .50 0 0 0 0 

KWllle 125 Cooking s 32.33 0 0 0 0 60 
125 Sweer s 36.66 0 0 0 0 400 
210 Coo mg 1 96.66 0 0 0 13,333 130 
210 Sweet I 33.33 0 10 0 0 so 

Tarla 800 Cooking 3 23.32 0 0 10 0 60 
Tavera 600 Sweet 3 100.00 20 12,500 0 0 60 

1 20 Cooking 9 3.33 0 7,692 0 0 0 
1420 Sweet 9 so.oo 20 9.524 20 0 20 
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1.4. e ofB nana ( Iu a) 

Bananas are the largest herbaceous plant. The fruit is a rich source of car ohydrate 

(35% . fibre (7%) minerals (potassium. magnesium, phosphorous, calcaum and iron) and 

vitamins and C) Table 3). While dessert bananas are consumed direc ly a er npening, 

cookmg bananas are boded, roasted fned, steamed, baked, brewed or dned and ground into flour 

(Table 4 ). Dried Banana plant sheaths are woven and used for thatching. making ropes, cots, 

bandages, hats, ornaments and as shading. The pseudostem fibre is used for fishmg nets, cattle 

feed and mulch(, fbwana. 1998). 

Table 3. Mineral content of banana 

ea es 1 

Macronutrieo t 
'itrogen 

Phosphorous 
Potassium 
Calctum 
Magnesium 

2.6-4.0% 
0.19-0.15% 

2.6-3.0% 
0.75-1.25% 

0.3-0. 6% 

1 Values represent normal range of 
minerals by dry weight. 
* lajor nutnenrs. 

In 1998, bananas were ranked third most important carbohydrate staple in the world after 

cassa a and sweet potato. In Afnca, 24.6 million tonnes of bananas are produced annually 

makmg hem the third most valuable crop after cassava and maize. In East Africa, bananas are a 

staple food for more than 20 million people. The average annual consumption per person in the 

East frican highlands near the Lake Victoria basin is 250-350 kg. In Europe, the annual 

consumption of dessert bananas per person is II kg (Mbwana. 1998) 

1.-U. cobol Production 

In central and East Africa. the juice from the ripe fruit of varieties known as 'beer 

bananas' is drunk fresh or ferrnemed o make a beer of low alcohol content. Consumption in 

Rwanda may reach 1.1litres per capita per day. Bananas are among the crops giving the highest 

yields in the production of commercml or medical alcohol per hectare. 

II 



1.4._. nimnl F d 

Cattle and ptgs relish rip bananas bu the unnp ruir can also b ne and made into a 

meal \'hich can b~.: used to subs itu cup to 70- 0% of the grain in pig nd dairy diets with little 

chang~ in perfonn nee. 

1.-t.,. \1 dicin:tl e 

Because they contain ·itamin A, bananas and plantains ac as an atd o diges ion. There 

are also reports o the ripe fruit being used in the treatment of asthma and bronchitis. The 

pounded peels of ripe b:manas can be used to make poultice for wounds and, as the instde of 

the peel has antiseptic properties 1 can be wrapped directly around wounds or cuts in an 

emergency. 

1.-IA. ource of Fibre 

Bananas and plantains are the source of a fibre used extens1vely in the manufacture of 

certam papers, parttcularly where :.reat streng his requtred. The paper is used for, among other 

things, making tea bags and bank notes. The fibre has numerous other uses including textile 

manufacture, for making ropes, string and thread, and for the product1on of vanous handicrafts. 

1.4.-. ther u c 

The large leaves of bananas make ideal green umbrellas and they are frequently used as 

disposable 'biological' plates. They can also be used for thatching. for wrappin:. food during 

cooking. as bowl covers and tablecloths, as temporary mats and for the covering of earth ovens to 

hold tn he heat. Starch can be e.· racted from banana and plantam pseudostems and such starch 

has been used for producing the glue used in the manufac ure of cartons for exporting fresh 

bananas. In mixed fannmg systems, bananas are used as a ground shade and nurse-crop for a 

range of shade-loving crops including cocoa, coffee, black pepper and nutmeg. While the plants 

themselves are prized as ornamentals worldwide, the seeds from wild species are used for 

making necklaces and other ornaments. Banana sap can be used as a dye, and banana ash is used 

Ill soap manufacture. In Indonesia, the production of floor wax and shoe polish from banana 

peels IS also being explored (IPGRl, 1996). 
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1. -. anao;t ulthar 

number of di er nt culti rs are a ilablc, nd !.he • rie y sclec e for grow h epends 

upon n ironmental conditions and desired end-use. B nana cultivars respond differently to 

~ ee il d nematode a ack. The s~ cet d ss rt t ... pe are generally more oleran , folio ved by 

cooking types. beer arie ies and the roasting types ( fbwana 1998}. 

Originally, there were two " lid sp ctes of banana plants, \.-fusa acuminata and {. 

balbisl(lna With time, these two species hybridised to generate the numerous cultivars available 

today. The genetic acuminata-types of bananas ( ) originated in Malaysia and hybridisation 

between sub-species gave rise to a range of diploid (AA) and tnploid (AAA) cultivars. The 

balbiswna-types (BB) originated in the Indian sub-continent. The spread of AA-types hrough 

Southeast Asia to the Indian sub-conLinen led to hybndtsauon between AA and BB types, which 

gave nse o he. AB and ABB cultivars that are grO\ n worldwide today. 

Bananas\ ith he AA or 0 enomes are typ1cally sweet and are cui ivated as dessert 

bananas. Hybrids\ ith AAB (plantain) and .'\BB genomes are starchier and herefore used as 

cookmo bananas. AA.B .md ABB hybrids are grown m coastal lowlands, whtle the AAA-type 

grow v ell a elevations of 1000-1 00 me res. fl is the AAA-varieties that are Widely grown in 

the East frican highlands. These highlands are a system ofhtgh plateau, mountains, valleys 

and lakes, which ex end across Ethiopia. Enlrea, Burundi, Kenya Rwanda, Tanzania, Uganda 

and the Democrauc Repubhc of Congo. This regton of high elevation receives intermtnent 

heavy rainfall and high ~mds and is often sloping land. The total annual production ofbanana 

and plantain in this region tS 13.2 mtlhon tonnes, about 20% of he global produc ion. 

In Kenya a wide range ofbanana varieties is grown. The first obvious separation between 

varieties can be made between the npenmg (dessert) bananas on the one hand, and the cooking 

type on the other Some of the varieties are also used for both purposes. Ambiguity can occur 

with the term .. plantain". For many, plantains represent all cultlvars that are used for cooking. 

Others confine the expression to a subgroup of the AAB tnploid hybrids, whtch constitutes only 

a small fraction of all commonly used starchy cooking type varieties (Robinson, 1996). There 

appears to be no generally accepted rule of distinction between bananas and plantains. 

Accordmg o F. 0 s ausucs, the Kenyan area cultivated tth plantams is more than double the 

"rea under bananas (FAO, 1998). Kenyan researchers and national statistics, however, say that 

the use of plantains in the country · s negli ible. Here, only the term banana ts used, with the 
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ri scription differ ntiating b · en npemn nd cooking ype ·a.r:ieties. According to interview 

surve,, about half of the Kenyan ban na production is of the ripening type whereas the other half 

is mad p of ul i •ars mos ly s for coo ·in_. Among he ripening v rieties here are some, 

wh1ch ha e been u cd for a Ion tme in Kenya. The mos prominent of which are the Gros 

, litchel ( amp Ia, an apple banan (AB . 0 her ripening types 

h· ve been introduced to the coun ry more recently espectally those of the Cavendish subgroup 

(. ~. . such as Dwarf Cavendish, Chmese Ca ·endish, lacatan, alery, Gran ain, Williams, 

Paz and others generally with a fairly good acceptance among banana producers and consumers. 

~!any of the cookrng varieties used in Ken. a belong to the subgroup of East Afncan highland 

bananas (. M). 'ot all of them ha e been ~enetically identified, so that some appear with 

d1 f"erent local names, although in c ologJcal analysts they tum out to be ery similar. Local 

names of popular cooking varie ies include fatoke, Kiganda, Mutahato Bokoboko among 

others. commonly used double purpose culuvar tS • luraru (AAA) (Qaim, 1999). 

In Queensland, the Cavendish, Sugar, Lady's Finger, plantain, Gros Michel and Dacca 

varieties of banana plants ha e all been found to suffer from the a acks of the banana weevil 

borer (Sham, 1990). All species of he Genus Musa are attacked by the banana borer weevils 

Cosmopolites sordrdus GER1 t and no cult1var is known o possess any useful degree of 

reststance to the pest (Simmonds, 1966). Ho-. ever, it has been reported that some cultivars are 

more suscepttble to tile bore at acks than others. 'Gros • llchel' cultivar was reported to be more 

susceptible than 'Lactan' (Hord and Flippm (1956). In Jamaica 'Valery, 'Lactan' and the 

tetraploid (lvfusa A. AA) 65-3 05-1 were found to be only 'lightly' mfested with borers. Tn 

Panama 'Valery' and ' lanzano' cultivars were found to be relatively resistant to this pest (Feakin, 

1971). 
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:tbl 4. .a t. frica n Hi.,hland b:man ulti ar and their u 

ulti\'ar group ulfiv:lr \rea of common e 
ccurrence 

!boko lboko sambara Cooking 
lb\'i lountains. 

luhon e T nzania 
'tebwa 

I share 'shonoa Kilimanjaro 
1nanambo 'Meru 

. llelembo • It areas 

fatoke . akyetcngu Lake Victoria 
,fb\ airuma basin. 
'shakara htghlands 

Ca endish Kiguru' e Coastal, 
Robusta Lowland areas 
Paz 

Plantain . fkono '·a Coas al, 
Tembo Lowland Roasting 
. fzuzu areas 

. fbire : 'shanshambire Lake Victoria Brewing 
. • alibwambuzt basin. 
Enyama-v a highlands 

Kisubi Kisubt or All banana 
KIJI 'U areas 

Kijoge Gros lichel Lake Victoria Dessert 
Or Bogoya basin highlands 

Kisukari All banana 
Areas 

Bluggoe Bokoboko Coastal, Multi-purpose 
• 'gazija lowland areas 
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l. . anana P t and di a 

B nanas are s res e I by a n tmber of iotic I ctors, p nicularly in the humid ropics 

where he climate is fa o r ble for the propag tion of pests nd diseases. 

1.6.1. B nan.t di ea e 

Leaf spot (Sigatok ) is cau cd by (Afycosphaerella musicola) and the symptoms are small 

yeiiO\\ or _reenish-~·ello v streaks. p rallc.:l to the lear veins. Later the s reaks darken and expand 

l::llerally to fonn elliptical brown pots. The centre of each spot eventually dries up to fonn a 

light- grey structure, like 'eyespot' or scorching appearance. h is controlled by using resistant 

cullivar or spraying with benomyl. The fungal disease of banana black sigatoka caused by 

J~rcosphaerel/a fljzensts was reported in Keny in 19 9 (Kungu et a f. 1992). I can cause yield 

losses of up to 50 percent. The fungus is spread by the wind or by water and attacks the leaves of 

the plant. Black sigatoka has so far only been reported in Coast. Central and Eastern provinces. 

The disease can be controlled by systemic fungicides but their use is environmentally harmful 

and often beyond reach of small holder farmers. Most of the banana varieties commonly used in 

Kenya are affected by black sigatoka, mcluding the Cavendish types. Yellow stgatoka, 

(.\lycosplwere/la musicolr) does occur bu ll is much less damaging than the black sigatoka. 

Panama dtsease (Fusarium ~ilt) is caused by soil-borne fungus (Fusarwm oxyspon"um). 

Thts fungal disease is often referred to as Panama disease. smce it was in Cen ral America where 

it caused oppressi e problems at the end ol the last century. The first symptom is yellowing of 

ulder leaves or collapse of the petiole while the leaves are still green. All lea es eventually 

collapse and die hanging on he pseudostem. Later pseudostem may split. It IS controlled by use 

of resistant vaneties e.g. Lacatan or other Cavendish cullivars are recommended, good sanitation 

and dtsease free matenal. lt ts the most important disease in Kenya. In Kenya he disease was 

observed for the first time in 19--· but a severe outbreak has only been reported in more recent 

years (Kungu, 199-). Today PanJma disease endemic is all over the country's banana growing 

rcg10ns. However, the severity varies because of the varying susceptibility of dtfferent varieties 

and different regional vanetal preferences. In Coast province, for instance, Fusarium is not 

constdered a constraint to the same degree as tt ISm the other provmces, particularly m Central 

and Eastern. where he stron.:;,ly affected arieties Gros Michel (Kampala) is most popular. In 

other pans of the world Panama dtsease outbreaks tn the 1950's and 1960's I d to the complete 
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tic he! by h re is ant v ne ie m in! from he Ca endi h subgroup. 

Other us ep tble rieties rown 111 Keny are ppl banan Bokoboko and uraru. Fusarmnr 

in~ the pi n 's root y tem ncJ 1 pread thro gh uncle:u sue er m erial, ur ace ater 

nmof nd m ec ed oil c rried around on arm implements. The tungus can compte ely destroy 

the hoi pi .nt uon within a couple o rnon hs and ev n ·h n the ho 1 plan i self is removed 

from the plo it can ndure for decades m the soil (Qaim, 1999) 

I. ·-· Banana p t 

Ban na e II reo mopolltes sordulus) is a major pest of bananas. The larva feed and 

tunnel in 'he corm o the plant. The leaves ofmfected plams are dull yellow green and floppy. 

Young sucker often ·ither nd fail ode elop. 

Stem borer weevil (Odoiporus !ongtcollts) bores into the stem and the leaves of the 

intected plants turn yello\\. and he plant becomes susceptible to wind damage. 

1 ematodes (Radopltolus simi/is) arc mtcroscopic worm-like orgamsms whtch feed on 

the roots ofbananas and mtcc roots and the: tum reddish brown and Ia er become black. The 

roots become shon. blackened and reduced in number and thus, susceptible to wind damage. 

Fruit fly (Bactrocer musae) larvae feed on he fruit. Evidence of attack is mdicated by 

black spot on the skin. 

l. . Inteorated Pe t Managem nt (IP~l) tnH gie in control of banana weevil. 

n Integrated management program for banana weevil borer wtll allow banana producers 

to minimize insecticide treatment, associated costs and environmental problems in the face of 

insecucide reststance m the pest and worldwtde pressure to reduce pesttcide usage. The 

e:tenstve appltcallon ofpesttcides has not only upset he delicate biologtcal equilibrium of 

nature but i also poses a danger to human health and causes problems of resistance. As a result 

there ts worldwide shift towards mtcgrated pest management (IP. i) to the forefront of pest 

control. 

'o single con rol s rategy will be likely to pro tde complete control for banana weevil 

according to prev1ous research results. Chemical pesticides, espectally dieldrin and other 

cyclodienes such as aldnn, ha ·e been used extensivel. for he control of banana weevil {Bujulu 

eta/., 19 3; Edge, 1974; Whalley, 19 -7), but,. 1despread reststant to these pesttctdes has 
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; Bujulu 1 1., 19 3). The 

·e vii has ccn r pe edl# he :bJect of attempts t cl sic I biolo ic 1 control (W terl ouse 

The n tur I enenu upon ' e il larvae in 

hey were s cce f lly 

r of inst nc s. but no i mticant r ductions of the pest ere achieved. 

major re on or som o: th e ail•rc mi_ht have b n th t the pest's biology w not t en 

in o considc tion su 1ciently. There ore, a broad int rated pes management (IP f) approach 

might provide the best chance for success 10 controlling his pest. The components o such a 

pro_ram would include h bi management, biologic I control. host plant resi t ce and (in 

some cases chemical control. The success of any of these control strat gies ~ill need to account 

for local biot. pes an related ph_ siologic I nd bcha ioral itferences. For example, weevil 

biot, pes may influence he et licacy of resistant host plants, biological control agents, 

~iopesticides or scmiochemicals. 

I. . The banana "ee il biotype 

The weevils seldom, if ver, lly and dispersal by 'valking is limited. Gold and Bagabe 

( l9 4) found that mo •ement of adu It wee ·ils was limited, although some marked mdividuals 

moved more than 30m in live days while. D lattr ( 1980) recorded a maximum movement of 60 

min live months. 

fi gration of veevils into banana plantations and movements in the plantation have been 

studied before ('Y allace, 193 . Simmonds, 1929). 1 leasurements made at Kawanda Research 

tatton. Uganda. on mo,.emc.:nt all suppon he previous findings hat the\! eevil is very 

sedentary. Of .tOO marked weevils released at one point in the plantation. 35 %were recovered 

over an eigh -mon h penod within a radius often yards of the original release point. No 

evidence or !light has been detected and he only times in the laboratory that it has been possible 

to make he veevil pread i s vings were under conditions of ex remc drought or in the latest 

stages of the influence of insecticide. 

