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* DIRECTIONAL SELECTION FOR INCREASED PUPAE WEIGHT IN TRIBOLIUM CASTANEUM UNDER CROWDED AND UNCROWDED CONDITIONS
J.M. Burke and F.D. Enfield

University of Minnesota

Dept. of Genetics and Cell Biology

St. Paul, MN 55108

ABSTRACT

The effects of environmental stress created by crowding on artificial selection for increased 24 day pupal body weight were investigated in Tribolium.  The selections were carried out for seven generations (in four replicates) in population cages containing equal numbers of mating adults, but varying amounts of media (crowded or uncrowded).  The importance of genotype-environment interaction in the response to selection was evaluated in generation seven by growing individuals selected under the two environmental conditions in both the selected environment and the alternate environment.  Response to selection was found to be significantly (P < 0.01) greater under crowded conditions in three of the four replicates.  No significant interaction between the selection and testing environments was observed.  This result indicates that the genes responsible for the selection response were likely the same in both the crowded and uncrowded environments.

INTRODUCTION


The question of whether parents should be selected and tested in the same environment in which their progeny are to perform is a problem which has received considerable attention.  The fact that the phenotype of an organism is the product of both its genotype and its environment is widely accepted by quantitative geneticists.  The controversial issue, however, is how important are the interaction effects between the genotype and the environment.  Much of the work in this area was initiated by Hammond (1947), who stated : “The character required is best selected under environmental conditions which favor its fullest expression and that once developed, it can also be used in other environments provided that the other characters specially required by that new environment, are also present in the animal”.  This view was opposed, though, by Lush (1948), Lerner (1950) and Falconer and Latyszewski (1952).  They recommended, on the basis of possible genotype-environment interactions, that breeders should maintain environmental conditions that are equivalent to those in which the progeny will be maintained.  However, Lerner latter qualified that statement by adding that this may not always be the best practice.


There has been extensive research dealing with selection response in Tribolium castaneum.  The majority of this work, though, has consisted of selection within a single strain, or comparisons between different species or strains, in a single environment.  In cases where the environment has been varied, temperature, humidity and nutritional levels have generally been the factors of interest.  It has been shown that these factors significantly affect several traits such as body weight, reproductive performance and the number of pupae and larvae surviving to 23 days (Howe, 1956; Kidwell et al., 1964; Hardin and Bell, 1966; Orozco, 1976; Rich and Bell, 1980; Wade, 1990).  One potentially stressful environmental factor that has been the subject of very little investigation, however, is the level of crowding.


In an attempt to further elucidate the possible effects of genotype-environment interactions on Tribolium castaneum, a selection experiment involving four replicates was used to evaluate whether there is an interaction between the environment in which parents are selected and the environment where progeny are grown.  The two environments of interest here are crowded and uncrowded growing conditions.

MATERIALS AND METHODS


The foundation population used in these experiments originated as the F3 generation of reciprocal crosses between two highly inbred lines.  The contrasting environments chosen for this study were crowded (C) and uncrowded (U).  All C population cages contained 15 g of fine sifted standard media (95% by weight sifted whole wheat flour, 5% by weight dried brewer’s yeast), whereas the U population cages contained 45 g of the media.  Preliminary tests indicated that the difference between these levels of media produced a significant difference in total progeny alive at 24 days (data not shown).  The experiment consisted of four replicates, and all populations were maintained on a seven week generation cycle.
Experiment 1 – Selection in two environments


Four lines were maintained for each replicate (see Table 1).  15 males and 15 females were placed in each population cage and allowed to mate and lay eggs for six days, after which time the adults were removed by passing the media through a coarse screen.  The eggs were then allowed to develop for an average of 24 days.  At the end of the developmental period, 50 pupae of each sex were removed and weighed to determine their 24 day pupal body weight.  In the selected (S) populations, the top 20 of each sex (in terms of pupa weight) were selected, and 15 of those were used as parents for the next generation.  The random (R) populations were handled exactly like the S populations, except that individuals were selected at random with respect to weight.  Seven generations of selection were completed in the four replicates.

Experiment 2 – Evaluation of genotype-environment interaction


The US and CS lines from generatior seven of Experiment 1 were randomly sampled and subdivided into two environmentally different population cages (i.e. US into crowded and uncrowded, CS into crowded and uncrowded) for one generation of mating as described in Experiment 1.  Twenty four day pupal body weights were taken as described in Experiment 1.  The data for this experiment were analyzed separately by replicate in a two-way ANOVA with two selection environments and two testing environments.

