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ABSTRACT

A Comparison of the Salivary Gland

Chromosomes of Anopheles eiseni

and Anopheles peryassui

Tammi Huggins
Master of Science

Youngstown State University, 1982

The salivary gland chromosomes of many members of the subgenus
Anopheles have been mapped, and their evolutionary relationships
examined. The standard arrangements for two additional species

Anopheles eiceni and Anopheles peryassui were proposed. There are two

pairs of autosomes and a pair of sex chromosomes in each species. The
X chromosome of An. eiseni is sub-metacentric. The X chromosome of
An. peryassui is sub-telocentric. he two pairs of autosomes of each
species are metacentric. There was one rarely occurring inversion
found in the right arm of chromosome three in An. eiseni.

The chromosomal banding patterns of the two species show simi-
larities to each other most closely in the third pair of autosomes.
The banding pattern of An. eiseni resembles that found in An. puncti-
pennis, An. earlei, and An. aztecus most closely. The greatest degree

of similarity of An. peryassui exist with An. punctipennis, An. per-

plexensand An. aztecus. These comparisons suggest a possible evolu-

tionary relationship among the aforementioned species.
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INTRODUCTION

Significant amounts of additional data have been compiled

since the initial cytogenetic studies by Frizzi on anopheline chromo-
somes. Much of these data are concerned with evolution, speciation
and taxonomy within a large species group referred to as the
"Maculipennis Complex" (Kitzmiller, Frizzi and Baker, 1967).

The classical "anophelism without malaria" situation in some
areas of Southern Europe gave impetus to these studies. The major

vector, Anopheles maculipennis, is widely distributed throughout the

entire region, but there was irregular malarial transmission.

Distinct ecoiogical differences were shown to exist among the
various groups, but differences in egg morphology were among the first
relatively consistent differences noted. Crossing experiments demon-—
strated distinct differences with respect to crossability. These cross—
ing experiments, discussed below, demonstrated clearly that groups were
at least partially reproductively isolated, and that gene flow between
them was absent or reduced. Bates (1940) recognized five species and
two subspecies, a classification based on yeproduction isolation, which
has generally been accepted.

Although the ecological, physiological, and reproductive differ—
énces were clear and distinct, the members of the various races (adult
males, females and larvae) could not be separated morphologically. Thus
the "Maculipennis Complex" became one of the classic examples of a
8roup of sibling species--species which were morphologically similar

but with well defined ecological, physiological and genetic differences.



Additional studies on sibling species and a summary of similar data have
been made by Mayr, 1963.

Frizzi (1947a, b, c, d, 1949, 1950, 1951, 1952, 1953a, b) was

®

able to demonstrate that these sibling species could be separatad on
the basis of the banding pattern in the salivary gland chromosomes,
each population.of these sibling species had its own characteristic
inversions and rearrangements. These differences in banding pattern

morphology are important as a taxonomic tool and the study of evolu-

tionary mechanismsin natural populations.

Chromosome Studies of Palearctic Species
The "Maculipennis Complex'" may be divided into at least two
geographical groups, Palearctic and Nearctic. The original studies

were made with Palearctic species Anopheles labranchiae (subspecies

An. labranchiae and An. atroparvus), An. maculipennis, An. messeae,

An. melanoon (subspecies An. melanoon and An. subalpinus), and An.

sacharovi. Work by Kitzmiller and Baker has chiefly concerned the

nearctic species Anopheles aztecus, An. earlei, An. freeborni and An.
occidentalis which constitute a closely-related group. Cytogenetic

studies at first suggested that Anopheles quadrimaculatus and An.

punctipennis also might belong to the Nezarctic branch of the complex.

Another group of Nearctic species is found chiefly in the south-
eastern portion of the United States. Although not considered part of

the "Maculipenanis Complex", these species, Anopheles bradleyi, An. cru-

cians, and An. geogianus form a species group with distinct morphologi-
cal similarities. There are also three additional species found in the

Southeastern United States, Anopheles atropos which prefers slightly




saline water for development, Anopheles perplexens which is morphologi-

cally similar to An. punctipe

5 and Anonheles walkeri.

Frizzi (1947) which reported that the salivary gland cells in

An. atroparvus show five chromosome elements connectad by a chromocen-—

ter. The first of the two V-shaped chromosomes consists of a 'right"
arm (2R) measuring 95 micra and a "left" arm (2L) measuring 102 micra.

The second V-shaped chromosome consists of a '

'right" arm (3R) measur-
ing 116 mict: and a "left" arm (3L) measuring 78 micra. The X-chromo-
some appears thicker and better defined in salivary glands of female
larvae than male.

