it is likely that modern molecular techniques will resolve the issue.
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Abstract

rivuiorum Leeson. also widespread, is the only other
member of the group that has been implicated in
malaria transmission, that being very recently in field-
based siudies in Tanzania (Wilkes ef 2/, 1998}, Ano-
pheles vaneedem Gillies & Coetzee was experimen-
tally infected with FPlasmodium falciparum in the
laboratory, but has never been implicated in transmis-
ron_n_nature _although 1t readily feeds on humans

The Anophetes funestus group consists of at least
¢ight species that are currently identitied mainly on

marnk . A fanac.
Rt =g

Priclogicai criteria. Uniii recenily, only An. fun

o
oo

outdoors (De Meillan. et al., 1977). This species has
been recorded only from South Africa. The rest of the
An. funestus group are believed to be unimportant in
the transmission of malaria parasites due mainly to

Africa, but recent work in Tanzania has shown that An.

fvulorum is also involved, albeit to a lesser degree

than AN Frimactis Tho wmaaininis in tha idontification
O AURC SIS, INE CONSITGING i vis i

of the species and the need lo clarity better their
Pidemiological role have led to the development of a
PCR-RFLP method for the identification of two anthro-
Pophilic members of the group. Using PCR primers
developed from the D3 region in the 285 ribosomal
gene, amplitied products were digested with the
restriclion endonuclease Hpall. This produced two
distinct Ira | that could be
Usedto separate An. funestus from An. vaneedeni.The
fechnigue needs to be tested on natural populations of
hese two species as well as on olher members of the
An. funestys aroup.

their zoophilic teeding preferences. but because of the
difficulty in identlying them morphotogically, often
confuse the picture {Gillies & De Meitlon. 1988). much
as did the Anopheles gambiae Giles complex before
its resolution in the 1960s {Paterson, 1983. Coluzzi.
1984).

Maorphologically. none of the members of the An.
funestus group can be identified individually with
absolute certainty on adult charactenstics. Using
immature characters, An. rivuforum and An. confusus
Evans & Leeson can be identified on larval character-
: identified on

istics, where . oo »
both eqg and larval morphology (Gillies & De Menllgn.
1968). Examination of these characters emaus. holding
wild-caught blcod-ted females for egg-laying and

Larvae to fourth instar. The latter 1s by no

Keywﬂfdsl Anopheles funestus, DNA identification,
restriction enzyme endonuclease.

Introduction

Anopheles funestus Giles is widely distributed

tth‘Ughgut tropica! Africa and is one of the three
nay pical Alrica anc
)

9r vectors of hurnan malana parasites on the
fontnent It betongs to a group of at least eight
SPecies thiat are gifficult or impossible o distinguish

- i 4
rearinig ot airvas " .
means simple. as larvae are ditficuit to maintain under

stangard insectatry conditions. Anopﬁefes.vaneedem
and An. parensis Gillies are both tdemcal to An
funestus in almost all respects. Whe re dltrerenqes do
occur, they are variable and necessitate rearllr?g of
tamily pbroods to achieve a reasonable probability of
meeacy  The other members of the An. funestus

ﬂ:;;;;;)n-her do not occur in southern Africa or are .
9

extremely rare (Giilies & De Meillon, 1868).
Cvtogenetic studies of the group have shown that
A, funestus, An. rivulorum, An. leesoni, An. parensis

Merphologi qe (see Gillies & De
M e =

'lllon. 1968, Gillies & Coetzee, 1987). Anopheles
A

“etemec ISJL:l'!I 1997 accented 2 Decembar 1997 anespondence DrL L

Klenpmg cept g,
o heer, Degartment of Medical Entomology, SAIMR. P.O- Box 103

and An. confusus gach p0ssess unique chromosome
‘nversidn rearrangements that can be used to identify
:hem (Green 1082). Anopheles vaneedeni, however, 1S

_____ fommn 14

homosequential, with An. funestus differing from it

L. .
TESEUTG 2U00, South Africa e-mall entgsalngiyfobal Tz

[ f:*
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only in the possession of a polymorphic inversion on and not allowed to first lay eggs for morphological
arm 2 (Green & Hunt, 1980). The disadvantages of study as detailed above. This made it imperative that a
using cytogenetics as a routine tool for identification simple method of identification be developed to estab-
purposes are well known. They include sample sizes lish which member of the An. funestus group was
being limited to half-gravid females which is the only responsible for the transmission of malaria in this part
stage of the gonotrophic cycle that contains the giant of South Africa.

polytene chromosomes. Unfed females need a blood- The aim of the present study was to find a method for
meal to initiate the gonotrophic cycle and fully gravid distinguishing the species of the An. funestus group
females need to lay eggs before being refed. It is not which would be easy to interpret using established
possible to identify males or immature stages of the laboratory procedures such as those developed for the
An. funestus group using cytogenetics. These were An. gambiae complex.

)

S
I

<\
B

e |

=J
-

e An. us group of spec e { : F .
a difficult matter until more modern taxonomic techni- used in this study were identilied by the pale bands at
ques could be used. The transmission of maiaria in the joints of the tarsomeres which never occur in An.
some paris of Scuth Africa, apparentily in ihe absence funssius {De Meilion of g/, 1977, Gillies & Coelzee
of the recognized vecior An. arabiensis Pation, has 1987).
made finding an alternative identification system a The molecular procedures were standardized using
priority. In South Africa An. funestus was successfully two An. funestus from one Tanzanian and one Mada-
eradicated in the 1950s through an intensive house- gascan family and one An. vaneedeni from a South
spraying campaign to combat malaria (Hooey, 1974). African family. The D3 amplified product was approxi-
However, it still occurs in Mozambique, where no mately 390 bp long and the same size fragment was
control programme has been implemented for many amplified in both species (Fig. 1). PCR yielded products
years, and may constitute a threat to those people of 100 ng/ul or more in the majority of the reactions.
living in the border regions. During the 1996/97 malaria Sequencing data revealed a 3% variation between the
season in South Africa there was a dramatic increase two species that included four deletions and six sub-
in densities of the An. funestus group in the Komati- stitution mutations. Restriction endonuclease analysis
poort region bordering on Mozambique, and speci- on the An. funestus sequence showed 213 recognition
mens were collected that were positive for sites by 118 different enzymes and the An. vaneedeni
Plasmodium falciparum circumsporozoite protein sequence showed 232 recognition sites by 127 different
(unpublished data). Unfortunately it was not possible enzymes. Hpall was chosen on the following criteria:
to identify the species because the wild female mos- the restriction enzyme must cut the two PCR products
quitoes were immediately processed for ELISA tests at different sites in the two species; these differences
[ R R AR i o s S R L st S |
|
T
=
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=
Yy |
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e e as s T
B N e R e L T T T T e Tt L S L 3
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T —— 484 -134yn bn B G o R R A G = P
b o il R Figwre 1. CRliraciou unAa ampnneug using v
primers Lanes 1-3 Anopheles lunestus from
Tanzania, lane 4. An. funesius from
Madagascar; lane 5 An vaneedeni from
South Africa; lane 6: 1 kb DNA size marker

T 1998 Blackwell Science Ltd, Insect Moiecular Biology T: 273-277
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Figure 2 D3 amplified products following
digestion with restriction endonuclease Hpall
for 1h at 37 C using single legs as lemplate
DNA Lanes 1 and 9 Anapheias funesius fram
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y 70 bp ed end of the
amplified product and An. funesrus was |dent|f|ed by a
335 bp fragment. Anopheles vaneedeni had two Hpall
recognition sites, the first approximately 70 bp from the
5 and the second 145 bp downstream from the first site.
The first recognition site was identical to the site in An
funestus, but An. vaneedeni could be distinguished
from An. funestus by 145 and 170 bp fragments which
co-migrated together on a 2% agarose gel and appear
as a single band (Fig. 2). The remaining small frag-
ments at 70 bp were not visualized on the gel due either
to the small size or the migration of the fragment with
the primer dimers.