RESULTS AND DISCUSSION

Experiment 1


The existence of environmental stress due to crowding was evident from the difference in the number of total progeny supported by both environments (see Table 2).  Although every population was initiated with equal numbers of parents, the uncrowded conditions supported significantly more total progeny alive at 24 days than the crowded conditions.  One possible explanation of this is that crowding in Tribolium can lead to a reduction in the number of immature individuals able to complete their life cycle.  Any reduction in survival to adulthood such as this likely involves the elimination of some immature individuals through processes such as fratricide and cannibalism (Sokal and Huber, 1963; Sokal and Karten, 1964).  Additionally, a decrease in the total number of eggs laid may have contributed to this difference.  Orozco (1976) showed that environmental stress may also lead to a reduction in egg-laying in Tribolium.

Table 3 provides a comparison of the response to selection (measured as deviations from the randomly selected control) in both environments.  Positive response to selection was found to be significant under both crowded and uncrowded conditions.  This response was greater (although not significantly so) under crowded conditions in Reps.1-3, as well as for the pooled data.  Additionally, the realized heritability was greater in Reps 1-3, and for the pooled data (the pooled difference approached significance, p = 0.15; see Table 4).  If these differences are real and nor simply sampling error, some mechanism must have been causing the crowded populations to respond to selection more efficiently than the uncrowded populations.  The nature of this mechanism will be addressed below.
Experiment 2


The results of the analysis of variance for Experiment 2 support the earlier data that the response to selection was significantly greater under crowded conditions for both sexes in Reps 1-3 (see Table 5 and 6).  Additionally, disregarding the effect of the environment in which the selections were practiced, the crowded testing conditions produced a significantly greater mean in both sexes for Reps 1,3  and 4 (see Tables 5 and 7).  These results imply that some factor was increasing the response to selection under crowded conditions.  The most likely cause of this was either natural selection supplementing the artificial selection, or genotype-environment interaction due to the environmental stress.  Because a significant interaction between the selection environment and the testing environment occurred only in the females of Rep 3 (see Table 5), it is apparent that genotypes-environment interaction was not an important factor.  This finding asserts the possibility that natural selection caused additional selection pressure for increased pupal body weight to be applied to the crowded populations.  Because of the possibility of increased cannibalism under stressed conditions (see Experiment 1 results), and the difference in total progeny between the two environments (see Table 2), the most probable mechanism of natural selection in this case would have been cannibalism.  For this to occur, the stress of crowding would increase selection pressure if larger individuals were cannibalizing smaller individuals, thereby increasing the mean body weight of individuals surviving to the pupal stage.


The lack of significant interaction between the selection environment and the test environment leads to the conclusion that the same genes for increased pupal body weight have produced the selection response in both environments.  Thus, selections can be made in the environment that leads to the greatest genetic gain (in this case under stressed conditions), regardless of the environment in which the progeny will be maintained.
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Table 1: Description of lines
	Symbol
	Description

	US
	Selected line maintained in the uncrowded environment.

	UR
	Random line maintained in the uncrowded environment.

	CS
	Selected line maintained in the crowded environment with procedures identical to those described for US

	CR
	Random line maintained in the crowded environment with procedures identical to those described for CS


Table 2:  Comparison of total line progeny at 24 days in the two environments (data are averages + SEM for generations 1-7)

	Populations
	Uncrowded
	Crowded
	Difference

	Selected
	363 + 21
	158 + 9
	205 + 17 **

	Random
	390 + 25
	162 + 11
	228 + 19 **


** indicates significance at the 0.01 level of probability.
Table 3:  Regression of response (deviation from control) on generations of selection

	Rep
	Crowded
	Uncrowded
	Difference

	1
	38.5
	16.3
	22.2

	2
	42.7
	37.8
	4.9

	3
	40.5
	-2.1
	42.6

	4
	26.9
	44.2
	-17.3

	Pooled (+ SE)
	37.2 + 3.5 **
	24.0 + 10.6 *
	13.2 + 12.7


** indicates significance at the 0.01 level of probability.
* indicates significance at the 0.05 level of probability.

Table 4:  Estimates of realized heritability.

	Rep
	Crowded
	Uncrowded
	Difference

	1
	0.18
	0.08
	0.10

	2
	0.21
	0.20
	0.01

	3
	0.18
	-0.01
	0.19

	4
	0.13
	0.17
	-0.04

	Pooled (+ SE)
	0.17 + 0.04
	0.11 + 0.02
	0.06 + 0.04


Table 5:  Analysis of variance showing F-statistics and significance levels for the four replicates.