The An. atroparvus pattern was selected by Frizzi as the

"standard" chromosome banding pattern. Various chromosome rearrange-—

ments are shown by An. labranchiae, An. maculipennis, An. subalpinus,

An. melanoon, and An. sacharovi from the standard pattern of An. atro-

parvus. An. maculipennis, An. subalpinus, and An. melanoon have a re-

arrangement in the right arm of the third chromosome, An. sacharovi
has a rearrangement in 3R as well as an extensive rearrangement in the
X-chromosome, and An. labranchiae shows only eight differences.

An. atroparvus and An. labranchiae show physiological, morpho-
logical, crossing and chromosome patterns which indicate a close rela-
tionship. Bates' designation of them as subspecies has been justified

indicated by these similarities and their distinct geographic distribu-

tions. An. maculipennis, An. messeae, An. subalpinus, and An. melanocon

appear more closely related among themselves than to the others, and

An. messeae appears more distinct because of the inversion of the X—

chromosome using chromosome studies.



Anopheles claviger (Kitzmiller and Coluzzi, in preparation)

[

and Anopheles algeriensis (Kitzmiller, 1966) chromosomes were mapped.

These species do not belong to the complex taxonomically, although

they exhibit clear chromosomal similarities with An. atronarvus.

<

Chromosome Studies of Nearctic and Neotropical Species

The banding patterns of the Nearctic members of the "Maculipen-

nis Complex," An. freeborni, An. occidentalis, An. aztecus, and An. ear-
lei, show definite similarities in banding patterns to that of An. atro-
parvus. Several long areas near the centromeres, large internal areas
of each arm, and all chromosome ends can be homologized with An. atro-
parvus. The X-chromosome, however, is quite different in each species,
and all anophelines thus far studied can be identified by using the

banding patterns of the X-chromosomes.

Another species, An. quadrimaculatus, is scometimes included in

the complex on purely taxonomic grounds (Bates, 1940). Chromosonme
studies (Klassen, et al., 1965) tended to verify this placement. The
free ends of the autosomes and long areas within them are quite similar
to An. atroparvus. Chromosomal studies show autosomal homologies be-

tween An. punctipennis and An. atroparvus although most taxonomists

consider An. punctipennis widely separated from the complex. These
similarities plus certain larval taxonomic similarities prompted a

tentative inclusion of An. punctipennis in the "Maculipennis Complex".

This study deals with two additional species of the genus
Anopheles which are distributed primarily in the northern portion of
the Neotropical region. An. eiseni is found in Central.America, Mexico,
Colombia, Venezuela, Trinidad, Tobago, Surinam, French Guiana, Brazil,

Bolivia, Peru and Ecuador.



An. peryassui is found in Brazil, Guianas, Venezuela, Colombia,
Peru, and Bolivia.

An. eiseni and An. peryassui differ in larval form in that the

frontal head hair is palmate with leaflets serrated in An. eiseni and
leaflets smooth in An. peryassui. The wings of adult An. eiseni are
almost entirely dark while in An. peryassui the wings are mostly pale.

Some additional species of Anopheles, namely An. pseudopuncti-

pennis, An. vestitipennis, An. hectoris, An. neomaculipalpus, An.

punctimacula and An. apicimacula from Mexico and Central America show

striking autosomal similarities not only among themselves, but to the

North American "maculipennis" forms, especially to An. quadrimaculatus

and An. freeborni.

All of the above-mentioned species, both palearctic and nearctic
have a basic taxonomic similarity in addition to the chromosome one,
they belong to the same subgenus, Anopheles. There exists a common au-
tosomal pattern in the subgenus, Anopheles, with specific pattern dif-
ferences in the interior of the autosomes the result of rearrangements,

mostly paracentric inversions.

The data from salivary chromosomes indicates that the banding
pattern of the autosomes is subgeneric in character and chromosomal
differentiation within the subgenus has been accomplished by means of
inversions and other rearrangements. The "Maculipennis Complex" desig-
nation for these chromosomally-related species should probably be re-

Placed by a subgeneric one.



CHAPTER TII
MATERTALS AND METHODS

Collection of Specimens

Larvae of An. eiseni were collected in the Mojinga Swamp near
Colon, Republic of Panama. These larvae are commonly found in pot-—
ﬁoles, rockholes, streamed pools, ditches and bromeliads. The larvae
can be identified by the branched lateralhair, number six, on the
third abdominal segment, palmate hairs present on the second abdomi-
nal hair and the palmate hair with serrated leaflets.