This technique was tested on eighteen individuals of
An. funestus, twelve from Madagascar and six from
Tanzania. Thirty-two individuals from thirteen egg
batches of An. vaneedeni from Komatipoort were
tested, and in six cases four individuals per batch
were tested which included two males and two

females. All individuals gave the appropriate banding
patterns, Whan lags from single specimens were used

cTRLITE oo el

w
]

Co

The amplified region between An. funestus and An.
vaneedeni is ot approximately the same size and no
detectable difference could be seen on a 2% agarose

1998 Blackwell Science L1d, Insect Molecular Biology T: 273-277
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Lo 'a. B 7.8 910

298 - 344 bp
134~ 201 bp

differences.

Incomplete dijestion from the PCR product of An.
vaneedeni gave two bands, the 335 bp band corre-
sponding to the diagnostic band for An. funestus and
the 145/170 bp band diagnostic for An. vaneeden (Fig.
2. lanes 7 and 8). This could resultin misidentification if
the concentration of the smaller 145/170 bp band is too
low to be visualized on an agarose gel. When 2h were
allowed for restriction to be completed, the diagnostic
band was clearly visible. Both DNA extractions and
single legs were used in amplification, and although
the yield was slightly less when using legs it was still
sufficient for use in restriction enzyme digestion.

No intraspecific variation was seen in the samples
used here. The amplified region and the restriction
endonuclease recognition sites did not reveal any
differences between males and females. The mosqui-
toes tested from Botswana revealed the presence of
both An. vaneedeni and An. funestus, which is a new
distribution record for An. vaneedeni, having pre-
viously been recorded only Irom South Africa. These
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southern Africa, the developmen
diagnostic primers for a PCR protocol has not been
attempted at this stage. The small amount of variation
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between the sequences of An. funestus and An. vanee-
den: {see GenBank accession numbers AF007094 and
AFQ07095) may render any such primers obsolete once
other species are added to the system. In the meantime
the restriction enzyme digestion method appears to be
arsliable way of distinguishing between An. funestus
and 4n. vaneedeni, although it should be borne inmind
tnat other species of the An. funestus group may
produce results similar to either of the these two
species. The method eliminates the problem of having
lo obtain egg batches from wild females and rear
iarvae through to adult stage or hold femaies until haif
gravid so that polytene chromosome banding
sequences can be analysed. in the latter case. since
the oniy chromesomal differences between these two
species are polymorphic, a proportion of the speci-
mens will inevitably be unidentifiable. Although this
methoed is more expensive than the others in that
sophisticated laboratory equipment and chemicals

areneeded, it has the advantage th

the mosquito can be used and field coilections are
easily stored dry or in alcohol. In addition. now that
=]

R has h identifica-

1as become ihe wideiy used i

r i of
——tionfor-the Angambiae complex-(Scott-et-a/.1993)

DNA exiraction, amplification and sequencing

DNA was extracted from singie mosquitoes using the standard
procedure described in Cothins eta/ (1987). The extracted DNA
was used in a 25,1 PCR reaction The PCR mix contained the
tollowing. 2.5 nl of the 10 x reaction bulfer (500 mu KGE 100 mm
Tris-HCI pH 8.3). 1 5mm MaCl,. 1w of each primer, 200 i of
each dNTP, 2 U tag DNA polymerase. overlaid by 25 ;4 mineral
oil. Amphiicalion conditions were thirty cycles of denaturatian
at94 Clor30s, annealing at 49 Clor30sand extensionat7z C
or J0s, fi T :
was elecirophoresed on a 2%: agarose gel. The remaining PCR
product was later used for eilher sequencing or in restrichon
enzyme digestion

The primers used in amplification were desitgned by W. Kelly
Thomas far use in nematode studies {R. Sharpe. pers. comm |
They amphly a variable D3domain in the 285 gene Sequences

of the primers are as follows:

O3A sense. 5 GAC CCG TCT TGA AAC ACG GA 3
D3B antisense 5 TCG GAA GGA ACC AGC TACTA3

Approximaiely 100 ng/ut DNA was used 1n the sequencing
reaction. PCR products were pretreated using exonuciease !
and shrimp alkaline pno i
tion was performed (Amersham Lite Science, cat no.
S70170). The seguence of the D3 amplitied product was
aligned with other sequences in GenBank o conlirm that the
correct product was amplified. Sequencing data from one An

many laboratories in Africa are equipped to carry out

these procedures. Since only one leg of a mosquito IS

needed for the analysis. the rest of the mosquito can be

used for other purposes.

Experimental procedures

Field coliections and a priori identificatians

Samples used in this study came from the followng tocalities:
Madagascar, Ankazobe (18 19°S, 47 O7'E). caught biting
humans indoors April 1996 Tanzania, Bagamoyo (6 28S,

vaneadeni and two An. funestus individuals were analysed
using lhe laser gene program and submitted to GenBank wilh
accession numbers of AF 407095 and AF 007094 respectvely
Hpall restricton endonuclease was chosen to discriminate
petween these w0 species. 10-15,71 PCR products were
restricted for 2h at 37 C with Hpall {Boehringer Mannheim,
cat. no. 239291) after confrrmalion of amplihication by electro-

phoresison 2 2%, agarose gel

3993 E] at Matimbwa Village resting (ndooTs December1992;
Botswana, Mohembo (18 155, 21 45E), Kauxwi (18 17S,
21 52E]. resting indoors March 1994; South Alrica. Komali-
poor (25 26'S. 31 57'E), biting humans outdoors January 1996.
1997
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SINGLE-STRAND CONFORMATION POLYMORPHISM

(SSCP)

1 INTRODUCTION

Single-strand conformation polymorphism (SSCP) is based on the principle that single-strand

DNA (ssDNA) has the ability to form secondary structure (conformations) depending on the

nucleotide sequence of that strand (Dieffenbach and Dveksler, 1995). Differences in sequences

conformations or secondary structures. These different

Wil result in the formation of different

<o At this stage it is not possible to predict what

the effect of a mutation will have on the mobility during electrophoresis (Hayashi, 1991). SSCp

electrophoresis appears to be more sensitive in detecting mutations in smaller fragments (20-

100K hoo : ; :
*00bp) than longer STents hi 1991). Longer fragments (>400bp) can be restricted using

OF ) tian wngcr

testriction endonuclease and the smaller restricted fragments then electrophoresed.

d differences as small as a single base difference at the sequence

level can show a mobility shift when SSCP analysis is performed (Onta éf al . 1989a).

Approximately 97% of mutations can be detected by mobility shifts in glycerol gels providing that

the DNA fragment is between 100-300bp, while 67% of mutations can be detected in 300 - 430

¢_

o the sensiiivity of the

LUw

b DNA fragments (Hayashi, 1991). Hayashi translated these values back t
Jted in a 99% and 89% sensitivity

~h
ch resus

FCR-8SCP a mathematical calculation, whi

for 100-300bp and 300-450bp respectively.