	Source
	Males

	
	Rep 1
	Rep 2
	Rep 3
	Rep 4

	Selection Environ.
	6.9 **
	8.5 **
	95.5 **
	33.7 **

	Testing Environ.
	23.5 **
	1.1
	14.0 **
	10.2 **

	Interaction
	1.0
	0.1
	0.8
	1.8

	Source
	Females

	
	Rep 1
	Rep 2
	Rep 3
	Rep 4

	Selection Environ.
	21.3 **
	11.9 **
	87.1 **
	21.3 **

	Testing Environ.
	15.3 **
	0.7
	23.8 **
	6.2 *

	Interaction
	3.5
	2.0
	5.3 *
	0.3


** indicates significance at the 0.01 level of probability.

* indicates significance at the 0.05 level of probability.

Table 6:  Population means and differences for the two selection environments.

	Rep
	Males

	
	Crowded
	Uncrowded
	Difference

	1
	2813
	2728
	85

	2
	2855
	2775
	80

	3
	2870
	2579
	291

	4
	2824
	3031
	-207

	Rep.
	Females

	
	Crowded
	Uncrowded
	Difference

	1
	2876
	2717
	159

	2
	2916
	2802
	114

	3
	2903
	2632
	271

	4
	2815
	2994
	-179


Table 7:  Population means and differences for the two testing environments.

	Rep
	Males

	
	Crowded
	Uncrowded
	Difference

	1
	2850
	2692
	158

	2
	2830
	2800
	30

	3
	2780
	2669
	111

	4
	2985
	2871
	114

	Rep.
	Females

	
	Crowded
	Uncrowded
	Difference

	1
	2864
	2729
	135

	2
	2846
	2872
	-26

	3
	2838
	2696
	142

	4
	2953
	2857
	96
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* Susceptibility of Tribolium castaneum (Herbst) (Coleoptera : Tenebrionidae) Larvae to Gamma Irradiation


Tribolium castaneum (Herbst) is one of the most destructive and major pests of stored food materials, and is cosmopolitan in distribution.  The chemical control of the pest is limited because of the necessity to keep these stored products free from contamination.  The extensive use of chemicals has resulted in the appearances of insects that are resistant, for example, some Rhysopertha dominica (F.) are now resistant to phosphine (Bell et al., 1977), Sitophilus granarius (L.) to pyrenthrin (Prickett, 1980) and T. castaneum (Herbst) to methylbromide (Rajendran, 1992).  These have led to the search for alternative pest control methods.


Irradiation methods recently provide new means of preserving a variety of foods and controlling insects on grains and cereal products (Burgess & Bennett, 1972; Brown et al. 1972; Dramola, 1980; Huda & Rezaur, 1982; Dawes et al., 1987; Hasan et al., 1987; Navon et al., 1988; Mehta et al., 1990; Sengonca & Schade, 1991 and Sexana et al., 1992).  Radiation disinfestations can be recommended as a more effective pest control strategy which can be used to give instantaneous treatment without any residual problems (Patterson et al., 1975).


The present work was designed to investigate both the dose and age dependent mortality patterns in four T. castaneum strains, e.g. Raj1, CTC12, CR1 and FSS2.

Materials and Methods


The adults of different T. castaneum strains were extracted from laboratory culture and released on a thin layer of whole meal flour previously passed through a 60-mesh sieve in a Petri dish for oviposition.  The eggs were collected on the following day and incubated in a Petri dish for hatching.  After hatching, larvae were transferred to the food medium (Park and Frank, 1948).  When the larvae reached the desired age, they were irradiated.  The doses were 0 (control), 2-, 3-, 4- and 5-kr and the larvae were 1-, 2-, 3-, 8-, 12- and 16-day old.  After irradiation, they were retained in their original places.  The sources of radiation used in the present experiments was the gamma C060 irradiator and the rate of exposure was 12 kr/hr at 30 cm distance from the middle of the source pencil.  Mature larvae were checked by sieving the medium through a 250 µm mesh sieve for their pupation.  After pupation, pupal recovery was noted carefully.  The larval mortality was corrected (Abbott, 1925) and data were subjected to probit analysis (Busvine, 1971) to determine LD50 values together with the fiducial limits.  The selection of radiation was based on its effectiveness against Tribolium spp. (Hasan et al., 1989; Mchta et al., 1990).

