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1. Introduction

included in the
goods entrance.

Genetic sexing strains for the medfly, Ceratitis capitata, continue to be used for
almost all operational SIT programmes. In 1999 a new strain, incorporating a
diverse genetic background, was transferred to facilities in South Africa,
Australia and Portugal. During 2000 the benefits of this new strain, in terms of
an improved quality control profile, have been recognised. Initial problems in
maintaining strain stability were shown to be related to the use of inappropriate
rearing protocols. In tsetse, anew holding and feeding unit, TPU 3, was
evaluated and productivity levels were extremely encouraging. The system will be
expanded in 2001. The large G. pallidipes colony was very successfully
maintained using the self-stocking procedure introduced in 1999.

In line with recommendations made by the external review of the Insect and Pest
Control sub-programme, initial modifications have been made to the medfly
rearing building in order that fruit flies of quarantine importance can be

activities of the Unit. A double door system has now being installed for the irradiation room, the personnel entrance and the
A request to import a small colony of an exotic fruit fly species will be made to the Austrian plant quarantine authorities in 2001

Two professional staff were recruited in 2000, Mr. G. Mutika to develop quality control protocols for tsetse sterile males and Mr. C. Caceres to
lead activities in the quality assurance of medfly genetic sexing strains and to initiate activities on a second species of fruit fly. Financial
mechanisms were finally identified which enabled funds from a successful application for a competitive grant to be made available to the Unit
and a consultant will be recruited in 2001 to strengthen the molecular biology activities.

The publication activity, as shown in appendix 5.1, has been acceptable and two issues are worthy of comment. Firstly, a manuscript describing
the initial results with the tsetse field cage has been accepted for publication and secondly, a publication describing the development and use of
medfly genetic sexing strains, received an award from the FAO Agriculture Department.
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1.1 Shipments of Medfly Eggs
Following a request for support from the medfly SIT programme in South Africa it was decided to evaluate the shipment of eggs from

Seibersdorf to South Africa as a means of providing emergency support to the programme. Eggs from the genetic sexing strain maintained in
Seibersdorf were placed in cooled water in metal thermos flasks and shipped to South Africa for direct seeding onto diet. The procedure proved to be
very successful and has great potential for the expansion of medfly SIT. In principle, a few large facilities in the world could provide eggs for many
satellite rearing and release centres. The large facilities would be responsible for maintaining strain integrity whilst the satellite centers would only be
required to rear, irradiate and release sterile males.

1.2 Tsetse hybrids
In the 1940's, successful field experiments were carried out with tsetse hybrid sterility in Tanzania. The genetic basis of this sterility is being

re-evaluated and some important observations have been made which could impact on the usefulness of this approach in the field. Certain inter-taxon
matings have been identified where the females were fertilized and yet were fully sterile. It was also shown that when a female mated firstly with a
male from a different taxa she was significantly less likely to remate with a male of her own taxa than when the matings were carried out in the
reverse order. The DNA from the progeny resulting from these remating studies will be analysed to ascertain their paternity. The use of hybrids in the
field will require that there is no mating barrier to inter-taxon matings and an initial attempt to monitor this will be carried out in the field cage.

1.3 Inversions for Medfly Genetic Sexing Strains
In 2000, the first genetic sexing strain containing an inversion was synthesized and it is currently undergoing evaluation for stability and

quality control profile. This development represents the culmination of several years' work both in the Unit and elsewhere and has been carried
out within the framework of CRP (D4.10.15). Initial results on stability and quality control are very promising and it is possible that in 2001 the
first strain incorporating an inversion could be transferred to an operational medfly rearing facility.

1.4 Consultant's Contributions
Dr. C. Caceres (Medfly Rearing Facility, El Pino, Guatemala) spent 4 months in the Unit supervising the medfly quality assurance

programme. During that time he evaluated the mating competitiveness of a visible marker in field cage experiments and also initiated studies on
the quality control evaluation of a genetic sexing strain containing an inversion.

Dr. C. Calkins (USDA/ARS, Wapato, Washington, USA) has been involved for many years in areawide programmes for Lepidoptera
control and during the external evaluation of the sub-programme it was suggested that more attention should be given to developing the SIT for
this group of insects. This insect order is a very diverse group of species and it is important to make the right choice regarding on which to focus.
Dr. Calkins provided advice on this matter and the codling moth Laspeyresia pomonella was identified as the species of choice. There are no
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plans at present for any R and D activities on codling moth at Seibersdorf but following a consultant's meeting, a CRP has been formulated to
address the further development of SIT for this species.

Dr. D. Dame (USDA/ARS ret., Florida) is a pioneer in the development of SIT for insect vectors of disease, including tsetse. He was
recruited as a consultant to advise on protocols to improve the fitness of sterile male tsetse. Previous work that he carried out in Africa suggested
that emerging males in small cages had a detrimental effect on the development of wing musculature. He reviewed the procedures currently in
place and suggested some experiments to monitor wing muscle development in the colonies in the Unit. He also provided advice on making the
best use of the field cage system.

Dr C. Lauzon (California State University, CA, USA) has been examining the role that microorganisms play in the nutrition and hence
fitness of fruit flies. This subject is of relevance for two aspects related to medfly SIT. Firstly, how does radiation affect the microbial population
in the gut of the adult males and how does the artificial larval and adult diet modulate the gut microflora? During the consultancy medflies were
irradiated with different doses of gamma rays and the gut, along with its contents, was preserved for further analysis. It was indeed shown that
radiation does have an impact on the development of the gut morphology but that the effect is extremely short-lived. The full histological
analysis is not yet complete.
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2. Quality Control, Rearing and Hybrids in Tsetse

The initial evaluation of prototype tsetse holding and feeding system (TPU3) was completed.
TPU3 is very satisfactory and is comparable with the standard system in terms of pupal
production and adult survival. With minor modifications it will form the basis for future mass
production of tsetse in Africa. The self stocking procedure introduced into colony management
in 1999 has been successfully used to maintain a large colony of Glossinapallidipes in 2000.
The system has shown itself to be robust, reliable and simple to maintain. The male pupae
from this system are being used to develop improved radiation and male handling procedures.

A colony of G. pallidipes is being established from pupae originating from field collected
tsetse in Ethiopia. The productivity of this colony in comparison with a long established G.
pallidipes colony from Uganda, was compared. The Ugandan colony outperformed the new

1 colony in all aspects related to productivity. It is not clear whether these differences are due to
the strain or the different time in colonisation. Subsequent to this experiment the G. pallidipes

colony from Ethiopia developed an infection with a virus which has severely compromised its productivity.

The field cage has been extensively used to monitor the quality of male tsetse treated with different temperature and radiation regimes. Mature
male pupae were cooled to 15°C for different periods of time before adult irradiation. The competitiveness of the males for mating in the field
cage was then measured. Neither cooling nor irradiation had any negative effects on the ability of the males to find mates in the field cage.

Results from hybridization among tsetse species has confirmed that significant amounts of sterility can be induced in females and that in some
cases the females appear not to be able to discriminate between males of different species for mating. It was also shown that females hybridized
with males from another taxa had a tendency to increase in fecundity with their age suggesting that maternal as well as genetic factors are
involved the hybrid sterility.
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2.1 Blood Diet for Glossina fuscipes fuscipes
In Seibersdorf, in vitro tsetse colonies are maintained on bovine or a mixture of bovine and porcine blood. The blood is collected from the

abattoirs in or near Vienna and processed before feeding to flies. To ensure and standardize the blood used for tsetse mass rearing during the tsetse
eradication programme on Zanzibar, all the blood used was collected in Vienna, screened and quality tested before shipment. For the planned larger
programmes on mainland Africa this procedure is not appropriate. There are increasing constraints associated with quarantine and safety regulations
governing the importation of labile biological materials from countries where contagious diseases are reported. In Uganda, it is necessary to establish
a colony of. G. f.fuscipes but because of the BSE outbreak in Europe, bovine blood could not be imported. This restriction did not however apply to
porcine blood but it was unknown whether a colony of G. f.fuscipes could be maintained solely on pig blood, and a preliminary study was conducted
to assess this.
2.1.1. Performance ofG. f. fuscipes maintained for 7 weeks on pig blood

Two cages containing 16 female and 4 male G. f fuscipes were each maintained on either bovine blood (FBB), a mixture of bovine and
porcine blood (50%FBB:50%FPB) or porcine blood (FPB). The blood was collected fresh from the abattoir, frozen and irradiated. The flies were fed

five days a week and the mortality monitored weekly. Pupae were collected and counted
and the survival and pupal production for the three groups compared (Table 1). The type
of blood did not influence mean survival of females. However, there was a significant
difference in pupal production with the lowest production being recorded among flies
maintained on pig blood (P<0.05, F=4.93, d.f.=2,12).
2.1.2. Feeding response and blood meal size determination

Individual females were placed in single tubes and the tubes divided into three
groups. The tubes with flies from each group were weighed individually and then fed for

15 minutes on each blood type and immediately after feeding they were weighed again. The difference between the two weights accounted for
weight of the blood meal in milligrams (Table 2). The number of flies that fed was also counted. There was no significant difference in the
proportion of flies that fed on the different diets (P>0.05, F=2.35, d.f.=2,9) or on the size of the
blood meal taken by flies from the different blood types (P>0.05, F=2.64, d.f.=2,221).