1

A particular ssDNA can show at least two different molecular shapes, depending on ihe
conditions of the electrophoresis (Orita ef al., 1989b). These molecular shapes are visualized as
e denatured ssDNA and the other band the
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possible, which are represented as four bands on a SSCP gel. However when the seque

difference results in the same conformation, the polymorphism will not be detected by SSCP

analveic (Orita of Al 100NN
MAYOLO \NILIVGE ©F Let., ATV,

The conformation of ssDNA can be altered by changing the physical parameters such as

temperature, ionic strength or by the addition of a denaturant (glycerol) within the gel matrix. The

ratio between the concentration percentage of N N'-methylenebisacrylamide and acrylamide (%C,

N_N’-methylenebisacrylamide to the

concentration of total acrylamide monomer) determines the degree of cross-linking within 2

Polyacrylamide gel matrix. Complementary ssDNA are separated with more sensitivity in gels with

[ ey A 1_7 003 an
o0 WIRINE, A 1- & /0w

e renatured ssDNA molecule and

addition of 5-10% glycerol to the gel solution opens up th

4ppears to assist in detecting polymorphism, but 1s not a Tuie

1991)

wed by immediate

i i rm seconda
Cooling of denatured ssDNA fragments to assist 10 the renaturing of ssDNA to fo ry

F DNA. Electrophoresis
Structures, rather than the reannealling of the complementary strand of DN P

molecules from each other on the

th i . " P, N
“itough a neutral polyacrylamide gel separates tue Qiie

i isualised using either
basis of size and conformation. These different conformations can be vi

tadioactio: P y ver staining (Hayashi, 1991; Yap

1 R ~aa 10072)
ana viCoLv, 1775/
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sensitive in detecting polymorphisms. An advantage of a PCR-SSCP assay is that the samples

need minimal handling before electrophoretic separation. The primers used in amplification of a

within conserved regions.

Since 1989 when Orita et af. (1989a) first described the use of SSCP analysis, this method has

became widely used for the detection of DNA mutations. SSCP polymorphism has been used for

the construction of high resolution linkage maps, the identification of genotypes of individuals

for clinical and other purposes (Orita et al., 1990). SSCPs can also be used as a diagnostic tool

2 =S

g Tesistance in Mycobacteriumm tuberculost

tesistance testing (Telenti et al., 1993). Hiss ef al. (1994) used SSCP analysis to separate five

species of Aedes mosquitoes belonging to the subgenus Ochlerotatus. SSCP was used to

o

iffa Y | ~ o4 -l e T T mbnwnntarass D adiaidasd Rﬂd W’@Ig used in
ILLVICIHIALE (hree genera 0o the ITnaromimac (ricivivpt Ly

" r-3
Cid, ANV YLD

d

letecting mutations causing human diseases such as neurofibromatosis, cystic fibrosis and Tay-

sachs disease (Cawthon et 2f., 1990; Dean et al., 1990;Ainsworth ef al., 1991; Fukai et al.,

19043
5).

I __olea n DI
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IS N

Areas selected for sequencing in An. funestus could not successfully be used to

: Ly h :
#ssay and SSCP analysis was examined as an alternative method to identify members of the group

r . . - d
fhe same primer pair was used to sequence the D3 variable domain on the 28S gene describe

MM@ the SSCP analysis.
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sensitive in detecting polymorphisms. An advantage of a PCR-SSCP assay is that the samples

need minimal handling before electrophoretic separation. The primers used in amplification of a

within conserved regions.

Since 1989 when Orita et al. (1989a) first described the use of SSCP analysis, this method has
became widely used for the detection of DNA mutations. SSCP polymorphism has been used for

the construction of high resolution linkage maps, the identification of genotypes of individuals

for clinical and other purposes (Orita et al,, 1990). SSCPs can also be used as a diagnostic tool

resistance testing (Telenti ez al., 1993). Hiss et al. (1994) used SSCP analysis to separate five

species of Aedes mosquitoes belonging to the subgenus Ochlerotatus. SSCP was used to

tera: Reduviidae) and were used in

detecting mutations causing human diseases such as neurofibromato sis, cystic fibrosis and Tay-

sichs disease (Cawthon ef al., 1990; Dean ef al., 1990;Amsworth ef al., 1991, Fukarer at.,

19945)
5).
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Areas selected for sequencing in An. funestus could not successiully v

assay and SSCP analysis was examined as an alternative method to identify members of the group.

The same primer pair was used to sequence the D3 varable domain on the 28S gene described

in Chapter 3, was used for the SSCP analysis.
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PCR amplification
PCR conditions were standardised to obtain amplicons for all four species. The D3 primer pair

was used to amplify the variable domain within the 28S gene on the rDNA. The final PCR

condition was as follows: 10X reaction buffer (500 mM KCl, 100 mM Tris-HCI pH 8.3), 10X
dNTPs (200uM of each ANTP), 1.5mM MgCL,, 1M of each primer, 2 units of 7ag polymerase.
PCR cycles were as follow: denaturing at 94°C for 30 seconds, annealing at 40°C for 30 seconds,

extension at 72°C for 30 seconds and the final autoextention for 72°C for Smin. The amplicon

had an approximate size Obp and all species gave the same size product after amplification.

The amplified products (5p)-6.:1) were loaded on 2-2.5% agarose gel and electrophoresed for

thour to determine the success of amplification. Those with low yield, or none at all, were

excluded in the SSCP a e reamplified during the next round of tests. Negative

controls included all reagents used in the PCR (cocktail) mixture (excluding the DNA template)

+h a witits
iil the Same fuan antities

pius a negative DNA extraction control which was added to the PCR mix in

asthe DNA. DNA tenmp mplates were obtamed from DNA extractions (see Chapter 3 under Materials

and Methods) or from single legs. Amplified samples ready for SSCP analysis were stored in

er the fridge or freezer until they were electrophoresed

SsCp electrophoresis

Different electrophoretic systems were tried in order to obtain the best separation between the

different conformations. Two different acrylamide solutions were compared, 5%-6% acrylamide

—Solution (49:}; acrylamide :bisacrylamide) and a Mutation Detection Enhancement (M

solution supplied by FMC Bioproducts. Two different electrophoresis apparatus wer

. ffer SE600
T5tly the sequencing 20 x 40cm apparatus witli ©. >
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series (16 x 18cm) with tmm thick

mperatures were tested when using the

Hoeffer SE600 series, because of the presence of a central cooling core. Temperatures settings
were 0°C, 10°C, 15°C and 20° C. The temperature of the gel was approximately 4°C higher than

the setting on the cooli pparatus. Electrophoresis was done overnight using 0.6X TBE

electrode buffer for 16-18 hours if the MDE™ solution was used at a constant voltage of 200V,

The time for electrophoresis was much shorter (3-6 bours) if polyacrylamide solution (4

used. After electrophoresis the gel was removed and stained immediately either by using a silver

staining procedure or by using ethidium bromide.

Table 5.1 Specimens used in SSCP analysis of four members of the Anopheles funestus group.

[ Country | Locality | No of families | No of individuals Species
Tanzania Matimbwa 3 16 An. funestus

_ Bagamoya 1 1 An. funestus
Cote d’Ivoire | Petionara 3 8  An. funestus
Abidjan 2 6 An. funestus

Senegal Kedougou - 6 An. funestus
Sankagne - 6 An. ﬁmestus

B Dielmo - 6 An. funestus
Mozambique Boane 8 26 An._funestus
Madagascar Ankazobe 9 27 An. funestus
B wana Qhal awe 1 6 An funesius
SOuth Africa Mamfene 1 1 An. rz‘vuloruml
Mamfene 10 10 An. vaneedeni

Toranacny 2 2 An. leesoni
';‘:;;; 16 38 An. vaneedeni
Komatipoort 7 30 An. vaneedeni
Komatigoort 3 20 An. rivulorum
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Staining

Silver staining as described in Budowle ef al. (1991) was used. The gel was soaked in a 10%
ethanol solution. It was found that analar grade absolute ethanol was necessary in order to avoid

producing a dark background that could obscure the SS

1% nitric acid followed by staining in 0.012M AgNO; and was reduced using 0.28M sodium
carbonate with 7501 formaldehyde solution. Budowle ef al. (1991) used 0.019% formalio in the
original staining procedure. The reaction was stopped by adding 10% acetic acid as soon as the
was dried it was soaked in 50% ethanol and

desired band intensity was observed. Before the gel

5% glycerol solution for 30 min to prevent cracking after drying. Filter paper was placed over the

gel in order to lift it from the glass plate or from the plastic container. The gel was dried overnight

method was found to be effective and economical.

|

Ethidium bromide stain was also performed by soaking the gel for 20 min i

ethidium bromide/ 100ml buffer. The gel was exposed under an ultra

violet light and photographed for permanent record.