All the experiments were concluded in an incubator set at 300c.

Results and Discussion

The results presented here for T. castaneum strains show that gamma radiation affected all of them significantly (Table 1).  The age-dependency of radio-sensitivity was also observed in all the strains of T. castaneum larvae (Table 2).  The younger larvae were more radiosensitive than the older ones.  The strain CR1 proved itself as the most and FSS2 the least sensitive strains.  On exposure to 5-kr, larvae of all the strains became moribund and stopped feeding.  All of them died within 7-9 days.  The results indicated a close similarity in radiosensitivity of different stages in other species of the Coleoptera (Winstead et al., 1989; Ghomomu, 1989).

The present study shows that the use of gamma radiation may be a useful tool in controlling T. castaneum.  However, more future works are solicited.
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Table 1:  The response of different strains of T. castaneum to gamma rays

	Strain
	Age (day)
	LD50 + SE (krad)
	Fiducial limits
	Slope (b)
	X2 (2 df)

	Raj1
	1
	2.35 + 0.17
	2.01 – 2.77
	6.72
	12.41***

	
	3
	2.42 + 0.18
	2.08 – 2.85
	5.79
	10.64*

	
	8
	2.67 + 0.21
	2.26 – 3.06
	5.37
	10.17*

	
	12
	2.80 + 0.29
	2.23 – 3.45
	4.36
	15.12***

	
	16
	3.21 + 0.27
	2.68 – 3.66
	4.98
	11.02***

	CTC12
	1
	2.34 + 0.16
	2.02– 2.72
	6.61
	10.43**

	
	3
	2.38 + 0.14
	2.10 – 2.79
	5.74
	 9.19**

	
	8
	2.66 + 0.17
	2.33 – 2.96
	5.30
	 6.16*

	
	12
	2.73 + 0.23
	2.29 – 3.20
	4.51
	 9.31**

	
	16
	3.05 + 0.22
	2.60 – 3.51
	4.45
	 8.50**

	CR1
	1
	2.18 + 0.11
	1.96– 2.55
	5.88
	 6.98**

	
	3
	2.37 + 0.17
	2.05 – 2.75
	6.29
	 9.90**

	
	8
	2.51 + 0.18
	2.17 – 2.92
	5.30
	 8.71**

	
	12
	2.64 + 0.20
	2.25 – 3.06
	4.97
	 8.86**

	
	16
	3.09 + 0.25
	2.61 – 3.55
	4.63
	 9.57**

	FSS2
	1
	2.36 + 0.21
	1.96– 2.95
	4.85
	13.80***

	
	3
	2.43 + 0.22
	2.00 – 3.05
	4.72
	15.09***

	
	8
	2.76 + 0.20
	2.36 – 3.19
	4.96
	 9.15**

	
	12
	2.86 + 0.18
	2.51 – 3.21
	4.87
	 6.47*

	
	16
	3.40 + 0.19
	3.04 – 3.76
	4.61
	12.13***


Note: * P < 0.05, **P < 0.01, ***P < 0.001.

Table 2:  Level of gamma rays resistance in T. castaneum larvae of various ages from different strains.

	Strain
	Larval age (day)

	
	1
	3
	8
	12
	16

	Raj1 – CTC12
	0.995
	0.983
	0.996
	0.975
	0.950

	Raj1 – CR1
	0.928
	0.979
	0.940
	0.943
	0.963

	Raj1 – FSS2
	1.000
	1.004
	1.034
	1.021
	1.059

	CTC12 – CR1
	0.932
	0.995
	0.944
	0.967
	1.013

	CTC12 – FSS2
	1.009
	1.021
	1.038
	1.048
	1.115

	CR1 – FSS2
	1.083
	1.025
	1.099
	1.083
	1.100
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* Comparison of Satellite DNAs in Tribolium confusum and Tribolium anaphe

Introduction


With the advent of modern techniques in molecular biology it has become possible to study genetic relationships between species readily.  In the past, species were grouped together based on their morphologies and habitats.  An example of this grouping methodology is found in the genus Tribolium.  The beetles in this genus have been placed into species-groups based on morphological characteristics (Hinton, 1948).  Today, it is possible to demonstrate the validity of these groupings and the evolution of these species through genetic analysis.