From this preliminary study it may be concluded that G. f.fuscipes will feed and survive on
pig blood. However, there is a significant reduction in productivity. A more detailed study will be
conducted to determine how the blood type affects production in G. f.fuscipes.

Table.l. Performance of
different diets for 7 weeks

G. f. fuscipes maintained on

Blood Type

FBB
FBB:FPB
FPB

%
Survival

96.9
87.5
96.9

% Daily
Mortality

0.06
0.25
0.06

PPIF

2.3
2.6
1.1

Fecundity
JPPF/lOday)

0.68±0.30
0.8R-0.21
0.31+0.25

Table.2. Feeding response and blood meal size
Blood Type
FBB
FBB: FPB

% Fed
64.45±27.9
89.55±6.7

Blood meal (mg)
18.3±9.3
21.4+9.1
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2.2 Evaluation of TPU 3
A newly designed tsetse and rearing and feeding system, TPU 3, has

been evaluated. Unlike TPU 2 where cages containing flies are moved during
feeding to the stationary blood source, with TPU 3, blood is moved to flies and
the cage holding system is stationary. The prototype consists of 6 shelves and
on each shelf 9 round cages (20cm diameter cages) which are held together in a
frame (Figures 1). To solve the problem of light distribution in the cage, which
impacts negatively on fly survival, the shelves on TPU 3 on to which larva
drops before crawling into the pupal collector are made of plexiglass. The
mobile blood feeding system is moved on rails laid on the floor. During feeding
all the six shelves, with heating plates and trays of bloods, are moved
horizontally and then raised to make contact with cages. After feeding the
shelves are lowered and moved away. The blood is heated by elements in
aluminum plates individually controlled, instead of the rubber heating mats.
The feeding trays are of the same dimensions as for TPU 2, 65cm x 65cm and
blood is loaded and fed to flies in the conventional way. TPU 3 was evaluated

using G pallidipes Uganda strain and included mechanical evaluation as well as the survival, production and pupal
quality. Biological data from flies maintained on TPU 3 was compared with data from equivalent number of cages maintained on the standard trolley.

Thirty 20cm diameter cages each carrying 48 females and 12 males were fixed on 4
shelves of TPU 3. A similar number of cages were
placed on the conventional trolley. Flies were

Fig.3. Production and survival of G. pallidipes on TPU 3 and the
trolley system

60 £.
•fl

50 >

maintained for 15 weeks and survival and
productivity assessed. Pupal size classes were
determined using 2200 pupae from the TPU
colony and 2334 from the trolley colony. The
mechanical properties of the TPU3 were very
satisfactory although space limitations prevented a
full unit being installed. The distribution of flies in
the cages appeared random as shown by the
distribution of faeces on the shelf (Figure 2).
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Survival and productivity of the two groups of flies were not significantly different from each other (Figure 3). The pupae/initial/female values were
4.03 and 4.37 for TPU 3 and for the trolley system, respectively. The pupae produced by flies on TPU 3 were a little larger than those produced by
the trolley flies (Figure 4). With this level of productivity, TPU 3 can readily be used to maintain a self-sustaining colony of tsetse and will form the
basis for future large colony development.

2.3 Glossina pallidipes colonies
There are two colonies of G. pallidipes maintained at the Seibersdorf laboratory. One colony originated from Tororo, Uganda and has been

colonized since 1975. The second colony is from Arba Minch in the Southern Rift
Valley Ethiopia, being established for the Tsetse Eradication Project in that country. The
colony establishment began in 1997 and pupae from wild caught flies are regularly sent
to Seibersdorf. The colony therefore is made up of flies that have been reared in
captivity for varying periods of time ranging from a few months to a little over 3 years.
The Uganda colony is being kept at around 60,000 females while the Ethiopia colony
stood at 7,300 at the end of December 2000. In order to compare the performance of
these two colonies of G. pallidipes, 10 cages per colony each holding 48 females and 12
males were observed from the time of emergence until all flies died. Mortality and pupal
production was recorded daily. Pupae produced were kept and the sex and number of
flies emerging were also recorded. A comparison of data from the two colonies is shown
in Table 3.

number

Table.3. Performance of G. pallidipes colonies

Performance Parameter
Year of colonization
Day to first larviposition
50% survival (days)
Survival pre larviposition (%)
Maximum survival (days)
Mean production/cage
Fecundity (Pupae/female/10 days)
Pupae per initial female (PPIF)
Emergence rate (%)
% females

Origin
Ethiopia

1997-2000
2l.8±1.3
77.9±9.7
96.7±2.9
112.5±7.2

143.6±19.0
0.47±0.19

2.9+0.4
89.8±4.8
49.1±0.1

Uganda
1975

21.8+1.1
113.3+12.8
•96.7:1:2.6
146.6±6.6

235,9+37.1.
0.54±0.22

4.9+.0.8
91.1 ±4.2

50.4±0.02

A of parameters
observed were similar for the two colonies. The day to first larviposition was identical for the two
colonies, as well as survival prior to larviposition (z-Test: one tailed, a=0.5). The emergence rate
for all pupae produced and the proportion of female flies that emerged from these pupae were also
similar for the two colonies (to.os(9)=1.83, P>0.05, to.05(9)=l-64, P>0.05) respectively. Fecundity was
also similar for the two colonies (z-Test: one tailed, a=0.5). Parameters that differed between the
two colonies were related to survival after first larviposition and pupal production (Figure 5). Fifty
percent survival in days is significantly greater for the Uganda colony (z-Test: one tailed, a=0.5)
and the Uganda colony survived significantly longer than the Ethiopia colony (z-Test: one tailed,
a=0.5). The mean pupal production per cage was significantly greater for the Uganda strain
(to.05(9)=l-83, P>0.05) and so was PPIF (z-Test: one tailed, a=0.5).

Fig. 5. Productivity and Survival for Two G. pallidipes colonies

l : ::1Prod Uganda

IProd Ethiopia

-%Surv Uganda

~% Surv Ethiopia1
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Although the two strains are maintained in different rooms, the initial survival of flies after emergence was similar confirming similarities of
the holding conditions. However, survival after first larviposition was different between the two colonies and this could be related to a difference in
the young fly handling procedures. In the Uganda colony cages are stocked using the SSPC procedure (Annual Report 1999) whilst in the Ethiopian
colony is maintained using chilling. The fecundity values for the two colonies was similar but the total production, PPIF, was quite different. This
suggests that reduced survival is a major problem in the Ethiopian colony.

Monitoring of performance for the two colonies will continue and focus on identifying factors affecting survival and production. A closer
look will also be made on the incidence of salivary gland hyperplasia in the colonies (Annual Report 1998) and how this affects their performance.

2.4 Observations of mating behaviour of Glossina pallidipes in a field cage
Field cage mating competitiveness tests were carried out with male G. pallidipes Austen that emerged from pupae exposed to low

temperatures for different amounts of time, some of which were also irradiated as adults. Females for the tests were from the G. pallidipes
colony at Seiberdorf and male pupae (32 days post larviposition), were obtained from the SSPC procedure, were treated as follows:
Treatment 1: cooled to 15°C for 24, 48 or 72 h then allowed to emerge at 23-24°C.
Treatment 2: cooled at 15°C for 24, 48, or 72 h then allowed to emerge at 26.5°C.
Treatment 3: no cooling, with emergence at 26.5°C (Control).

On day 13 post eclosion, the males from the two treatments to be tested were split into two groups giving a total of four treatment groups.
Flies from three treatment groups were marked with a dot of polymer paint on the notum using a different colour for each group. One group from
each treatment was irradiated the day before the test with 120Gy. Males were 14 days old and females 8 days old at the time of the test. Flies were
not fed on the day of the test and the protocol was as described earlier (Annual Report 1999). All tests began at about 10:00h local time. Males
(irradiated and not irradiated) from treatment 1 or 2 were tested against males from
treatment 3 (irradiated and not irradiated). During any one test there were thus two
treatments giving a total of four treatment groups; each test was replicated three times.
Ten virgin males from each of four treatment groups were first introduced into the cage
immediately followed by twenty virgin females from the standard colony. The time
when the first mating pair was observed was recorded and mating pairs were collected in
single tubes as they formed, the time recorded, and again at separation to calculate the
mating duration. There was no replacement of flies that were removed, the ratio of male:
female decreased as each mating pair was removed. The mated females were kept
overnight in standard colony conditions and dissected under a binocular microscope to
determine whether insemination had taken place and to estimate the amount of sperm and accessory gland fluid transferred.

Table 4. Propensity of mating of Glossina pallidipes in a
field cage following different treatments of males.

Male Pupal Treatment
15°C for 24h then 23-24°C
I5°C for 48h then 23-24°C
15°C for 72h then 23-24°C
15°C for 24h then 26.5°C
15°C for 48h then 26.5°C
15°C for 72h then 26.5°C

Propensity of Mating±se.
0.77+0.06
0.87±0.07
0.88±0.03
0.97±0.03
0.97±0.03
0.77±0.04

11
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2.4.1 Mating Indices
Modifications of three indices used for medfly quality control procedures were utilized. The propensity of mating (PM) is defined as the

overall proportion of released females that mated, irrespective of the treatment of the male. During the observation period of 2 h, the PM was
more than 76% (Table 4) irrespective of how the pupae were treated and showed no significant differences between treatments (P>0.05, F=0.11,
d.f.=5,16). Only 10 out of the 313 females that mated were not inseminated and seven of these had mated with irradiated males (more than 99%
insemination rate).