5.3 RESULTS

The results of this study have been published and a copy of the manuscript has been attached at

the end of this chapter (see Acknowledgements at the beginning of this thesis for the contributions

of each author). What followsis a description of the procedures followed in order to reach the

Tal. . ¥ AL

results that were eventually published.
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oup were analysed using SSCP electrophoresis to find
species-specific banding patterns. Amplification methods were adapted from those mentioned in

Chapter 3 in order to amplify all species within the 4n. funestus group using the same PCR

produced DNA fragments of nearly 400bp long.

Comparisons between the two different acrylamide solutions showed that the MDE™ solution
gave better band resolution than the polyacrylamide solution (49:1). Electrophoretic temperature

at 15°C gave the best resolution between conformation forms. No difference in polymorphisms

oo marmo the Hoeffe 600 series and the sequencing gel apparatus (40cm

x 20cm) with both giving satisfactory results.

______ v,

Double strand DNA does not appear on MDE™ gels electrophoresed overnight, because dsDNA

migrates so fast that the molecules migrate out of gel matrix. The use of polyacrylamide solution

resulted in only one band visible for the RSS and DSS molecules, suggesting that ;he two RSS

or two DSS molecules are migrating together and the resolution of gel matrix is not sufficient to

separate them into two distinct bands.

The size-marker ( 1Kb) loaded on each gel was only used as an indication of the order of sample
siz (1Kb) loadec g

number one. Each gel contained amplified samples from

ified species and the unknown specimens were compared

morphological or chromosomal iden spect

with the standards to get identification. Gilver staining is more time CONSUNNNS than ethidium

i i i ] tsdi al,and expensive
bromide, but has the advantage of having no toxic waste that needs dispos

ded for a permanent record of the gels.

bl a . ot i d 2y
PhOWOgrapmc equapment 1S ot ust
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5.4 DISCUSSION

The mutation detection electrophoresis gel solution from FMC Bioproducts gave a much better

a] polymorphisms were not observed

when using the MDE™ solution in comparison to the acrylamide solution, but it was not possible

to visualize the individual DSS or RSS molecules when the acrylamide solution was used.

ve better resolution than at 4°C when limited resolution was observed.

cmeratiny 0 ' g“' tte u

Kedougou and Sankagne, Senegal can be explained as sequence polymorpust urring within

these specimens. The presence of the polymorphism can be used as a marker to distinguish
between different populations where this polymorphism occurs. Only specimens from Dielmo in
Senegal showed typical East African An. funestus banding patterns without the additional F-R3
band being present. Lochouarn ef al. (1998) published results showing that at least two distinct

Jlﬁnamopumionsmpmmma The one population is highly anthropophilic with

a high degree of malaria parasite infection rate and the other population is less anthropophilic with

alower mfection rate. Anopheles finestus fron
the standard chromosomal arrangement (Green and Hunt, 1980). Mosquitoes tested for

bloodmeal analysis were caught in bedrooms and by comparison with other villages human hosts

.

were as freely available as horses. Ninety one percent of An. funestus from Dielmo fed on human

hosts,

i ; PR 1.5 ol
The population from Kedougou had chromosomal inversion arrangemmems aibier




ulation. Blood meal analvsis from Kedougon specimens showed that 81% of
AFEL, AFIL/N/NA LRAWERL unul) WAL AR RFEAE A MW WS U-Du“ Nr RN RALANW AN WFRARNS 7Y W MR WELWEY W A w8 AR

specimens fed on humans while 21% fed on bovine blood. Anopheles funestus from Sankagne
showed 25% of specimens fed on horses and 74% fed on human hosts. Sankagne samples showed

ion of the chromosomal banding arrangements. Lochouamn et al. (1998)

speculate that in fact two gene pools are present, one in Sankagne and the other at Wassadou and
Kedougou and that these populations show reproductive isolation when in sympatry. My results,
however, indicate the Dielmo population should also be considered distinct from the other two,

meaning that An. funestus in Senegal could comprise a complex of three biological species.

It is important that standards of all the species be used in each SSCP gel, because variation might

oceur between different electrophoretic reactions and additional polymorphisms that might occur

an be related to the standards. The Department of Medical Entomology, SATMR., will act as a

,_ LWL ) s izaa'

repository for DNA samples of each species that can be provided to researchers who want to use

ﬁr«

the assay. It is recommended that wild specimens used for P analysis be identified using other

methods su. polytene chromosomes or morphology, since the SSCP assay has not yet been

validated on large sample sizes or from regions where no studies have been carried out on the

An. funestus group.
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Rariny COVMUNICATION

Single-Strand Conformation Polymorphism Analysis for Identification
of Four Members of the Anopheles funestus
{Diptera: Culicidae) Group

LIZVTTE 1 KOEKEMOBR LAURENCE LOCHOUARN  RICHARD L UGNT.!
Wi MAUBEEN COETZEE'

1 Med. Fatomaol, 3680200 123- 1710 4 1899)

ABSTRACT

AMennbers of the Anppheles fimevins Giles group ure difficultto identuly becuuse of the

womholovical overlap that eusts within the group. ‘This inability to distinguish species. us well us
the fut that the species vary in their behaviar and biting preferences, complicate the successtul
planuivg aud maintaining of malaria control programs. In this wrticle we discuss the use of a

sl FIFTTIDY R
ST TE s Caiid

oii pob

!

SCPY assay ta distinguish 4 menbers ofthe Au fimevhes

group collected at 10 diffevent loculities in Atvica rTDNA genes differ ut nunierous sites among closely
related species. Using conserved primers. the D3 domain in the 288 gene wis aniplified. electro-
phoresed oo SSCP pels. and species-specific patterns were abserved. Intraspecific variation wuas
detected w An. fimestes specimens fron Eust und West Africa. Analyzing 108 A funestus, 78 An
comedeni Gillies & Coetzee, 21 An. rivufonon Leeson, and 2 An. leesoni Evans, we cancluded that

$SCPs vuan be used successtully as a molecular tool Tor the identincation ol these species.

KEY WORDS

inalysis

Anophedes finedies wronp. ibentification, single-strand conformation pelyvmorplisin

SPECIES COMPLESES HAVE been shown to exist in several
grovps of medicalhy important Diptera. Coniplexes are
wroups of species that are similar momhwologically but
exhibit Lehavioral e vectorial dilferences. One
problem in vector control today is the difficulty of
identifying the o plic species within these groups or
complexes. This identification is necessary becuuse
not all the species within these groups are involved
eitradly in the transmission of pathogens to humuns. A
classical exwenple is the Anopheles gamdiae Giles comi-
plex, where only 2ot atotal of 7 recognized species e

major vectors of the maliwia parasite Plasmodinan Jerl-

The An. funestus group cousists of at leust § spe-
cies—the nominal vector An. frnestus, A canerdent
Gillies & Coetzee, An. ricidornm Leeson. An. feevoni
Fyvans, An vonfusios Evans & Leeson. An. parenses Gil-
lies, An Drneeri Serviee, and An. e Sobté An. foie-
ety hus been recognized ws aomgjor vector of akaria
parasites since the eurly part of the 20th century (Gil-
lies and De Meillon 1968). The only ather member of
the group that hus been found to be infected naturally
wilh P faleiparunis An.vivedoram (Wilkes etal, 1996).
This species is widespreuc in Africa wnd s usidly
zoophilic. However, if cuattle ure scarce or not avail-

ciparnm (Gillies snd deMeiilon 1968, Service 1985,
Gillies and Coetzee 1987, Hunt et al. 1998). Rupid
Lage-scule ideutification of the speciesin this complex
was greatly inlpi'm’(-d by the development of the spe-
Lhey !-'{‘\ln-iﬂ.r- !\nlynwl"l\’ﬁ chain reaction {P(ﬂln) NSy

uble, this species will feed on humuns and can be
infected nuturully with P falciparum.  Anopheles
vaneedeni, occurring in southern Africa, has been in-
tected with £ faleiparum in the luborutory but has not
been found nuturally infected with the purasite {De

{Scott et al. 1993). This technique is mut_ineiy used in
many luboratories to identify members ot the An. o~
biae complex (Paskewitz et al. 1993, Vi Rensburg <t

Temmn et ab. 1898, Toure et al. 1094}, The Sl

al 1997, _
major vector specics of malaria i sub-Saliran Africa
belongs to another group ot spevies, the Anopfictes
nnestus Giles group.

