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RESUME OF PROGRFSS TO DATE

I.

II.

Abstract of sipnificant developments on Culex tarsalis genctics.

a.

be

C.

d.

€.

f.

e

Ten new mutant strains have been isolated that may have application
for maonins of chromosomes and as possible tracer stocks for future
field programs directed at population control.

Seven lines that carry different induced translocations have been
established.

A line that carries a genetic factor resnonsible for polyploidy
and sperm lethality has been isolated.

The selection for genetic .lines refractory to YVestern Fncephalitis
virus and of lines unable to transmit virus have progressed well,

Studies have been initiated on the genetics of diapause and autogzeny.

Two exmeriments have been comnleted--one relating to mating behavior
and one relating to usine eges as a holding stare for this species.
These will be submitted for oublication in Febraary, 1975, as Scientific
Notes to Ann. Ent. Soc. Amer. and Mosouito News resnectively.

Two other papers---Four new eye mutants in Culex tarsalic and Radiation-
induced recinrocal translocations in Lulex tarcalis will be corvieted

for oublication within the next (Jrd) ocuarter.

The orincinal investigator was invited to discuss her current recearch

at two symposiums, one at the California Mosquito Control Asscciation meetin-
and the other at the Entomological Society of America meetine, Her associate,

Dr. Paul McDonald, also gave invitational papers at these meetings.

Experimental .

A,

Culex tarsalis strains and "marker" lines,

Considerable time has been given these first 2 guarters to finding
recognizable inherited variables basic to an understanding of the gen-
etics of the species and necessary to any research relating to the
discipline of heredity. Consequently, unrelated strains of C. tarsalis
from different geégravhic areas have been collected and colonized in a
search for mutants. In addition to screening various strains from
neighboring Kern County and Sacramento Valley areas in California, we now
have laboratory colonies from Yuma, frizona, Ft. Collins, Col., Tmonerial
Valley, Cal,, and Winneoneg, Canada. tt this writing we are also awaiting
receint of snecimens from 2 different areas in Texas and another from Canads.
Another strain that we maintain in our laboratory is in comolete ooposition
to these hizhly inbred lines. This is a comnosite strain that holds scome
of the genotype from each of our colonies, "Left-overs" from other strains
contributed to its oripin. This strain has good hybrid vipor and is there-
fore useful as a research orranisms, Because of its broad gene nool it
should also serve as an excellent line for physiolopical studies since
inbred lines are thourht by many to be poor representatives of a species,
especially for physiological erperiments.

S—
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The mutations that have to date been successfully isolated and established
for the opurpose of constructing marker stncks are summarized in Table 1.

B, Cytopenctics

At the time of the original application a naper, "Crtorenetic observations

in Culex torsalis: Mitosis and Meiosis" was in press. It was published

in J. Med. Ent., July 197h, and is a study of.the karyotype and behavior

of chromosomes in mitotic and meiotic cycles in seauentisl divisions to

ascertain normal pattemms in spermatorenesis. Such information is basic

in lirht of the current interest in using induced chromosomal abberations
| as possible tools for ponulation control, orimarily since, unfortunately,
{ i salivary gland chromosomes of culicine mosanitoes cannot be successfully
used for detailed recognition of abnormalities at the present time.
(Reprints inclosed)

T T T T WU T

~

N Reciprocal translocations

Following radiation treatment with anoroximately 00O r, youns male adnlts
commonly father progeny in which a goodly number of the embryoes are in-
viable, Cytolopical examinations of the primary snermatocyvtes of viable
' offspring have shown that in some cases this reduction in erg hatch is due
to recinrocal translocations involving 2 of the 3 chremosomes, £t the
present time, 7 different lines carrying such a heritable aberration respons-
ible for embryvo lethality have been established in the laboratorv, YWhile
lack of a renectic marker strain inhibits the making of necessary crosses
that would identify the location of the breaks and recombination noints,
cytological observations identify 5 of these interchaneges involve the 2
autosomes and 2 involve the sex-determining chromosome and one of the lar-er
pairs. To our knowledre this is the first study of this twvpe with C. %tarealis,
A paver describing the cvinlosical evidence of these interchances is in
preparation, Since the mechanics and dose that led to these interchanres
are now well established, no further ones will be induced until marker strains
are constructed with our mutants for identification and screening purposes.