The relative mating index (RMI) is defined as the number of pairs of one treatment group as a proportion of the total number of matings
and values range from 0 to +1. If the competitiveness of the males were equal then 0.25 of the mating pairs would be from each of the treatment
groups. RMI values above 0.25 (Table 5) were consistently shown by irradiated males that emerged from pupae exposed to low temperature
indicating good mating performance.

Relative differences between males in terms of overall mating performance were highlighted by calculating their relative mating
performance (RMP). The index ranges from -1 to +1. The two types of male compared were unirradiated vs irradiated or no pupal cooling vs

cooled pupae. Values in the negative range indicate that matings
were predominantly by irradiated males or by males emerged from
pupae exposed to low temperature. The proportion of irradiated
males that mated was greater than unirradiated males and more
males that emerged from pupae incubated for varying periods at
15°C formed successful mating pairs (significant by z-Test: one-
tailed, a=0.05) than did males that emerged from pupae not exposed
to low temperature (Table 5). For all tests, males that emerged from
pupae exposed to low temperature and were irradiated consistently
out-performed the other groups.
2.4.2 Sperm Transfer and Mating

There was no significant difference in the pre-mating period
due to treatment of pupae (P>0.05, F=1.80, d.f.=6,306) although
males that emerged from pupae exposed to low temperature
apparently started mating earlier than standard colony males (Table
6). The duration of mating (20.7±0.8 to 30.8±1.5 minutes) varied
significantly between treatment groups and was significantly longer

for irradiated males than for unirradiated males (P<0.05, F=16.26, d.f.= l,311). The mean spermathecal value was homogeneous irrespective of

Table 5. Mating indices for G. pallidipes \
treatments of ifnales.

Male Pupal Treatment

2 6 . 5 ° C ; :• • . . - ;

15°C for 24h then 23-24°C
26.5°c\: • : : : : ::
15°C for 48h then 23-24°G
2 6 . 5 ° C : : • • • • : : : > : •

15°C for 72h then 23-24°C
2 6 ; S Q G - ••••-• ::: ;;•

15°C for 24h then 26.5°C
;ms°;e..:..; :. . ;
15°C for 48h then 26.5°C
2 6 . 5 ° C : : : : : ••:

15°C for 72h then 26.5°C

n a field cage following different

Relative Mating Index

Unirrad.

0.19±0.02
. 0,23±0.05
• 0.2 L±0:05
: 0.25±0.04
• 0.28*0.02 :
0.19±0.02
0.17±0:01
0.16±0.03
O.;i;9±O.O2
0.27±0.06
0.26±0.01

o.mo.o6

Irrad.

0.29±0.08
. 0.28±0,05 ;
0.25±0,03 :
0.29±0.03 ;;
0.17±:0.03
0.36±0.03
&31±0v04
0:36±0.0i;:

0.22±0.01
0.31±0.04
0,26±0.05
0.30±0:.03:

Relative Mating
Performance

Unirrad
vs Irrad

-0,14rt0.07.;:

-o:o7±o.oi

-0.06i0.00

-0:34±0.06

-0.07±0.07

-0.13±D,10:

;• 26.5°
-'•••• v s 1 5 °

-0,03±0.18

-0.09±0.15

-0:01±0.10

-0.09*0.14

;-0.18±0.04

: -0:05±0.12
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pupal treatment (P>0.05, F=1.03, d.f.=6,304) but was significantly lower for females mated with irradiated males (PO.05, F=40.84, d.f.=l,309)
(Table 6). Product-moment correlation coefficients between duration of mating and mean spermathecal value were low indicating that the
variation in spermathecal values could not be entirely explained by duration of mating. The better mating performance of males that emerged
from pupae exposed to low temperature and
subsequently irradiated shows that the desired
quality of males for use in an SIT programme can
be achieved even after storage of pupae at low
temperature for varying periods of time. The
ability to store male pupae for some time before
emergence and irradiation provides a useful
degree of flexibility in SIT implementation. The
mating duration is important in relation to
providing the female with all the components that
elicit the correct post mating behaviour. It is
possible that during mating the stage is set for the
single mating strategy in the life of a majority of
female tsetse although there is no established link
between copulation duration and subsequent
refractoriness to mating. The same arguments
apply to the mean spermathecal value that in these

Table 6. Pre-mating period (min), duration of mating
pallidipes following different

Male Pupal Treatment

26,5°e
is°C for 24h then 23-24°C
2 6 . 5 ° C • -•

15°C for 48h then 23-24°C
:26l5fiC : -:

15°C for 72h then 23-24°C
26,5°G ;
15°C for 24h then 26.5°C
26.5°C •' :: -:

15°C for 48h then 26.5°C
26.5°C • :
15°C for 72h then 26.5°C
ALL 26.5°e: 1 - :

treatments ()f males
Pre-mating Periodis.e.

Unirfad.

48.2±9.5 /::
34.2±O
44.4±8.6
55.1±9.5:
52.7±8.6

39.5*123
56v9±lll9
40.2^11.8
48.6±1L4
50.2±5.8

: 46:8±9.7
29.5±6.7:
49.5±3.9

Irrad.

:• 52.5±8,1
: 32.8±6.4 :

49.5±10.1
: 38.3±7.7 i

40.3±9.3
43.2±6.7
45.6±7.6.
40.3±5.9;|
39.2±11,2;
39;8±4.9 ;
3 3 _ 2 ± 8 : 3 ::.
29.3±6,1 ;
43.7±3,7

(min) and spermathecal

Mating Duration ±s.e

Unirrad.

25.3±2.3
25.6±1.9
20-7±0.8

• •222±2.2
26.1±1.3
29M3.5
25,3±0.8

; 26.6±2.0
20.6±l.T
22.5±1.1
28:7±1.3 -
3 1.1 ±2:7
24.5±0.6:

Irrad.

28.6±2.1
:27.8±1.7
22.8±2.1
22.3±1:2
27.8±1.6
30.8±1.5
28,5±1.4
28.8±1.2
24.1±1.1
29.3±3.3
31.6±2.1
32.5±1.7
27.2±0.8

value (SV) of G.

Mean Sy±s.e '-

Unirrad. irrad;

1.7±0.1 : 1.6±0.1
1.7±0.2: 1.3±0.2
1.6±0.2: l;2±0;2
l:8±0.1 l.l±0>2
1.6±0.2 i.l±Q.2-

;..: i,6±o.2 i.4±o.i-;
: i.6±0.2: 1.2±0.2 :

1.9±0.1 1.4±0.1
v 1.8±0.1 1.3±0:2T

l;7±0.1 1.1=1=0.1
:l:;8*0.L 1.4±0:l
l;9±;0.0 1.6±0.1
l:7±0.1 1.3±Q.l

studies was shown to be negatively influenced
following matings with irradiated males. Nevertheless the mean spermathecal value was always above 0.5 which is estimated to ensure full
productivity of the female. Future work will examine the relationship between spemathecal fill and re-mating as there is speculation that female
tsetse copulate more than once in nature. For the SIT, re-mating itself is not a key factor providing the irradiated male elicits the normal
behavioural response in the female and that irradiated sperm is competitive with wild sperm.

These studies indicate that, providing a suitable environment is created, evaluations of tsetse mating behaviour can be carried out
throughout the year even in a temperate climate. It is planned to transfer this technology to Africa to assess how representative the results of
these studies are and to improve quality control procedures for mass reared tsetse.

13



Entomology Unit 2000 Annual Report

2.5. Hybrid Sterility (Work carried out by Ms. P. Olet during a Fellowship)
The use of hybrid sterility for tsetse control can involve either the release of fertile males into a non-compatible taxon or the release of Fl

sterile males into a population of either of the parental taxa. The use of Fl males requires that two taxa be reared and sexed to produce the Fl
males that then have to be separated from their female sibs before release. For the release of fertile males, only the release population needs to be
sexed and experiments were carried out to see if this approach could be used to target a G. swynnertoni population in Tanzania. The three
subspecies of G. morsitans and G. swynnertoni Austen all belong to the subgenus Glossina sensu strictu. and are known to be closely related and

the work reported here attempted to answer the following
questions a) can males of one taxon be identified which
permanently sterilize G. swynnertoni females, b) is mating
random when males of two taxa compete for females and c)
how does cross taxa mating affect female remating with
conspecific males? The following strains were used: Gs, a
colony of G. swynnertoni originating from pupae collected in
Tanzania; Gmm, a colony of G m. morsitans originating
from pupae collected in Zimbabwe; GmcB, a colony of G. m.
centralis originating from pupae collected in Botswana and
GmcT, a colony of G. m. centralis originating from pupae
collected in Tanzania.
2.5.1. Hybridization Experiments

Sexually mature females and males of the different
taxa were mass mated in small round cages (10cm diameter). The copulating pairs were removed and kept in single tubes. At the end of

Table 7. Fecundity
Mating

Female x Male
GmcB x Gmm
Gmm x GmcB

GmcBxGs
Gs x GmcB

GmcB x GmcT
GmcT x GmcB
GmcT x Gmm
Giiim X GmcT

GracT x Gs
GsxGmcT
Gmm x Gs
Gs x Gmm

of the

21:
0

0.15
0
0

0-06
; : 0

;: o
0
o :

0,13
;0

;;o::

hybrid

28
•••: 0

0.35
0;10

,: 0
• 0 . 3 4

0.38
0

0.48
0.07

:.;.: ;o:i3
0.16

0

crosses in
Days

35
:• 0 :

: 0.49:
., 0-20

: o
0.17 :
oM
0.18
0.40
0.07
0:13
0.24

0

theG.