U A fedical Eotometors . Departinent ol TropHe A Disenses. 3¢ ool of
Pathswlirzy ol thes Sond b AToean fostitnne dor Muedical Hesenreh el 1
Urnsarsits ol the Witwatersual 174 Bos LS, Jolianuesbure, 2000
Seth Abica

I|H(|l|(' prouir e I)r_’\('!l!!”l("ll('ll! v (.tmpc-r,nliun COISTOR
Pasteur, B P, 220, Dakar Scenegal.

Neillon et al. 1977, Gillies and Coetzee 19577

The mujor problem when working with the An.
Funestus group is the difficulty in identitying the dif-
ferent species. Morphological characteristics of the
adults are variable and overlup in muny instances,
An vaneedeni and An pavensis can be separated from
s funestus by, if present, pale scaling on the tarsoni-
eres and mle palps respectively (Gillies and Coetzee
1987) . Larvul morphology can be nsed to identify An.
confitstes and An. rienforian, and An. feesoni can be
identified on the basis of both furval and egg morpheol-
ogy {Gillies und De Meillon 1968, Gillies und Coetzee

L

P T S T I, PN |- Y Y
1957). Folyieng Ccnroniosoineg guiiuling arfuiidomciig

A parensis, and An confrses from one another

M1 2585 U 0] 25 ] WSE2 0 TR Ertomlogic al Socwets ol Amenca
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(Green 1982). However, An. funestus and An. vaneed-
eni have homosequential banding patterns and differ
by w single flouting inversion on arm 2 (Green and
Hunt 1980). Polytene chromosomes ure found in the
ovaries of half-gravid femules or the sulivary glands of
the 4l insturs, und the technique needs u great deul

of ewpertise to anulyze the results. Morphological

Vol 56

no. 3

Materials and Methods

Field Collections and a priovi [dentifications. The
samples nsed in this study came from the following 7
countries: (1) Madagascar, Ankazobe (187 197 S,
1707 E). canghit bitingg humaas inedoors April 1996:
i P47 -j(" - }'CO eSS AR

ANT . cnrmnsai: Drgnasienos 0 o "
12 ) it IERiEnaoY G 1o St aws ol

Matinbawa Village restingtindoors December 1992 1 3)

identification however. needs ull the life stuges of the
mosquito (from the eggs to the adult). This method is
time-conswmingg and mortality is high when rearing
isofemale lines under luboratory conditions.
Molecular teclimiques huve the advantage of being
rapicdand inexpensive, applicable to all life stages and.
for & PCR assay, limited material is needed. To date
only ane moleculur DNA-bused method exists to iden-
tify members of the An. funestus group. that being a
restriction fragment-length polyinorphisin (RELP)
assay for clistinguishing An. funestus from An. vaneed-
eni (Koekemoer et al. 1998).

) ‘o
is w technigque that has been nsed recently ws @ mo-
leeulur tonomice tool, Flavashi (1991) move w woexd
overview of the practical nse of SSCP elech’ophorvsi:
untl touned that muatated clanes with the sume aoaLr
T T Ty A alions.
Hliss ot al. (1990 tsed SSCP to show thal species-
tigtnostic banding patterns could be achieved lor
varions tuxu by this refatively new techninue. )
The length. location, and number of intrastrand
huse puirs letermine the secondury and tertiary struc-
tire of a conformation of single-stranded DNA (Orita
et al. 1989). SSCP electrophoresis is based on this
principul, and the difference in the DNA sequence will
alter the conformation of single-strand DNA that will
result in different mobilities during electrophioresis.
The PCR producets are denatured wad tl:eu (Iil‘t‘tll}:
phinged into ice to help in the Tormation ol titrastranc
5 ¢ -
mentary strands. Formamide dye and a neutral poly-
acrylamide gel help to maintain the molecules sec-
ondary conformation during electrophoresis {Hiss et
al, 1994).

Botswana, Shakawe {187 107§ 21° 13 E). vesting
indoors March 1994 (4} South Africa, Konatipoort
(25726°S.317 37" B biting hunios ontdoors and GO
baited net traps, Junary 1986 1R Trancen. Thomoe
Gamp, Givand (237 15°5,30° 157 1o pit trap Decerber
1997, Maunfene 1277 23°S,32° 16 0 feeding on cattle
March 1998: (3) Mozambiqgue, Boane (267027 8.32% 19
E). caught resting indonors. My 1007 (6} Cote
d'Tvoire, Petionara {near Bouwake! ¢77 82 N 3707 W
vanght inside houses. June 14970 Abidjan {15719 N
121 WY caught insicde houses, June 1997 {71 Senewal.
canght indoors using pyrethrunn spray catch: Dieline
(13 43 N, I6° 23" W), Februrn 1998 Kedougon

< R . FA crober eoaad s
(037 28 N L A3 W Novewber 149497

All suoples, except those from Senedal, were trans.
ported to the Liboratory where Teinules were held in
indivichid tubes for ey 1;1_\ ing P |nnrp}m1m.:_\- WS
wlore cggs woere pat intTa

aLre

CXe
ated water, Larvie were ded oo Lich-protein diel
counsisting of gl‘mlmi brewers vemst tablets andd doe
biscuits. Larvil and pupal pelts were storecd initiully in
40% ethanol. then permnently monnted on nicro-
scope slides to be used with pianed wlalts for mar-
plno|0gicu| identificution. The remdinder of the wdults
emerging from individual egg butches were frozen in
liquicl nitrogen. Morphological identification was car-
ried ot according to Gillies und De Meillon (1068)
and Gillies and Coetzee (1987). The Senregad sunples
were identilied  chromosomally (Green and Hunt

Pandhinh
[0 iF

e s s th -

The primers used in amplification were designed by
W. Kelly Thomas for use in nematede studies (R.
Sharpe. Leeds University. UK. personal communica-

YRR U LY USRI [ VAN PO D [ DY DU DU SR SR § ] oy
ey, lllt’y CHTNEAINE Y AU VD TR B 20 LRIV LETE YT T L

Currently it is not possible to predict the mobility
shift because of mutation differences. however shorter
fragments {100-400 bp) are more sensitive for the
detection of mutation variation {Hayashi [9901). Mu-
tations incorporated following speciition should be
reaclily detectecl uccording to Hiss et al. {1994). Elec-
trophoresis conditions {e.g.. temperature changes and
the concentrution of ions and solvents} muy influence
the sensttivity of mutation detectiou. and the electro-
phoresis process must be stunclardized for each set of
conditions. SSCP electrophoresis has been used in
different mutation studies such as in the human ge-

netic field for detection of humun genetic diseases and

vene Sequences of the primers are as tollows:

DA sense: 3 GACCCCTCTTOAAACACC CA Y

3B untisense: 3° TCG GAA CLA ACC AGC TAC
TA Y .