Recently, there has been increasing interest in studying the organization and characteristics of the genomic DNA of Tribolium species (Alvarez-Fuster et al. 1991; Tous et al., 1992).  One method that has been used to characterize the genomes of a wide variety of eukaryotic species, including members of the Tribolium genus, is the study of tandemly repeated, highly abundant DNA sequences known as satellite DNA.  Within the genus Tribolium, satellite DNAs have been identified and studied in T. freemani (Juan et al., 1993), T. castaneum (Brown et. al., 1990) and T. confusum (Plohl et al., 1993).

It is assumed that closely related species, such as those in the same Tribolium species-group, would also have satellite DNAs that share a significant amount of homology.  The amount of sequence homology in the satellite DNA might also assist in determining the position of the species in the phylogenic tree. The purpose of this study was to determine if the restriction enzyme sites that define T. confusum satellite DNA might also be present in the satellite DNA of T. anaphe, which is a member of the confusum species-group.

Materials and Methods


Cromosomal DNA was prepared using modification of the procedure of Brown et al. (1990) from T. confusum and T. anaphe which were flash frozen in liquid nitrogen and ground to a fine powder.  The DNA was digested with restriction endouncleases in a final volume of 10 µL utilizing buffers supplied by the manufacturer (Promega).  Electrophoretic separation of the resulting DNA fragments was carried out on 4% MetaPhorTM agarose (FMC BioProducts) utilizing TAE buffer as recommended by the manufacturer.  Gels were stained with ethidium bromide and the bands were photographed under UV illumination.

The relative mobilities of the T. confusum and T. anaphe DNA fragments as well as the 123 base pair DNA ladder (Life Technologies) which was used as a molecular size marker, were measured from photographs of the gels.  The sizes of the satellite DNA fragments were estimated through extrapolation from semilog-graphs.

Results and Discussion

Genomic DNA isolated from T. confusum was digested with the restriction enzymes AluI, DdeI and TaqI.  Electrophoretic separation of the AluI, DdeI and TaqI digested DNA revealed the presence of a highly repetitive DNA fragment 158 base pairs in length.  These results are in agreement with those obtained by Plohl et al. (1993).


When genomic DNA isolated from T. anaphe was subjected to digestion with the same series of enzymes, similar satellite DNA banding patterns were observed.  However, the observed AluI, DdeI and TaqI DNA fragments had an apparent size of 171 base pairs in T. anaphe.


Since all three restriction enzyme sites are present in both species studied, there is preliminary evidence that these species share some homology in their satellite DNAs.  Based on this preliminary data, it appears that Hinton’s placement of T. anaphe in the confusum species-group is valid at the molecular level as well as the morphological level.  Additional characteristization of the satellite DNA present in T. anaphe is necessary to determine the exact size and sequence of the satellite monomers.  This will allow for a direct comparison of the satellite DNAs at a molecular level with other members of the confusum species-group and Tribolium genus to better understand the relationships between these beetles.
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* Histological Evidence for Five Cell Types in the Male Accessory Reproductive Glands of Tribolium freemani (Coleoptera : Tenebrionidae)

Introduction


The general pattern for the reproductive accessory complex in the family Tenebrionidae appears to be two pairs of accessory glands which are attached to the seminal vesicles and the ejaculatory duct.  The first set of glands, known as the tubular accessory glands (TAGs), are elongated glands with a single cell type and a uniformly staining soluble material within the lumen.  The second set of glands are highly muscularized, have long thin cells, and contain light-opaque secretions.  The second pair of glands has been variously identified as BAGs, PAGs, or RAGs.  The morphology of the bean-shaped accessory glands (BAGs) of Tenebrio molitor and its individual cell types have been described (Dailey, et. al. 1980).  Alphitobius diaperinus, the lesser mealworm, also has BAGs (Hopkins, et. al., 1993).  The accessory gland of Tribolium brevicornis has been shown to be pear-shared (PAGs) (O’Dell, et. al., 1990) and five cell types have also been identified in T. brevicornis (Sevener, et. al., 1992).  Rod-shaped (RAGs) glands have been identified in Tribolium castaneum (Murad and Ahmad, 1977), Tribolium anaphe (Hafeez and Gardiner, 1964) and Tribolium freemani (Rummel and Grimnes, 1991).


Preliminary whole mount staining of T. freemani glands revealed that some cells in the RAG absorb the non-polar dye Oil Red O (Rummel and Grimnes, 1991).  The purpose of this study was to identify and describe the cell types located in the RAG of T. freemani through a more detailed histological study.