• 4 2

0.43
0.49
0.41
: o •

: 0.57
0.38
0.18
0.48
0.07
0.26
0,32
0.16

morsitans species group

49
0.14 :
0.64

..:.. / . . . . O . . I Q . :....:
0

0.74
••"••• 0 . 5 5 " • •

0.27
0.71

0
0.26
0.32
0.32

Mean
0.11
0.42
.0.16,
0.00
0.38

: 0.34 :
0.13 :
0.41 :
0.04 :
0.18 :
0.21
0.10

... N o : F 1 , s

Emerged (%)
4(75.0) —
42(90.5) \
8(100)

(-):s •
33(90.9)

'/; 40(97.5),
7(100)

••••; 2 6 ( 9 2 . 3 )

;: 3(66.6)
:; 7(85.7)

13(100)
3(100)

copulation the males were removed and the females were observed for 49 days or up to 5
mortality recorded. Any Fl pupae were allowed to emerge and the adults sexed. In the mating
between GS females and GmcB males, a sample of the mated females were dissected after 28
days to check for insemination and uterine contents. Fecundity was recorded as pupae per
ovulation cycle.

Males and females of the different taxa readily mated with each other but with
different levels of sterility (Table 7). Female Gs crossed with GmcB males were completely
sterile and dissection of some females after 28 days showed that they were all inseminated,
but that the ovarioles were blocked with mature ova that could not move into the uterus. Gs

th ovulation cycle and abortions, larviposition and

Table 8. Mean fecundity and sex ratio of the
hybrid crosses compared to homozygous crosses

Gin in
Gs
GmcB
GmcT

Gmm
0.85
0.21
0.42
0.41

Gs
0.10
0.48
0.0
0.18

GmcB
0.11
0.16
0.44
0.38 •

GmcT
0.13
0:04
0.34
0.35
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females when crossed with GmcT males were not fully sterile. (Table 7). When Gmm males were used in inter-taxa matings, the females
appeared to be initially sterile but recovered some fertility by the 3r and 4l ovulation cycles (Table 7). In fact in most of the crosses there is a
trend of increasing fertility with age of the female. Overall mean fecundity of all the crosses was calculated (Table 8) and there appeared to be
an asymmetry in the fertility of most of the reciprocal crosses. This could suggest that maternal inherited factors might play a role in fecundity.
The fertility of the reciprocal crosses between GmcT and GmcB populations did not appear to be different from the control values (Table 8)
suggesting that they are very closely related.
2.5.2. Male Mating Competitiveness and Female Remating

These experiments were conducted with males and females from the Gmm and GmcT strains. Mature females of one strain were
introduced into the cage followed by males of the two types. The males were distinguished by marking with a water-soluble paint. The overall
sex ratio was 1:1 with equal numbers of the two types of male being tested. Mating couples were isolated and the taxa identified. To assess

remating, mating pairs were left overnight and then the males was removed. Males of the second
taxa were then introduced, mating pairs again removed, left overnight and the male removed
again. The proportion of females remating was noted.

There was random mating between males and females of both taxa in both tests (Table 9).
However the proportion of Gmm females that remated with GmcT males after the first mating
with Gmm was significantly higher than the proportion that remated with Gmm males when their
first mating was with GmcT males (Table 10). However, with GmcT females this pattern was not

Table 9. Mating competition test between
Gmm and GmcT males and females

Female
Gmm
GmcT
Total

Successful Male
Gmm GmcT •£' p-value

25 29 0.15 0.928
20 22 1.02 0.599
45 51 0.02 0.898

seen (Table 10). There appears to be no pre-mating isolation barrier between the
two taxa tested in the laboratory. This is encouraging but has very little relevance to
field situations where the different ecological niches occupied by the two species
might prevent cross-taxa mating. The observation that in one case female remating
was prevented as a consequence of mating with a male from a different taxa is
curious. This is of course an advantage if fertile male satyrs are used in the field.
The reason for the induced refractoriness needs to be clarified as well as how
prevalent it is in other cross taxa matings.

Table JO. Remating Gmm and GmcT females with
and GmcT males
Female

Gmm
Gmm
GmcT
GmcT

Male Sequence

Gmm/GmcT
GmcT/Gmm
GmcT/Gmm
Gmm/GmcT

Proportion
Re-mated

0.684
0.172
0.455
0.550

Z

3.28

-0.31

Gnun

p-value

0.001

0.758
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3. Genetic Sexing Strain Development in Medfly

i 2 3 ''4 S

An integral part of the development of genetic sexing strains is the mapping of
mutations. Using a combination of several different techniques many mutations on
chromosome 5 were genetically mapped for the first time. Deletion mapping was used
very successfully to map three mutations. Chromosome 5 is important as it carries the
tsl mutation. Through very productive collaboration with the University of Patras
many of these mutations have now been cytologically mapped on polytene
chromosomes. Using a combination of different mapping strategies it has been
possible to delimit very exactly the chromosome region carrying the tsl mutation and
in so doing provide valuable information as to how to further improve the stability of
genetic sexing strains. A series of new mutations was also isolated, mostly involving
the eye colour.

The mitochondrial genome is a very useful molecule to identify genetic markers that
can be incorporated into genetic sexing strains as well as providing information on
genetic relatedness of populations. Marking of genetic sexing strains is not only
important during a release programme but can also help to identify strain
contamination. Specific mitochondrial haplotypes were identified in a strain from
Egypt that are not present in other strains or populations and this marker can be

introduced during the synthesis of genetic sexing strains. It was also possible to analyse the mt DNA from flies that had been dead for 14 days.
The mitochondrial analysis of flies from Madeira showed that it is quite distinct from other populations in Europe.

Molecular studies are continuing on 1) the analysis of transformed lines in light of increasing evidence that transgenes can show instability and
2) isolation of the Male determining factor.
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3.1. Mutation Mapping.
Mutations are THE essential tools in genetics. They serve as markers to label chromosomes that can then be followed in genetic crosses

and allow the study of their behaviour. The availability of a relatively large number of various mutations was the most important prerequisite for
the development of genetic sexing strains (GSS) and their isolation/discovery was the most time consuming part of this process. Some of the
mutations are not just used as tools in genetic experiments but are required as one of the two basic components of a GSS, i.e. mutations such as
white pupae or temperature sensitive lethal. It is essential to know on which chromosome mutations are located as well as their position relative
to other mutations on the same chromosome. For some applications even the actual position has to be known, i.e. the mutation has to be mapped
on polytene chromosomes. The following is an update of mutation mapping with special reference to chromosome 5.
3.1.1. Genetic Mapping

Genetic maps are constructed based on recombination between mutations. The frequency of recombination between markers enables the
distance and the order of mutations to be calculated. However, additional experiments
are required to align and to position
these genetic maps relative to the
cytological maps. New data are now
available on the genetic distance
between the markers w and y, y and
wp, wp and Sr2 and w and wp (Fig 7
and Table 11). Each set of
recombination data represents the

Table 11. Genetic recombination
on chromosome 5

Markers

w-y -::4
y-wp
wp-St2

w-wp

Females
Flies

Counted
:•••: 1 5 , 0 8 7

.58,357
15,506

Percent
Recomb.

........3.5,2.:.....̂
: : 4 0 . 5 •;;•••

: 22.5

n selected intervals

;• M a l e s "•'••

: ; Flies
Counted

62,245

133,268

Percent
Recomb.

0.108

average of at least two separate experiments (Table 11) and for some markers recombination
in males was also determined. Recombination in males is much lower than in females therefore
large numbers have to be screened to obtain statistically reliable results. Male recombination is
very important for the integrity of GSS (Annual Report 1999).
3.1.2. Translocation Mapping

Translocation mapping is one of the methods to link/align the genetic map with the
chromosomal karyotype and it takes advantage of the fact that meiotic segregation of Y-autosome translocations leads to genetically unbalanced
offspring (adjacent-1 segregation). Genetically unbalanced offspring carrying triplications are very useful for mapping mutations. Figure 6
shows this schematically for three mutations, located either on the left {a and b) or on the right arm (c) using the triplications generated by two
different Y-autosome translocations. The position of the translocation breakpoint on the autosome determines which part of that chromosome

Fig. 6. Translocation mapping strategy

,.:.f <V;A) 2

1 • - - -

1 - - •

• • • ' • • ; • • • ; • ; • *

11111311

1 a

M •

» b

b

:::::: g|

; - Y ' ; :•.:•. : - ' - / - •

•OH|T(Y;A)

: : - • • • • • • - • - • C : • • :

1 : . - • • • " " " • - . ;

e j A

iii...-.

|A

| A

IA

Y = Y chromosome; A = autosome;
T(Y;A) = Y-autosome translocation fragment
a, b, c = 3 recessive markers; a+, c+ = wild type allele
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Fig. 7. . Recombination data and translocation mapping on chromosome 5

5R

will be triplicated; i.e. it is always the region between the autosomal breakpoint and the end of the respective chromosome arm. As the Y-
autosome translocations were induced in a wild-type strain, the triplicated fragment always carries wild type alleles. (From a practical point of
view only male triplication types are used and therefore the translocated Y-chromosome with the centromere has also to carry the Maleness
factor). The standard crossing scheme involves at least two markers, one for each chromosome arm or with at least one of them outside of the
triplication. For example, translocation T(Y;A)1 would be crossed with abc/abc females followed by a backcross of the Fl males with abc/abc
females (Figure 6). The phenotype of all normal, genetically balanced F2 males is wild type, a+b+c+, while the triplicated males are a+bc. The
markers outside of the triplicated region allow the detection of the adjacent-1 flies and the fact that these flies are a+ means that this marker is
located between the left end of the autosome and the breakpoint of this translocation. Using a set of different Y-autosome translocations with

different translocation breakpoints it is possible to determine
the position of mutations based on whether or not the
triplication covers the mutant allele.