Inherited nolynloidy

Another interestineg line recently isolated from a stock carrying a recip-
rocal 2-3 translocation seems to carry a mutant pene (or eenes) responsible
for polyploidy and eventual lethal spermatids. This characteristic has re-
mained in this stock for over 20 generations and undoubtedly contributes
to the low er¢ hatch in the colony. While no one pattern can be identified,
indications are that the matation interferes with nomnal Anavhase I in sperm-
atopenesis, piving rise to a larye number of imbalanced snerm. Since the
characteristic persists from peneration to generation, it is assumed at this
point that the pene (penes) hehave as a recessive mutant carried in the sene
pool of the stock., In the homozyrous condition lack of normal meiotic be-
havior initiates abnormal segreration causinz cells to be tetranloid, trinloeid,
| or anmunloid in a variety of ways for 1 or more of the 3 pairs of chromoconmes.
| More study will be needed, but we may have another autocidal system that could
be carried into a native population with a heterozyvrous or homozysous trans-
location as the vehicle,




et e B -

|
|
§ {
: {
l; ¥
f

f

4 “

C.

5.

Refractoriness of Culex tarsalis to WER virns infectisn and/or transmiesion.

One of the potential uses we envision for our translocations is to trans-
port desirable senotyoes into a native oopulation--e,e,, a male-praducing
mechanism, temnerature-lethal gene, or nossibly a genotype that would in-
terfere with tho status of C. tarsalis as a vector of WFE or SL virus.

We are investiratine one such renatyoe in collabaration with Dr, James Hardy,
School. of Public Health, For several vears it has bean noted that individual
females from different penaranhic field populations, as well as females
within some strains that we already have, vary considerably in their sus-
ceptibility to infection with WYF virus. More recently we have observed that
this variability also exists for the ability to transmit the WFE virus once
a female is infected., Assumine that both of these factors have a genetic
basis we have been selecting lines that are susceptible or refractory to
virus infection, and lines that are able or urable {o transmit virus once
infected. While we have encountered problems, especially after inbrecding
for several generations, our selection orocess has continually increased

for the desired genotypes. After 7 gencrations we have data to show that

up to 707 of the progeny of individual epg batches are refractory to WuR
virus infection after feedine on a high concentration of virus., We have
another ceogranhic strain in which the females are routinely 100% snncnptibWef
Another line is I+T-, that is, 100% infectable but routinely some of the
infected females cannot transmit the virus to chicks after the novnal or-

even prolonped incubation perinds. In sinzle-oair matines of this strain

re have recovered offspring where 602 of the female prorenv cannot trancmit
the virus after being successfully infected on hirgh concentrations of virus
by pledret feeding, This inability to transmit apnears to be related to

a low level of virus found in the bodies of such females, At the present

the inability of virus increase in these females is considered to be due

to a "put barrier". If the eut is bypassed and the virus is directly in-
jected into the hoemncoel, all individnal females become and stay infected

at the end of the incubation neriod. What causes this "barrier" to inhibit
virus renlication and thus ultimately render the female unable to transmit

is not yet understood, DIr, Edward Houk an insect ohysinlorist who has

joined the project (see added personnel) is presently initiating a study

to determine the level where the barrier is oneratine. He hopes to rain

some insirht by studying the differences between Culex neus and C, tarsalis
in the pross strcture of their puts and in related bio-chemical differences,
as Culex peus cannot be infected by feeding but can be infected by injection.

Autopeny in Culex tarsalis.

Autogenous mosquitnes have less contact with hosts and are conseaquently less
efficient vectors. Such extrinsic factors as photoperiod, temperature, and
food have a maior influence over the expressicn of autopeny; however, a
renctic basis has also boen recopgnized. Autoreny in C. tarsalis was first
reported in 1958, and since then several strains have been successfully
established with varying deprees of autoreny. Strictly anautorenous strains
also occur, Preliminary studies by Moore (1946) suprested that autoreny
wvas dominant %5 anautopeny; however, no thorourh renetic study has teen
conducted, In closely related C. pipiens (Spielman, 197h) autogeny seems




to be under the control of at least 2 penes, although the sitrnation is not
clear cut, perhans because the stocks used were polymorohic. Tr. Paul
McDonald, our post-doctoratal associate, has estavlished inbred autogenous
and anautogenous lines, and is now in the process of making the first ren- -
“‘etic crosses. If the inheritance of autoreny is simple, we will study
seasonal polymorvhisms., Ultimately we would consider the incorporation
of auntogeny into vector incompetent strains for releacse in control prorrams,
as there is reasnn to beleive that autoreny delays the taking of a first
blond meal. Any delay in blond taking should have a marked effect in
suppression of virus transmission,

] F. Diapause in Culex tarsalis.