Dissemina ion of banana weevils ts therefore, predominan ly through infested planting 

material an other ways. The dispersion of the pest may be brought about by transportation of 

suckers from an infes ed area. · . cr wling from an old infes ed area. more particularly when the 

supplies of food and breeding material dwmdle: his is more appllcable where the areas are . 
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dJacent by ash own ulli t ep lopes. [ ny of h best b nana r as rc: situ t d well 

up on th hill ides nd under th rain e pcrienc d. in csted plant 

m tenal and bee I il r cmr d do n from hsgh to lo levels Fraga , I 925 . 

Res ric d mobili y and monoph· y le s to drscret popul tions h t re conti e to banana 

pl:lnt lions. Local selection nd a buildup o genetic lly disti 1ct biotypes may occur in hese 

isolated population . The , is nee o( such biotype mi::.hl xplain he differences in biology 

cross sites ( tivit. in wet versus dry seasons· O\ iposition potential; clonal p eference: etc). 

torco er. geographic variability in the per ormance of different strains of entomopathogenic 

nematodes further sug,,csts the presence ofbiotypes; the most virulent strains against banana 

weevil in Tonga differed from those' h1ch effected the greatest weevil mortality in Australia 

tGold pers. Com.). Finally, shifnng pest starus ofb nana wee,. it in Uganda from an innocuous 

herbivore to a serious pest may have resulted from development or introduction of a more 

successful biotype Gold pers. Com.). The abo •e e. nmples suggested he possrbility of distmct 

banana weevil brotypes. 

Biotyprng of banana\ eevil is critical for understanding variation in pest populations 

across geographical ureas and in different ecological zones. Th1s would provide insight into 

variability in research results from ditTerent Joe t1ons and will be 1mportant in understanding 

di ferential response to possible wee il controls. 

1 .9. r I cular aenetic , taxonomy and y tematic 

ElectrophoretiC markers are powerful molecular tools that have facilitated the study of 

diverse areas of biology, both pure and apphed, covering quest tons of phylogeny evolu tion, 

ecology and population dynamics (Loxdale c den Hollander, 1989, Smith & Wayne 1996; 

Symondson , Liddell, 1996). lmually, protem markers especially allozymes, were the main 

marker type employed: more recently, many of the applicatJons of these markers have been 

superseded and e:panded upon using D A-based echniques (A 1se, 1994). As a consequence, 

greater resolution has been achieved at the populatton level allowmg the investigation of 

organisms ~11th h tie de ectable pro ein vanation e.g. clonal organisms (Carvalho eta/., 1991). 

The minute quantities ofD A required also allows stored samples and specimens w1th small 

amounts of orgamc materials to be studied. All hese apphca ions are pertinent to entomology 
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H ; Hoy, I 

mph ic tlo 

D 

C mp on r a/, I le I 1 .• I ; R nc 

to! 

hi 

h 

e1 of r olution for the udy 

d includ allozymc 

LP nalysis· smgle and 

qu nee probes; dir c ed 

ID ); s uenctn of, for e. ample, mitochon rial 

n mtron : mtcrosat IIi es simple sequ n e 

pol. morphtc D D m rk :amplified r ent 

length pol .. mo Its n LP , dir c ampli i atton o o • orphisms (D LP): 

fluoresce in si u hy ridization FI H · r ere ranscriptas PCR (RT-PCR) and PCR-ELfSA 

enz. me-link immuno- bsor cnt assay. In general, the molecul r screening described here 

involved mvesugaung ;:.enomic D (nuclear, nD and mtD ) or vhole chromosomal 

prep· rations. 

In he cas of D. . i ts either punfi d and t;:,e t d prior o being probed to detec 

uch s FLP , se uencing m.l S s utilize the polymerase chain 

o ampli: re::ions ot in er 

1. . 1. P R: Principl of hn lo ; 

mphfic uon u tllzes D pol. merase an resul s in he production 

of lar e amount of the a _ et D . This process i commonly referre to as the polymerase 

chain reaction (PCR). Th PCR allo\ s the nz m, tic amplification of minute quantities of 

specific D cquences. The lirst e. periments with PCR used the Klenow fragment of 

Eschcrtcllla colt D polymcra e ( iki ct a/.,198 ·: fullis nd F loona, 19 ). Howe er, 

cttvt y of he Klenov .. · fra_ment is diminished by the high em per tures use for dena uring the 

empla D . Th r tor . more enzym mus be a ded a the st rt of each c. cle. This was o h 

labour-int nsive and e. pensiv . The echnique was re ·olu ionized by he discovery o a heat 

sable ol merase 1solat d rom h rmophilic bacteri Thermus aquaricus and therefore called 

T q ol. erase (Chien et /., 9~6; aiki er 1 .. 19 his enzyme is added once a he 

_Q 



beginnin of her cion. The de lopment o prog mm ble hennocyclin machines and use 

o T pol mer e h \'em e P R u fi I p rc m molecul r biology or . e three 

nn ali le PCR cycle. 

Reaction spcci fic1 y of PCR is cpend nt on s \ er I ctors, v. htch include conccntr lion o 

pnm rs mpl te, hs. ume llocat sion nd the total number o cycles. 

The r ac ion p cifici _ is nhance by u e ofT p lymcrase and hot start of the PCR (Mullis 

and raloona, I 9 : I:.rlich eta/., 1991 Dunng PCR each primer bccom s mcorporated into the 

PCR produc . li match be ween he pnmer nd the ori;:,'n I genomic emplate D A can be 

tolerJted ( fullis nd Faloona, 198 : aiki et al .. 19 8 . This allows nc 1.1 sequence information 

(specific mutation, restriction sites, regulatory elem nts) and labds to b introduced via pnmer 

tnto mpli lied D . fragmems ( charf eta/., 19 6, atki eta!., 19 8 Erlich et al., 1991). PCR 

have been utilized in sev raJ research applications including the phylogenetic s udies of extinct 

species like the mammoth and the quagga (Paabo eta! .. 1989). This m kes PCR a very useful 

tool in studymg D1 A rom banana weevil. 

1.9.-. e of RAPD-P R in g netic. nd ph I geneti tudi 

Williams et ul .. ( 1991) descnbed a process hat they called RAPD (Random 

Amplified Polymorphic 0. ) that uses a ten oligonucleotide primers of random 

sequence but with a mtnimum guamne-cytosine contents of 50%. The polymerase cham 

react1on (PCR) is h1ghly e ftcient method of amphfymg discrete 0. ·A fragments usmg 

a thermostable D. A polymerase and single-stranded 0 A primers. An application of 

the PCR techn1que that uses Dt pnmers of rb1trary nucleoude sequence to amplify 

arbnrary regions o the genome has been descnbed Welsh eta/., 1991 and Wilhams et 

a!., 1991 ). ln order for ampli lication to occur the primer must anneal on complementary 

strands of the template D · and the 3' end of he annealed pnmers must face each other. 

The pnmer annealing si es must be separated at a distance of no greater than 3000 bp as 

this is he maximum site ha can be amplified wi h routine PCR. In practice amplified 

fragments are rarely greater than _QQO bp. The requirements that the 3' ends o the 

annealed pnmers face one another suggests that annealing sites are exact or similar 

inverted repeats. The observation that single substitutions. especially in the 3' end of the 

_I 



pri.ner can change mplified nding p t ems illiams t a/., 1 im lies th l 

nnealing in RJ\PD-P R must be precise. 

In encd nd dir ct e e ts occur frequently in h repetitiv region of genomes 

nd these rc ions re known to undergo rapid chang s in size and sequence through unequal 

crossin o r, ene conversion and t the nucleotid level, Jipp e rep lie tion (Le inson and 

G tm n, 19 ). ·ot surprisin 1 .. , arbitrary PCR amplific:uion of these regions reveals genetic 

polymorphisms. Ho e ·er, inverted repeats re not confined to repetiti e o, A and Williams et 

al .. (I 91) re orted that uniqu regions of enomes ere amplified as well. Polymorphisms 

occur as the pn:sencc or absence of a speci lie fragmt!nt among individuals. Absence of a 

fragment presumably occurs b cause mplification cannot proceed on D strand from either 

of the homologous cl romosomcs in an individual. This can occur through point mutations at one 

or both primer annealing sites on a D. strand, tnversions surrounding a site or insertions that 

separate he annealing sites at a greater distance than can be amplified. Arbitrarily primed PCR 

is not quantitati\IC and const:quenrly it is unknown whether indi •iduals whose D A yields a 

specific fragmem are heterozygous (ha ·e one copy) or homozygous (two copies) for an 

amplifiable allele. Alleles at arbitrarily primed loci therefore segregate as dominant markers 

(William 1991 ). 

Most alleles of RAPD loci tha code for the production of a band are dominant. which 

makes it impossible to directly estimate allele frequenc1es. Therefore, assumptions such as 

Hardy-\Veinbcrg equilibrium mus be made to calculate allele trequencies. The dominance of 

alleles at arbmarily primed loci presents their greatest drawback for use an insect geneucs. 

Dommance prevents their usc ins udies of random mating as a component of the breedmg 

struc ure of natural populations. Testing for conformation to Hardy-Weinberg expectations 

requires idenutication of individual alleles at a locus. In common ~1th a number of recent 

studies (Le ·1 ct a! .. 1993) he present work indicated that while RAPD fragments are useful as 

genetic markers, a number of other factors can complicate their use and mterpretation. The 

nwnbers, s1zes and intensities of amplitied fragments are e. tremely sensitive to small changes in 

PCR buffers co-migration of non homologous fragments, the condition and concentration of 

template D ·A and amplification parameters (Black. 1993). 

The relative speed and ease w1th ,.,.·hich these amplified reg1ons or RAPD (Randomly 

Amplified Polymorphic D 1A) markers can be produced make them sunable for a number of 



plic ron , 10 ludin en ti 1.. I I) D 

1oll s er a/. I nd t xonomic tudie Dem 

fin erprintin C etano

RAPD m rkers h ve been 

rate molecular mar ·e m varie yo o g nisms, mcludm hum ns, un i an plan 

( illi ms era/., 19 1 ), nd more recently, in ects 81 k 1 1., 1992 . 

mon th m. ny molecul method curr ntly vail bte fort. xonomic studi the 

r ndom mpli 1 d pol morphic 0 PO polymeras chain re c 10n technique Wei h nd 

lcCI II nd. 19 0; Willi ms : (1/ .. t 0) appe:trs particularly sui able for population studies of 

organisms for which only nanogram quantme of D are vail lefor characterization. D A 

mplilication '' ith andom primers h e been shown o be as ns1tivc me hod for revealing 

pol;morphism randomly distributed in any given genome illiam eta! .. 19 0; R falski et al., 

1991 . Polymorphism results rom either in crt ions/ ele ions or substi u ion of bases at the 

priming sites (We!sh nd. £c lclland. 1990 . The R. PO pattern so obtained have been useful in 

the deriva ion of mole{;ular taxonomy and in the scud, of population genetics of diverse 

organ1sms. 

The RAPD technique has been used to study a range of insects including, phids {Black 

et at .. 1992 , the honey bee (Hunt and Page. 1992). grassho pers (Chapco et al., 1992), 

mosquitoes Wilkerson et ul., 1993 nd ruit Hies Haymer nd fclnnis. 1994). RAPD assays 

have been us din the charac erization of intra and inter specific somatic hybrids of potato (Baird 

et al .. 199-) and genetic mapping oftrait(s of interest such as disease resistance in plants 

(Rafalski eta/ .• 1991 . The analysis o R.A.PD pattems have been utilized in he identi tication 

and di ffcrenuation of species and strains of various organisms including Sc/ustosoma 'cto et 

1 .. 1993; Barra! et 1 .• 1993). he swe t-potato whi ctly. B tmsia tobaci (Pemng eta!., 1993), 

Aedes aegyprr (Ballinger-Crabtree et al .. I 92). T. parva (Bishop ec a/, 1993), T. vivax 

(Mohamed et 1 .. 1993). T. end (;\:f cedo eta/., 19 - • T. brucez and T. Congolense (Waitumbi 

and .Murph_ . 1 93: , lajiwa e1 al .. 19 3a), Letshmani species (• [acedo e1 a/.,1992b), Fungus, 

Leptosphaeria maculans which is a pathogen of Brassica spp (Godwin and Annis, I 991 ). In 

phylogene ic · tudies. RAPD assays have been used to demonstrate genetic relatedness between 

species an or strains of various organisms in relation to the1r geographical distribution 

pathogenecity, hos -specificity and other behavioral charac ers (Chapco et al .• 1992: Barra! eta/., 

199"'; Ballin er-Crabtree et al .. 1992). Howe er, a number of recent studies (reviewed by Black 

., ... _ _, 



mpl t co nee t tton he mann r · n •hich D • 

e D 

to hose 

ei I a/., I Genetic dast n e dend rams or 

phyla ene ac tr construe ed rom th d a usmg ei's unbi ed genetic distance 

i, I I \\ i h id of ppropriate computer 

sol ar . say offer non I bour intenst e, time sa ing method of dcmonstra ion 

of ne ic rei tedne amon individu Is. 01mally. basic procedures such cloning, probe 

construe io • r diolab lling of D and blot hybridization { outhem, 19 5; Feinberg and 

Vogclstetn, 19 3) rc not required. Th sit offers ad an a e not shared by other methods such 

as R LPs and D. 'As quencing. currently employed in molecular systematics. 

1. . . • nd the pol mera e chnin r action appli d lO mitochoodri I D {mtD ) 

, fltochondrial D may be purified usmg a lengthy caesmm chloride gradient 

ultracentnfugation st that allows he separ tion of the mtD, 'A fiom nuclear D A (White 

&Densmore, 1992). However more recently, crude preparations of mtD have been successful 

using minipreparations (minipreps) that ar performed in much shorter periods {minutes mstead 

of hours) L torre et al.. 19 6). 1 fitochondrial D 'A separated in this way has been digested and 

visualized by radio end-labelling (Smi h , Brown, 1990 . The polymerase chain reaction has 

also been us d to amplify specific parts of the mtD from such preparations. PCR has 

increased the scope of materi I that can be used forD A studies. Small amounts ofD A can be 

used from mix d templates of nuclear D A nD. ~ ) and mtD1 A as a source of investigation, as 

specific pnmers Wlll only amplify from select, known regions ofD in stringent PCR 

reacuons. D c n be extracted from alcohol-stored material and e en, in some instances. dried 

museums ecimens (Wilson eta/., 1985· Paabo. 19 3) and from ancient insects hel m amb r 

(De aile 1 9.!· Grimaldi, 1996). 

Universal primers have been developed from conserved sequences developed from 

conserved re tons anking those of interest o phylo~ene ic I evolutionary and population studies 

(Simon et 1 .. I 994) Such primers allo>.: he runph lication of the s me region from a diverse 

range of ta:· facilitntmg parallel research studies in new organisms Briefly, eukaryotic 

organisms ha e a circular mitochondria D · molecule (Roehrdanz. 1993 1995). The molecule 



ISm up of J7 en codin for __ s. 2 rR! and 13 mRl s: mos of he 

mitochondrial D 1 invol cd in coding, WI h gen ral lack of introns large famili s of 

r p ill 'e D • p og ncs nd lar ... e pace sequence . The mitochonrial D consis of he 

followm= m 10r codin r gions in sequ nee: D-. COl C02, TP. C3, '3,, lD5, ND4 ND6, 

Cyt b •. D I. 16 • 12 and A T region . litochondrial D 'A IS a v luable marker o indicate 

matem I gene ow a is prcdomin ntly ransmit ed hrough maternal lines (A ·ise, 1991. 

1994 . imnl mtD ~. is therefore the best known piece of eukaryotic Dt ·A because it is easier 

o punfy han any specllic segment of nuclear D A. This ease of purification ts he result of an 

unusual buoyant density, a high cop_ number. and occurrence in an organelle other than the 

nucleus. MtD rA is also easy to characterize because 1t ts small and lacks many of the 

complicating features of nuclear 0 'A such as introns and repetitive sequences). The types of 

evolutionary change that animal mtD1 ' undergoes are relauvely s1mple, bemg mainly base 

substitutions and length mutations. the lat er accumul tmg predominantly in the small non

coding regions. When SUitable large products of PCR amplification are purified ussng 

commt:rc1ally available k1 sand d1gested Vtth endonucleases to re eal polymorphism in an 

amplified product it is termed RFLP-PCR. 0 A extracted from small amounts of tissue can be 

used for mol cular nalysis using polymerase chain reac ion (PCR) and restnction rragment 

length polymorph1sms (RFLPs) (Croz1er, 1993). PCR-RFLP has been successfully used for 

molecular diagnosucs of gypsy moth (Pfe1fer, 1995), blo" f11es (Sperling era/., 199 ), screworm 

(Taylor er al .. 1996) nd fuscidifurax spp (Taylor and Szalanslu. 1999 Taylor eta/. 1997 and 

Antolin er a/., 1996). 