Nine different Y-autosome translocations were used to
map mutations on chromosome 5 (Figure 7) namely, elbowed
setae (el), ruby eye (rb), white (w), orange red eye (or),
yellow body (y), white pupae (wp) and Sergeant 2 (Sr2). The
areas highlighted in red represent the limits of the location of
the mutations. However, for rb, w and or no order can be
given, i.e. the translocation mapping only shows that all three
mutations are located in the indicated region. The relative
positions of the mutations can be obtained from
recombination data or the use of additional translocations. For
the mapping of Sr2 a slightly modified strategy had to be used
because this mutation is dominant. Here a Y-autosome
translocation (CC59) was used where the translocated
autosome carries the mutant Sr2 allele. Translocation mapping
was also done for two mutations on chromosome 3; dark
pupae (dp) and eroded wings (ew). Both were mapped on the
short arm in the region between 41F (TC) and the tip.

I el* I rb* w* or

14 45 46 47 48 49 5 56 57 58 59 60 61 62

(20.6)

wp Sr2

40.5(39.9) | 22.5 |

values in brackets : Rocssler et al.
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Fig. 8. Schematic for deletion mapping
Irradiated

males (wild type)

deletion

i
D

wild type
males females

X

X

D

3.1.3. Deletion and Transposition Mapping
In general, deletion mapping allows more precise mapping as was required for the

analysis of inversion D53 (Annual Report 1999). Based only on the translocation mapping it
was impossible to tell whether the mutation was located inside the inversion or not. This
positional information is essential if the effect of the inversion on recombination between y-wp
is to be interprted correctly. So far three attempts have been made to deletion map mutations
using Y-autosome translocations (Table 12 and Figure 8). The use of Y-autosome
translocations was required as no balancer chromosomes were available in medfly. Therefore,
the induced deletion had to be linked to the male sex in order to distinguish between the
deletion and the respective tester mutation.

The candidate deletion strains are analysed cytologically by A. Zacharopoulou (Univ.
of Patras). For wp and y several overlapping deletions were recovered which positioned these
genes in a small region of the polytene chromosome. For w and wp additional chromosome
rearrangements allowed even finer mapping. For w a new autosomal translocation was
recovered that indicated that the mutant phenotype was apparently caused by the breakpoint of
this translocation. The position of w was later confirmed by in situ hybridization of a DNA
probe (A. Zacharopoulou). For wp a transposition was induced where the region 59B-61C (TC)
was removed from chromosome 5 and transposed to chromosome 3. With the help of the
deletions for wp it was possible to show that the proximal breakpoint of the transposition
interrupts the function of wp and causes the mutant phenotype.

The overall induction frequency for deletions is clearly lower than that for Y-autosome
translocations. Induction and screening for translocations, using a single marker, usually yields between 5 and 11% of families with a translocation.
There is a certain degree of dose-dependency in the induction frequency and in the resulting complexity of the translocation. Within the same dose

range, between 30 and 50Gy, less than
0.11% deletions are induced (Table 12).
The induction and screening of deletions
for y was done by Pablo Moreno during his
fellowship at the Unit and the cytological
analysis by A. Zacharopoulou (Univ. of
Patras). After screening 7871 Fl flies, six

mutant
males

wild type
females

Table 12. Summary
Mutation

WP

w
....r:.ry. ......

Dose
(Gy)
30-50

30
30-50

of deletion ma
Irradiated

Strain
T(Y;5)101

T(Y;5)101
T(Y;5)3-129

iping
No.

Screened
>8000

3481
7 8 7 1 •;•;

Mutant
Males

9

3
; • • • ; • • • • • ; 6 •

Percent
recovery

<0.11

0.09
0.08 ;

Aberration
Detected

2 deletions
1 transposition
1 translocation

4 deletions

Minimum
Position

76A SG; 59B TC

47DTC
52ATC :
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individuals with yellow body colour were detected. The recovery rate was dependent on
the irradiation dose, i.e. 0.18%, 0.07% and 0.05% for 50Gy, 40Gy and 30Gy, respectively.
Polytene chromosomes from salivary glands (SG) and trichogen cells (TC) were analysed
from four candidate families (Figure 9). The results show that y is located in the distal
half of chromosome band 52A (TC) and suggests that this mutation is indeed included in
inversion D53 (left breakpoint at 50D).

The transposition (59B-61C), used to map the wp mutation, was also used to
narrow down the location of the temperature sensitive lethal mutation (tsl). Due to its
position on chromosome 3, females can inherit the transposition and appropriate
crosses followed by tests for temperature sensitivity showed that indeed the transposed
fragment contains tsl. The proximal limit of the tsl could be defined by assessing
whether two wp deletions, 59A-59B and 59A/B-59C, could uncover the tsl. For this
purpose males with the wp deletions induced in T(Y;5)101 wp tsflwp tst were crossed
with homozygous wp tsl females and the eggs were treated with temperatures between
31 and 35 °C. The results (Table 13) for the longer of the two deletions show that the
Fl males have the same response to temperature as the Fl females which are tsl/tsf.
The males therefore must also be tsl/tsf indicating that tsl must lie outside the deletion.
Studies with inversion 223B, which has a distal breakpoint at 60B/C, showed that it did
not contain tsl mutation. These observations delineated the proximal limit of tsl. A
second set of experiments was carried out to identify the distal limit.

The sexing strain T(Y;5)3-245 wp+ tsf/wp tsl with its translocation breakpoint
on chromosome
5 at 61B has
been maintained
for 22
generations. At
regular intervals
the temperature
sensitivity was
determined by

Table 13
Temp

(°C)
.25....:
31
32
33
34
35

. Temperature testi
I -Eggs::
Treated

.:••;.. ; .77Q

700
700
7 G 0

700
700

%
Hatch
74.3
72.4
69.7
67.6
58.1
43:7

ivith wp deletion strain
Pupae per
1000 eggs

635.
556 :
529
453"": ;:
357 ;
196

Females/1000
_Eggs (tsl/tst)

257
294
257

- 230 •••"

171
103

Males/1000
Eggs::(tsl/?)

282:
240

• 2 4 0

: 1 9 0 :•"::•••.•

166
77 : :

Fig. 9. Deletion mapping ofy

E 1 -. A | B | C A [ B | C

Upper panel: Schematic representation of part of the polytene
chromosome 5 (TC). The position of 4 deletions is shown.
Lower Panel: Photograph of deletion a).
5L: It tip, 5R: rt tip. Arrow shows beginning/end of deletion.
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Fig. 10. Recombination in T(Y;5)3-245 males

incubating eggs for 24 h at temperatures between 31
and 35 °C (Table 14). By generation 7 only a small
number of recombinant wpv tst females were
present. However, in generation 13 a substantial
proportion of the females emerged from brown
pupae and were not sensitive to temperature. This
pattern of breakdown suggests that the tsl is located
proximal of the translocation breakpoint at 6IB
because the primary recombinants are wp+ tsf
females (Figure 10:A). If the translocation
breakpoint was between wp and tsl such
recombinants could occur only as the consequence
of a double recombination (Figure 10:B) which is
far less likely. In conclusion, the tsl mutation is

located between bands 60B/C and 61B on chromosome 5.
3.1.4. Detection of New Mutations and Mapping to Chromosomes
3.1.4.1. clear egg (ce)

This mutation was detected in a single family
generated during outcrossing of the wp tsl strain with the
Tollman wild type strain from Guatemala. It is characterised by a transparent chorion (Figure 11).
However, the mutant phenotype becomes visible only after the homozygous female has laid eggs for
several days. A standard procedure to map a new mutation to a chromosome is to test for pseudo-
linkage with a set of Y-autosome translocations that involve all 5 autosomes. The set used here consists
of the following strains: T(Y;2;5)2-42, T(Y;3)l-5, T(Y;4)l-9, T(Y;5)1-61 and T(Y;4;5;6)2-55. To
determine the chromosomal location of a new mutation, homozygous females are crossed to males
carrying the above mentioned translocations and the resulting Fl males are backcrossed with the
homozygous females. If the respective mutation is located on the translocated autosome, the F2 will
show a (pseudo)holandric inheritance of the wild type allele, i.e. all males are wild type while all
females are mutant. If there is no linkage then F2 males and females will be mutant and wild type. For
ce, this standard mapping procedure had to be extended by one generation (Figure 7) to account for the

] 1

Table 14. Breakdown of T(Y;5)3-245
wp+tst/wp tsl
; GENERATION?
Temp.
(°Q
25
31
32

'•• 3 3

34
35

Temp.
:;(°C)

25 :
31

: 32
33

: 34
S35.

wp
Female

229
79
9
0

: 0
0 :

wp
Male
197
140
123
102:
22
1 8 •

GENERATION 12
wp

Female
94 :
64

: 26
1 8 ••:•

10

.:. ...o.:

wp*
Male
142
128

: 113
9 3 • • • :

89
28:

Female

' 1
1 :

wp"
Female
- 34

36
15
20

: 14
8

21



Entomology Unit 2000 Annual Report

maternal effect of the mutation. The F2 females were mated with Egll males and the egg phenotype classified. Two possible outcomes using two
different translocations are illustrated in Figure 12. It was shown that ce is located on
chromosome 2.
3.1.4.2. New eye colours mutants

Col-1 and Col-2 were isolated from a sample of the VIENNA-42/Toliman mass-
rearing strain from Guatemala which was brought back to Seibersdorf for analysis in 1996.
F4-34 and F5-8 were detected in two different single pair families generated following
outcrossing of the wp tsl strain with Toliman wild type material from Guatemala.
The mutation da {dark apricot) was isolated from a strain called apricot white pupae (ap wp).
However, what was called "ap" in this particular strain was not allelic to the mapped
mutation ap on chromosome 4 and it was in reality a double mutant strain carrying an allele
of or (chromosome 5) plus a new eye colour mutation on chromosome 2 which was named
da.