The adults of An. eiseni are a common jungle species that
rarely enter homes. They attack man during the early evening hours.
The adults have four white spots on the wing of an otherwise dark
scaled wing and fringe. A pale spot or band is present on the hind
tibia.

The larvae of An. peryassui were collected near Villavicencio,
State of Meta, Colombia. These larvae often inhabit shaded water of
fresh water jungle pools, swamps and stagnant streams. The larvae can
be identified by the presence of dichotomous branching of inner and
outer clypeal hairs, the hairs of the inqer clypeal are well separated,
and the palmate hairs have smooth leaflets.

The adults feed on man when the jungle habitat is invaded.

They are most prevalent at the end of the rainy season and are malaria

Vectors. An. peryassui adults can be identified by study of the hind
tarsal segments and wings. Hind tarsal segments three—-five are not
entirely white, hind tarsal segment two is 9-20% dark. The wings are

largely pale.
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Larvae were identified and a few from each species were allowed
to mature to the adult stage. The adults were then also specificalls
3 t LLLY

identified allowing for a check of the larval identification.

Preparation of Chromeosones

The salivary gland dissections were made in 45% acetic acid.
To remove the salivary glands pressure was applied just posterior to
the thorax, the head removed and the dissecting needle inserted under
the cuticula from the anterior. The incision was made by rubbing a
second needle over the inserted one. The interior of the thorax was
then exposed by opening the incision, removing the gut and the salivary
glands were removed. After removal from the thoracic cavity, the sali-
vary glands were placed in a drop of lacto-aceto-orecin on a siliconized
coverslip. Depending on the species, the concentration of stain and
the staining period varies. These variations are to be expected when
dealing with different species, and have also been observed with a num-
ber of other Neotropical anophelines (French et al., 1967, Coluzzi,
1968). An additional procedure that varies with the species is the
pressure applied to the coverslip needed to rupture the nuclear membrane
and spread the chromosomes.

The "dry-ice" method was used to make the preparations permanent.
The slides were placed on dry-ice for about 10 minutes, the siliconized
coverslip "flipped off" with a single edge razor blade and the tissue
then dehydrated for a period of dne minute each in two changes of ab-
solute alcohol. Zeiss "Eischlussmittel L 15" was used as a mounting

medium. After drying, the slides were ready to be studied.

WILLIAM F. MAAG LIBRARY
YALINASTOWN STATE UNIVERSITY




Chromosome Study

Preparations were examined usually at 1000X using a Zeiss
phase contrast system. The map was diagrammed from standard photo-
grap’r;ic enlargements, and details of the banding patterns wera filled

in by direct observation at 1000X with the Zeiss phase contrast system.




DESCRIPTION OF CHROMOSOMES

Anopheles eiseni

All species thus far mapped belonging to the subgenus
Anopheles show clear homologies in each of the autosomal arms,
particularly at the free ends and at the centréme regions. The
internal part of each arm may be modified, but the changes which
have occurred may be postulated at least theoretically, by compar-
ison of banding patterns.

The salivary gland complement consists of three pairs of
chromosomes, a short pair of sex chromosomes and two pairs of longer
autosomes (Figure 1). The chromosomes are weakly attached to éach
other by connectives that join at the centromere regions. It is rare
to find the chromosomes radiating from a single point. The various
arms are seen with the centromere regions in close proximity.

The chromosome complement consist of a short subtelecentric,
XR and XL, chromosome, 63 micra. The right arm, 2R, of the metacen-
tric second arm averages 150 micra, the left arm, 2L, of the second
arm averages 135 micra, the right arm of the submetacentric third
arm, 3R, averages 215 micra, and thé left arm of cﬁrémséome number
three, 3L, averages 100 micra (Figure 2). These chromosomes are
approximately the same length as An. perplexens.

The numbering system for the arms of An. eiseni is the same
one used for other anopheline mosquitoes. The X‘contains zones 1-5;

2R, zones 6-14; 2L, zones 15-21; 3R, zones 22-32; and 3L, zones 33-39.

The lettered zones are completely arbitrary. They have been placed
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in certain areas to correspond with An. perplexens and An. bradleyi
sequences,

Bands were arbitrarily classified into Ffour types, depending
on the intensity of staining. Bands classified as number one bands
are those that always stain darkly. Bands classified as number two
bands are those that stain relatively heavily but that stain lighter
than number one bands. Those classified as number three bands are
relatively lightly staining bands and those classified as numbher four
bands are barely visible. The band classification system along with
the width and shape variations permit'a reasonably exact reproduction
of the salivary gland chromosome complement.