Auplifications were done using the template {rom
DNA extractions (Collins et al. 1957} or from single
legs centrifugerl at 16,000 X g for 4 min with the PCR
mixture. The PCRinicture contuined the following 2.3
ul of the 10x reaction butfer {300 uM KCL 100 wiM
Tris-HCpH 8.3}, 1. mM Mgl 1 udi of cach primer.
200 pM of ench dNTP, 2 U thermostable tiugg DNA
polvmerase, overluid by 30 pl of minerad oil. Amplifi-
cation ceuditions were 30 cveles of denaturation at
94°C for 30 5. annealing at H0°CHour 30 s and extension

genetic markers (Orita 1939) und in phylogeuetic
studies of wheat wnd yrass (Wang 1997}
Here we describe the use of SSCPs for clistinguish-

irer bietrvmain 4 mierlie f the An. funestus group.
Hig peiween ¢« micuine i the AR ¥ v

b 727C Tor 30 s Fnad extension at 720 or T0hmime 3 ul
of the procduct wis clectraphoresed on o 2% agarose
gel. The remaining PCR prodnet was tater wsed for

SSCP wnulyses.

S4
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Two negative controls were included, The st was
a DNA extruction negative control where extractions
were performed without uny DNA. The 2nd control
wis i negative control coutdiniag all the substances in
the PCR misture except DNA templute. The positive
control for the SSCP electrophoresis was obtained by
aniplifying extracted DNA from L An. finestus from
Tun zania which wis chromesomally identified { Green
andd Hont 19R0) . DNA from this specimen was used in
every gel throughout the trials.

o POLYMORPHINN ANALYSIS OF AR flowestns (27

Table 1. Specimens used in 33CE vnalvais of binewbers of 1he
An. funestus group

S8CP Electropharesis. SSCP electrophoresis wus
done according 1o Hiss et ul. {1994}, with minor al-
lerations. Mutation Dt‘lr:‘Lllon Enhancement gel solu-
am FAMOC Rlnnrnrlnnt:

Rockland, ME, {catulog numbct 30620) was dl]uted to
a 0.3-times concentration and used for gel custing,
Electrophoresis was performed using u Bio-Rud PRO-
TEIN [ xi 2-d Cell {16 by 18 ¢in) and with 1-mm-thick

Hnn 7 bnwias ononge
fion, © thnes concentraly

'.’
22
1
o
2
"’

crale 1 tes were mrenared <l |hhnr(l| nrton
AN Clas Prals Wre Dreprirsd afcoriing
Fu,lurer specifications, iferent e[ectmphorests

temperatures were tested at 4. 13, undt 20°C. The cen-

tral conliug core Tie hlltl in I\(ll)lll}_‘ Lemperatores at
ilw correet settings. B:‘luw (Icn.duun].,, 3ol l(nm-

tibes {0.5 mb) were put into ice immediutely after
denaturing and 10 ul of PCR product was electropho-
resed for =16 b at 200V, The electrode bulfer was 0.6
ATRE and afinal concentrudion of TBE in the gel wus

on the left-bund side to show the orieatation of the gel.

Cels were stuined using a geveral silver stauining
techuique as described in Budowle et al. (1991) und
fixed in 10% acetic acid when the desived intensity wus
reached, Gels were dried in the air or in u heated
vacunm drier. Chiemieals nsed for staining, except
sadiviu carbonate and acetic acid. coudd be reused for
up to 3 tines without loss of sensitivity.

Results

The morphologically identified species and the
inumber of specimens used in this assay are given in

. N No. . .
Conntry Locality faeniles  inedividuats Species
Tiiiznivia Matinibwa 3 it Ap fremesfua
Bugzamayu ! l Ao freaestus
Cate d'lvoire  Putionara 3 8 An frnestis
Abiclfa 2 6 A frnesties
Senegul Kedougou — L] An fnenties
Sankagne G An fonestus
el - 4 Ar fineestn
Mo zumbigue  Boane § 26 A funestin
S Ligascar Auvkacobe 3] AT A fiarestan
Botswana Shakuwe 1 1] An finestas
South Alvica  Mamfeue | l A enaeaeiem
Manitene n 1 A eenaceitiem
Teauven 2 2 A fevaenn
Traneen 16 a8 Aurs cemeedde e
Konafipoort 7 30 o vanecdva
Kemuhipoort 3 20 An renforie

4 different bands were observed. These ure lubeled
witll the st letter of euch species mne (e, [ =

Sonestus, Vo= canerdent, et ), an Rora D to designate

renatured or denutured single-strund DNA, and the
numbers b, 2, or 3 to indicate mobility. The RSS baudls
were used us the diagnostic bunding pattern to identify
euch species. The An. funestus F-R1 and F-R2 bunds
were constunt and always present in the [08 speci-
mens from 10 different loculities. Intraspecific varia-
tion wus noted between specimens from Eust and
West Africa, where an additional molecule F-R3 al-
ways was absent in the East African samples but
i the 14 specimens tested from the 2
foculities in Cote d Tvoire und in 12 of the IS specimens
trom Senegal {Fig. 2). The F-R3 molecule was slightly
slower than the V-R2 mofecule and did not influence

identification. The F-R1 molecule was ulways present,
ne ] 9|\n f" R ||!t| P R! r]g(g]ﬂr‘ |.uc were ' |F tha '...

a4 Nl ni OLnes LER L 1

tensity of F-R2. An. funestus from Mozambicque had an

Tuble 1. All An. canedeni specimens were ideutified
Ly the pale bhanding on the tarsomeres, whereas An.
Fraestas had only black seating ou the legs { De Meillon
et ol 19TT). Anopfedes visrdorem and An feesoni were
identified on larval and egg characteristics {Gillies and

DeMeillon 1968).
The D3 priunters amplified the same fragmeat of
=400 by, and nu obvious size diflerences were seen
i : :7/0 Arose

Prl Qn

pc-ruture for c[rclrupllmetlc sep.nmhou was ut 20°C,
and at °C, resolition seemed to decrewnse.
Firure b illustites the species- spetiftc Lunding pat-

1 ol n_:..t{D_l.., 1
terny observed daitei SSLLY igeiropharesis,

set of bunds represent renatured sm;_.,le -strand (RSS)
DNA and the lower set of bands represents the de-
nutured single-strand {DSS} DNA {Tiss et al. 1994).
Revatured double-strund I)NA tlml would huve ap-

l]m n
1

never visualized on our ;,t:ls For e-.u.h species. ‘lt |e‘u~.l

i A rur A warrddeny A fvuturum A levwen
o
" i
[ a .
-_ i
" Bl
.1
ik A
T -
Ledd sl
- -
w —
Fig. I. Species-specific banding patterns observed ufter
SSCP electropharesis of 4 members of the An. funestns aroups.
RSS rerurllred single- r.tmmi DSS, denatured slm_le strand:

llSS u|01eaule'z D1 and Dl DSS molecules
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\'Ol. 36, no

L. Bt 3 inbar il

Fig. 2.

Enieliocle o 40 11 12 13 14 18 .16 1748 .19

SSCP wmalvsis showing intraspecific and interspecific variation. Lune | IKb-size niarker: 2. nezative control 3. An

funestus (Mozambigqued: 3. An Sfunestuy Tunzanial: 6. An funestus + Madagascar': T=11. A vaneedsm  South Africa
Tzaneen): 12.14. An caneedeni (South Africa. Komatipoort}: 13. An. fimestus 1Cote d'Ivoire. Abidian . [0-17 An e v,
'South Africa’: 18=19. An leesoni (South Africa), Lunes 4 and 13 did not amplify

additional F-D molecule (F-DLa) which was half the
intensity of the F-D2 niolecule und migrated more
slowly than F-D1. Other than that. the DSS molecules
of An. funestus and An. caneedeni migrated at the same
speed. The RSS molecules of An funestus from
Mozambique did not show intruspecific variation
when compured with other An fimestus from different
regions.

Twenty-one An. riculornm tested showed the sume
banding patterns and without any variation in either
DSS or RSS melecules Of the 7S An cancedeni tested.