1.9A. Data analy i · 

RA.PD-PCR polymorphism b analyzed as alleles by making four assumptions (Black, 

1993 ). First RAPD products segregate as dominant lleles in a Mendelian fashion. Secondly 

genotype frequencies at RA.PD loci are m Hardy- '.: emberg proportions. Thirdly, alleles in a 

homozygous recesstve mdt 'tdual are tdenucal in stale (iis) (i.e. that they arose from identical 

mutations) among and within indivtduals. Fourthly, dominant, amplified lleles are similarly 

(iis). R.A..PDs are scored as present (I) or abs nt (0). The rrequency of recessive alleles "a' is 

estimated as square roo of he frequency of homozygous recessive individuals i.e. if "q" is the 

frequency of the "a" allele then "1-q=p" JS he frequency of the dommant allele "A". 



FORT rogramme Dl P G n ·c Di tnnc nd Ph.lo enetic alysis (Tatsuya, 1993 

u es the fr quenc; d t o output a i tance matrix ccor ing to 'ei, 1972. This matrix is used 

in cluster n lysi \'ith an op ion of PG unwei 1 ed p ir oup m hod, 'thmetic 

average o construct dendrogram hat depic s he hicr rchical structure of PO affinity 

among th differ nt ec il population . 

1.9..t . l. I :1 uring neti i er ity 

Th follov. ing three measures are sed to quantify the mount of genelic variability 

within a pop lation. 

I. The percentage of polymorphic loci is the proportion of loci polymorphic within its 

populauon (Lin et a/ .. 1997) 

2. Genetic diversit. (h) at each RAPD locus in each population is determined using the 

mt: hod ot, 1ei ( 1973). Gene ic diversity wi hin each population ts calculated as the mean 

genetic dt ersity o r all loci from all populattons. 

3. The genettc di ersity is estimated by the Shannon infonnation index of phenotypic 

diverst y: Ho= -:EP,Iog2P, here P is the frequency of phenotype i (King and Schaal, 

1.9A.2. 

19 9). H0can be c:.tlculated and compared for dtfferent populations. Let t4c,P = (IHJ!n 

be he average divers1 y over n di fer nt populations and let H P=-i:PlnP be the diversity 

calculated from the phenotypic frequencies. P. mall populations constdered together. 

Then. the proportion of div rslly present -. 1thm populattons Hpojf:r,, can be compared 

wtth hat between populaLtons (H P- HP'>P)/H P (Gustafsson & Gustafsson, 1994). 

Genetic diff r enti a. tion 

Three methods are used to quantify the degree of differentiation among populations. 

I. The genetic di ergence among populauons is estimated by calculating Nei s Gst value 

(1 ei. 19 7). 

2. Gene ow ( m) represents the actual numb~r of individuals exchanged among 

populauons in each generation. Gene o' is quantified using the indirec estimates of 

Crow and okt ( 1984) after Ellstrand and E lam ( 1993). In this model, the number of 

migran indt •tduals exchanged amen demes of each generation is . 1m= (1/Gst-
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tot I numb r of mes, usin the a erage value of Gs over all 

I ci. 

3. Genetic diver enc amon popul tions is es imated sm the method of ei { 1978). 

G netic is nee alu s D for all p irs ot populations reused to cons rue a 

dendro 7r m by the unweighted pair group method with arithmetic averaging (UPGMA) 

Chi- quare an lysis tested the independence of pairwise assoc1ate between bands amplified 

by the same primer and cross primer. The G· likelihood ratio chi-square test (Test of goodness 

of tit) was estilmted using 2=2-((log (pyi) - log Pyi where py1 is the hypothesized 

probability and P, i is the estimated probability for the events yi hat actually occurred. 

1.9.-. Importance of tud. o f enetic di r ity in b. oana wee il. 

The banana weevil, Cosmopolites sordidttS, ts by far the most important biouc constraint 

to banana production in many banana growing regions. The importance of bananas as staple and 

commercial crops in sub- aharan frica, Latin America. Asia, the Pactfic and Australia 

underscores the need for sustainable ways of dealing ith Lhe problems posed by this pest 

The 1mponance of studying intra-species variability goes far beyond the realm of basic 

genetics. ln the case ofbanana weevil. insight mto the existence ofbiotypes has several levels of 

application. The firs IS extrapolation of research results and an understanding of the 

mconststencies found between similar studies. How relevant is a study conducted in Latin 

A.menca or West fnca to he East fncan context? Are here dtfferences in weevil biology 

berween lowland and mid-elevation banana systems? Are weevils found attacking dessert 

bananas, similar to hose at acking htghland cultivars? wareness of how much genetic 

variability exists among local populations withm and bct\veen geographic regions wtll help both 

m the mterpretatlon of studies on weevtl biology wh1le also contributing to a better 

understanding of population dynamics hab1tat characteristics, dispersal and distribution patterns 

resource u ilizatton, and other ecological processes. For example. ifhtgh levels of variability 

exist m East Afnca, then cnttcal studies may need toe undenaken in the region, irrespective of 

he mformation available from studies conducted else'' here. Secondly, the extstence ofbiotypes 

may suggest the need for multilocauon testing with respec o resistant germplasm to different 

strams of fungal pathogens and e. tomopathogenic nematodes or to predator prey studies with 

_, 



\'CCVII n tural en mies. Di r nces in es beh •ior m y influence e 1c c. of biologic I 

control g nts; ore mpl o ·i sition sit s n ay d tennine vuln rability of thee sta e to egg 

p r ttes. I so, the re pons to d1 er n semiochemJcal m y v ry bet c . " et: il populations 

d h1 will in tum m u nc th e i 1en ies of any tr ppin or monitoring devices hat may be 

de lop d. I is for hese rcn on th. t this project propo es to e. mine the genetic v:uiabili y 

mon b nan •ee il popul tions rom the major b 1 n growing re_ions of he world. At the 

end of the project. it is hop d that a clear pic ur reg rding the enetic variability of this 

impon:m pest"" ill have merged. 

1.9.6. hj cth·e 

I. .6. 1. vera II t>jective 

The overall obJecuve of this project is to stud. the gene ic di ersity in banana\ eevil 

populations li'om di ferent banana growing regions of the world and to evaluate he Implications 

of this diversity on management strategies nd quarantine. 

1.9.6.- pecific objecti e : 

(I) To explore how much di ·ersJty e:ists' ithin c' among he banana weevil populations 

from dilTerent regions of he world and Uganda using R. PD. 

(II) To de clop suitable molecular markers of randomly amplified polymorphic D \ 

(RAPD) for studying banana weevils from different banana growing reg10ns of the world. 

(Ill) To assess population genetic structure of banana weevils from differenl reg1ons of the 

v orld and Uganda based on information obtamed under activily one. 

(IV) To analyse of imra-spec1tic differentiation of banana weevils in he tropics in relation to 

their histones and zoogeography. 

(V) To analyse mtra-specific differentiation to derive information on taxonomy and 

phylogenetic relationships. 

(VI To compare PCR-RFLPs within he COl mi ochondnal region of C. sordidus from 

d1 fferent geographic regions to estimate inter-spec1es group di ergence and to assess 

restncuon profiles as potential genetic markers. 
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If J> . R \\ 

_,0. ;\f :H ri nd \Jcth d 

_.J , \ ' vii collection from dif r nt o ographicaJ r a 

In ct adul weevils mal s d fern les) wer collec ed rom di eren b nana growing 

regions of ht: world tig.3) and different banana gro' it g regions of Uganda (figA) and shipped 

to the fm mational Ce01re of Insect Physiolog and Ecology ( folecular Biology and 

Biochemis ry Depanment) in 70% c hanoi. 



Figure 3: 

Banana wee il collection sites from different regions of Lhe world. 
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ure : 

Banan ee tl collection sites in U,::, nda. 01ne sites ar oints, others 

districts. This is c. actly the infom1' tion given by sampkrs. 
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urin rom h hea o ar s th tip th n th t v 

s m 1. 
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is · \: id vari~ty o1 problems to consi r durin,:, D extraction. Problem 

o tempi te quality nd conccntr tion as ell as ex r c ion of cent( minating Dt A rom 

other org ni ms. Extraction o con aminating 0 rom other organisms e.g. bacteri 1 

or protozo n cndosymbionts) ~ ith 0 o the nr,:,et t • on is ine itable nd it is likely 

that some amplified bands will arise from the contamin ing t mplate. I con amina ing 

spccit..=s occur sporadic.lly throughout the target ta. ·on or i the contaminan s arc 

th~ms~l\ e~ polymorpl ic, th~ mplili~d b n s c n be mistaken or poly orphisms in the 

' nomt.: o the;; t·1r .::~ t xon. knc~.; D.·. was ex rae ed from th head n legs of ban n 

weevils. Problems o lc npl e qu, 1i y and concentration \J ere o rcome by use o th 

cold eth no! preservation technique ·md he . tra tion protoc I escrib d. he yi ld and 

qu Ji yo 0 · . ra ted ron1 inidi idu 1 weevil as herefore assc nd only intact 

D. \ ust.: in the stud~. 

The 0. · 1sol tion w s per on11ed on indi idual sample accord·ng o Doyle and Doyle 

19 7) ith some modific tion. mpl iz of eevils from each site are indicated in the 

PO corin.:~ sheet in the appendi:. Briefly 0.1-- ,:,rams of he banana ee ·1 head and 

,:, s) w replaced in 

il s m lc ver 

to _Q sec or untilli uid e· t d d rom h 

ubc. Using pi stic dispos ble ,:,rinders, the 

tube t room emperature, i hout buffer, for 15 

issu . _- tl o CT B extrac ion bu fer (50 m I Tris 



volumes o i oprop no I · d ed nd mix d by inversion o prccipit te the D his was le t at 

room en1p rat re or l 0 min nd th 

mm room ht= li 

ofeth olwa dd d ndmi. d 

}.,,ooo rpm in a tab! top c n ri uge for 10 

as r mo ed c 1 tlly without disturbin th p I let. 250 ul 

er I im s n centri uged at 13 000 

rpm m bl op cen ri uge for 5 min · t room temperature. The ltqutd was carefully remo ed 

without disturbing dri d or 15 min and the D A resusp nded in 50 ul o 

TE 10m I ris-H 1 pH .0, I m 1 DT he yi ld · n l quality o D. A e, ract d \as 

assessed on n 0. o/t i -borate EDT (0.- ,·: 4' m 1 ris-boratc I m 1 EDT. pH .0) ~arose 

~ l prior o R.. PD harac erization nd h D . was saye by me uring 

1: I 000 dilution in Eat 260 nm . 

p -P amplific ti n 

-··t 1. Prin1 r 

bsorbance in 

Forty prim rs (Operon 1 0-mct Kits and 0 Operon technologies 1 meda, A US ) 

'" rescreened of these 5 pro uce discrete b n pat ems suit ble or subsequ nt an lysis of 

variabilit .. in Wt:e il opulations. 

mplifi ati n 

11 reactton tubes. pipette. t san \ ' ter (distilled-d -iomsed nd autoclaved) \vere 

irr di, ted with 

Bart let 1993 ). 

the genomic D 

light to des roy any ossible con aminating sur ce D (Ga\ ell and 

0 PCR reac ions\ ' re t p in a mal volum of 2- . I containino l 0 ng of 

of he ban at a \ ce\ il. Cosmopolites sordulus - ~!I of sin~le decamer primer 5 
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o ob or ly. 

Jon in 1 pol rn r phi b. nd 

2 .. I. Li 'a i n 

he li 10 1 r sin th P Rp od ct ndtheP .. f·TE ., ctor 

P orne a Corvo a ion 5 ml r d -on ml 

l J.!l a follow : J.ll 

produc 5 ~d of_ · lig ti n bul'[i r m t 20m DT 2 

m 1 TP 1 O'Yo polycthylen<; glycol) l J.!l iss \ ni s/~d) and I ~11 pG M-T 

vector. The lig~ ti n mi t\ re v inc bat ·oorn emp r· Lure or I hou . J.Il of the ligation 

reaction as use o rans om comp tent b c erial c lis. 

Pr p~ r tion f omp t nth t rial c II . 

Tub s of frozen J I I 09 Hi 1h Effici ncy compe en c lis 

stor._ ge nd placed in an ice th un il jus tha about ~ minu . The c lis were mi ed by 

gent I"' flicking h ubc. 1 h~.: c 11 re str ak d and r0\1 in no mi ht liqui cu1 ure in 2 

"T mediun1 ( T m ium: 16 gil Sac o-try tone - Two ml of the 

ovemigh cultu e was inocullt J into ·on I o 250 rnl conic I w 

incubalt:d t .J 7°C in thermal shaker _25 rpm nti I c 11 d n ity reach bet en -9 107 

vi bl cell /rnl (00600 - 0.4-0.6 . he c dtur as t en 

nd chiiJ d on ice for at I ast I 0 mi t e . The c lls e e p 11 

at 4°C for 15 mint tes. The me ium \ as deca ted and the c II 

to a s i1 polypropyl n tube 

original volume of colds eril 0.1 1 lg I_ (5 ml). his s left in ice for 20 in re llet d y 

centrifugation and resuspend d in 1/_Qth of he origin l volume 

mixed nd k t in ice for a mini nu 1 ot 30 mi u es. h ells er use 
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mimpr ps Kit (Promega Biot ch I c. 

harvest v c ntri ~ugation a I . 0 rpm Th c 11 p ll s ere 

s sp nde on _QQ ~ cell sus e 1 ion solu ion · m Tris-HC .0 10m DT 100 



J.1 ml 

ml dispos bJe c"r'u'\rrr.-

. · nsion. f in D 

rans rr d o 

10 

the 

inicolu nn 

· n e b rreJ and th lurry pushed gently 

in o th minicoh nn. h acl d rom th rninicolumn nd th pJun er removed 

from th syringe. 2 ml o he column a h h ion\ as pip ~l d int he syringe and gently 

pushed throu_!h minicolumn. Th minicol mn v lr ns(i rr d into ne v 1.5 ml microfuge tube 

and c n rifu~ d a 14,00 rpm or _Q s~.:c in microcentri u e to ry the resin. Th minicolumn 

\ as transt rr d o, nc v \ a cr appli d. The D A was 

eluted aft~.:r I min by spinning he minicolumn content a 14 000 rpn1 or 20 seconds. The 

recombm nt plasm ids were check by load in · ~tl on · l% garose gel. Presence of ins rts 

" re conf1rmed by ig s ion with - _ ORL Di estion reactions were c rried out in small tubes as 

follows· 2 J.tl ( l 0 weiss uni s) ECORl res ric io 1 e zymcs oehringcr wt nnheim Germany), 2 

).d of 10. r act1on buffer (50 m1 f ris-HCI pH 7.5, I 0 m1 I IgCl, I 00 m I i aCI 1 nuvf 

Dithioerythritol (DTr:) . l.Oo/o Tri on, 100, 5 ~tl puri ric plasmids, nd ll ~~ of double distilled 

\ ater. The tubes were incubated for 1 hour t 3 ·c 111 a water bath. er iges ion. l 5 ~1 of the 

mix was resolved in 1.2%, agarose gel. Th n rccornbin n s plasmid ligated with insert w re 

scored and stored at 4° ambrook et a/. 19 9). 
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• JU n in .tn d iln 

n th In r 

a ·ti n nth iz 

m volu o 2 J s 

foil 1 m lat"n/ml , 

0.-5 d 0 Jllof 

nomic .I I wa r. he 

con ens o the r action. 

m lific tion nal c ... cl r t. ouis, 

ro r mm\!d o llo\ d y for 15 

s conds. 53 C for 0 r _Q con s · n fin lly I cycle t 2° or 4 minut s. 

- · 7. a lin and d · t ·tion 

-· 7. 1. tandard ran m prim d \ I 1 h lin o f p u ri fi d p J. tn r h i fra m nt 

re ti n. 