The sub-metacentric X chromosome may be readily recognized by
size alone, being about one-half the length of 2R. Much longer than
the left arm, the right arm of the X chromosome has several consistent
recognition areas. The heavy bands of 1C, 3B, 4B, 4C can usually be
recognized no matter how variable the other areas appear.

The free end of XR is typically flared with a dark band follow-
ed by a medium staining band. The two dark bands at the end of region
1A are seen at the constriction in some preparations and in the center
of one long puff in other preparations. The three dark bands in
region 1C make a good "landmark" region, a highly visible region
characteristic of that arm. There is a dark band in 2B which termi-
nates the third puff. The following two puffs are light staining and
often twisted. Regions 3B and 4C make up the wider half of XR. The
thick dark bands in regions 3B, 4B, 4C are easily seen in all prepara-
tions. Region 4C is often connected by fibers to a dark staining area’

in the nucleolus.



The shorter arm of the X chromosome, XL, consists of a dark
band followed by 5 light bands. One region, 5A, makes up this flared
piece, the XL chromosome.

The right arm of chromosome 2 contains several distinctive,
consistent regions which make its identification certain. Perhaps
the most prominent features are triplet bands in 7B, the pair of
heavy bands in the center of the puff of region 9B; and the series of
dark bands in regions 13A, B, and C. There is considerable variation
in puffing patterns ameng preparations of the same species. The free
end unlike that of most other members of the subgenus Anopheles is not
expanded into a bulb-like puff but rather is slightly flared and
lightly staining. The most prominent band of the free end is in
region 6C. Regions 6C to 8B are often elongated and twisted. 7B is
always a dark staining region because there is a triplet of three heavy
bands. The puff in regions 7C aﬁd D is a difficult one to identify
because it is lightly staining and elongated. The two dark ban&s in
the center of the puff in 9B also make a good landmark. The puff of
regions 10A and B is highly visible because it begins with a pair of
dark bands in a 2-1 series of region 9C and ends with two dark bands
in 10B and C. The pair of dark bands in the center of this puff
Stains somewhat lighter. The dark bands in regions 12A and B some—
times stain with medium intensity. Regions 13A through 13C are con-
istently dark staining and appear as shown on the map. The centro-
Te region, 14C, consist of a triplet of medium bands followed by a

Osely spaced light band and this region terminates with a single

rk band.
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The left arm of chromosome two contains several distinctive,
consistent regions which make its identification certain. The most
distinctive features are the puff in 20E banded by three heavy bands;
the three heavy bands separated by regions 19D and B and the series
of dark bands in 18E and 17A. Identification of the free end, the
center of the arm and the centromere end can begin from these points.
The pair of dark bands in a constriction at the beginning of 21B
sometimes appears as one band. The light bands of regions 21A
through 21E appear with variable intensities: in some preparations
they are darker than indicated on the map. The most prominent feature
of the free end is the series of dark bands of 20A through 20C. The
puffs in these regions are often variable. The three dark bands in
region 20E often appear as one thick, dark staining area. The three
dark bands in 19C are also commonly seen as one dark staining region.
There is a prominent puff in region 19D, E and 18A. The ends of this
puff are dark staining composed of a series of dark bands while the
middle of the puff is of medium staining intensity. This puff makes
an excellent landmark. The puff in 18A and B is variable in width
and staining intensity. Regions 18F and 17A are easily recognized
due to the intensity of staining, although it is difficult in some
Preparations to distinguish the number of bands present. The triplet
of bands in 17C often appear as broken dark bands. The three heavy
bands in the small puff of 17C appear at times to be two heavy thick
bands. These bands can only be distinguished in good preparations.
The bands of 17E, 16A and B are closely spaced and difficult to deter-—

Mine intensity, but they usually appear as shown on the map. The
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series of heavy bands in region 16C make a good landmark. There ig a
closely spaced pair of two bands in 15A followed by a closely spacad
pair of dark bands of 15B which often appears as one band. 15C ig
consistently a clear area. Region 15F is the light staining centro-
mere regiomn.