Materials and Methods


Colonies of T. freemani were raised in Petri dishes on 19:1 mix of whole wheat flour and Brewer’s yeast at a constant temperature of 300c (Rummel and Grimnes, 1991).  For whole mount studies, the adult glands were dissected in phosphate-buffered saline (PBS). The glands were stained in 0.3% Oil Red O (ORO) in 70% ethanol and subsequently destained and stored in 30% ethanol.  For histological studies 8-10 day adult glands were dissected and fixed in 10% buffered formalin, dehydrated to xylene, and embedded in Paraplast.  Sections (6 µm) were stained in Mallory’s Trichrome (Gray, 1964) which was modified to contain 25% of the normal level of Orange G.
Results and Discussion


In contrast to the TAG cells, which showed no appreciable staining, uptake of ORO in RAG cells appeared to be of five different intensities.  Stained cells were seen in a band that ran from the posterior edge of the gland, near the ejaculatory duct attachment (EJD), and continued toward the anterior end of each RAG.  Most of the staining cells were located on the non-TAG side, which is the dorsal side of the gland.  Three distinct colors were seen: an orange-red stain near the EJD, a narrow band of bright red staining, and an intense deep red area forming a Y shape on the dorsal surface of the gland.  The most anterior cells formed a cap of unstained (white opaque) cells, while the remainder of the gland was a light pink in color.


Analysis of the results of Mallory’s-stained tissue shows that the TAG cells were uniformly stained but the cells of the RAG showed variable component absorption, resulting in 5 distinctly different colors (Figure 1).  The differential staining was used to follow the progression of cell types throughout the gland.  Cell type 1 was located in the anterior portion of the RAGs and stained a transparent blue.  Cell type 2, which was on the outside wall of the RAG, stained yellow / orange.  Cell type 3 was located on the posterior shoulder near the ejaculatory duct and had a clear cytoplasm with distinctly blue nuclei.  Cell type 4 stained a light purple color and appeared in the body of the gland and as a fill around other cell types.  Finally, cell type 5 stained a dark blue which appeared as clumps and as thin bands between other cell types of the RAG.  In addition, some cells stained intensely red; this phenomenon was erratic but may represent a sixth cell type.

Secretory material elaborated from the cells of the RAG formed a distinct plug in the lumen of the gland which could be followed in subsequent sections.  The colors seen in the cells were represented in the plug as separate blocks of material, indicating that the cell color was probably due to staining of secretory granules.  Initial deformation of the elastic material located in the anterior ejaculatory duct suggests that T. freemani uses the RAG secretions to form the walls of its spermatophore in a process similar to that observed for T. molitor (Grimnes and Happ, 1986; Grimnes, et. al., 1986)

Conclusions


No previous studies have focused on the differentiation between the cell types of T. freemani’s reproductive accessory glands.  Based on this study, we conclude that at least 5 distinct cell types exist in the RAG.  This diversity is in keeping with the multiple cell types found in the analogous gland (BAG, PAG and RAG) in all other tenebrionid species examined thusfar.  Further studies must be done with T. freemani to determine if the anomalous staining is a sixth cell type, if the pattern is age-related, and to determine the biochemical nature of the secretions and their functions.
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Figure 1.  Dorsal view of Tribolium freemani accessory complex TAGs on opposite side (not shown)
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BEHAVIORAL RESPONSE OF TRIBOLIUM CONFUSUM DUVAL LARVAE TO DHUTURA, DATURA METAL LIN.

ABSTRACT


Responses of larval Tribolium confusum Duval to Dhutura (Datura metal Lin.) were studied.  Larvae of all instars were found to be repelled by the flour medium treated with dhutura leaf powder.

INTRODUCTION


Tribolium is one of the major pest of stored products and is widely distributed throughout the world (Good, 1933; Cotton, 1947; Sokoloff, 1972, 1974).  Both adults and larvae share the same habitat and are able to exploit a wide variety of stored commodities (Ziegler, 1977).  Extensive use of insecticides has been a major cause of disruption and Tribolium has become resistant to some insecticides (Pieterse et al., 1972; Dyte et al. 1975; Mensah and Watters, 1979).  This problem has generated a sustained search for alternative means of control and in this respect, synergists, attractants and repellents have received considerable attention (Beroza, 1976).