D I beling as one by an 01 r mmg ccordi g to h · DI Us r's Guide for Filt r 

Hybridization ( f nnh i n Bot:hringcr G nn n ). Tl ear nts ere a 

microfugc tube (on ice) in he folio mg ord r: l 0 J.LI 

He .. · anucl o ide mi. ure (I 0 x). _ ~d d T Ia ow 

en7yme, labeling grade. The . ' 

minutes and immediat ly chilled in ry ice for 0 seconds b for s . Th r action mix w s 

mcubatcd at 3 7°C for _o hours. _ ~tl ED pH . ) o ennin t the 

reaction. D as pr cipitated 'ith 0.1 olumcs ol LiCI and _,5 • .> ol mes chille 

ethanol mixed nd incu a ed at -70°C for 30 minu 

in a microcentrifuge 4°C. Ethanol v as decante and the p llet 

70% ethanol. This w s ce 1tri uge at 13.0 g for - minutes at o llet ~as drie an 

resuspende in 50 J.Ll TE (10 Tris-HC! 1 m DT ·pH .0) u er and th labelled robe 

stored at -20°C until use. 
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... ·-·1. 

ol m 

t n lon n1 mbr· n 

p 

fi 

· d u in tal 

II 0.1 J..LIT q 

12.9 J.tl 0 

to °C or 1 minut 3 o 

run m 1.- X> 'l ros 

buf r BE pH .0. D 

.u mi. 

2. 7·-·-· D naturation. n utralization • nd bl ttin 

minut s. PCR product as 

0. ris Borat - l ctrophoresis 

i h hi i m bromid (5 

The ag ros g I as subm rged in tur~. ion olution 0.5 aOH 1.5 f aCl 

t vic for 15 minutes t room temper tur s rins d ~i h water. he el 

~ ns sub mer ~t.: in nc ttrnl izntion solution (0. ice for 15 

minutes l room tt:mperatur . 

m rook. et L 19 9). h actu I pH o h 

uth rn tr ns r 

r n tr lization 

r par d according to 

al ays e b low pH 9.0 oth(;f'\: is membranes urn yt.:ll w 

Us r s Gui e tor Filter Hybr'dization. 1annheim B chrin r 

the gel by capillary transft.:r to the mt;mbrane usin - . 

citrate, pH 7.0 as follo\ :The ~el wa plac 

paper (soaked with _Q. C nd pi c don top of n in crt d 

was b lo d from 

1 300 m 1 Sodium 

n 3 wf filter 

stin tray in a plastic box 

such that he filter paper did not touch the b eo the box , forming a wick . and was 1 i with a 

nylon membr ne and three layers of filter pap rs, all of which r soak in _Q , thick 

wad of dry tissue paper was placed on the gel/membrane/filter pap r sand ich followed by 

another glass plate and weight. Blotting c rried out by capill ry ransfer to the membrane 

using 20 x SC buffer. For efficient trans orm tion blot ing v s carri d out overnight. Th 

D. \ as fix don o he membrane by aking in n oven or 2 hours t 0 C. Them mbrane 

s used for hybridization immediatt:ly or stored t 4° in scale plastic bag. 



-·i·-· . Pr h. t ri iz ti 

pro 

rehy ridiz tion s 

d 

ll her c ions 

;10 t hybridiz t ·on \ashes t 1 m n1b :.1 c 

acid. 150 n1 I t minut . 

but er _ (1 °/o I · block in re·t nt is sol 

ri n 

·ph t 

n 1 tion 

11. h 

inin th · DIG-

membr n 

cont inin 0.1 o/o SD ). h 

contain in 0.1% SDS) for 

em c=ra u wi h sh· ki 1 • • t r hybri izatio and 

d in lll r d bu r 1 100 m r m leic 

cntly a itating in 

I) for 0 minu m pla tic ba . The 

anti DIG-alk line phosph t .. se as ilut d in rati 1:- 0 in bu ~ r... orkin 

n i OJ - lkalin phosph tas as ad J d o .>Oml bu ~ r 2 

and mixed) DJG User's uid~; lor Filter Hybri li tion. fannh it ermany. This 

working antibo y solution i stable or about _4 hour . The m mbr· ne v incub t d in 

the antibody solutton for 30 minutes. The mt.:mbrane s ashed t ic in suf.fici nt amount of 

Buf er 1 for 1- minutes per wash. 1 ht; membrane\ as qui libra e in 20 ml uf r 3 (100m 

Tris-HCL pH 9.- l 00 m. ! a 1 0 m 1 . IgC12 or_ minu es. The colour subs r as 

prepared by adding 4- J.Ll . T solu ion and 3- ~tl - Phospha e in l 0 ml o bu r 3. his 

solution :vas added direc ly o be membrane in a seal d ba in tt e rk. The onnation of th 

color precipit te s artcd \'ithin a f minutes nd he r a ion w comple ithin 1- hours. 

Once the desired bands had bt:en de ec ed th membr ne as washe i \ i h 0 ml o Bu fer I for 

5 minutes to stop the reaction. 
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-· .1. arnp l 

ric 

I· inc 

. \ 

h I r 

ain romP 

Pool of -2- w ils w us 

app 1dagcs and h ad usi n the 

P amplifi ati n 

h l i h 

1urli bu ah Th il nd o th 

m oon d 

'co . 

,· rae ton. o I D 'as isol t d rom 

1d D yl 

The CO 1 mitochond al c ·on as m li 1 d u m' the t o p trs o primers S I 60: 

T. C TTT. TCG CT 

GCT. ~TC TCT. A T T 

CC T 

GG TA.RTC G RT C 1CG G 

Harvard Ut i ersity). PCR r a ti ns \ ere carried out in 

Omni-E lhem1al cycl~r lid est Scientific t. Loui • · • 

Butfer. _ ~~ of5 m 1 d. TPs O.l ~d T q (. 

1-11 genomic D 1 0 ng) 15.4 111 a er and I !J.l 

2: 

I: 

uppli~ by Bri, n D. rrell 

olum of.. 1-11 in a Hyb id 

olio s: ... 5 J.ll of I 0. P R 

1.0 Jll 8 i ( 1 mglml) ( 1 rna , 2 

er pnme . The 

cycles 0 sn or 30 s conds for 1 

minute 72°C or 1.- minutes and fin, 11y 1 eye I t 7 _ °C tor I 0 minul s. 
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•. . . I u·i i n I n 

I 

III 

m 

I I in 

- 100 bp 

PCR pro uc ( 10 

a I n Hin r. 
estric ion dig sts w e carried ou 

hringcr. Germ ny . he ra,:,m nts w 

nzyn1 -

n1pJicon 

he 1plicon 

d i h 

II · 1 B 

·co 

_ nd 2771 

l Hpa II 

Ju L II 

m·mu actur r s instruct"on ( fannh im. 

' ros T bu Ii r) and 

isualized,. ith cthidium bromid nd ltraviol li ht. 



di H r n t r ior f h ' oriel 

by h et,. I ri n thyl ·trnm 

ht; qualit .. of Dt ; obtain 

On 

Th yi ld an quali yo 

assess d usinu 0. V!J l i -borat - _o 

mokcular w ight m rke 'I hrin 

moh::cular wei~h b n<..l (7 3bp 

m asure of D .\ u lity (fig.5). 

The suit·lbility o absolut hanoi or 

ordulus for 0 2 olut 

11 L 

ul HH n r m 

ci 

7 . 

c issu s. 

i · ual 

consi (;red to be the maximum len 0 h o imc 1 in 

stored at room tem o collec d in th 

fi !d and then shipped in absolu e 

D \ as ilute min'n its 

optic I density a _60 nm ( 10 • ). D se s o 0. 0/c, a rose g 1 usin 

s 



• 1 ·-· I 

in 

r. 

ion. 

= }_. 

rom\ e ils stored for 0 2, 4 6 and 8 

crease i significantly between 0 and 2 

< 0.001· Tuk y multiple range test, P< 

he h· nge in yield id not alter significantly (P< 

g D ~d in TE buffer (fig. 6). The quality of 

1 r~ ~ in eth nol at room temperature for up to 8 

as used for all field - collected banana 

fron1 individuals preserved 

)coho! pro\ e unsatis ctory . 

u ibilit .. ' f th m th d 

on d ha\ e ound that bands amplified by arbitrarily primed 
' ty (Bl ck 19 3 . Faint ban s have been found to be sporadically 

In hiss udy only intens ly and consistently amplified bands 
t s . These ere Identified by performing replicate reactions 

x r cted from the same individual and then repeating this over 
O'-' ever. the oversensitivity of those primers which identified 

n clo ely related Cosmopolites sordidus that they were of no use 
ie ' s of particular concern. Each unusable primer reduced 

h number o I rna kers. fn view, however of the high degeree of variability 
T rich non-conserved, repetitive regions found in the 

k., er, 199 ), it is expected that primers annealing in or around 
ill prod cc a large number o possibly similar sized amplification products 

ain homolObY· he use o such pnmers is thus to be avoided and a broad 
r lin in ry s r en in of primers is essential for each new taxonomic group to be 

. In th s udy o genetic variation in the mosquito (Ballinger-Crabtree eta!., 

a d B :vere tested in the primary screening using two 
opt lation . Four of hese were used o test all eleven populations and only 

I cted for the nalysts. In this study, forty primers (kits A and B) were 

44 



v 
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Figure 5: 

Showing yield and quality of D A extracted fron1 banana weevil from 

four different regions analysed using 0.8%, (TBE) agarose gel isualized 

using ethidium bromide. 1 -Cameroon, 2 -Uganda 3 -Kenya 4-

Australia and M- Niolecular weight marker. 
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ur 

D yi ld (tot I nucleic acid) from field collected banana weevils at 
0 2 4.6 nd ecks of storagl! in absolute thanol at room temperature. 
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i 'Ur 

: mplt; of RAPD polymorphism detected in indi victuals of C. sordid us. 

h P R products ·ere separated on a 1.2% ag ros gel stained ith 

hidi m bromid . 

- T nzania samplt:s 1 - 29 amplified using OPO 14 

- T nz nia mples l - 29 amplified using OP A 17 

nz ni sar 1pl s l - _9 amplified using OPO 19 

D - Embu samples 1 - J5 amplified using OPO 18 

- mbu samples 1 - 35 amplified using OP020 

on the left comer of each gel- negative control 

1- 1ol cular weight marker 

49 



A 

c 

R I 3 S 7 

-2 6 
·I S 
·1.0 

.0.5 

-0.1 

-2.6 

-I.S 
-1.0 

·O.S 

·0.1 

7 9 11 13 IS 17 19 21 23 2S 27 29 M J.b 

·2.6 
-I.S 
-1.0 

-O.S 

-0.1 



MBI 3 57 Q 

2 

0. 



1 he repro uci iii yo ul 

, rifie b .. R PO n lysis o 

rom ita popula ion w 

R. PO fr\. gments pat ms or 

effect of template cone ntration on 

assess at hrec concentr ions. 

template D. 

Characterization reactions h r on.: 

amplification the gels rest inc 

bands scored as pre sen (I) or bs nt 

appendix III. Fifteen populations vere stu i d. I o 

generated using 5 primers (table ~ . 

In order to test whether he 4 R PI loci 

populations. Chi-square (x_2) and likelihood r tio 

populations (Hedrick 1984). The presence nd b 

primer are often assumed to be indep nd nt. Ho 

hat amplification of ccr ain ands interfere \Vi h or pr cl 

bands. This might occur through preD 

sequence resent on one chromosome. 

reduced early in the PC'R process. Chi-squar ·m 1 i 

of pairwise ssociat1on between band mpli 1 

Once a ample of individuals in a populnti n h 

locus the llele frequencies w re c lc 1 ed ccor in to 

Law (table 

The RAPD band frequencies for ach I th rorld p 

he erogcneity of band frequenci s c oss p pul ti ns re 

ol morphic in each population o 

some populations. The fn:qu ncies o ·- ou o 

(59%). 

Chi~square analysis t d h 

bands amplified ~' he same primer nrl ro s 

0 

r 

r 

ny 

m 

in 



Test for independence betv ecn pairs of bands 

prim rs revealed 1 o/o (Australia) 9.5% (Zanzib r 

alidit of the results on population structure o ban n· 

calculated in Hardy- Weinberg proportions are indic t 

percentage of polymorphism detec ed by the sel c 

of banana weevils from different parts of the orld r 

Polymorphism in RAPD banding patterns amon~ in i 

(Figure 7 (A) (B) (C) (D (E). The number of polymorphic 

ranged from 36 (Honduras) to 5 (Puerto Rico Tanzania and 

Among C. sordidus world populations genetic di ersity ari d consi 

8). For instance the percentage polymorphic loci ranged rom . % 

9 .8% ( fbita. Puerto Rico and Tanzania) veraging 9_,_% or 

7). 

Primer OPO l4 was on average polymorphic at 90.3% of th loci v l er 

OP018, OP019 and OP020 were on average polymorphic % 

95.6% of the loci respectively. 

The gene diversity (h) within each population averaged o r 4 loci) r n 

0.297 Honduras) to O . .f55 ( fbita {Kt;nya)) and the mean genetic div rsity o 

to 

populations was 0.375 table 8a). The average heterozygosity or indi id I il 

populations ranged from as high as 0.46 in. Ibita popula ion o a lo 0. lll 

Honduras population. Higher total diversity Ht) ere c lcula 

(Ht=0.45) Costa Rica (Ht=0.40) and Zanzibar (Ht=0.3 7 (t bl 

fre uency divergence be \'een the differe t populations on he P 

i 1 . Tl diversity were quantified by the gene diversi Y statistics 0 

diversity (Ht) was 0.470 over all the populations (able b · 

Hs) was 0.370 for all loci. 

i hin opt I 

bl 

II I 

tic 



bl : RAPD band frequencies in fifteen populations of we 'ils rom 

of he'> orld calculated using H rdy-Weinberg. 

fpRJME 
014-01 

014-0Z 

I 014-03 

014-04 

014-05 

01 -06 

01 -07 

014-08 

014-09 

Al7-01 

A17-0:! 

A17-03 

\ 17-0~ 

.\17..05 

A17-06 

A17-07 

17-08 

AI -09 

L 018-01 

l 018-02 
018-0J 

018-04 

'- 011$-05 

...... 018-06 

-018-07 

-018-08 

L018-09 

~019-0t 
L019-02 

--019-03 
019-04 

019-QS 

019-06 

019-07 

019-08 

019-09 

019-10 
0.0-QI 

~ ~ 

32 =Australia CA= Cameroon COL= Colombia C =Cost Ric 
Fl= Florida, GH= Ghan Ho= Honduras 
KE=Kenya (Embu), Puerto= Puerto Rico 

?== Indonesia, B= K nya bi 
SA=Sout fiica. TZ= T nzania 

Uganda 
ZA= Zanzibar 
bG2

- test for heterogeneity of band frequencies across populations : , 
significant at p~O.OS and 0.0001 respectively. 