The right arm of chromosome 3 is the lbngest arm in the comple-
ment, as it is in all other members of the subgenus Avnopheles studied
thus far. It shows many areas which are consistently found in other
species of the subgénus. The frge end, starting at region 22 has a

typical flared tip with two heavy bands, followed by three characteris—

tic puffs. Regions 22A through 23A are very similar to the correspond-

ing regions of An. punctipennis. The closely spaced bands of 22C can '
be seen in detail in only good preparations. The pair of dark bands

in 22D are consistently prominent; while the dark band in 23A is not

as consistently prominent, in some preparations it appears much lighter.
The single dark band at the constriction of 23B is easily recognized.
The puff that begins in region 23C and D is a light one but as this puff
expands it stains increasingly darker. 23D contains three dark bands
that are easily recognized. The pair of dark bands at the end of 23D
often appear as one thick dark band. The same phenomena occurs in 24A
With a triplet of dark bands. The thick band in 24B is an excellent
landmark. The center band of the puff in 24C is a thick heavy band

1150 an cxcellent landmark, which is one of the best places to begin
dentification of this area of the arm. Region 25B contains a triplet
thin dark bands that often appearsas alsingle dark staining band.

S triplet also appears in An. quadrimaculatus. The bulbous puff of

With the single dark band in the center of the puff is an excellent
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landmark. The two dark bands of 28A are a prominent pair seen in all
preparations. Regions 288 and C are often twisted and folded. The
following regions 29A through 30B are also twisted, folded, and in-
distinct. These regions can be seen in a fow preparations as an in-—
version (Figure 3). The inversion heterozygote occurs infrequently.
The break points of the inversion are between the pair of medium bands
in 29A and between the pair of light bands that are split between
regions 30B and 30C. A triplet of heavy bands follows and terminates
the indistiﬁct folded area of the inversion. These three bands can
be seen in the corresponding region of An. atropos. There are two
dark bands in 31B and two dark bands in 31C, these often appear as one
band. Regions 32A, B, and C are consistently weak. Only in good slides
do the bands appear as shown. Atypical of the subgenus Anopheles the
centromere region is one of lightly staining intenéity.

The left arm of chromosome three follows the general conser-—
vative pattern for this arm exhibited by other meﬁbers of the subgenus
Anopheles. The some what flared free end consists largely of medium
to light staining bands. The most easily recognized region of the
free end lies in 39D. There is a characteristic "birdseye" region in
39D and 38A. This region consists of a medium staining band followed

by a dark band at the constriction and a pair of concave bands in the

next puff. The first of the pair of concave bands is the darker of the
two. The rest of the puff in 38A is often indistinct. The next promi-
nent area is in 37A and B. Here there is a triplet of dark bands in 37A
followed by a pair of heavy bands in 37B. The puff of regions 37C, D,
and E is often twisted and indistinct. The indistinct area ends with

4 thick dark band in 37E. Regions 36A through 35B form a diagnostic
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area for the center of the arm. The

£ ¢-33C are

often stretched, variable and indisti@& lw”esent in

these regions are few and thin. The cer "33C consists

of a 2-3-2 pattern of band followed by a B .nd

finally a pair of light bands.

Anopheles peryassui

Anopheles peryassui Dyar and Knab

. species

of Central and South America. It is an i alaria.

An. peryassui belongs to the subgenus Ano lear auto-

'somal homologies, especially at the free Ln ﬁ the

autosomal arms, with the complements of théa 1f£\pub—

genus. g I
The salivary chromosomal complement ;it'

£

of three pairs of chromosomes, a short X, and tw

somes (Figure 4). The X chromosome has a te é

the autosomes are metacentric. AThe chromosomé#:f | to
one another by connectives which join at the r

Rarely are figures obtained which show the chr : 0T at: from
a single point. The various arms are seen with ; i Sie i; ends

in close approximation more often. The X averages 6° T3 iig 150

micra; 2L, 135 micra; 3R, 215 micra; and 3L, 160

The same numbering system was employed because

contains zones 1-5, 2R, zones 6-14; 21, zones 15-21; 3R zones 22-32,
and 3L, zones 33-39. TLettered subdivisions of the numbered zones are

Tbitrary. '
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Figure 4.

Salivary Chromosomes of Anopheles peryassui
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The telecentric X chromosome is the shortest element in the
complement. Tt is often found separated from the rest of the comple—
ment. The free end, region 1, consists typically of a flared tip in
1A with a pair of bands which stain usually with a medium intensity
but which are sometimes considerably darker. In region 1B the flare
begins to comstrict. This dark staining constriction consists of two
dark staining bands, the second of which is considerably darker and is
a consistent feature of the free end. At the narrowest point of the
constriction there is a dark staining band. The three dark thin bands
in region 1C often appear as two bands. The next prominent area, 3A
represents a "landmark'. This area is easily recognized by a thick
dark band followed by two thin dark bands. Regions 1C through 3C are
often folded but in good preparations appear as shown. Region 5 con-
tains the last puff and centromere region. There is a prominent pair
of dark bands in this last puff in 5A. Region 5B is easily distin-
guished by the presence of a thick dark band in'the middle of the puff.
The centromere region, 5C, consists of a light band followed by three
dark bands, the middle of which is somewhat lighter than the two on
either side. A light band occurs just before the centromere.