The effectiveness of many local plant derivatives against insect pests has been reviewed by Jacobson (1958, 1975, 1990).  The insect repellent and antifeedant properties of Nishinda (Vitex negundo), Biskatali (Polygonum serrulatum), tobacco (Nicotiana tobaccum), Neem (Azadirachta indica), Turmeric (Curcuma longa), Caster (Ricinus communis), Royna (Aphanamix polystachya) have been reported against stored product pests viz. Tribolium castaneum (Jilani and Malik, 1973; Qadri, 1973; Jilani et al., 1988; Parveen and Mondal, 1992).  Tribolium confusum (Jacobson, 1958; Khanam et al., 1990; Mondal and Begum, 1991), Trogoderma granarium (Jotwani and Sircar, 1965), Rhizopertha dominica (Pereira and Wohlgemuth, 1982), Sitophilus oryzae (Ahmed et al., 1980; Golob et al., 1982; Kabir, et al., 1984; Mia et al., 1985; Khanam et al., 1991) and Sitotroga cerealella (Abraham et al., 1973).  Moreover, different plant oils viz. cotton seed oil, peanut oil have also been reported as protectant of stored products against insect pests (Prodhan et al., 1963; Pandey et al., 1980; Shaaya and Ikan, 1980; Jilani et al., 1988).  Subsequently a number of workers have also been done with the repellency test of neem seed karnel and extracts of neem against different insect pests (Harper et al., 1946; Nakanishi, 1975; Radwanski 1977a; Jacobson et al., 1978).

Few workers have been reported the insecticidal properties of dhutura against different insect pests (Anon, 1952; Puttarudriah and Bhatta, 1953; Deshmukh and Borle, 1975).  However, there is no information concerning the effectiveness of dhutura leaves as either repellent or attractant against stored product pests.  This led to the present work.

MATERIALS AND METHODS


The experiments were conducted in ‘choice chamber’ made from plastic Petri dish (8 cm diameter).  The dishes were divided into two equal halves by a mark on the outside surface.  By use of a partition each half of the dish could be loaded with either fresh or treated with dhutura leaf powder.  The flour was treated by adding an appropriate weight of dhutura leaf powder and mixing thoroughly in an electric blender.  The flour treated with dhutura at concentrations of 200, 400 and 800 ppm were used as test medium.  After loading, the dish was agitated to make the food level even.  The partition was removed and 50 test larvae were released on the centre of the dish.  The dishes were placed in an incubator at 300c.  After 24 hours both fresh and treated media were separated by means of the partition and the insects from each half were collected by sieving through a 250 micrometer sieve and the numbers were counted.  Experiments were replicated five times.
RESULTS AND DISCUSSION


The results of the experiments and statistical analyses are shown in Table 1.  T. confusum larvae were repelled by dhutura.  In dhutura treated media the responses differed significantly due to differed larval instars (P < 0.05).


The present result is similar to those of the previous workers who reported the repellent action of various plant materials against different species of stored product insect pests (Pereira and Wohlgemuth, 1962; Jotwani and Sircar, 1965; Abraham et al., 1973; Jilani and Malik, 1973; Qadri, 1973; Ahmed et al., 1980; Golob et al., 1982, Kabir et al., 1984; Mia et al., 1985; Jilani et al., 1988; Mondal and Begum, 1991; Parveen and Mondal, 1991; Khanam et al., 1991).


The present results indicate their possible use in the control of Tribolium in warehouses as repellents (Dethier, 1956).  Bags or containers treated with repellent dhutura leaf may prevent Tribolium from attacking and infesting the food.  Thus the use of dhutura leaf as repellent against Tribolium may prove to be important from the integrated pest management point of view.
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Table 1.  Percentage of T. confusum larvae in medium treated with dhutura leaf powder at different concentrations.

	Larval instar
	Concentration (ppm)
	Distribution in treated medium
	X2 (1 df)

	
	
	Total No.
	% of total
	

	First
	200
	71
	28.4
	18.26 ***

	
	400
	66
	26.4
	22.28 ***

	
	800
	62
	24.8
	24.40 ***

	Second
	200
	75
	30.0
	08.00 **

	
	400
	67
	26.8
	21.52 ***

	
	800
	59
	23.6
	27.87 ***

	Third
	200
	75
	30.0
	08.00 **

	
	400
	70
	28.0
	19.36 ***

	
	800
	67
	26.8
	21.52 ***

	Fourth
	200
	81
	32.4
	12.39 ***

	
	400
	74
	29.6
	16.64 ***

	
	800
	63
	25.2
	24.60 ***

	Fifth
	200
	88
	35.2
	08.76 **

	
	400
	78
	31.2
	14.13 ***

	
	800
	68
	27.2
	20.78 ***

	Sixth
	200
	96
	27.2
	09.38 **

	
	400
	82
	38.4
	11.83 ***

	
	800
	68
	32.8
	20.79 ***


Five replicates per test for each instar, each replicate consisting of 50 larvae (N = 250)

** Significant, P < 0.01;

*** Highly Significant, P < 0.001
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* Inheritance of body color in Tribolium – a review

Among the many mutants discovered in Tribolium castaneum, T. confusum and other species, some sex-linked and some autosomal mutations in both species affect body color.  The purpose of this note is to bring this material into proper perspective to determine which of these mutations are homologous and which are analogous.