2A CA COL CR FL GH HO IN K.vtB K£ P E SA TZ 

0.929 0.820 0.793 0.953 0.583 0.720 I 000 0.786 0.800 0.886 0 692 I 000 0.800 

0.6..13 0.880 1.000 0.953 0.708 0.980 1.000 0.762 0.829 0.971 0.821 I 000 0.860 

0.071 0.620 0.724 1.000 0375 0 940 0.950 0.548 0.771 0.914 0. 62 0.)49 0.900 

0 -429 0.820 0.897 0.907 o.2o8 0.960 0.775 0.643 0.6·7 0.7 •3 0..359 o:-442 0 780 

0.85/ 0.820 0.931 0:88..) 0.108 0.920 I 000 0.548 0.800 0.914 0.590 0.953 0 700 

0 851 0.860 0.931 1.000 0 833 0 660 1.000 0.571 0.800 0.914 0 615 1.000 0.840 

0. 214 0.180 0 276 0.977 0 167 0 780 0.675 0.167 0629 0.971 0.385 0.512 0.860 

0 286 0.160 0.000 0.74 0 750 0 780 0 25 0.024 0 619 0.857 0.385 0.535 0.720 

0.571 0.800 0.069 0 767 0 125 0.820 0 900 0 048 0 629 0.857 0 256 0.512 0.760 

0 71J 0.520 0 J-45 OAI9 0 792 0 320 0075 0 738 0.800 0400 0.769 0.256 0.680 

0.214 0.960 0 828 0.767 0 417 0.900 0.315 0.667 07<!3 0.771 0. 10 0.721 0.700 

O.J5i' 0...160 0.828 0 698 0.417 0.960 0.925 0 738 0 857 0.800 0590 0.721 0.780 

0 786 0.960 0.966 0 814 0.875 0.940 1.000 0.71 -4 0.771 0 914 0.256 0 837 0.800 

0.786 0.9:!0 0.828 0.930 0.833 0.940 I 000 0.690 0 771 0.914 0 359 0 930 0.680 

0.786 0.960 0.655 0.791 0 333 0.960 0.875 0.286 0.571 0 886 0.256 0.791 0.800 

0.929 0 700 0.621 0.907 0.375 0 900 0.975 0.619 0.71J 0 886 0.051 0.930 0.5 0 

0.286 0.960 0.414 0.953 0 625 0.920 0925 0.02-l 0.029 o 829 0.128 0.930 0.580 

0.071 0.8-W 0.207 0.907 0 583 0.880 0.700 0.000 0.000 0.857 0.154 oiJ7 0.380 

0.500 0.680 0.897 0.116 0.375 0 900 0 000 0.667 0.886 0.829 1.000 0.395 0.760 

0929 0.440 0.724 0.419 0.792 0.920 0.600 0.714 0.7431 0.886 0.949 0.512 0.860 

0.71-l 0.980 0.93 I 0.81..) 0.750 0.900 0.900 0 -405 0 914 0 943 0.923 0.512 0.760 

0.71 4 0.960 0.966 0.907 0 667 0 900 0.950 0.238 0 829 0 943 0.7-W 0.791 0.760 

O.J i7 0.960 0.828 0.930 0.-92 0.860 0.875 0.167 0.800 0 971 OJ44 0465 0.740 

0.214 I 000 0.724 0.88-4 0.042 0.820 0.875 0.190 0.457 0 886 0.-136 0 442 0.380 

0.071 0.580 0.552 0.860 0 583 0.820 0.975 0.048 0.486 1.000 0692 0.721 0.000 

O. l-l3 0.940 0.552 0.744- 0.208 0880 0 875 0 000 0 829 0 971 0487 0.698 0.720 

0.286 0 520 0.000 0.721 0291 0.780 0 675 0 000 0 200 0 886 0 256 0 302 0.560 

0 1..13 0. "60 0.517 0.093 0.167 0.040 0.000 0 690 0.571 1.000 0.333 0.186 0 200 

0 ..129 0 6-10 0.690 O.N-4 0 833 0 9_0 0 675 0 643 0 514 0 857 0.897 0 442 0.680 

0.357 0 880 0.828 0.930 oj33 1.000 0.925 0 452 0.686 0.857 0718 0.907 0 500 

0 786 0 980 0.655 0.884 0 583 I 000 0 925 0 357 0.657 0.886 0.821 0.884 0.840 

0.000 0.880 0.759 0.907 0.333 I 000 0.975 0 . .357 0 7-13 0 886 0 872 0.977 0.860 

1.000 0 960 0.828 I 000 0 667 I 000 0.915 0.500 0.771 I 000 0.897 0.907 0.900 

0 786 0.960 0.793 0.930 0.917 0 700 1.000 0.238 0.7-13 0.514 0.821 0.953 0.860 

0.643 0.020 0.724 0.767 0.708 0 980 0.900 0 310 0.771 I 000 0.872 0.884 0.?00 

0.786 0.000 0.724 0 500 0.980 1.000 0 262 0 771 I 000 0.462 0.744 0.760 
0.767 

0.351 0.000 0.586 0.860 0.900 0.048 0.514 1.000 0.282 0 41 9 0.920 
0.140 0.542 

0 l·.IJ 0.280 1.000 0.900 0.975 0 833 0.743 0 971 0.795 0 744 0.900 
0.581 0.375 

0.714 0.740 0.724 0.980 0.950 0.667 0.800 0 657 0.872 0 977 0.900 
0.674 0.958 

0.929 0.860 0.793 1.000 0 915 0 71-l 0.829 0.886 0.872 0.907 0.860 
0.791 0.917 
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Ul 

0.960 
0.960 

0 320 

0.580 

0 800 

0.860 

0.600 

0.380 

0 200 

0 960 

0 9~0 

0.980 

0.980 

0.980 

0.740 

0.980 

0.700 

0.780 

0800 

0.920 

0.920 

0.900 

0.900 

0.420 

0.860 

0 920 

0.860 

0.560 

0 600 

1.000 

0.940 

0.880 

0.960 

0.980 

1.000 

0.980 

0.960 

0.900 

0.840 

0.920 

1= 

ZA G'b 

1.000 22.8 .. 

1.000 40.68'" 

0.708 0.45 

0.813 0.00 

0.625 6.18" 

0.729 15.33'' 

0.271 22.47" 

0.333 17.01 " 

0.292 112.81 .. 

0.771 16.82" 

0.688 0.27 

0.813 3 II 

0 833 17.33' 

0-179 10 56' 

0 625 0.04 

0 583 0.46 

0.150 9 25' 

0.000 109. 17 .. 

OA38 0.01 

0.854 3.34 

0458 10 39 ' 

0.792 15.53 .. 

0.583 1.85 

0.250 14.66 •• 

0 708 0.04 

0 563 0 41 

0211 118.54 .. 

0 583 74.92" 

0.771 0.13 

0 771 4.13 ' 

0.563 7.23. 

0.771 10.12" 

0.896 29.00 .. 

0.521 4.77' 

0.750 1.49 

0.375 0 24 

0.354 109 32 .. 

0.833 000 

0.896 .3.92 ' 

0.833 9.96' 



0 .o-O-' 0.857 0.860 0.793 0.814 0.625 I 000 0.975 0.714 0.886 0.943 0.667 0.907 0.900 0.940 0.958 
,...-0~0-05 0 786 0 780 0.690 0.81"' 0.500 0 980 0.975 0.452 0.886 I 000 Oo67 0.884 0.880 0.940 0.792 
..-0.0-06 0 71 4 0.820 0.621 0.767 0.667 0.960 0 975 0.381 0.886 0.971 0 436 0.884 0.880 0.940 0.729 
'"0~0-07 0 786 0.800 0 '52 0.721 0.750 I 000 0 850 0.333 0.82? 0.971 0256 0.907 0.880 0.920 0.7.SO 
- o.o.os 0.714 0.840 0.241 0.581 0.792 0.960 0 925 0 214 0.829 0914 0.256 0 651 0.840 0.940 0 667 
,_ o.o-09 0.07 1 0..360 0.000 0.512 0.542 0.900 0 650 0.119 0.800 0.886 0017 0.791 0.600 0.880 0.042 -

able 7: umber and percentage of polymorphism detected by the s lee ed 1 e prin1ers 
for 15 populationsa of banana eevils from different parts of the world. 

2. = ustralia CA= Cameroon COL= Colombia CR= Costa Rica 
Fl= Florida GH= Ghana Ho= Honduras =Indonesia, IG 1B- Kenya ( bita), 
KE=Kenya (Embu) Puerto= Puerto R.jco, S =SouthAfrica TZ- Tanzania '1 = 
Uganda ZA= Zanzibar 

11fU\IER !A CA COL CR FL Gil HO I~ K~IB K£ PUE SA TZ UJ ZA 
OPOI..J 9 9 7 7 9 9 5 9 9 9 9 6 9 9 7 

% 100 100 778 77 .8 100 100 55 5 100 tOO 100 100 66.7 100 100 778 
OPt\ 17 I) 9 ') 9 9 9 7 8 8 9 9 9 ' 9 8 

u;., 100 100 100 100 100 100 77.8 88.9 88.9 100 100 100 100 100 88 9 
o ro1s 9 8 8 9 9 9 8 7 9 & 8 9 8 9 9 

% 100 88.9 88 9 100 100 100 88 9 77 8 100 88.9 88.9 100 88.9 100 100 
OP019 8 8 10 9 6 7 7 10 10 5 10 10 10 8 10 

% 80 80 100 90 60 70 JO 100 100 50 100 tOO 100 80 80 
OPOZO 9 9 7 9 9 6 9 9 9 8 9 9 9 9 9 

u;., tOO 100 178 100 100 66.7 100 100 100 88.9 100 100 100 100 tOO 
TOTAL ... 4 ... 3 41 43 H ~0 36 4} 45 39 45 43 45 44 4J 

.\lEAN 9".6 9.3 .5 89.1 93.5 91.3 86.9 78.3 93 .5 CJ7 .8 84.8 97.8 93.5 97.8 95.6 93.5 

Estimates of Shannon ,s phenotypic diversity (H0 ) for RAPD,s regiven in table 8 

(King and Schaal 1989). They ranged from 0.382 (Honduras) to 0.80 Florida) and the 

m an for the 15 populations was 0.623. Estimates of H0 also varied among primers with 

OPO 19 detecting the lowest 0.597 and OPO 18 d tecting the hibhest 0.647 v lue of 

d1versity (table 9). Shannon's infonnation index of phenotypic diversity as used to 

partition the iversity into within _ and between population components (table 1 0). Hpop 

provided a measure of the average diversity of the fifteen populations. OPO 18 detected 

he most and OPO 19 the least within- population variability. t-test was carried out to 

e aluate differences between oenetic distances within and be een C. sordidus .:;, 

populations. The statistical result showed that the variation within and between C. 

sordidus populations was significantly different (p<O.OOOl). An examination of genet'c 

di ersity present within populations (Hpop/Hsp) and bet een populations CHsp -~P)/Hsp 
indicate that on the average the diversity (74.7o/o mainly occurred within C. sorchdus 

9.35' 

2.36 

o.ss 
0.00 

lOS 
118.29' ' 

~lEAN 

8.1 
90.3 
8 7 

96.3 
8.5 

94 .0 
8.5 

85.3 
8.6 

95.6 
42.4 

92.2 



ion . i tribL io o ari bilit 

ions. Estimates of gene now m 

ions. according to rO\ and oki 

be in erpr ted s little or no cne flow. 

a: 1 vcragc r [cterozygousity and its tan r 

i ns from di fft:rent parts of the world. 

Florida 
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Kenya (Embu) 
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iv rsity mong popul tion . 

H pop 

0.63 

0.6 0. 7 

0.6 0. I 

0.597 0. 2 

0.598 0.760 

0.6-3 0.83 

ithin n mo 

nd u in 

P R products were run on g Is and he 

D v r scored as present 1) or absent (0 

PD b. nd frequencies in fifteen populations of ban 

1n nda w re calculated according o H 

nd the results are indicat d in tabl 13. 

nous mon the 15 populations. 

PO band frequencies for each of the Ug 

n ity of band frequenci s aero popul tion 

0.7 7 

0.7 

0. 13 

0. 3 

pp ndi 

lymorphic in each population of hich r 

n om populations. The fr quenci s of 1 

.6% . Therefore RAPD diverg nc on 

il :v s due mainly to band frequency diffi r n I no loc 11 

on or r re bands (table 11 ). 

s 



o r m 

lo i per po ulation r n e 

mo nd Bundagara tabl 

of riation ble 12, 14). The perc nt pol 

to 1 00°/o (Kalcgweri, amubiru . tun amo n 

for h 15 popul tions. 

Primer OP 17 was on average polymorphic 

OPO 1 • OPO l9 and OP020 were on average polymo 

Vo o the loct respectively (table 12). 

The gene diversity (h) within each population 

0 . ... 1 tengeru) to 0.468 ( amubiru) and he me n 

om 0.47 or ·amubiru o 0.3 .... for engeru 

i rsit.. Ht w3.s 0.46 at 11 loci. \Vithin poulation i rsity n 
o ulation diversi ty (D t) as only 0.0 0405, therefor within popul i n 

s re ponstb le for most of the genetic diversity (tab I 13b . 

) 



II · PD B nd fr quenct 

r ions in Ug nda c lcul t 

PRiMER 

OPA 17..01 0.650 0.966 0.793 1.000 0.759 1.000 0.931 0.828 0.690 0.690 0.: 16 0.931 0.759 0.3 .. 5 0.655 
OPA17..02 0.750 0.966 0.793 0.793 0.448 0.72 .. 0.931 0.724 0.621 0.655 0 .. '3 0.821 O.rn 0.586 0.655 
OPA17-0J 0.850 0.966 0.828 1.000 0.793 0.966 0.931 0.759 0.655 0.897 0.4 1 0.828 0.690 0 72 .. 0.862 
OPA17..04 0.850 0.966 0.862 1.000 0.862 1.000 0.931 0.862 0.690 0.966 0., 13 OM7 O.rn 0.41 .. 0.552 
OPA17..05 0.900 0.966 0.897 0.793 0.931 1.000 0.966 O.n4 0.690 0.966 0.759 0.759 0.862 0.862 0.897 
OPA17-06 0.800 0.862 0.759 0.966 0.931 0.862 0.828 0.759 0.621 0.931 0 ... 14 0.862 0.0)4 0.'586 0.586 
OPA17-07 0.850 0.966 0.897 0.966 0.931 1.000 0.966 0.759 0.690 0.966 0.655 0.162 0.793 0.828 0.828 
OPA17-08 0.550 0.586 0.034 0.345 0.621 0.483 0.552 0.517 0.-483 0.4-48 0.759 0.690 0.241 O.+f8 0.690 
OPA17.09 0.500 0.690 0.379 0.034 0.276 0.483 0.655 0.138 0.276 0.690 0.000 0.276 0.207 ·0.276 0.2 .. 1 
OP018.01 0.900 0.828 0.966 0.517 0.931 0.966 0.828 0.931 0.862. '0.793 0.897 0.966 0.966 0 897 0.931 
OP018..02 0.750 0.931 0.966 1.000 0.828 0.931 0.931 0.759 0.931 0.862 0.931 0.966 0.690 0.897 1.000 
OP018-0J 0.750 0.966 0.862 1.000 0.793 0.931 0.966 0.828 0.862 0.655 0.862 0.897 0.-448 0.931 0.931 
0P018.04 0.800 l.OOO 0.966 1.000 0.897 0.966 1.000 0.897 0.862 0.897 0.931 0.897 0.862 0.897 0.966 
OP018-05 0.750 0.966 0.759 0.862 0.759 0.759 0.966 0.621 0.828 0.552 0.931 0.759 0.690 0 793 0.241 
OP018-06 0.700 0.931 0.862 0.724 0.724 0.897 0.93i 0.862 0.862 0.862 0828 0.93 0.931 '0,690 0.586 
OP018-07 0.150 0.793 0.690 0.448 0.724 0.828 0.828 1.000 0.690 0.379 0.172 0.31 0.586 0.621 0.552 
OP018-08 0.750 0.724 0.828 0.966 0.828 0.897 0.724 0.862 0.862 0.862 0.828 0.96 0.655 0.793 0.931 
OP018-09 0.500 0.828 0.862 0.000 0.517 0.690 0.793 0.483 0.621 0.759 0.724 0.897 0.310 '0.069 0.138 
OP019-01 0.900 0.759 0.103 0.966 0.724 0.931 0.759 0.414 0.828 0.793 0.793 O.+ti 0.931 0.759 0.828 
OP019-02 0.950 0.793 1.000 0.966 0.897 0.966 0.793 0.310 0.862 0.552 0.931 0.862 0.897 0.759 0.586 
OPQ19.03 0.950 I 0.724 1.000 0.966 0.931 1.000 0.759 0.621 0.828 0.966 0.862 0.966 0.897 '0.897 0.862 
OP019.04 0.950 0.621 1.000 0.966 0.897 0.931 0.655 0.586 0.862 0.931 0.552 0.828 0.897 0.793 0.72 .. 
0P019-05 0.900 0.552 0.517 0.897 0.897 0.276 0.552 0.724 0.862 0.621 0.586 cf.4f4 0.310 0.621 0.517 
0P019-06 0.950 0.793 1.000 0.862 0.931 0.966 0.793 0.759 0.862 0 966 0.793 0.897 0 897 0.828 0.621 
0P019-07 0.900 0.655 0.931 0.690 0.690 0.862 0.690 0.759 0.828 0 897 0.621 0.690 0.897 0.724 0.759 
OP019-08 0.950 0.793 1.000 0.966 0.897 0.897 0.793 0.690 0.793 0.966 0.793 0.897 0.862 0.862 0.759 
0P019-09 0.700 0.759 0.448 0.966 0.828 0.793 0.759 0.621 0.828 0.897 0.379 0.690 0.793 0.724 0.586 

fCOiDPn.01;;;9'j;·1:;-0t-0~.4:;:0~0+?0.7:75~9~0.~82~8~0~.0~00~0~.7~93~0.931 0.759 0.828 0.759 0.931 0.-483 0.414 0.897 0.000 0.586 
0P020-01 0.750 1.000 0.828 0.103 0.966 0.345 1.000 0.483 0.207 0.483 0.759 0.414 0.897 0.517 0.690 
0P020.02 0.900 1.000 1.000 0.621 1.000 0.966 1.000 0.4-48 0.862 0.966 0.966 0.897 0.931 0.966 0.793 
0P020-03 0.900 0.897 1.000 0.621 0.897 0.655 0.897 0.931 0.862 0.931 0.966 0.931 0.897 0.931 0.586 
0P020..04 0.650 0.828 0.862 0.586 0.690 0.931 0.862 0.690 0.828 0.828 0.931 0.586 0.759 0.862 0.586 
~P020..()5 0.950 0.897 0.793 0.552 0.931 0.931 0.931 0.793 0.862 0.759 0.862 0.897 0.828 0.759 0.759 
~P020..06 0.900 0.966 0.862 0.655 0.966 0.586 0.966 0.655 0.862 0.931 0.759 OJ97 0.828 0.828 0.897 
.£>P020.07 0.950 0.931 0.793 0.655 0.517 0.690 0.931 0.655 0.862 0.931 0.828 0.690 0.862 0.517 0.483 
~020.()8 0.950 0.897 0.862 0.690 0.621 0.862 0.897 0.655 0.862 0.931 0.828 0.759 0.793 0.621 0.828 
~020..()9 0.700 0.655 0.241 0.643 0.931 0.621 0.655 0.207 0.862 0.862 0.517 0.448 0.000 0.310 0.172 
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0.28 
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0.00 
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11.5-4" 