The free end of 2R is not typical of the subgenus Anopheles.
The end is flared and visible in only a few preparations. It is a
lightly staining region consisting of three light bands. A possible
inversion may exist here. The first prominent bands of the free end
te those three dark staining bands of 6A. The following puff of
glon 6B is a lightly staining.one. Regions 7A and B are typically
ght staining regions with alternating light dark bands. The promi-

t region, 7C, begins with a pair of dark staining bands followed
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by a third thicker dark band. Region 7, e of a
thick dark staining band between two puf
staining thin bands. Regions 8B, ¢ and D
staining bands. The thick dark band, t
bands in region 9B, is a good landmark.

consistently very wide puffs. These regi ! :Q;f those

found in An. punctipennis. The pattern is ¢

bands are there. Region 9C is the beginning
10B is also a thin region. Regions 9C throu
and indistinct. There are two dark bands in
1 of 10C. Region 11A is characterized by a pair
bands, the first of which is the lighter of th
wide puff in 11B with three dark staining bands
of a puff with three dark bands. The middle d
obvious of the three. The broken dark band in
nized. Region 14B is highly visible and here there : e two dark bands
engaging three lighter bands. The lightly staini b Lwﬁ%, region

14D, is often not seen at all.

The free end of 2L is typically spatulate ¥ ;siﬂgle heavy
band in 21C. There is also a single dark band in = n 21B. 21C be-
gins with a prominent band at ‘the constriction. Regions 21A through

20B are very similar to An. punctipennis, An. atroparvus and An. per-

Plexens. Region 20D is easily recognized by the pair of dark bands
flanked on both sides by a pair of light bands. Region 19A is expanded
into a wide puff with two dark thin bands forming an always recognizable

area. There are two pairs of dark staining bands, in each the first is
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the thicker of the two in the easily recognized area of 19¢C. There is
a triplet of dark staining bands in 18C. 17B conrains a prominent dark
band. Region 16A is expanded into a wide puff with a prominent pair of
dark bands. Regions 168 throush 16D are usually twisted and iadistinct.
The centromere region, 15D, is similar to that of An. perplexens. 15D
begins with three light bands followed b? a wide heavy band, termina-
ting with several light bands.

The right arm of chromosome three is generally similar to 3R
in all other species of the subgenus Anopheles. The free end and the
centromere of the longest arm are clearly homologous with several
other species.

At the free end of the arm, the characteristic pattern of a

flared tip, followed by three small puffs is present. A pair of light
bands followed by a pair of convex dark bands make up the flared end
of 22A. There are two distinctly dark bands in 22B. The thick dark
band in region 23B is an excellent landmark. Region 24A is always a
.poor region appearing to be a constricted region of light staining
bands; although a closer look demonstrates a series of 3-1-4-1-4-3
bands in this region. There is a thick dark band in region 24C that
is characteristic in all specimens. Region 26C begins a puff that
dppears like two puffs in many slides. Region 278 contains a very
bvious region that consists of a ball-shaped puff and a broken dark
nd through the center of the puff. This band is surrounded on both
des by two number 2 bands. There are two lighf bands that terminate
Puff. Banding pattern is difficult to determine in regions 27C
Ough 29B because there are many bands that are closely spaced.

On 27D contains the most obvious portion of an elongated puff



Region 28C sometimes appears constricted and sometimes as
region. An elongated region of the chromosome arm begins i
298 and continues through the centromere of the arm. The
often indistinguishable in regions 30A-centromere. The bands are
consistently as shown on the map. The heavy bands in regions 30 and
31 are easily recognized. Region 32 is similar to the corresponding

region of An. punctipennis. There are a series of number two bands

terminating in a constriction of 32A. 32B consists of several medium
staining bands while 32C has one dark staining band in the centromere
region.