A U At B

molecules was not constant. and variation w
served when the duration of the electrophoresis run

was longer than 16 Iy

Discussion

For each single-strand molecule ut leust 2 difterent
bunds will be observed. and for u denatured double-
strand molecule at least 4 bands will be visible | Orita
et al. 1959). Two of the 4 bands will correspond to the
complementary strand and their mobilities will be
different because of adifferent structural folding. Spe-
cies-specific patterns always were obsenved with the
RSS molecules. Becuuse of the overlap between the
DSS molecules of An. fimestus and An. cancedent, these
used for species diagnosis.

ol
2 Z% ==y
31

ol

s |
: : : h of the same i \
and half the intensity of F-R2 suzzest that F-R1 und
F-R3 molecules are from the same complementary

ctrand, Their sequence might permit them to form

Tige IRFSHSE
e mnranst

86



1o
i

JoUrazaL oF Mepicat EXToaoioe

o . . - . .
I 2 3 4 3 6 7 8 910 1 1213 14 15 16 17 1% 19
Fig, 2. SSCP il 2is \]Ib\\ g intraspecific and interspecific vanation. Lune £ URb-size nurker Znetane ceobie,
e tte \1,,7‘”11).(‘|1e- 3. An fraestus | Tanzantae: . A foaesies Madamascar - o= W canendoor South .\_rr"u.,l
Teaveen: (2L A cene -‘(h o1 Seuth Afncs Komatipoort'. i3, A0 fng b+ Ciee d ' Tvorre, \J"Zl“” A
Suuth .\_.]'tt‘.{‘ $6.16 A oot 1 Santh Africas. Lanes 4 and L3 did not amplifs

sdditionul F-D molecule : F-DLat which was half the
inteusity of the F-D2 molecule and mizrated more
slowly than F-Dt. Other than that. the DSS molecules

Discussian

For euch single-strund molecaie at teast 2 ditter=nt
bands will be obser ed. und for o denwtured double-

of An funestns and An caneedeni migrated at the same
speed. The RSS niwolecules of A junestus from
Mozam b:que did not show int .ls[)eclﬁi variation

\\l|.= AL RIS B ,fl.?

et compared with othies St from diffevent

e ﬂf'lr\nc

strand molecule at least 4 bands will be visible Oritu
et al 19597, Two of the 4+ bands will corvespond o the
complementary strand and their mobilities witt be
different becuuse of 4 ditferent structural folding Spe-
cres-speciiic putterns Ay s were absen ed with the

T\\ entv-one An it wlorron tested showed the same
banding patterns and without any variation nt either
DSS or RSS molecules, Of the T8 An canerdeni tested.
none showed any 111tmspecmn. the
banding patterns were constant between ruos. Onh 2
An eesoni spectmens were collected for anabvsis. An-

L 1
ALTADIOL antdl

slification snd electrophoresis of these 2 wete re-
peated independently on S actusions il the samne
cexilts were obtained each time. One of the = inci-
vichuds displaved intraspecific yariution where L-R3
Wus present with the L Ri ae! L-R2 molecules

The diarnestic bands for each species we Jepicted
¢k g Fier | Fioyre 2 shrow s actual spee-

nu..J \lllll.l;lll\-\ul LR

RSS mol:—culeq Becuuse of the overlap between the
DSS molecules of An firestus and An vaneedin these

cets ulone shouid not be wnsed for speaes divcnosis,
. )
Howeser. both the RSS bunding pattern und DSS

banding putterns were distinctive for An. vecidorm
and At feesoni. The RSS bunding pattems were st able
aid no variation between R1 and R2 molecules of the
sane species were cbsen ed except the additional R3
molecnle in An fbnestus specimens from West Afric.
This. lioweter. neser compromised the usefibiess of
the SSCPs for identfication piiposes. There muaht e
sequence differences in West Afre.n populations that
yemlt in Forming an additionai confornation. The et

ziens of Wl 4 species. Migration oi the size marher
moteeules was not constant. and vartaion was ob-
served when the doration of the eizctrophoresis mun
was loneer than 16 T

that the E-RI and F-R3are hothof the same mrensit
and half the intensits of F-R2 seazest thae F-RI
F-R3 molecules are from the sane complensatay
srand, Their sequence might perimt them to form
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cither 1 of the 2 conformations and with the swne bias,
However. the only way to know whut cuuses the dif-
ference in banding patterus will be to excise the DNA
{rou the gel and sequence each molecule sepurately.
The bunding puttern was constunt and present in all
the SpeCimens we tested and is not an artifact of the
PCR.

The design of species-specific primers involves the
accnntlating of seyqience infornution on a certain

KOEKFMOER BT AL: POLYSORPHISSE ANALYSES OF A funesfos 12y

imore species of the An funestus group are incorpo-
ratedt in the study, the banding patterns observed will
be different from the species tested so fur. We (lid nat
expect any variation between males und females be-
cause rDNA is sex-linked. We did not have access to
hybrid specimens and could not test the impact of
hybridization on the technique, Banding patterns pos-
sibly will be un overlup of the 2 species which took part
in hybridization, especially when looking ut femules,

region in the genome of the mosquito. The sequences
ueed to be unique in such species, wnd shauld be
located in such a manner so that the unique size
product guished easily on a
The development of primers is an extretnely expensive
and time-consuming process. We sequenced 2 regions
in the rDNA. the D} domuin within the 288 gene und
the [TSI region, but the lack of variation excludet the
development of good species-specific primers from
these regions {unpublishied duta) SSCP wialysis, how-
ever, is o rapid and simple test to perforn, the resulits
are hot ditficult to interpret, und the staining niethod

is straightforward. The primers used for S3CP unalysis
L fordifferent
t

or -
garose gels.

ts can be distinguished

We conclude that SSCP unulysis is a sensitive and
relishle methed for identificution of the 4 miembers of
the An. funestus group.
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[soenzymes are multiple molecular forms of an enzyme deriving from the same organism,
having at least one substrate in common (Brewer, 1970; Harris and Hopkinson, 1976).

Isoenzymes catalyse the same reactions but sometimes have different enzyme properties and

different kinetics. Isoenzymes result from two or more of the following: 1) multiple gene loci

{multiple alleles result in different isoenzyme patterns between individual members of a species)

or; 3} by the formation of a secondary isoenzyme due to post-translational modifications of the

electrophoresis and visualized by histochemical staining of the polyacrylamide gel after

electrophoresis. Bands observed after stainmg are called zymograms (Abderrazak ef o/, 1993).

6.1.1 History of enzyme electrophoresis

Tiselius is described as the father of electrophoresis with the development of the moving
boundary method in 1937 (Brewer, 1970). Moving boundary electrophoresis was followed by
zone electrophoresis where proteins were separated in a stabilising medium (agarose, starch,

cellulose acetate and acrylamide) rather than in a solution. Agar was first used as a solid

medium for the separation of isoenzymes and was gradually replaced with starch and cellulose

ace i - ide is more commonly used as a medium for protein
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ot (Draar 1070 Hictachamical stainine techniques are used to visualize isoenzymes.
SCpAratiQn { IpICWEL, 17 /V ). 1USiUvLvIIIvE: SLRRtiin L ¥

on the global electrical charge of the molecule, which is determined by the amino acids
comprising the molecule (Abderrazak et al., 1993). A protein molecule has a neutral charge
at a specific pH (isoelectrical pomt or pl), where the molecule has the same number of charged

carboxyl and amino groups. At a pH below this point, the amino groups progiessively ionize

and the molecule assumes a positive charge. An increase in the pH above the isoelectrical point

molecule. Depending on the number of amino- or carboxyl groups exposed at a specific pH,

the molecule will have a specific net electrical charge. The greater the charge on the molecule

faster the migration speed will be towards the opposite electrode.

A second parameter affecting the migration of a protein through a solid medium-is the sizeand———————————

1
.'::"
um

"*5

of the molecule and whether the protein is a multimeric or a monomeric molecule.

subunits may be identical (homomeric isoenzyme} or different (heteromeric isoenzyme) (Harris
and Hopkinson, 1976). The banding patterns that show heterozygotes and homozygotes can
be used to determine the number of subuaits comprising that specific isoenzyme (Harris and

~

Hopkinson, 1976).