0.00 
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le 1-: . ·umber and p rc r a,:,e o • polJ 
(5 Or fi teen pOpUJa iOnS~ 0 "b n I a 

fPRlMER UG UG UG UG UG UG UG UG UG UG UG UG lUG UG UG MEA 
2 3 4 5 6 7 8 9 10 1 '1 12 13 14 15 16 N 

OPA17 9 9 9 6 9 5 9 9 9 9 8 ,9 9 0 9 s.s 
100 100 100 66.6 100 55.5 100 55 5 00 100 88.9 100 ~00 '100 100 94.7 

OP018 9 8 9 5 9 9 8 8 '9 9 9 9 9 9 8 8.5 
100 88.9 100 55.5 100 100 88.9 88.9 100 100 100 100 100 100 88.9 87.4 

OP019 10 10 5 9 10 9 10 10 10 10 10 10 10 9 10 9.5 
100 100 50 90 100 90 100 100 I 100 100 100 100 100 90 100 94.7 

OP020 9 7 7 9 8 9 7 9 9 9 9 10~ I 8 9 9 8.5 
100 77.8 77.8 100 88.9 100 77.8 100 100 100 100 88.9 100 100 94.0 

TOTAL 37 34 30 29 36 32 34 36 37 37 36 37 36 36 36 34.9 

MEAN 100 91 .1 81.1 78.0 97.3 86.5 91.9 97.3 100 100 97.3 100 97.3 97 3 97.3 94.2 

abl 13a: verage heterozygousity and its standard error Uganda opula io s 

rror 

tengeru 0.J2137_ 0 . .).) 39 

Buwama 0.331807 0.030293 

Bukanga 0.416766 0.01 -13 

Buzaya 0.362676 0.026511 

Lakeshores 0.402659 0.023101 

Bunyaruguru 0.4385-5 0.01 66 
9 Namubiru 0.467596 0.010 13 
10 0. 23712 0.0117 5 
ll 0.426 44 0.017 12 
12 0.424135 0.011 -
1 amunyonyt 0.415187 0.02065 
14 Kawanda 0. 26034 0.019161 

Ntinkalu 0.421654 0.019 1 
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• 1 1 b: P~rti _tioni~g o~to~al diversi~y H for each polymo hie 1 
1 loct: dt· erstty wtthm po.pul~tlon. Hs). be v 1 p puJ 10 
, and proporoon of total allelic dtverslly found among po 1 tio 

Gt Ht 
0.211798 0.4 5859 
0.074135 0.499996 
0.10429 0. 62242 
0.192715 0.461912 
0.100304 I 0.446295 
0.16737-+ 0.499712 
0.1 12:527 1 0.444755 
0.0 0446 I 0.420692 

1 o. 1._1597 0.3:20639 
0.0', 9570 I 0.437295 
0.1207 5 0.411408 
0.131148 0.455r21 
0.106628 0.366183 

1 0.120308 0.498232 
0.061227 I o.4818~9 
0.210248 0.-+ 9893 
0.081966 0.489381 
0.193586 0.4609~9 0.37171 
0.157181 0.499313 0.420 0 
0.185429 0.476614 0.388236 
0.139228 0.41 82- 0.360 ~ 11 

0.149038 0.476873 0.405801 
I 0.128915 0.48_378 0.4 ... 0192 

0.09 506 0.450156 0.40 263 
0.049699 0.49.)532 0.46900 
0.089069 0.4518_6 0.411582 

0.087907 0.499800 0.45586 

0.2193 6 1 o.49o9so 0.383263 

0.331870 0.499308 0.333 0 

0.248709 0.380276 0.28569 

0.125420 0.4 9013 0.39269 

0.065542 0.497857 0.46 '"22 

).057099 0.476296 0.44910 

0.087138 0.469938 0.4289 9 

0.111822 0.497969 0.4422 5 

0.059603 0.4 9166 0.460010 

I 0.197685 0.44Q607 0.360727 

0.1309 8 0.46 . 184 0.400779 
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Estimates of Shannon s phenotyp~c diversi y (Ho for o·s r lV n In bl 

15. They ranged from 0.491 (Uganda 5) to 0. 770 (Uganda 9) nd hem 15 

C,:,anda populations was 0.619. Estimates of H0 also aried among prim r i h OPO 1 

de ec ing the lowest (0.579) and OPA 1 7 d tecting the highest 0.64_ alue o di ersi y 

(table 14). Shannon's information index o phenotypic diversity ;vas us d to partition he 

di ersity into within - and between population components table 15). H P provid a 

measure of the average diversity of the fifteen populations. OP020 detect d th most and 

OPO 19 the least within- population variability. A t-test was carried out to e aluate 

differences between genetic distances within and between C. sordidus populations. The 

statistical result showed that the variation within and between C. sordidus populations 

v s significantly different (p<O.OOOl). An examination of genetic diversity present 

\ ithin populations (Hpop/Hsp), and between populations, (Hsp -Hpop)/Hsp in icated that on 

he average the diversity (84. 7%) mainly occurred\ ithin C. sordidus populations. The 

distribution of variability bet\veen- and within- populations however varied between 

primers. For example, OPO 19 detected most variability between populations (16.6o/o) 

whereas primer OP020 and OPA17 detected most variation within popul tions (85.2% 

and 85.1 %) respective ly. 

The genetic diversity within and among the l5 populations reveal d average level 

of di ergence (Gst value of 0.131) (table 19). This means that approximately 13% of the 

genetic variation observed in this study was due to differentiation among populations of 

C. sordidus compared with 87% within populations. Estimates of gene flow m) (table 

19) ranged from 1.305 to 1.553. Over all populations according to Crow and Aoki 

0984), gene flow values ( m) of less than 1 should be interpreted as little or no gene 

flow. Thus the averaae of the values m= 1.45) observed within populations in this .::;, 

study would indicate reasonable migratory events. 
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T bl 1 ~ : Estimates of Shannon's phenotypic di ersity in 
tif een populationsJ of Banana eevils. 

JUG2= Kalegweri UG3= Ikulwe, UG4= tengeru UG5= Buw m UG6= 
Bukanga UG7= Buzaya UG8= Lakeshores UG9== Bunyaru

0
uru G 1 0= 

Namubiru UG 11 = Ntungamo, UG 12= Kabukye UG 13= Bunda gar , UG 1 = 
amunonyi UG 15= Kawanda UG 16= tinkalu. 

P RIMER UG UG UG UG UG UG UG UG UG UG UG UG UG UG 
2 3 4 5 6 7 8 9 10 11 12 13 14 15 

0.751 0.417 0.627 0.359 0.667 0.405 0.496 0.768 0.919 0.578 0.617 0.652 0.717 0.866 
OPA17 

0.770 0.452 0.527 0.404 0.711 0.497 0.452 0.602 0.641 0.736 0.554 0.467 0.749 0.609 
OPOIS 

0.469 0.835 0.350 0.325 0.578 0.416 0.821 0.887 0.650 0.502 0.803 0.715 0.544 0.671 
OP019 

0.544 0.401 0.519 0.895 0.498 0.690 0.379 0.834 0.605 0.721 0.588 0.716 0.529 0.718 
OP020 

0.633 0.526 0.506 0.491 0.614 0.502 0.537 0 .. 770 0.704 0.634 0.641 0.638 0.635 0.716 
I MEAN 

UG 
16 

0.805 

0.516 

0.813 

0.799 

0.733 

Table 15: Components of genetic diversity in C. sordidus from 15 locations from 

Gganda, partitioned into within and between populations from 4 random oligonucleotide. 

f\op=A era:;,e divers ity ofRAPD markers for all populations Hsp =Shannon s ithin 

species diversity index H /H =within population diversity (Hsp-Hpop)/Hsp= diversity ' pop sp 

among populations . 

Primer Hpop Hsp Hpo/ 

OPAl 0.642 0.754 

0P018 0.579 0.684 0.846 0.15 

0P019 0.624 0.74 0.834 0.166 

OPO 0 0.629 0.738 0.85- 0.1 8 

IE 0.619 0.731 0.847 0.153 
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Iolecular markers of randmonl amplified polymo rphic D. p 
Banana Weevils from different regions of the, orld. 

J.l. Pol .. morphic bands 

The amplification results were routinely repeatable. The clusters were 

distinguished by their RAPD patterns with all primers however no single primer 

generared patterns for each cluster. Primer OP014 produced a unique 500 bp in 2nd 

or 

cluster designated as 14-1 (figure 8a) . Primer OPA17 produced 3 products: F3 

approximately 550 bp product d signated as 17-1, F2 approximately 500 bp designated as 

l -2 and F 1 approximately 200 bp designated 17-3 all unique in P' cluster (figure 8b ). 

Primer OPO 18 produced two unique products. A 250 bp product designated as 18-1 

unique in 3'd cluster and a 400 bp product designated as 18-2 unique to 6'h cluster (figure 

8c). Primer OPO 19 produced two unique products. A 250 bp product designated as 19-1 

nique in 4'h cluster and a 600 bp product designated as 19-2 unique in 6th cluster (figure 

18d). Primer OP020 produced a unique 200 bp product designa[ed as 20-1 in 3n1 cluster 

(figure 18e). 

3.3.2. Clonino polymorphic band 

The polymorphic PCR products obtained in section 4.5 were ligated with pGEM

T ectors (Promega Corporation [adison, U.S. ) then transformed into E.coli. PCR 

screening of the white colonies was done. Two samples were picked from each plate for 

eachofthe follo\ ing fragments 14-1 17-1 17--, 17-3 18-1 18-2, 19-1 19-2 20-1. 

Fragment 17-3 did not give any product with pGEM -T primers. All the other fragments 

were positive (fig.9) . 

The plasmid DNA was h rvested by Wizard SV miniprep kit and ch eked by 

running 51J.l on 1 o/o agaros . Plasmid D A in the case of fragment 17-3 was lower than 2 

·b all the rest of the plasmids containing the other fragments ere all approximately 2 kb 

Wg. l 0). The plasmid D prepared from bacteria harbouring putati e recombinant 

Plasmi s w redigest d with EcoRI to confirm presence of inserts electrophoresed in an 
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agarose gel which was subsequently stained with ethidium bromide and pho ographed 

fi
0 

re 11 ). Plasmids containing fragment 17-3 on restriction did not give any produc . 

PI smid containing OPO 19-2 gave two fragments of 400 bp and 200 bp mdicatin-5 the 

presence of internal recognition site by EcoRI in the fragment. All the rest of the putative 

ecombinant plasmids had inserts of approximately 500 bp 400 bp, 500 bp 250 bp, 00 

p 00 bp and 200 bp in sizes corresponding to the weights of the original seven 

ragments .14-1 17-1, 17-2 18-1, 18-2, 19-1 and 20-1 respectively that were cloned 

confirming the presence of the inserts. After restricting the plasmid to release the insert 

in the case of fragment 17-1 (550 bp), a fragment of 400 bp was observed. This can be 

attributed to the enzyme having internal restriction site within the fragment giving the 

00 bp fragment and additional small fragments that are not resolved on the gel system 

used. 

The polymorphism of the seven fragments 14-1 17-1, 17-2 18-1 18-2, 19-1 and 

_Q-l was confirmed by Southern blotting of PCR products of the six clusters after 

separation on agarose gels and probing with each of the cloned fragments labeled with 

DIG. The probing revealed the expected approximately 500 bp product for the fragment 

l -l generated by OPO 14 in the 2"d cluster. It did not hybridize to any of the other 

clusters (figure 12). Fragment 17-1 revealed more products than expected. A product of 

approximately 550 bp was expected only in 1st cluster but the product was revealed in all 

clusters except 6 th cluster indicating that this fragment was not very specific for cluster 

one as indicated by PCR (figure 13). Fragment approximately 500 bp from OPA17 ( 17-

-) evealed a product approximately 500 bp in 151 and 4'h cluster and did not hybridize to 

he other clusters (figure 14). Fragment approximately 400 bp from OPO 18 revealed a 

product approximately 400 bp in 6th cluster as expected but did not hybridize to the rest of 

he clusters (fig.l5). Fragment approximately 250 bp produced by OPO 19 revealed a 

produc approximately 250 bp as expected in 4th cluster but did not hybridize to any other 

cluster (figure 16). 
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s pool d D. ot individual clusters disting isl 

PDp ttem with ditT~::rent pnmers. They were run on 

os gels nd tained with ethidium bromi 

- ... " cluster, d- Td cluster, c- th cluster b- 

clust r. F- fragn1ent 14- 1, M - Molecular veigh 

hi rd r of clusters vas maintained for figures 10 -

nd 17- 1 respectively). 

mplified by OPO 18 F 1 nd F2 represent 

nt nd l - 2 respectively). 

mplified by OPO 19 (F 1 and F2 repr sent 

nd 19- 2 respecti ely). 

mpli 1 d by OP020 (F represents fragment _0 · ). 