The left arm of chromosome three retains, in An. peryassui, the

essentially conservative pattern found in other members of the subgenus

Anopheles. Regions 39A-39C are similar to that of An. punctumacula.
The free end is somewhat flared beginning with a pair of broken
medium staining bands followed by a pair of light staining bands ter-
minating with a thin dark staining band. The first puff begins in
region 39D. The pair of two bands of 39E, the dark band at the con-
Striction and the pair of concave bands of region 38A form an area,
"the birdseye," which appears to be a consistent feature in 3L of all
embers of the subgenus. There is a large puff with a prominent pair
f dark bands in region 38D. The ball-shaped puff in 37B is similar
that in several other anophelines. 1In the center of this puff is
Pair of dark bands, the first of which stains more darkly, that

an easily recognized area. The two dark bands in region 37D,
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the first of which is thicker, also forms an easily recognized area.
Region 36A contains two dark bands, the second is consistently broken.,
Region 36C begins an expanded region and contains two dark bands, the
first of which is darker. A thick dark band, a good landmark, is

found in region 36D. This region is followed by 35A which contains

a triplet of dark bands, the first of which is the darkest. Regions
35B and C are often not seen clearly. These regions are usually folded
and stain lightly. Regions 35D through 34C are consistently very wide.
A large ball-shaped puff begins in 35D containing 4-1-4-3-4-2 geries.
There is a prominent thick band in 35A at the center of the puff.

This band is flanked by medium staining bands. There is a two band

followed by a pair of dark bands terminating with a light band in the

centromere region.
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CHAPTER TV
DISCUSSION

The salivary gland chromosomes of the members of the subgenus
Anopheles offer an excellent opportunity to examine various aspects
of the evolution within the group. Many blocks of genes common to
all members of the subgenus are seen in the banding patterns. Some
of these arrangements are found unaltered in sequence in several of
the species. Inversions can often account for the differences noted
in banding patterns. Inversion heterozygosity permits an assessment
of the numbers and types of chromosomal events that have resulted in
the present gene arrangements and thereby an estimate of the degree

; of evolutionary relationship among the species.

Such chromosomal banding relationships have been made not only

among Anopheline (Kitzmiller, Frizzi, Baker and Coluzzi), but also
among members of the genera Drosophila and Chironomus. Because Ano—

pheles freeborni has been used as a standard type banding pattern to

assess relationships among certain Anophelines (Kitzmiller, Frizzi
and Baker, 1967), the following discussion will examine some of the
relationships of An. eiseni and An. peryassui with An. freeborni
(Kitzmiller, Baker, 1963), and where possible with other related

Species.

Anopheles eisenti

The salivary chromosomes of Anopheles eiseni show many simi-

larities to the salivary chromosomes of other members of the subgenus
“é&gghglgg. The ends of the chromosomes are similar to An. freeborni

and An. quadrimaculatus (Frizzi, 1953a).




The X chromosome is similar to that of An. nuneztovari
(Kitzmiller, et al., 1973). Both species have a right and left X arm.
The banding and puffing patterns are not similar.

The right arm of chromosome two appears to be very distinctive
and quite unlike that of any other Anopheline thus far studied. Al-
though there are some similarities of the free ends of An. eiseni and
An. peryassui, the tip of both is somewhat flared followed by a slight
constriction stained more darkly. In both cases region 6C begins with
a heavy band.

The left arm of chromosome two shows some similarity in shape
of the free end to An. earlei (Kitzmiller and Baker, 1965). Regions

21 and 20, of the free end show some similarity in intensity with An.

earlei. In both speciés region 21 stains lightly while region 20
stains darkly. Region 20C of An. aztecus (Baker and Kitzmiller, 1946b)
resembles regions 20C, D, and E of An. eiseni. The triplet of heavy
bands in 20E of An. eiseni is found in the far end of 20C of An. aztecus.
The rest of the arm except the centromere region does not homologize
well with previously studied Anophelines. The centromere region re-
sembles that of An. earlei in staining intensity with iight bands
found on either side of the single dark band.

The right arm of chromosome three clearl& shows banding affini-
ties with other members of the subgenus Anopheles. Similarities are
especially striking when this arm is compared to the third right arm

of An. punctipennis (Baker and Kitzmiller, 1963a). Basically the band-

ing pattern of this arm is "standard" at the free end and close to the

Centromere, that is, it closely resembles most of the other species of

he subgenus in these areas.
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The banding patterns of regions 22A through 23B are essentially

similar to An. punctipennis and An. aztecus. The triplet of bands in

region 25B in An. punctipennis is found in resion 25B of An. eiseni

and 25B of An. quadrimaculatus. Regions 29A-31A have undergone in a

few preparations an inversion. The right arm of chromosome three,
the longest arm in all species studied, appears quite susceptible to

inversion rearrangements in some species. Several inversions are

known to exist in various species in this arm, and hypothetical rear-
rangements, postulated to account for comparisons among species, add
many more. The centromere region of 3R most closely resembles An. occi-
dentalis (Baker and Kitzmiller, 1965) in staining intensity.