_ Apart from the physical characters of the protein itself, manipulation of the electrophoretic
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d gel concentration, can help in additional separation of
the various enzyme molecules. The strength of the buffer will affect the separation of the
protein molecules: the higher the strength, the slower the migration of the molecules. More

ted giving good separation of molecules. A change in the electrophoretic

couditions will result in a great deal of heterogeneity within electromorphic classes (Ramshaw

etal., 1979).

Genetically, isoenzymes behave as alleles. They represent the activity of a genetic locus and

once an enzyme is linked to an allele it is referred to as an allozyme or alloenzyme (Abderrazak

etal, 1993). To determine whether isoenzyme formations are the product of two different loci

~dditional information is needed on particular isoenzymes. Experiments

such as in viro dissociation and recombination experiments can be performed to answer these
questions. Different individuals showing the same zymogram for a specific enzyme are
ion that the gene coding for that enzyme does not differ (Bullini, 1984).
However, circumstances exist where distinct alleles have enzymes with the same

electrophoretic mobility, an s can be determine i i 5

thermostability or enz

e actmtv

Specific staining methods can be used to visualize isoenzyme molecules after electrophoresis,
These staining solutions contain specific substrates for each enzyme and can be classified as

either chromogenic, fluorogenic, radioactive, chemical detection or electron transfer dye

-~y W__

(Abderrazak et al., 1993). In certain circumstances a zymogram cai be absent which is an

indication of a null allele. Null alleles are generally considered to code for non functional

~ allozymes and a homozygote for aull alleles will therefore result in no zymogram. Heterozygote

9



alleles with a null ailele will result in the presence of only one zymogram {Bullini, 1984).
Homozygote null- allele individuals seem to be viable genotypes with no lethal effects

(Tabachnick, 1978).

It is essential o know and understand the basic principles needed to manipulate conditions so
as 10 gain the most valme from this powerful technique. Enzyme electrophoresis can be
considered as a simple, inexpensive way to examine genetic variability within and between
species (Abderrazak ez al., 1993). The electrophoresis technique has been employed by varous

people to differentiate between different insect populations and different species within species

complexes (Igbokwe and Downe, 1978). The next section deals with some applications of

isoenzyme analysis.

6.1.3 Applications of isoenzyme electrophoresis

~ 1 o1

Calculating the ailele frequency of loci is essen rder to compare different populations

or taxa with regards to gene flow, genetic variability, genetic differentiation and estimation of

genetic divergence. Isoenzyme electrophoresis has succe ssfully been used in the identification

of different species complex as well as providing markers for linkage

experiments and for assigning particular gene loci to specific chromosomes or regions of
chromosomes (Bullini, 1984), If correctly analysed, isoenzyme electrophoresis provides a

valuable tool in population genetics (Abderrazak et al., 1993).

In mosquitoes, electrophoretic markers have been used to construct gen

Tecapture experiments and study reproductive behaviour (multiple insemination, mating

WW%MQ is considered especially useful in
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the present attempts at genetic control (Bullini and Coluzzi, 1973; Cramptou ef al.,
1994). Electrophoresis has been used in the recognition of species complexes in various

mosquito populations (Ayala et al., 1972).

The realization that An. gambiae s.i. was a species complex brought about the need to have
additional identification methods that were more reliable than morphology. Apart from
polytene chromosome studies, isoenzyme electrophoresis was also investigated as a tool for
identifying members of the An. gambige complex. Mahon ef al. (1976) was the first to

investigated isoenzyme electrophoresis as a diagnostic system to identify four members of the

An. gambiae complex in southem Africa. Subsequent studies showed that identification of

h an accuracy of >99%

(Mahon et al., 1976; Miles, 1978, 1979; Hunt and Coetzee, 1986). However, if the population
genotype is unknown, isoenzyme results should be correlated with another method, e.g.

1979 Miles published a Biochemical key that can be used

ion. AUl n-g £3 1viIl

Another advantage is the fact that one can ascertain the genotype of isoenzyme

isoenzymes ideal for population genetic studies, since a co-dominant marker is essential in these
studies. [soenzymes show Mendelian mhertance, which does not complicate population genetic

studies (Abderrazak et ai., 1993).

~ Apan from the An gambige complex, isoenzyme avalyses have also been used for

93



dentification of various other mosquito species such as Aedes friseriatus, Ae. hendersoni , Ae.
aegypti, Ae. stimulans and Culex species identification (Scott and McClelland, 1975; Saul et

al., 1977; Bullini, 1984; Eldridge et al., 1986).

Green (1977) found sex-limited esterases present in the accessory glands of An. funestus
males. Apart from this, no other enzyme work has been published on the An funestus group.
The aim of this study was to mvestigate different enzyme systems in three members of the
Anopheles funestus group: An. vaneedeni, An. funestus and An. rivulorum. These data will

provide an indication of variability at the intra- and inter-sp ecific levels.

62 MATERIALS AND METHODS
Isoenzyme electrophoresis and the staining procedures were based on a protocol provided by
L.E. Munstermann (pers. comm.). A detailed description of materials and procedures used as

well as E.C. numbers of each enzyme system are provided in Appendix 1L Electrophoresis was

performed using constant amperage (40mA) and human haemoglobin (hb) used as a marker

for enzyme migration. Electrophoresis was generally halted once the haemoglobin had migrated

a distance of 2Zcm from the origin. Mosquito samples were homogenized in 30ul of buffer (10%

sucrose, 1:3 dilution of tank buffer, bromophenol blue for colour). 1-2pl of homogenate was
loaded per well using a Hamilton syringe. Electrophoresis was followed by staining as
described i Appendix ILL Electrophoresis conditions tested are summarized in Table 6.1. See
Appendix I for enzyme names and abbreviations. Specimens used were from the same

localities as those described in Chapter 5 for SSCP electmphoresis.
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Table 6.1 Enzyme systems and electrophoresis conditions used in this study. Sampie size
includes specimens of all three species tested. Anopheles vaneedeni and An. funestus were

enerally in eagual numbers. but due to limited availabili Y of An. rivulorum fewer SpeCimeIlS

g a2 Jun} L Wi e ARVALLE 2 4= MU N ARRERE, 111L

were included per gel.

ENZYME TC TBE 33: | 19:1 % GEL Sampie
BUFFER BUFFER 1 size
AAT no yes yes | vyes 6% 18
ACP yes no no | ves 6% 23
AK yes yes ves | no | 5%, 7.5% 46
ALP yes no no | ves 6% 23
AO yes yes yes | yes | 5,7.5,6% 100
____DIA yes no yes | no 7.5% 23
EST no yes yes | yes 7.5% 126
GAPD yes no no | yes 5% 23
GCD no yes yes | yes 7.5% 12
GDH yes yes no | yes 7.5% 14
GOT yes no no | vyes 6% 13
GPD Yes 10 no | ves 6% 46
GP1 yes yes no | yes | 6%, 7.5% 81
LGSR B yes no | yes 7.5% 13
__ G6PDH yes no no | yes 6% 23
___HAD yes yes no | yes 7.5% 58
HK yes yes no | yes |5,6%,7.5% 57
IDH yes no no | yes 5% 23
LAP yes no Do yes 6% 23
LDH yes no no | yes 7.5% 23
MDH yes no no | ves 7.5% 23
ME ;/eg yeg yes na 5%, 7.5% 65
| MPI no yes ves | ves 7.5% 284
|__ODH/SOD no yes no | ves 7.5% 32
—__PGD yes yes no | vyes 7.5% 52
____PGM yes yes no | ves 7.5% 52
TREHALQSE yes no no yes 7.5% 30
XDH yes yes no | ves 7.5% 23

ing two buffers, TBE at pH 8.6

ad TC buffer at pH 7.1 (Table 6.1). All enzyme systems were initially standardized on a few
An. funestus specimens. Once staining and electropboresis conditions provided good
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