66 



a b c d e f 

kb 

2.6 

1.5 

1.0 

F 

0.2 

B I 2 3 4 I 2 3 4 5 I 2 3 4 5 I 2 3 4 5 I 2 3 4 5 I 2 3 4 5 M kb 

2.6 

1.5 

-1.0 

-~ ,_ 2 

0.3 

W-.i\11/Wf/WW'fiV"\tWW 

~~~,,,H. r ~;r - ~~:~ .... *~ tltJil .. ,!t •• l-----~~;~; ...... ~ 
!!~,=~~~~:~!:~ !''''!~~~~ : 

• ... ' #I, • • . • _.., • - ... - - - ., . ...... ....... - ...... -... ..... _....., ______ .., __ _,.-~ ... -
-Ft 

a b c d e f 
c kb 

2.6 

1.5 
1.0 

F2 
-F2 0. 



D 
a b 

kb 

-2.6 

-1.5 

-1.0 

F2-
-0.5 

Fl- -0.2 

E kb 

-2.6 

-1.5 

-1.0 

-0.5 

-F 
-0.1 



o th hit coloni s using PGEM-T primers run on 

l ·n d ith thidium bromide. Two samples w 

nt 0- 1 2 - fragm nt 19 - - 3 -

- 2 S - fr gm nt 18 - 1 , 6 - fragmc 

1tq;me1nt 17- 1 9- fragment 1 - l, I 
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ha"'fiiC'•M by Wizard S V mini prep kit and checked by 

I. I -fragment 20 2- fragment 19- 2. ->

gm t 18- 2. 5- fragm\;nt 18- 1, 6- fragment 

- gment 17- 1, 9- fragment 14 - 1 an 
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Figure 11: 

Showing the confirmation o the prc.;s nee or ins r 

putative recombinant plnsmic.Is with ... coR I nm on 1 .... 1Vo 

stained with ethidium bromi e. 

a- fragment 20 - I, b - fragtnent 19 - ... c - lr•t rn nt I 

fragment 18 - 2, c - fragment 1 - I - fr mcnt 17-

- 2 h- fragment 17 - I, i - ragment 14 - 1 n I -

marker. 
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ino · n 

n 

). 

H nm nt 

hich · r pol, mo hie r cion ent o 

tBL 36 

r 1 significan homo! g, with n o the ccessions. Wh n the 

li ned to check or ny similarit .. using tultipl lignn1ent 

L Ll all the t gn1 nts re i erent 

ere designed or each of tht: en agments and used for PCR 
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Figure L .. : 

Southern blot o P R pr ducts o th i. clu h.:r pr 

fragt cnl I - I. I and 2 - neg · i 

5 -- cluster , 6- clus r .J 7- clus[ - lll cl r l. 
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th m blot o PCR products of each of the six clusters probed with Dl 

ent 17- I. 1 -cluster 1 2 -cluster 2, 3 - cluster 3 4- clus 

-cl st r 5 nd 6-cluster6. 
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DrOdUctl o h of the six clusters probed with OJ 

1 2- cluster 2, 3 - cluster 3, 4 -

6. 



2 3 4 5 6 -: :_ 

• 



ur l 

~ou1mem lot o P R products of each of the six clusters probed wtth DI 

r ment I - - · 1- clu t r 1, _-cluster 2 3- cluster 3, 4 - clus1 

5 - lu t r 5 - clust r 6 7 and - negati e controls. 



2 3 4 5 6 7 8 



p oducts of each of the six clusters probed with DIG 

l. 1 clust r 6 2- cluster 5, 3 - clust r 4- clusle 

clu t r 1 and 8- negative control. 

s 



1 2 3 4 6 8 
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G CC 

G. CCG 

GG. C. TGG 

G·rT C C \ CTT 

G TTGTTCG GG 

CC C C CGG G 

CCG .• CCTGTG 

GTG C C GTT GCG T 

GTT GG C 

G C 

C 'A G 



prim r·nne lin 

di nt iz 

lh clus r. 01 -1 

not mpli., 

nl ... 

•n ti · Population tru lur 8 

n ti population tru IU 

w rl . 
The netic di 

com aris n 

enera ed: 

' s in th sec nd clu 

II f e 1 an \'< 

an the 1 ve rimers. Th our 



.. rou ed together at 93% similar level. However, two of these T nz ni 

Vc similar. Puerto Rico was 90% similar to (Tanzania. Mbit z nzib 

bi 

m 1 • 

Florida ustralia and Indonesia clustered to;::,cther at 91 o/o si ila 't 1 v 1 hi I o o 

hese Florida and ustralia were 93°/o similar. Uganda, Embu and Ghana roup d 

0 ether at 89% similarity level and two of these Embu and Ghana 'er 
~ 

outh. frica Costa Rica Honduras grouped together t 90% simi I ri y l v 1 o of 
hese. South Afric and Costa Rica were 91% similar. Cameroon was 85% simil r o 

outh Africa Co ta Rjca and Honduras (fig.l8). 
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igure 18: 

UPGMA cluster analysis of e1 s gen tic distance or 15 Cosmopolites 

sordidus populations. 
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amubiru and Kalegweri at 93% 

th rat 96% similarity I I. Narntu:lYGIIlYi.biNIIdl 

1 _% while tinkalu is 96% simil 

anda were similar at 88% 1 el ( 



igure 19: 

UPG IA cluster analysis of r ei · s genetic distance in Ugandan 
populations. 
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a. · n m_ and ph lo en tic r lation hip of an na, 

information from -intr - pecifi diU rentiati n. 

~:.1. Taxonomy and phylouen ti relation ·hip. of B·tnana w~ 

part of the \YO rld based on intra- p ci1ic diff enti tion. 

The coefficient of gene differentiation Gst) v. as 0.-2 

:: 1e di ersity (Dst) was 0.102 therefore within po ulation div r i y 

n 

ion 

r sponsib le for most of the genetic diversity. The combin t'on o if ci to his 

rti ition or variability indicated th t locus 37 and locus 36 contri d 

loc s 40 _9, 41 and 39 contributed the least to the partitition ( abl 11 h lo i 

vee ol .. morphic and Gst higher than 0.2 were (- 5 out of the 4 polymo hie loci. T\ o 

loc1 (J and 36) showed a Gst higher than 0.35 table 1 b . 

Tl e small st ge 1etic distance values ere observed between Tanzani Mbi Z n ib· r 

- 1bita and T nzania + Columbia while the distance values be e n Indon si nd 

Gh na Indonesia and Honduras Kenya (Embu) and Flori a Ken. (En1bu) an 

stralia were much higher. The hi
0

hest genetiC dis ance values w reo rv d b t 

· cnya Embu) and Inclonesia (table 18). 

4 



Tabl 17: 1 'ei's genetic diversity values <.nd estimates of gen flow bet e n C. sor lie/us 
[I om world populations : Partitionin~ of total diversity Ht) for each polymorpl ic locus 
10 . veraged forth 37 loci: diversity within population (Hs), between populati ons gen 

diversi ty (Ost), a1 d proportion of total allelic diversity found among populations (Gs) 
Gene ow estin1ates ( m). 

Primer Dst Hs Ht I G t m 

OPOI -+ 0.097 0.357 0.454 0.21 0.8 

OP. I 0.099 0.383 0.482 0.206 0.8 0 

OPO lS 0.108 0.371 0.478 0.225 0.750 

OP01 9 0.1-l 0.345 0.467 0.261 0.617 

OPO~O .08_ 0.393 0.474 0.1 72 1.05 

.tl 'an 0.102 0.369 0.471 0.216 0.811 



Table 18: Similarity matrix computed using Nci·s distance for world populations. 
matrix: Standard genetic distances 

1 2 3 4 5 6 • 10 11 12 13 1.4 
2 0 . 2021 
3 0 . 1346 0 . 1651 
4 0 . 2026 0.1142 0 . 1520 
~ 0 . 0676 0.2160 0 . 1518 0.2305 
6 0 . 3307 0.1904 0 . 2316 0 . 141.3 0 . 3533 7 0.27!10 0 . 2104 0 . 1929 0 . 1044 0.2945 0 . 1018 • 0 . 0977 0 . 3004 0.1092 0 . 3075 0 . 0882 0.5110 0.4718 9 0 . 0943 0 . 1537 0 . 0786 0.1363 0 . 1027 0.1732 0 . 2049 0 . 1237 10 0 . 3924 0 . 2777 0.2725 0.1828 0 . 401.1 0 . 0910 0 1648 0 . 5525 0 . 1937 11 0 . 1199 0 . 2320 0.0941 0.2257 0.0920 0 . 32!11 0 3431 0 . 1006 0.0920 0 . 3605 12 0.1395 0 . 1287 0 . 1.359 0.0920 0 1539 0.1425 0 0921 0.2497 0 . 1156 0.2376 0.1994 

13 0 . 1107 0.1642 0 . 1006 0.1196 0. 1190 0.1335 0. 1613 0.1831 0. 0379 0 . 1790 0.1273 0.1040 
14 0.2317 0 . 2075 0 . 1883 0 . 1731 0. 2535 0.0919 0 1053 0 . 3856 0.1219 0 . 1289 0 . 2619 0.1126 0 . 1.259 
15 0.0892 0.1899 0.0706 0.1619 0.1003 0 2501 0.2286 0 . 0751 0 . 0669 0.3209 0.0908 0.1.155 0.0915 0.1909 matrix: Standard error of standard genetic distances 

1 2 3 4 5 6 7 8 1.0 11 12 13 14 
2 0.0453 

\0 

3 0.0369 0.0362 

00 

4 0 . 0501 0.0260 0 0322 
5 0 . 0191 0.0467 0 0325 0 .0443 6 0.0550 0.0423 0.0346 0.0261 0 . 0495 7 0.0489 0.0474 0.0326 0.0220 0 .0467 0 .0249 9 0 .0220 0.0565 0 . 0241 0.0435 0.0170 0.0542 0.0547 9 0.0221 0.0365 0.0215 0.0272 0.0159 0 . 0305 0.0325 0 . 0232 10 0.0686 0.0714 0. 0511 0.0522 0 . 0559 0 . 0348 0.0515 0.0769 0.0369 11 0 . 0301 0.0430 0.0215 0.0462 0.0260 0. 0471 0.0627 0.0202 0.019 4 0.0503 
12 0.0350 0.0298 0 . 0212 0 . 0290 0 . 0315 0 .024 2 0.0194 0.0363 0.0277 0.0533 0.038!1 
13 0 . 0278 0 .0371 0 .0150 0.026 4 0.0217 0.02!H 0.0340 0.0289 0. 0091 0.0506 0.0233 0.0195 
14 0 . 0466 0.0577 0 .0325 0.0373 0.0 402 0 . 0215 0 .0293 0.0545 0.0227 0.0331 0.04 76 0.0235 0.0282 
15 0.0206 0.0398 0.0155 0.0306 0.02:7 0 0331 0.0409 0.0153 0.0193 0.0558 0.0263 0.0260 0.0191 0.0327 



.. ·~· 
a. onomy and ph loo netic relation hip of Banana w vii fr 

p.tr of anda ba ed on information from intra- p cifi diff r nti · ti 1 • 

The coefficient of gene differenti ation (Gst \.i as 0.130. he contri 1 n 0 

1 r nt loci to the observed partitition of variabi lity indic t d hatloc s _ nd 0 

ntributed Lhe most and loci 25 33 36 and 15 contributed he leas o h 

leI b). A few loci had a Gst higher than 0.2 (5 out o the 37 polymo hie loci) . 

. one had a Gst higher than 0.35 (table 13b). 

The genetic distance coefficient were a eraged among he popul io s bl 0 . 

The smallest genetic distance values were observed etv een Ikul ve nd r 

I g eri and amubiru an tinkalu and Ka anda. \Vhile he dist nc 

B ama and Ikulwe Lakeshores and Buwama, Bunyaru_uru and t 

I e . The highest genetic distance alues were observed be een Bt ny ~uru n 
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rix: s ndard rror of at ndard gene 

1 2 .. 5 

2 0.0195 
J 0.0194 0.0258 
4 0.0243 0 . 0469 0. 0417 
5 0.0168 0 . 0193 0.0216 0.0346 
6 0.0263 0.0334 0.0338 0.0216 0.0259 
7 0.0194 0.0020 0.0233 0.0459 0.0158 
8 0.0487 0.0309 0.0499 0.0380 0.0368 
9 0.0102 0. 0413 0 0224 0.0202 0.0280 
10 0.0159 0.0289 0.0331 0.0249 0.0230 
11 0.014"i 0.0182 0 . 0264 0.0296 0.0181 
12 0 . 0163 0 0288 0.0123 0.0284 0 . 0222 
13 0 . 0217 0 . 0243 0 . 0311 0.0461 0 0374 
1 0 . 0147 0 0372 0 . 0231 0 . 0 30 0.0281 
15 0 . 0204 0 . 0320 0 . 0353 0.0328 0 . 0271 

ic distanc s 

fj 7 8 g 

0.0324 
0.0327 0.0307 
0.0273 0.0405 0.0233 
0.0191 0.0286 0.0370 0.0131 
0.0257 0.0179 0.0462 0 . 0149 
0.0202 0 . 0290 0 . 0344 0 . 0120 
0 0272 0.0218 0 0294 0 . 0271 
0. 0472 0.0329 0 0293 0 . 0169 
0.0283 0.0300 0.0259 0 . 0196 

10 l 

0.0235 
0.0152 0. 0114 
0.0316 0 . 0143 
0. 0341 0 . 0210 
0.0237 0.0232 

0 0 , .. 
0 0 2 
0.0 2, 

12 

0 . 0279 
0 . 0257 
0 . 0257 

0 0"71 
0 0 .. 

13 

0.0255 
0.0206 

0 0 02 

l4 

0 . 0132 
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igure 20: 

Sho\ s PCR products obtained usmg synthesized primers for each 

fragment run on a 1.2% agarose gel and stained with ethtdium bromid · 

- primer V0-1-+-1 was used to analyze 0 A from indivi ual clus · 

- negative control, 2- cluster l, 3- cluster 2, 4 - cluster 3 

-cluster 5, 7 -cluster 6, M- Molecular weight rnarker. 

B- primer V0-18-2 was used to analyze DNA from individual clus e 

and 8 were negative controls, 2- cluster l 3 - cluster 2 4- cluster 3 . -

cluster 4, 6- cluster 5 7- cluster 6. 
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i igur 21: 

PCR products obtained using synthesized primers run on 1.-% agaros 

gel and stained with ethidium bromide. 

-were products obtained using primer VO- 20-1. 

was don at a lower annealing temperature. !-cluster 6 2- cluster 

cluster 4 4-cluster 3, 5-cluster 2 6- cluster 1 B -negative control. 

B - were products obtained using primer V0-18-1, 1-cluster l _-clus e· .. 

J-clust r 3, 4-cluster4 5-ciuster 5 6-n gative control 7-cluster 6. 

C- were products obt ined using primer VO- _Q-1 but at higher 

annealing temperature. l-cluster 1 --cluster 2 3-clust r 3 4-cluster 

cluster 5, 6 -cluster 6 8- negative control M-molecular weight mark'· 
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igure 22: 

A- 1.5% agarose gel showing amplicons obtained by amplifying 

CO 1 mitochondrial region using two pairs of primers. a-S .. ~ 

and A2771 b- SI460 and A2442. 

B- 1.5 % agarose gel showing amplicons obtained by using 

primers S 1460 and A2442 for samples 1-17 in the order 

indicated in section 4.8.1. 

C- 1.5 o/o agarose gel showing amplicons obtained by using 

primers S2442 an A2771 for samples 1-17 in the order 

indicat din section 4.8.1. 
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Figure 23: 

A and B- 1.5 % agarose gel showin~ 51 restriction enzymes 

screened using l 000 bp amp Iicon. Enzyn1es 1-27 in A and 

continuation l-27 in 8 are in the same order as gi en in secuon 

4.8.4. Wells 28 in A and 26 in B are undigested 1000 bp mph 

Last two wells in both gels are mo tccular weight markers. 

C- 1.5 o/o agarose gel showing the twelf enzymes that res ric ed ~ 

1000 bp amplicon. 1-12 are in the same order as giv n insectto 

3.8.1. 
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R tri ti n Fraoment Length patte rn 

Res riction digest using Bst E II identified three h plo 

opulations have two restriction sites which cleave the 10 

:;, 1 nts of approximately 250 bp 500 bp and 750 bp e en i 

durat1on of the digest \vas increased to ru]e out incomple e d' s 

;me cuts to give two equal fragments of ~pproximately 2-0 bp nd 

u ·oo bp. The750 bp fi·agment is likely to be as a result of incomplet 

.. d (. [asaka and Uganda (Kawanda) all have restriction site 

roduc to give only t ~o fragments of250 bp and 750 bp. 

Restriction digests using Hae III identified haplotypes in Pemb 

ondt ras Embu (Kenya) Costa Rica Md Zanzibar Costa Rica FG. ustrali 

na Tanzania Cameroon. Uganda fasaka) U g nda (Kawanda) Columbia nd 

e o Rico (Figure 18b ). These populations indicate the presence ofthrt;e or mor 

.s 'ction sites, which cleave the 1000 bp product to give four fragm nts o 

0 0 

oximately 100 bp, 150 bp _oo bp and 500 bp. The fragment len th o h if r n 

oil s for this enzyme do not add up to 1000 bp this is attributed to the presenc o 

ditional small fragments that are not resolved on the gel. Aus ralia ( lurlim u h 

I_ showed two haplotyes indicating possible presence of wo restriction sit s. hich 

lea e the 1000 bp into two fragments of 250 bp and a 500 bp fragment. T" 0 

plotypes were identified in Thailand population indicating the pres nee of mor n 1 

net ion site, which cleaves the 1000 bp to give two fragments o ppro imat l 250 b 

d 600 bp and other small fragments that are not resolved by the gel system us d. 

riction digests using Haeiii in South African population identified onl on 

aplotyPe. This indicates the presence of one restriction site\ hich cl a es 1 OOO bp 

ment o give two equal fragments of 500 bp (figure - 4b). 

Restriction digests of the 1000 bp product in all the populat' ons us in D e I 

ow d tw fr . . . tely 3 -0 p and -oo bp. h 
0 agments 1n all the populat10ns of approxJma 

ent length of the different profiles for this enzyme do no add u to 
1 OOO 

hi i 
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tri ·ti n ra'"'m nt nnth patt rn 

Res riction digest u in' Bst E Jl i nti 1 d 

t n popul tiOns h e two restriction si es '" hich cl 

.. u._,, .. v .. ts o .~approximately 250 bp, 500 p n 0 

"n cuts to give t\! o equal fragments o ~ppro im bp 

u ·oo bp. The750 bp fragment is likely to be sa r ul o 

r st of the popul tions: Thai land. outh . ric. fbi Hon ur 

r saka and Uganda (Kawanda all ha e rest ric ion 

roduc to give only two fragments of 2 ·o bp nd - p. 

Restnc ion digests using Hae III i t::ntified 4 h ploty 

Honduras, Embu (Kenya) Costa R1ca ivld, Zanzi ar 

p 

riction s1tes, which cleave the 1000 bp product to give our nts o 

ro. imately 100 bp 150 bp 200 bp and 500 bp. he ra nt I 

rofiles for this enzyme do not add up to l 000 bp this i 

i ional small fragments that are not re olved on th I. 

only howed two haplotycs indicatmg possible pr sence oft 

I e the I 000 bp into two fragments of _50 bp nd -o 
loY es were identified in Thailand population indica in 

triction stte which cleaves the 1000 bp to gi e t o r gm n o 

00 bp and other small fraQ111ents that are not r sol h 
~ 

s ric ion digests using Haeiii in South frican population i nti 

lo pe. This indicates the presence o one rest · c ion it 