Where appropriate, these eye colour mutations were tested for allelism with other eye
colour mutations. In several cases the chromosomal location was determined by testing for
pseudo-linkage as described above. The results (Table 15) showed that Col-lwas equivalent
to ap (chromosome 4),
Col-2 was equivalent
to da (chromosome 2),

F4-34 is a new mutation (chromosome 2) and F5-8 is a new mutation
(chromosome 2). The mutation ce and several eye colour mutations were
detected when the Egypt-based wp tsl strain was out-crossed with the
Toliman wild type strain. It is not known whether these mutations were
already present in this wild type strain or whether genetic interactions
between this strain and the Egypt-based material induced new mutations.
The latter is somewhat likely as other phenomena such as sterility and
reduced viability were also observed during the out-crossing procedure.
Furthermore, a more recent combination between Toliman and Egypt-
based material (VIENNA 7/Tol) also led to the occurrence of new
mutations.

Fig. 12: Mapping of the mutation ce

la.) P: ce/ce x T(Y;5) +/+,+/+

lb.) Fl males T(Y;5)+/+,+/ce x ce/ce
• • • • • • • •

lc.) F2 females are +/ce or ce/ce
after mating with Egll:

50% F3 eggs show clear chorion,
50% are normal

2a.) P: ce/ce x T(Y;2) +/+

2b.) F l males T(Y;2) +/ce x ce/ce

2c.) all F2 females are ce/ce
after mating with Egll:

100% F3 eggs show clear chorion
Table ISi Mapping of new eye colour mutations: i
chromosomal location

Marker
Col-1
Col-2
F4-34 ;;
F5-8
da • -

ap

418

AOS/C-78

Chrom
:: ::::A: :

; • • : : • 2 : : :

:•• % 2 • : •::;:

4

. 4 :

Col-1 Col-2 F4-34

est for allelism

E5-8 i da

and

ap

' • " . . • n o t . -

not-"

;not;:

not

YES; :

not

YES;;

; not

;;; not

/YES :

not

; ;not ;

not :

not

not

not

not

not

not

not :

not

not

not

noU

not;;

:. .not

YES
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3.2. Analyses of the Mitochondrial Genome
Analyses of restriction fragment length polymorphisms

Table 16. Restriction analysis of mtDNA in different medfly
strains

Enzyme

AccI
Avail
Bam HI

Bell
Bst98I
BstUI
Csp45

EcoRI
EcoRV

Haelll
Hindlll

Hinf I

Mspl
Nsil
Sad

Sau 961
Seal
Sst 11

Xbal

Fragment Size (kb.

GSS, Toliman, Petapa

16

8.4, 6.2, 2.3, [0.4]

16

11.6,4.3,0.6, [0.01]

16

16

16

7.9,6.1, 1.7, 1.0

8.3,4.5, 1.1

10.3,5.8,0.7

8.5, 6.7, 0.5 [2x]

4.0,2.3, 1.7, 1.5
1.2, 1.0,0.5 [13 total]

7.8,3.6,2.2, 1.2,0.7

7.4,5.5,3.3

13.0,3.0

8.4,6.2, 1.8, [0.25,0.35]

8.5,7.1

16

6.8,6.6,3.4

I Estimated from Gels

Eg"
0

8.4, 6.2, 2.3, [0.4]

16

11.6. 4.3.0.6, [0.01]

16

16

16

7.9,6.1, 1.7, 1.0

8.3,4.5, 1.1

6.8, 5.8, 2.5, 0.7

8.5, 6.7, 0.5 [2x]

4.0,2.3, 1.7,. 1.5
1.2, 1.0, 0.5 [13 total]

7.8, 3.6, 2.2,. 1.2, 0.7

7.4, 5.5, 3.3

13.0,3.0

8.4, 6.2, 1.8, [0.25,0.35]

8.5,7.1

16

6.8, 6.6, 3.4

[ ]= Correction made on the basis of the published DNA sequence

(RFLP) based on mitochondrial DNA (mtDNA) are frequently used to study
populations. This approach was used to see if it could detect contamination of
a GSS by a bisexual strain. The GSS is based on genetic material from Egypt
but was out-crossed with the Toliman strain from Guatemala. DNA was
isolated from ca 20 whole adults without further enrichment for mtDNA.
Twenty-one restriction enzymes were tested; of these two, Clal and Bglll, did
not cut the DNA. After the restriction digests the fragments were separated on
agarose gels, blotted onto Nitrocellulose membranes and hybridized with
cloned full length mtDNA sequences from mosquitoes. No difference was
detected between two Guatemala wild type strains strains, Toliman and Petapa
(Table 16), and the GSS. Apparently the out-crossing introduced the
Guatemala haplotype into the GSS rendering it indistinguishable from the
strains Toliman and Petapa. This clearly shows that ideally the GSS should
have carried a specific discrete mtDNA haplotype, so that contamination with
other strains could be detected.

Two differences were detected between the Guatemalan strains and the
Egll strain, one with AccI and the other with Haelll. Other laboratory strains
and wild populations were analysed with the other enzymes (Table 17) to
determine the uniqueness of this mtDNA pattern. It was shown that RFLPs
based on the enzymes AccI and Haelll enabled the Egypt-based strains to be
discriminated from all the other strains/populations tested. The only exception
might be a population studied in Athens where the Haelll haplotype A was
found. A wild population from Heraklion, Greece, carries the Haelll haplotype
B. The very unique haplotype of the Egll strain was used to mark new GSS's,
e.g. SEIB 7/Mix-98 or VIENNA 7/Mix-98, by starting the outcrossing with
Egll females and maintaining this mitochondrial haplotype in the female
lineage. It is therefore possible to detect if the GSS was contaminated with any
other strain.

A second difference was discovered in the Madeira population as it
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carries the BB haplotype with respect to the enzymes EcoRV and Xbal (Figure 13). This haplotype was detected in populations from Hawaii,
Venezuela and Brazil. Populations from Argentina, Nigeria, and Liberia have both AA and BB, haplotypes. In the Mediterranean region,
including mainland Portugal, only the haplotype AA has been found so
far. From this it can be concluded that gene flow between Madeira and
the other European countries seems to be very limited. This could have
important implications for the SIT strategy, eradication versus control,
employed in Madeira.

The standard RFLP analysis, based on total genomic DNA and
hybridization with labeled probes, becomes very labor intensive when
large numbers of samples/flies have to be analysed. To avoid this a PCR-
based approach was developed in order to screen large numbers of flies for
the Haelll polymorphism and to be able to work with dead flies. Based on
the published sequence, two sets of primers were designed for the region of
the mtDNA containing the variable Haelll site. The lengths of the
corresponding PCR products were 1.3kb and 531bp. Haelll digestion
generates fragments of 501 bp and 764 bp for the first PCR product and
186 bp and 345 bp for the second. When the DNA was isolated from fresh
material, both primer sets gave recognisable bands. However, DNA
extracts from flies that were dead for ca 14 days gave products only with
the second, smaller primer set. These results shows that the mtDNA
remains relatively stable in dead flies and opens the possibility to use this
and other mtDNA markers on trapped flies from the field.

Table 17. mtDNA polymorphism in
medfly

Strain
Egll
Vienna 6 (Eg, derived)
wptsl, (Eg, derived)
Seib., Gr., Isr., It.
Ar-17 Argentina
C-78, Brazil
CC-AQS, Brazil

Population
Tunisia / . - •: ;\ -Nv--;-
Madeira
Mendpza (Arg)
Peru
Chile
Argentina
Israel
(Kenya)

differen strains/populations of

Enzymes
EcoRV

::: A(3) ;;:
v A(3)
: A(3) .;

A(3)
A(3) ;.;

: A ( 3 ) ••

A ( 3 ) ••:

; B(2) :
y.-MS) :
: A ( 3 ) •:•

7 A(3)
TA(4)
IA(4)
;vA(4)

Xbal
A(3):;
A(3)
A(3)
A(3) ,
•A(3)

•A(3)
A(3)

A(3)
B(2)
A(3)
A(3)
A(3)
A(3)
A(3)
A(3):

AccI
B{0)
B(0)
B(0)
A(l)
A(l)
A(l)
A(l):

A(I)
•A(.i).-,:-

my-
my
my
A(I)
A(l)
A(I)

Haelll
A(4>:
: A ( 4 ) • : • / •

A(4>.