g | The ability or failure to enter diavause is an important characteristic

{ useful in a genetic control program. Ve are searching for inability to

1 diavause by stressing C. tarsalis strains obtained from consistantly warm

B arcas. In nature these pooulatiosns probably do not go into diapause. If
we are able to isolate these ponulations and determine their genetic bacis,
then we would be able to consider their usefulness for contrd in areas of
the mosquito's range which requires a seasonal diapause for survival. The
ability to stimulate diapause in the laboratory would also be useful as a

" means of outting females into a holding stage until eg:os and orogeny are
needed, and replace present techniques of continual maintenance,

S e e —

Dr. McDonald has considerable data to indicate that the critical time to
trigger diapause is in the 3rd or earlier larval stape since shortening
the day-length to 8 hours resulted in adult females develoving physical
characteristics comparable to diapausing females in nature--extensive fat
bodies and general inactiveness. Dr, McDonald is also presently comparing
field collected diapausing females and those assumed to be in that state
b under laboratory-reared conditions. Another exneriment in nrocess deals

4 with differences between autogenous and anauntogenous females in recsponse
to changes in the photoperiod during immature instars.

N

¢ F. Matine behavior.

Two concerns relate to density denendent factors in release programs for
control opurvoses, These are whether or not the females in ouestion can
be inseminated more than once, and the number of times a sinrle male would
be aot to successfully inseminate females, Using normal and genetically
marked individuals (our black-eyed mutznt), LO nint-sixe cances were pre-
pared, each holding a single black-eyed mutant female =nd two males--one
with normal 2ye coler and one carryine the black-eved marker, Both female
and males were 3 days old and had been reared under the same conditions.
After a pveriod of 7 days the L0 anautogenous females were given a blood
meal. Thirty-lthree ers rafts were recovered and reared separately. All
emerping adults were observed for eye color, Since the black-eyed mutant
behaves as an autosomal recessive, the adult Fy orogeny wouli show: a) normal
eye color if the female had been inseminated by a nomal-eyed male only;

b) black eye, if the female had been inseminated by a black-eyed male only;
¢) a mixture of normal and black-eyed individuals if the female had been
inseminated by both males. The results can be seen in Table 2.
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While the data does not rule out the possibility of dual insemination in
nature or over a lonpg-time period, it does indicate that penerally the
female will be successfully inseminated only once within a time period

.of one week. This is in accord with other culicine mosquitoes that have

been tested for this factor,

To determine how freauently a single C. tarsalis male can inseminate vir-
gin females of specific agre and within soecificd time periods, 2 separate
exoeriments were set up in the following manner., Using younz (12-2L hrs)
adults, L2 cages were set un in a ratio of 10 females to 1 male. To ascer-
tain if size of cares affected the mating behavior, 21 capes were of nint
size and 21 were of gallon size. For 7 consecutive days thereafter, the
females of 6 cages--3 pint and 3 pallon~-were removed and anesthesized.
Spermathecae were dissected to observe the presence of smerm, Two tests
were run using adults from 2 different laboratory strains--U'C and the
Owen's Valley stock. The highest number of females inseminated by a
single male in the three cages for each strain was recorded. The results
are given in Table 3,

In the second exveriment, 21 rsallon cares were prepared holdine 10 females
and 1 male of older age (72-8li hrs.), since it was obvious from the above

' test that adults could not successfully mate if one sex or both were youncer

than 3 days. FEach day the females from 3 cares were removed and observed
for sperm in the snermathecae. To see if there was any recovery of repro-
ductive potential once a depletion of sperm might have occurred, males thxt
were caged with females for 5,6, and 7 days were given 10 new 3-day-olid
virgin females once the first batch was removed. These females were arain
left for 5, 6, and 7 days. All females were dissected to observe for the
presence of sperm. The results are shown in Table L.

From the data obtained it can be seen that the highest number of females
that was inseminated by a single male in a ll-day period was 8. This is
not necessarily the case in nature, but pives some indication of male
mating behavior under specific conditions.,

Temderature and embryonation delavy in Culex tarsalis.