men o g1 e tv o equal fragments of 500 bp fi 1r 4 

Restnction digests of the 1000 bp roduct in 11 h 

hich cl 

10 

0 \ed ·o fragments in all the population o a pro. im t ly 

r ment length of the different profiles for this enz e do 0 
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u d to the presenc of addi ional s 11 

. m ( tgure 24c). Restriction digests o th 

in Hinf I sho ed four fragments in ll he popul tion 

p ·oo bp and 750 bp (figure 2-ld). The sum ofth 

ral repeats of this experim nts consistently c 

!though these bands appeared to be caused by incompl t 

limi 1ated by increasing enzyme concentration or th duration o 

1 1culties in interpretation this data was not discusse . 

Re triction digests of l 000 bp product in II the popul tion 

nrified two fragm nts of 400 bp and 500 bp. Th fragm nt I n 

rotiles for this enzyme do not add up to I 000 bp. This i attri u 

i 1onal small fragments that are not resolved on the 

s nct1on digest of l 000 bp product in all the populations usin 

_men ts of700 bp and 300 bp (figure 24t). From the RFLP o 

location of de II sequence recognition site app~ars to be cons 

o ulations studied. 

Restriction digests of 1000 bp product in all the population 

sing RS I identified two fragments of 150 bp an 50 bp. h r 

itferent profiles for this enzyme do not add up to 00 

r sencc of additional small fragments that arc not resolved on h 

I ure 2 g). Restriction of the 1000 bp product in Thailan pop I 

vo fragments of 150 bp and 650 bp. There is a po sibili Y thr 

nti 1cd two fragments of approximately 4 -o b and --

quence recognitjon site appears to be conserved mon t h P pul io 

ome enzymes revealed non-variant (non-polymorphic r co nition i 

' e II populations studied. Such restriction enz m s inclu I D 

nd · a I. Polymorphism was obse ed vith respcc 0 h loc 

96 
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1 h done recognition site giving o r m n o 

1 tions and t o recognition sites gi 0 

0 Rico samples r shown in figs. 1 i an j. 

ae III ga e four fragments in sixte no th p 

U' recognition sttes. Australia (t'lturlimbu ah) h 

1 nts of 250 bp each and 500 bp. Thailand popul~. tion 

r ·imatdy 600 bp. South fhca seems to ha' onl on r 

u l,ragments of 500 bp each. RSA r gave a unique fragm 

lu I restricted the 400 bp in Pemba sampl o 

h t seems to be parti·1l digests in all the other p pulations 

9i 



Fi ure 24: 

1.5% agarose gels showing restriction fr ~ments digests of banana \\ 

mitochondrial COl 1000 bp amp I icons. Sam pi s 1-17 rein the ord 

indicated in section 4.8.l for all cases from -H. 

- Bst E II digests 

8- Hae III digests 

C- Dde I digests 

D- Hinf I digests 

E- Hpa II digests 

F- de II digests 

G- Rsa [ digest 

H- ba I digests 

I- Columbian samples digested with va II, BstE II Dra II, Hae III. 0 ' 

I Hinf I, Hind II, Hpa II, de II Rsa I, Sau I nd Xb I 

J- Puerto Rico samples digested with a II BstE II Dra II Hae III. 

I Hinf I, Hind II Hpa II de II Rsa I and Xba I 
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igure 25: 

A 1.5 o/o agarose gel showing restriction digests of banana weevil 

mitochondrial CO 1 400 bp amp Iicon using Alu I. Samples 1-l are m 

order indicated in section 4.8.1. Puerto Rico san1ples are not include . 
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, hi .. 1: Restriction Fra ment 1 n n 

ource BstEII 

250,500 

750 250,500 

250.500 250,500 350,500 
750 

250,750 250,650 3:50,500 

250,750 soo• 350,500 

250,750 100,150 350,500 

250,500 

250 750 100,150 350,500 

250,500 

200,750 100,150 350,500 

250,500 

250,500 100,150 350,500 

750 250,500 

250,500 100,150 350,500 

750 250,500 

250,500 100,150 350 500 

750 250,500 

250,500 100,150 350,500 

750 250,500 

250,750 100,150 350,500 

250,500 

250,500 100,150 350,500 

750 250,500 

250,750 100,150 350,500 400,500 

250,500 

250,750 100,150 350,500 00500 

250,500 

250,500 100,150 350,500 400 500 

750 250,500 

200,500 100,500 350,500 



750 2 ·o.soo 
250.500 100,150 350.500 00 

750 250.500 
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IO .. 

di er it in banana ' \'il 

\ e ii from different ite of th world 

,, aled wi hin indi iduals by arbitraril, primed PC 

l tras ecific questions concerning the gene ic r 1 te 

opulations of banana wee il. The use ofRAPD 

Cosmo olites sordidus to be characterized on he 

'Pes p nniting closely related individuals to be r 

ht~hly reproducible. This is the first RAPD repo 

opLlations of C. sordidus. 

methods has provided an indication of the genetic hctero 

ordulus from different parts of the world therefore R \P 

valuable for population studies of the banana weevil. Lik lih 

.. enetic structure was sirnificant for 27 out of 4 in icatm h t .;:, 

n tural populations of banana weevil was due mainly to 

!han the fixa tion of locally common or rare bands. 

The percent ge of polymorphic loci clearly dem n r 

anana we vil. 9-.2% poiyn1orph1sm was estimat d or orl 

as on average polymorphic at 90 o/o of the loci. OP I 

'.\ere on avera~e polymorphic at 96 <% 94 %, · 0/o nd 

e observed differences in RAPD polymorphism 

0 he di ferent primers to detect variation. Forth orld 

ertoRico and Tanzania populations had he hi=he 

of 46) while the Honduras population had the lo' 

B n na w evil from different regions of the word r e 1 

10-



Hul r D wi th random prime r 

~ \ ils populations orld wide. Th a r 

H -0.4 0) was wi hin the ranger porte 

j l nc s 1 ei 19 ) Jnbiased g 0 • 

orth Carolina, tah nd Israel {T . lor 1 1. 1 

i t ces of (0.13 -0.57) were obse ed in h rna 

Est" mat s of hannon's phenotypic di er ny 

Hon uras to 0. 06 (Florida and he me::n or h 1 

gen tic variab ili ty m the banana"' 

opulations, (Hpo/H P), and betv'een popula ion . H P-

The an1ount and partitioning of genet"c 

results from the dynamic processes of gene t o 

mutation (Hartle and Clark 1994 . Thus know! d o h 

allows inferences about past processes. At the s m tim 

starting point for further evolution and is an important pr r 

evolutionary responses. This is of practical significanc an h li h 

habitat fragmentation, alteration or destruction during b n n 

A high le el of genetic variation ithin p ul 

observed in thi s study and a relatively srong le el of 1 

populations. C.sordidus is directly affected through human m ni1D 1ulaltson 

t:nvironment. Brc ding sites arc created as a result ofb n n 

the increased transportation of infected planting mat ri I. H 

wi th the mo ement of planting material encourag h pr 

outbrecdin,::, between populations and promoting a certain 

This kind of homogeneity \! as especially evident b 

· fbita and Zanzibar which despite being separat by 

... enetic affinities with Columbia. \Vith the stru ... ole or 

resistant to disease pests and high yields, a large number 0 

occurs to all parts of the banana growing re~ions 0 he 

The effects of small population size with accompanyin 

10.> 
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d s bee use of control e ons h 

[! ct a si n::>lc locus. small po 

1 lu inJ hos traits that r - impo an 0 

tn hropod ctors of dise sc (Hartl n 

·0 us pests are different from many o h r or·garusn1s ;01~cause 
ubjec o hurnan efforts to control populations. 

hro ~h pest control play a major role in chan in 

The mutation of alleles into variant om1s is h 

material. The effect on genetic variation is d p n 

rates alone are not believed to be high enough to pi y 

enetics of a species (Tabachnick nd Black I 

oncoding regions especially in highly repetitive 

r known to be greater, and mutation rates cannot be i or 

pulation studies. Mutation rates in these regions ar prob bl , 

ot code for a gene product and are therefore not con tr in 

they occur as tandem repeats, specfic molecular events c n c s 

.. eater rate. The rate with which selection can act is prop 

ifferences between genotypes and such differences are 

hich he population ts found. RAPD and RFLP ha e m 

· bachnick and Black IV, 1996). They are considered to 

· ess and variation in their frequencies among wee il popul 

sed by low levels of migration (mainly through pi ntin 

pulation size and drift. 

It is suggested that t\vo factors may have c us d he 

pulations. Firstly weevil dispersal may be a limiting c 

e ~ 1de separation between populations may also result in . 

populations sampled in this study were separated b ,' m 

ance could be a si~mificant factor accounting for the 0 5 
b 

· o o --o 
·een populations. Thus the observed valt s m r n 
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op 1 tions 0.99) isvery close to 'h li i ,.. ...... " .. recclrulill~ 

tween specie of0.85- 0.9 Cra 0 d 

.1.,. 

For the samples that 'ere collec 

he erozy:::osity Ht among R.: PO loct 

i\ ersity. 94._% polymorphism w· estim 

i 't=r tty (H ) or RAPD ranged from 0. 91 

o ul nons indicating a lower di ersit in omp n 

Ex mtnation of ~enetic i ersity present ithin popul 

populations (Hsr- Hpop)/Hsp indicated that on the av r 

ithin \ e il populations. 

4.2 1\Iol ular markfr for banana weevil from dif~ r nt 1 

Specific molecular markers for the dif erent clu rs ' r 1 

cluster made up of Puerto Rico) was cha1a~.; erized y 

by primer OPO 14. OP A 17 conistently gave ·oo ba 

cluste . (Columbia Zanzibar, iYlbita-Kenya ani T nz ni 

amplilied a 400 bp fragment in the sixth cluster 

This proved the distinctiveness of the clust rs. 

4. pu I tion tructure of the banana weevil 

4.3 .1 W vii fr,Jm diff r nt part of the' orld 

The results of the study c!earl, showed e e ic 

The populations were found to fall into si. clus rs d en 

lust r. In the second "'as Puerto Rico, Indon si ' 

th and in the sixth we>r Honduras, Cos a Rica n 

05 



\ vii fro m diff r nt p, rt of 

an populations wer o n 

I clust r as mad up o 

Lake shores ma e up th 

c up of Bunyaruguru nd in th 

n ti iff r ntiati n in th banana w vii 

• nan a ' · e il fr m differ nt part of th \ rl 

0 rail Gs vas 0.13 indicatin,:, lower dif[1 r n i ti 

rein Tn onesia and Ghan (0.5 1 I 0, In 

nd Florida 0.4011) and Em u eny 

mbu · Indonesia and Ghan ~ Indonesia 

• T • [ost mean interpopu lation c1 

ol e In onesia samples, whi le all the other int 

e can thus hypothesize that he first stl: in b n. n 

ehvcen Indonesia and Kenya 

Gl ana :verc as high as those usual l. re ort b v 
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on l p u d ha e "nvol 

oh 

usu II y r orted be 

cording o Crow and 

ot..: . This is expected in this study consid ri 

ri I. hus isolation by distance and minimal 1 p 

tor in the genct1c differentiation of the banana\: 

ortation o infested planting materials in th Ia 

0 

o nd in all b nana growing regions world id . Durin 

lations of the species may have experienced num rou 

o s of isolation and geographically isolated population 

ee il populations probably occur with popul tion IZ 

ations such as heat, freezing and desiccation, or control 

imes. random chance and genetic drift can have i ni fie n 

u ncies . . I e. A gypti populations. particul rly on m ny 

on tratcd this e feet. Isl nds such as Jamaica Pu no Ri o 

ntb h vee. tcnsive mosquitoe control activities direct d 

control activities cause reduced mosquitoe popul ti n 

I "on sizes fluctuate because control activitie reo 

uitoes become abundant (Tabachnick and 81 ck I 

his implies that appro imately l.>% of tot I en ti 

o differentiation be ~een population comp r 

10 

n n 



.... n n re t p. rt 

he sm llest G:,t v lue was fo n 

in~ that the vo popu Ia ions ar 

t to each other and th r is 

o to the other an 

G value was observed bet een Buny~n•n"''"'' 

ow ( n1) ranged rom 1.305- 1. '"5 ... 0 

oki 19 4 ), gene tlow values ( m o 

o '. Thus, the a rage of the v lue m 

y would indicate reason ble migrate 

I of Gst observed. If migrations occurs ~ithin 

'n sted plant material and weevils in the 

ssibly explain the low differentiation and lo\ v ri bilit 

Polymer se chain reaction-restriction ragm nt n h 

nalysis of the CO 1 mitochondrial region o 

Lo v variability was observed. Owing o its mo 

nsitive to bottlenecks in population siz 

cl ar ~enes. Joint comparative studies of both r ltD J 

luablc insights into how effecti e popul. tion si 

lso give insight into the conditions under hich 

colontze another. 

P " ithin th 

ifferen t ite of the " orld 

I mitoch ndrhl r oi ll 

· s no amp lificatton usin
0 

the CO 1 mitochon ri I 

0 ia. indic ting how genetically rer 1ote h Indon i 

0 



1 . This con trms the h .. poth i d ri 

I onesi n populations de elop mor in 

ions. Perhaps it has been gen icall 

on agarosc gels. It distin~uish d h 

R.APD at 5 % similarity level 

• 1 ustralia (\.1) Costa Rica ( 1 I d). Z nzi ar 

r i Columbia and Puerto Rico formed th 

o r ments include Thailand. South A ric 

n ni . Cameroon Ugand (Kawanda Columbi 

. urlimbuglh) andThailand populations hich h, niq 

rest of the populations. 

Ode I did not give any useful patterns to disting ti h 

ere simi I r 1 n all the populations and h nc re no 

Digestion of the CO 1 amp Iicon with eight comm c 

~ es produced patterns th t were interpr t bl in 

i ht tested enzymes proved useful. Hin I con is 

d interpretation of RFLP patterns. Four res ric ion n 

I and Rsa I resulted in igest panems \hi h rer iaa::.a ,'"'"'~ 
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1 ions studied. Di f[i rences bet\ 

lS h t cau e res nct'on sit s 

1 ation Brown and DesRosi r 

J • Gr enber o et II. 19 3· Cann t a/. 

ni m Is contain four nuclt:ar g nom san 

ul, tion that goes through n extreme bottle n 

bilit ... and retain a significant fraction o its nucl 

on and Charl esworth 1984). In this tudy, th r 

obably very rec nt and suspected to be ue to hum n in uenc . 

Kambhampata and Rai ( 1991 examined RFLP v ri 

ulmions of A e. A!boptctus and found 99°/o of fragm nt 

ul ions .. Iitchell eta/. ( 1992) found similar) I \ v ri 

our sibl in 0 species of the An. 1uadrimacu!aws sp ci s 

RFLP was also observed in the ban"na wee il. 

cr that populat10ns were too recent in origin to hav cc mul 

m D ' in C. sordidus evolves slowly. 

fn conclusion the results of the s udy cl arly ho 

r t \Veevil populations worldwide. Indeed he proj c 

· ility might be e:<pected in these wee il gi 

populations \vere found to fall into se era! is inc i 

tic si milarities. In addition speci fie molecu1 r mar · r 

n i ted. This proved the genetic distinctivene of h clu 

'abili Y in :vee il populations was analyzed in mpl 
0 in regions of Uganda. lthou

0
h the ee il popul io 

e ically. some variability vas observed. 
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cone I 

ren i t cert in pop I tion . 

ion for large scale as es m nt o 

s c nnot be determined bas d onty on 

nough sequence div rgenc in h mit cho 

onomic survey ould be;: phylogen tic lly info 

It is suggested that · number of factors m 

ong the e populations. Wide separation bet 

ist nee observed. It is clear from the study that 

r not directly related in all cases in the study 

mit .. vith Columbia. The other factors inclu 

tm reproductive levels, genetic dri t, en ironm nt 1 c 

eo banana) stress- related (entomop tho enic un i 

Th ex1stence of weevil biotypes a sho" 

ltiloc tion testing with respect to resistant gennpl m. to 

ntomopathogenic nematodes or to predatory- prey tu i 

p cially m weevil populations with high levels of an bil Gh 
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