Be);:;
B(3)
B(3)

: B(3)

B(3)
•B(3)
B(3)
B(3)
B(3)
B(3)
B(3)
B(3)

SacI
; A(2> :
•,V.A(2>---:-

A(2)
->-:.A(2>; ;
.••-;A(2).-.,;

: : A ( 2 ) -
^ A ( 2 ) : : •

• : ; :A(2): •

• ; : A ( 2 ) ; :

• ;A(2):

A(2)
A(2)
A(2)
A(2)
A ( 2 ) ;•••

The Kenya strain was started with a single female

3.3. Other Areas of Research
Experiments have been initiated to map the mutation Sr on the right arm of chromosome 5. Sr2 is of particular interest because of the

following reasons. Firstly, it is the only mutation known to be located close to, or even distal to, tsl so that it can be used to assess recombination
in this region. Secondly, it was considered to incorporate Sr2 as male-specific marker in a GSS to be able to monitor released flies and to
distinguish them from the wild ones. To map Sr2 it is necessary to modify the induction scheme mentioned above because this mutation is
dominant and lethal in a homozygous and, presumable, also in a hemizygous condition in males.
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The induction of new translocations involving
a very short Y chromosome is ongoing. Such
translocations would potentially reduce the risk of
type-2 recombination. As a spin-off, the analysis of
their structure would allow a more detailed mapping
of the Maleness factor on the Y chromosome.

An analysis of the genetic behaviour of several
transgenic lines harbouring either a piggyBac or a
Hermes transformation vector is ongoing. The aim is
to study the stability of these vectors, especially when
the strains are reared at higher numbers or over longer
periods of time. In parallel, new lines with different
transgenes are being generated.

Several parallel approaches to identify and
clone the Maleness factor continue. A genomic library
has been constructed from males with a very short Y
chromosome. This library is being screened with
several different probes and so far ca 300 clones

containing material from the Y chromosome have been selected. They will be tested using cDNA preparations from early stages of
embryogenesis.

Fig. 13. World-wide distribution
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4. Quality Control of Medfly Genetic Sexing Strains
The use of a medfly genetic sexing strain incorporating a visible marker
would have enormous advantages to an operational SIT programme.
Current methods using fluorescent dyes do not give the required security in
differentiating wild flies from released flies and are is time consuming and
expensive. A dominant mutation giving an extra stripe on the abdomen has
been isolated and is undergoing evaluation as a potential marker for
released strains. Initial experiments under greenhouse conditions with wild
flies have not shown any reduced mating potential for this strain. Obviously

q»h these experiments will be repeated and the mutation introduced into a
genetic sexing strain to examine aspects related to mass rearing and
quality control.

In medfly mass rearing, the larval stage represents a major component of
costs and is very important for the quality of the adult flies. The use of
starter diets could help to address this situation. A series of experiments

has been carried out to evaluate different types of starter diet. In an attempt to encourage the young larvae to leave the starter diet, formulations
were made with decreasing amounts of sugar and yeast. All of the diets proved to be suitable but there were some significant differences in the
proportion of eggs that became adult flies. The further development of a starter diet will be continued.

For the first data data have been collected on the mass rearing profile of a genetic sexing strain carrying an inversion. The inversion was
introduced into a specific translocation and the production and quality control profile compared. The introduction of the inversion had no effect
on production but by combining it with the specific translocation a much improved quality control profile was obtained. Further work is
required to confirm these observations but it is hoped to transfer a strain carrying an inversion to an operational programme in 2001.
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4.1 Evaluation of Sargent 2 as a Marker for Sterile Medflies
Sterile medflies males used for the SIT must be marked before released.

Normally this is done using fluorescent powder (Dyegloo®) that it is mixed with the
pupae before sterilisation and adult emergence. Fluorescent powder is not ideal because,
a) it represents one more pupae handling step, b) it increases costs and c) it is not always
accurate. The introduction of morphological marker can improve and simplify the
monitoring of sterile males in SIT programmes. The Sargent mutation, Sr2, is a possible
candidate for genetic markers, it is a dominant mutation that induces a third black strip
on the abdomen of flies. It is located on the right arm of chromosome 5 and tsl is close to
Sr . As tsl and Sr are closely linked and Sr is dominant then it can be used to detect
recombinants in the filter rearing system. In the field, sterile males will carry Sr2 and they
can be easily differentiated from wild males (Figure 14).

In order to use Sr2 in the field it is essential to determine the fitness of flies that carry it. The first evaluation was conducted to determine
the mating competitiveness of colonised wild type, Egll, and an Sr2 strain in a field cage. One day before the test 60 females and 60 males, 5
days old, of each strain were selected and 50 males of each strain were released into the field cage in the afternoon. The next day, early in the

morning, 50 females of each strain were selected
and released into the field cage. Every 30 minutes
for 6-7 consecutive hours the number and types of
mating were recorded. The indices used to monitor
mating between the strains and the results obtained
from 10 replicas are shown in Table 18. The
Isolation index, (ISI=1.05), showed no tendency
for assortative mating among strains, Relative
Sterility Index (0.472) showed that 47 % of the
wild females copulated with Sr2 males, Male
relative performance index (MRPI=-0.08) show
that Sr2 males were efficient in seeking out mates.
These preliminary results suggest that Sr2 males are
equivalent to wild type flies under the conditions of

Table 18. Matin

Propensity of
Mating

Isolation
Index

Male Relative
Performance

Female Relative
Performance

Relative
Sterility Index

g indices for Sr and EGII medfly strains
Formula

PM =: No: pairscollected
No: of females released ;:

I S I .•••• = : : . . : : S r E £ + E a S r :

; \ vSrSr + EgEg ; ;

MRPI = (Sr:,S.r+ ...SriEs) - (Ea Eg + Ea Sr)
".'.•':; Total No. of mating ;;:

FRP1 = (Sr Sr + Ea Sr) - CEa Ea + Sr Ea)
Total No. of mating

I = V V: SE-Eg .; :
SrEgxEgEg :

Range xif Values
min

/ 0 :

•: . . ;4. . .

-l

-l

0

equilibrium

0

•.. ..-o ;

: 0

o :

max
........1;.^.,

i n f .

l.: :

,...:....i-.:.;..

i :;

Comparison
5/^. "vs." Eg

: 0.534

...'•-,,. 1 . 0 4 7 - : . . - , . ' •

v - 0 . 0 8 1 :••••

-0.023

0.472
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the test. Futures studies are necessary to determine the mating competitiveness level of both strains against wild flies. Video record of courtship
behaviour will also be carried out with the Sr2 strain.

4.2 Use of Starter Diets for Improving GSS Rearing
In the current tsl/wp based GSS's, the tsl mutation has an additional effect on the strain by reducing the rate of larval development. This has

many implications for mass rearing, as facilities need to increase the area for larval rearing to maintain the right number of females for colony
maintenance. The performance of the diet preservatives is also compromised as their effectiveness begins to decline after 5 days in the diet. In order
to address this problem the use of a starter diet has frequently been suggested. An efficient starter diet could reduce colony-rearing space and reduce
the larval diet time so that preservatives would maintain their effectiveness. The latter effect would also reduce the risks of diet contamination.

We have evaluated the use of several starter diet formulation with reduced quantity of protein and carbohydrates to see if the young larvae
could be stimulated to move to the final diet so as to avoid over-heating effects on the tsl females. Sugar and brewers yeast were reduced by 25, 50
and 75 % as compared to the standard larval diet formulation used at the Seibersdorf. Wheat bran and water quantities were increased proportionally.
The standard diet was also used as a control starter diet. Aluminium trays (90x10x3cm) were loaded with 1 kg of started diet and infested with 3.2ml
of egg (±80,000 eggs) that had been previously incubated at 24°C for 48 hours. Infested trays were moved to the colony larva initiation room and
kept for 3 days at 25°C and 95±5%RH. The trays were then moved to the larvae development room and kept for 24 hours at 22°C and 70±5%RH.
Young larvae were transferring to a 4 kilograms of final fresh finishing diet after 4 days on started diet and kept in same room. Mature larvae were
collected on trays with wheat bran then transfer to the dark room. After two days of pupation wheat bran and pupae were separated and the volume of
pupae per collection per treatment was determined, before emergence samples of pupae were taken to determine pupal weight, pupae colour ratio,
sex ratio, adult emergence and flight ability.

The larvae collection period was between 6n to the 11 1 day for all treatments. However treatments with 25 and 50% less sugar and yeast
showed more accumulation of larvae on the first collection whereas the two
controls and those with 75% less sugar and yeast treatments showed more
accumulation of larvae on the second collection day. There was no
statistical difference (P>5%) in pupal weight and efficiency of eggs to
pupae. However there were some significant effects on efficiency of eggs to
fliers. (Table 19). The production figures of brown and white pupae were
not significantly different. The production of flying males was normal for
all treatments but the treatment with -25% sugar and yeast produced

Table

•Diet
:NC
SC
-25
-50
- 7 5 •:

19. Quality and production parameters for different starter diets
Pupal Weight (nig)
Brown

7;90
7.85
7.80
7.70
7.65

White
: 8.02

8.02
8.01:
7.99
7.87

Eff. (egg to pupae)
Brown
0.266
0.226
0.288

: 0.271
0.258

White
0.124
0.117 :
0.112 :
0.079
0.102

Eff. (egg
Males
0.14
-0.12-
0.20
0.13
0.11

to fliers)
Females

0.05
0.06

;. cos
0.03
0.03

Total
0.19
0.18

: 0.25
0.16

.:•: Q.14
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significantly more flying males than the other treatments. In general for all treatments the efficiency of egg to flying females was lower than the
normal efficiency expected of VIENNA-7 tsl (.085-.09), however the cause of the lower values was not identified. The final consistency and
appearance of the normal control diet was quite different from the final diet where starter diets were used.