The left arm of chromosome three is very similar to 3L of other
Anophelines. The somewhat flared shape of the free end is similar to
the free end of An. aztecus. The large puff in regions 36B through
35B is similar to the puff in the corresponding regions of An. atropos
(Kreutzer, et al., 1969a). The "birdseye" region, typical of all
Anophelines, is present in region 39D. This is similar to An. peryas-
sui where the "birdseye" is found in regions 39E and 38A. Although

this is not the typical location of the birdseye. 1In most Anophelines

it is found in region 35.

Anopheles peryassui
The flared free end of the X chromosome is similar to that of
fn.

crucians and An. bradleyi (Kreutzer, et al., 1970). The centromere

S similar to the staining intensity of the centromere region in An.

1Ztecus .,
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The free end of the right arm of chromosome two of An.
peryassul is mnot typical of the subgenus Anopheles. The end is flared
and clear in onlv a few preparations. A possible inversion may exist
here. The wide puffs in regions 8C througzh 9B are reminiscent of
those found in An. punctipennis. The pattern is not similar but the
dark bands are there. At a glance the banding pattern of the arm most
resembles An. aztecus.

The left arm of chromosome two resembles several other members

of the subgenus Anopheles. The free end, regions 21A through 208, is

very similar to An. punctipennis, An. atroparvus and An. perplexens.
The pair of dark bands in region 18B is similar to that of An. perplex-
ens (Kreutzer and Kitzmiller, 1971). The puff in regions 19B and C

which consists of three pairs of heavy bands is similar to that of re-

gions 19D and E in An. aztecus. Regions 20D and 19A of An. punctipen-
nis resemble corresponding regions of An. peryassui. The bands of the
centromere region resemble those of An. perplexens although this region
of An. perplexens is much more elongated than that of An. peryassui.
Generally the right arm of chromosome three is similar to all
other species of the subgenus Anopheles. Region 22A through 22C are
most similar to An. aztecus. Region 23C of An. bradleyi resembles
that of An. peryassui. The ball-shaped puff of region 27B resembles

the ball-shaped puff of region 27C in that of An. occidentalis. The

dark bands of region 31 are reminiscent of those in the corresponding
region of An. freeborni. Region 32 is similar to that of An. puncti-
The left arm of chromosome three retains the essentially con-

Servative pattern found in other members of the subgenus Anopheles.
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The free end, regions 39A-39C, is similar to that of An. punctumacula

(Kreutzer, et al., 1969b), and An. freeborni. The birdseye appears

in regions 39% and 39A. This is relatively early in the chromosome

T R - = 1. SR R
compared to other members of

the subgenus Anopheles. Most Anophelines
carry the birdseye in region 35. An. eiseni also has the "birdseye"
relatively early in region 39D. There are two dark bands in region

38D in An. eiseni similar to those in An. perplexens, An. unctipennis
ad. €L5enl Aan B Pl P

and An. freeborni. The bulb-shaped puff in region 37B is also found in

An. punctipennis and An. perplexens. The centromere region closely re-

sembles that of An. bradleyi and An. crucians.
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CHAPTER V
SUMMARY

The descriptions and drawings of the salivary gland
chromosomes of the Neotropical anopheline species, An. eiseni and
An. peryassui, have been presented. It is proposed that the des-
cribed banding patterns be the "standard" arrangements of these
species. The X chromosome of An. eiseni is sub-metacentric while
the X chromosome of éE'.EEEXiEﬁEiliS sub-telocentric. The two pairs
of autosomes of both species are metacentric. There was one inversion
in 3R of An. eiseni.

When the salivary gland chromosomes of the species were com—
pared to other members of the subgenus Anopheles, there were similari-

ties at the free and centromere ends of the autosomes. The greatest

degree of homology of An. peryassui was with An. punctipennis, An.

perplexens and An. aztecus. The greatest degree of homology of An.
eiseni was with An. punctipennis, An. earlei and An. aztecus. The
two species, An. eiseni and An. pervyassui, most closely resemble each
other in the right and left arms of chromosome three. These compari-
sons suggest an evolutionary relationship among the aforementioned
Species.

More attention should be given to chromosomal polymorphism.
Proper studies could lead to understanding the evolution, taxonomy
and specialization of difficult complexes. The studies would clarify
the position with regard to known. "ecological races" and may contribute
O the understanding of such phenomena as behavioristic resistance

Nd transmission or non-transmission of diseases. If the Drosophila
‘ 2rosophita




chromosomal patterns with altitude, temperat

other ecological conditions.
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