One disadvantapge in using Culex snecies for research purposes is the ina-
bility to conirol erg hatch, conncnallv in autorenous sirains where blood
meals are not reauired. v%ile it is known that in nature females of

C taraalx< o into diamause in the late fall where climatic conditions
Initiate such an over-winterine phase, the envirommental factors that will
dunlicate this mechanicm in the 1abo*afory are not understood. Thus for

the oresent, develorment of alternate holding stares to orevent uncontrolled
develooment in this particular svecies would be useful. Tt seemed reasonadble
to attemot to store eges at a reduced temperature to delay embryonation

and eze hatch,

Sinple erp rafts of similar ape (5-10 hrs.) and of the same laboratory
strain were allowed to embrvonate 5 to 10, 29 to 3L, and 53 to S8 hrs. in
open vials of water at room temperature bnjoro being stored at LS F, In
each test, 3 erc tatches were kenpt at normal xenr1ng temoerature (72° F.)
as controls. Every 2L hrs, for 6 consecutive days, 3 isolated epr rafts
were removed from the colder environment to 72° F. The percent hatch of

E—
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ecach raft was recorded. After hatching, a specified number first-instar
larvae--usnally 150 unless low hatch made this impossible--were reared
in the normal manner. Emerginpg adults were counted to ascertain any
adverse effects in continued develooment due to cold and/or the inter-
ruotion in embryonation. The UC strain was used and the test was re-
peated 3 times. Since the results were similar in the 3 trials, only

1 set of data is piven in Table L. The percent emerced did not favor

1 sex, so the adult number is not separated fur sex.

From the data (Table‘5) it appears that esgs of C. tarsalis may be stored
at bS° F, for 1 to 3 days and still pive 30 to 80 of adults dependins on
several factors. The shorter the embryonaticn time prior to cold storage
the greater seems to be the chance for first-instar larvae to develop nor-
mally once a favoraple temperature is restored. Similarily the length of
time in a cold environment not only affects the percent of egg hatch but
also interferes with continued develooment to the adult stage. There
apoeared to be no aopreciable delay in time of egg hatch or time of devel-
opment to adults once the eggs were returned to normal rearing temperature.
Among the progeny surviving the hatching process, the preatest amount of
mortality was seen in the late pupa stape and emergins orocess. Storare
for 3 days would have some utility in delaying the necessity for main-
tenance of successive generations, but is not sufficient to resolve the
basic need to be able to hold a peneration in some stage for neriods of
one or more months,

Mass rearin~s and release factors.

Initial field experiments were done during August and Sentember of 1974
by collaboratars to study the feasibility of substituting the seeding of
eres into semi-natural breeding areas of the wild ponulations fer the mass
oroduction of adults in laboratories, The mechanics of building up lab-
oratory colonies tc harvest larepe numbers of epp rafis at cne time were
successful, and as many as 1,000,000 eprs were produced in a weck period
using & 2 cubit-foot cage. Cutdoor rearing trays were constructed and were
seeded with epp rafts., Various diets and methods of feeding the bhatched
larvae were tried, and emereing adults were collected and counted. In the
nost successful tests over 10,000 adults were recovered {rom a 2UL sauare-
foot unit., The data will help give direction te new studies in the next
spring and summer, Such a method of seeding vonulaiions will cut down
considerably on the physical conditions necessary for mass rearing of
adults for release programns,

Pronosed Studies for the Coming Year

A knowledpe of the genetic variability of a mosouito soecies is basic for
an uvnderstandine of the penetics of the orranism ac well as tc other areas
of its apnlied biclopgy. For this reason the search for visihble mutants

affectine the more obvious structures or behavior of C, tarsalis will con-

tinue. Such findines will contribute to the descriztion of new genes, and
to the formal genetic information of this snecies. Some of the mutants 2l-
ready described will be useful as "tracers" or marker renes as already de-
monstrated in the exneriment on mating behavior descrited abaove., Those
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Table L. MUTANT STOCKS of Cnlex tarsalis (June, 1975)

1. ble: black-eye: Spontaneous, isolated from a field-collected strain in
Kern Co., Cal, Produces a shiny black superficial pifment, resembling
[ . . ~ . .
a blek oily film. Good penetrance in both sexes, Rececsive and
antosomal (17T or 1T1).

et B it A e il et

| 2. car: carmine-eye: Snontaneous, isolated from progeny collected in Yuma,
Arizona., [Eyes velvety red in larvae, pnpae and young adults, brirht
color fadine with are in the latter., Recessive and autosomal but not
linked to Elg (IT or ITT). Good penetrance in both sexes.

| 3. mul: mulberry-eye: Tnduced with EMS (ethyl methane sulfonate). Facets of
4 ‘ comoound eye irrefular in shape. Good penetrance in both sexes.
T Recessive and sex-linked (I).

L. ble/car: black-carmine eye: Marker stock for two autosomes. 0ood penetrance
in both sexes, with both pigments expressed simutaneously. Individuals
nhomozypous for both mutants have carmine eyes as larvae and pupae; as

: voung adults the anterior portion of the eye is carmine and the posterior
/ portion is black. As the adults age, the eye is typically as the ble
j mutant, and car cannot be recopnized. Recessive to wild-type.