Reducing the nutritional quality of the starter diet to a certain level does not decrease the productivity and quality of males and females and
allows for the rapid migration of the young larvae to the final fresh diet. Starter larval diet technology can be a very good way to reduce the risk of
larval diet contamination in the rearing colony system where tsl GSS's are being used to produce males only. Currently hydrochloric acid is used to
reduce the pH level of the larval diet to inhibit bacterial build-up and it is the principal cause of corrosion in rearing facilities. If starter diet
technology is introduced then hydrochloric acid can be replaced by less corrosive acids such as citric acid. Finally, as the larvae are initially reared on
small trays for 4 days, major savings can be made in space requirements for colony production.

4.3 Characterization of new Genetic Sexing Strains
A new strain based on translocation T(Y-5) 30C, has been developed. This translocation was insolated many years ago but was never

used in a GSS because the breakpoint was far away from tsl that led to rapid breakdown. However, the QC data and the production
characteristics of the strain were excellent and much better than current strains used in several operational programs. Through the incorporation
of an inversion in chromosome 5 to act as crossover suppression in the region containing tsl and wp it is now possible to consider using this
translocation in a GSS. As was reported previously (Annual Report 1999) a viable homozygous inversion has been isolated which includes wp

but not tsl. However, the inversion breakpoint is very close to tsl and should
reduce crossing over in the region. Two different strains were evaluated, the
original strain T(Y-5) 30C-1 and a new strain T(Y-5) 30C-2 which incorporates
inversion D53. The strains were evaluated for more than 12 generations in mass
rearing and the production profiles established. The Vienna-7-Mix-2000 was
used as a control.

Egg hatch for
30C-1 and 30C-2 was

similar but a

Fig. 15 Egg production for 3 genetic sexing strains
Comparison of Egg Production Curves

- Eggs/FeSale

-3O-C-T -O-30-C-2 V-7-2000

very

Table 20. Rearing Efficiency of three genetic sexing strains
T(Y-S) 30C-1
0.41+0.01

T(Y-5) 30C-2
0.42±0.07

Vienna-7-Mix-2000
0.42±0.03

little lower than for Vienna-7-Mix-2000 when samples were taken before or
after incubation for 48 hours at 24°C. Percent hatch following thermal treatment
showed a similar pattern probably due to the death of adjacent-1 individuals.

The three strains demonstrated similar egg production patterns and produced an average of eggs 16.5 egg/female/day (Figure 15). The efficiency
of eggs developing to pupae was the same for all three strains (Table 20). The pattern of percent of flying adults that emerged from each pupal
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colour on the different days of collections is shown in Figure 16. Strains 30C-1 and 30C-2 produced more flying males probably because of the
loss of adjacent 1 individuals early in larval development. For this reason the proportion of brown pupae produced for both strain was less for

than V-7-Mix-2000 but
more of the accumulated
brown pupae were
balanced males and would
result in flying males
(Figure 17). Heat
treatment evaluation for
both C-30 strains is still
ongoing and it is not
possible to make any
conclusions but it is

72.21

i .

.1

72.44

G7.85

61.84
pi

Flying male? from brown pupae Fl^ng females from white pupae

H30-C-1 H3O-C-2 nV-7-Wixexpected that male only production would be similar to other tsl GSS's but with
better QC figures. It is very encouraging that the inclusion of the inversion had no
deleterious effects on the productivity of the strain. During the time of the experiment there was no build of recombinants in either strain and it
will be necessary to rear the strains under stress to monitor the effects of the inversion on recombination.
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5.2 Travel

Staff member
Robinson, A.S.

Caceres, C.

Franz, G.

Opiyo, E.

Wornoayporn, V.

Destination
Tuxtla Gutierrez, MEX
Tanga, URT
Kampala, UGA
Riverside, Ames, USA
Beltsville, USA
Stellenbosch, SAF
Bangkok, THA
Stellenbosch, SAF
Stellenbosch, SAF
Madeira, POR
Tuxtla Gutierrez, MEX
Sao Paulo, BRA
Iguassu Falls, BRA
Tanga, URT
Nairobi, Kisumu, KEN
Bangkok, THA

Period
26 Mar.-l Apr.

4-10 Apr.
28 May-3 Jun.

8-16 Sept.
5-8 Dec.

23 Apr.-l May
13-19 May

30 Sept.-8 Oct.
18-26 Nov.
17-23 Dec.
25-31 Mar.
12-18 Aug.
19-28 Aug.

1-6 Apr.
13 Aug.-1 Sept.

2-23 Dec.

Purpose of travel
Screwworm meeting;
Lecture at training course
TC mission RAF/5/047
Fruit Fly Sym, Iowa St U.
Screwworm meeting
TC mission SAF/5/002
TC mission THA/5/044
TC mission SAF/5/002
TC mission SAF/5/002
TC mission POR/5/00
Screwworm meeting
RCMD4.10.12
Int. Cong. Entomology
Lecture at training course
TC mission RAF/5/040
TC mission THA/5/044
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5.3 Fellows

Name Field of
training

Duration
(months)

Fellowship period

Olet, Ms. P. A. Tsetse 12
Mekonnen Tessema, Mr. S. Tsetse 4
Chalo, Mr. O. S. Tsetse 6
Mnyamisi, Ms. A. J. Tsetse 6
Taret Marin, Mr. G.A.A. Medfly GS 2
Donoso Riffo, Mr. H. Medfly 2
Bravo Sanzana, Mr. J.A. Medfly 2
Alama Mena, Mr. D. Medfly 2
Lu, Mr. D. Medfly GS 12
Hidoto Gerbu, Mr. M. Tsetse 3
Bahru Demeke, Mr. T. Tsetse 3
Johnson, Mr. J. M. Medfly 3
Moreno Arreaga, Mr. P. A. Medfly GS 4.5
Saha, Mr. A. K. Medfly 6
Silva-Villarreal, Mr. L. C. Medfly GS 3
Castro Reyes, Mr. J. L. Medfly GS 3
Chupa, Mr. A. Tsetse 2

99-10-05 to 01-06-04
99-11-01 to 00-02-28
99-11-01 to 00-04-30
00-01-31 to 00-07-31
00-04-03 to 00-06-02
00-04-03 to 00-06-02
00-04-03 to 00-06-02
00-04-03 to 00-06-02
00-05-15 to 01-05-14
00-05-31 to 00-08-30
00-07-03 to 00-10-02
00-07-17 to 00-10-16
00-08-01 to 00-12-14
00-09-04 to 01-03-03
00-09-18 to 00-12-17
00-09-18 to 00-12-17
00-10-16 to 00-12-15

Scientific visit
Kiwia, Ms. N. E. Tsetse 0.5 00-01-24 to 00-02-04
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5.4 Tsetse Shipments

Glossina uusteni (Colony size 3,500 females)
Dr. Maudlin
Dr. Gariou-Papalexiou
Dr. Aksoy
Dr. Zollner
Dr. Rommel
Dr. McCall

17,200
4,350
3,000
2,300
150
50

Univ. Glasgow, UK
Univ. Patras, Greece
Yale Univ., USA
NR1, UK
Univ. Hannover, Germany
Univ. Liverpool, UK

Glossina palpalis (Colony size 3, 000 females)
Dr. Molyncux
Dr. Maudlin
Dr. Aksoy
Dr. McCall

8,500
6,480
4,200
50

Univ. Salford, UK
Univ. Glasgow, UK
Yale Univ., USA
Univ. Liverpool, UK

Glossina brevipalpis (Colony size 1,800 females)
Dr. Guerin
Dr. Aksoy
Dr. McCall

5,000
2,350
50

Univ. Neuchatel, Switzerland
Yale Univ., USA
Univ. Liverpool, UK

Glossina fuscipes (Colony size 2,400 females)
Dr. Auerswald
Dr. Makumi
Dr. Guerin
Dr. Disko

7,100
6,000
1,050
100

Glossina pallidipes (Colony size 30,000 females)
Dr. Makumi
Dr. Guerin
Dr. Gariou-Papalexiou
Dr. S. Aksoy
Dr. H. Rommel
Dr. Disko

63,000
9,000
5,500
5,500
150
100

Univ. Cape Town, South Africa
KETRI, Kenya
Univ. Neuchatel, Switzerland
Univ. Munich, Germany

KETRI, Kenya
Univ. Neuchatel, Switzerland
Univ. Patras, Greece
Yale Univ., USA
Univ. Hannover, Germany
Univ. Munich, Germany

Glossina morsitans (Colony size 4,000 females)
Dr. Brun
Dr. Gibson
Dr. Tait
Dr. Maudlin
Dr Gariou-Papalexiou
Dr. Turner
Dr. Aksoy
Dr. Zollner
Dr. Prior

10,550
4,950
4,400
1,650
3,000
3,000
2,150
2,000
1,800

Trop. Inst. Basel, Switzerland
Univ. Bristol, UK
Univ. Glasgow, UK
Univ. Glasgow, UK
Univ. Patras, Greece
Univ. Glasgow, UK
Yale Univ., USA
NRI, UK
NRI, UK

Blood
Tsetse fly project 5001t ESTC, Addis Ababa, ethiopia
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