¢. ml/ble/car: milberry, black-carmine eye: Complete marker stock with one

T Tmutant on each of the 3 linkape grouns. Gnod penetrance of all 3 vhennivpes
in the compound eye of the same individual., In addition to the 2 pirment
characteristics described above, the eye exmmesses the mulberry nmtznt (Eﬂl)'

-

6.

H
~
=

.

frinped-wineg: Radiation-induced. Scales of wing ruffled both on surface and
edpe, eiving imnression of a frinpe on wing., More pronounced in females,
but easily recopgnized in both sexes. Recessive and sex-linked.
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Table 2, FEyc color of prorceny from a Llack-eyed female caped with a normal
and a blck-eyved male.

: 1 1

N | . W

Inviable A1l progeny with| A1l propeny with | Progeny mixed;

efres + tyne eye black eyes \ in eye color

, ? [

| : ' |

1 ~ '
hmﬂur of | L 14 13 0

rafts

Table 3. Highest number of females inseminated by a single male over
specific time periods. *

# T S
Strain Care size Days of association
- S0 D no ol TRy IR il
z | f ' ! i
Owen's Valley| Pint [ 0 2 i 215 1% 1.5
| , ! '
uc, Rerk, . o 0 e 2 i L | I L
| { : |
Owen's Valley, Gallon | 0 l 0 1 | 2 i 3 I 3.4k i
UC,Berk, . L 0 0 i l 3 l 5 | S 7
|

» Each cage ccntained 10 females and 1 male~-both sexes 12-2L hrs. old.

Table L. Highest number of females inseminated by a single male over
specific time periods. *

cage size Days of associztion
~

No. of frmales
insemirnated

—— e}

7

!1'¢ 3 L S+465 6+6 T4+7
|

! 2 L ( 3 g 5 21k 2!6 2

(7) (), (8)

Gallon

* Each cage contained 10 females and 1 male of the UC strain....both sexes
72-8L hrs. old. Days 5, 6, and 7 totaled 20 females.
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-] 1.
B 4
; Table 5. Eps hatch and develooment, in Culex tarsalis after various
{‘ intervals of epp storage at LT O F, g
| .
: Are of cers prior | Storage time | % epp hatch ® “,K of hatlched larvae
to storage (days) . reaching adulthood |
i t
=10 hrs 0 98 81
it 100 6l
2 93 70
A l 3 95 65 ’:
e l 90 e 25 |
y: S 8? 33 2
BV | 6 0 0 |
| ;
| |
l :
29-3l hrs 0 99 19 '
1 90 70 i
2 93 Ll | |
3 36 e 26 11 ;
i 51 3 5
5 0 1 - |
¢ 6 0 0 | |
53-58 hrs 0 100 72 i
1 96 L3
2 60 32
3 63 35 ‘
! N 15 st 9
g 17 e 23
o, i 6 0 0
!
'i s+ Averapge of 3 egg rafts
o # 3 Many died arter hatching

—
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VI. Updated biorraphical sketch and bibliorraphy (nringinnl invnstina}grl

A. Presented papers

"Genetics of the Encephalitis Vector, Culex tarsalis, for possible
application in integrated control" 197h Meeting of the Northern

Calif. Parasitologists, Asilomar, Pacific Grove, Calif,
£ b ’ b

"Genetics of New Matants in Culex tarsalis" 1975 Meeting, Calif,

‘Mosquito Control Assoc. Redding, Calil,

B. Symooasiums (invitational nnpors)

"Current Status of Genetic Control of Mosauitoes" (Panel with 8. A, Parr,
A. McCelland and P, McDonald) 1974 Calif. Mosq. Cont. Assoc.-=Entomolozy
Seminar, Fresno, Calif.

"Current Status of the Genetics of Culex tarsalis" Symposium: Cenetics
of Mosquito Populations, 1974 ESA leeting, Minneapolis, Minn.

Publications
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and Meiosis. J. Med. Fnt. 3, 375-3C2.

Asman, Sr. M. 197k, Induced translocation in Culex tarsalis for nossible
use in control systems. Proc. Amer. Mosg. Cont. Assoc. Vol. L2, 168

(abstract)

—

To be submitted in February, 1975

Asman, Sr, M., "Two examples of Mating Behavior in Culex tarsalis"--to
Annals of the Entomol. Soc,

Asman, Sr. M, "Temperature and embryonation delay in Culex tarsalis"--to
Hosquito News

In preparation

Asman, Sr. M. "Four new eye mutants in Culex tarsalis"

Asman, Sr. M, "Radiation-induced reciprocal translocations in Culex tavsslig"
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