A.  Sex-linked muations.

The sex-linked mutations in both T. castaneum and T. confusum eliminate the chestnut pigment characteristic of normal beetles of both species from the elytra, but they do so in a different way : in T. castaneum the mutant spotted (sp) can be identified by the spots that appear on the elytra of teneral adults.  The spots can be identified with least difficulty when the adults are a day or two old after eclosion from the pupal skin by the pigmentless spots on he elytra of these imagoes, which best can be described as colorless islands surrounded by pigmented areas.  For illustration (see Plate 2, Fig. H in Sokoloff, 1966).

As the chestnut body color darkens, the colorless areas begin to acquire color until several days or weeks later they become pigmented and of about the same color as the chestnut areas.

In T. confusum, the sex-linked dominant with recessive lethal effects Striped (st) produces a broad, longitudinal white stripe (see Plate 11, Fig. A in Sokoloff, 1966), which gradually will also darken until it disappears as the adults become sexually mature and beyond.

Whether sp in T. castaneum and St in T. confusum are homologous is open to speculation.  The sp gene in T. castaneum is located about 45 units from red (r), an eye color mutation.  In T. confusum the St gene is located about 38 units from an eye color mutation which is also red, but as the name of this mutant (eyespot) indicates, the eye color mutations are differently expressed, and so are the spotted and Striped genes.

Considerable more work is needed to settle the nature of these mutations.

More interesting are the mutants which modify the chestnut body color to a shade of black (as perceived by the unaided eye (or to a purplish color as registered under the dissecting microscope with artificial light (For more exact designation of these body colors see Sokoloff, 1966).  The purplish black color is characteristic of a pair of genes located on chromosome III, (black and Charcoal) and two other genes located on chromosomes IV and V, respectively mutants sooty (s), and jet (j).  They have been recently used to identify homology between mutants occurring in T. castaneum and T. freemani by the hybridization method.  This paper will soon be published in the J. of Heredity, but a short version of the results will be included at the end of this note.
B. Autosomal body color mutants in T. castaneum.

Four autosomal body color mutants and their alleles have been identified with their respective linkage groups in T. castaneum : black (b) and Charcoal (Chr) are located on linkage group III, sooty (s) on linkage group IV, and jet (j) on linkage group V.  in this section of this paper, we summarize the mode of Mendelian inheritance for those who may not be acquainted with their basic genetics.

1.  Monohybrid crosses

a.  Black (b), an autosomal semidominant, is a marker for linkage group III.  Crosses between normal body color beetles referred to as wild type or chestnut (symbol +/+) and black (b/b), produce ad F1 progeny (+/b) which are intermediate in color referred to as bronze.  Crosses between two heterozygous beetles (+/b x +/b) produce the F2 progeny shown in the Punnett square in Fig. 1.  From the Punnett square, we can conclude that the genotypic ratio is equal to ¼ + /+; ½ +/b; ¼ b/b, and the appearance or phenotypic ratio is ¼ chestnut: ½ bronze: ¼ black.  Backcrosses between the heterozygotes and the wild type homozygotes (+/b x +/+) yield a ratio of ½ bronze (+/b) and ½ chestnut (+/+), while backcrosses between the heterozygote and black (+/b x b/b) produce ½ bronze (+/b) and ½ black (b/b) (Sokoloff, 1966 for references).
b.  Charcoal (Chr) is an autosomal dominant with recessive lethal effects located also on linkage group III.  The phenotype of Charcoal is identical to the phenotype of +/b, i.e. bronze.  Crosses between Charcoal and normal beetles (Chr x +/+) always yield equal proportions of Charcoal and chestnut beetles, and it is impossible to obtain a pure breeding stock of Chr.  The explanation for this becomes clear when two Chr beetles are crossed to each other.  This cross produces the progeny shown in the Punnett square in Fig. 2, i.e. a ratio of 2/3 Charcoal and 1/3 wild type beetles is obtained.  There are no black beetles representing the Chr / Chr homozygous class.  The homozygotes apparently die in the egg stage (Brown and Sokoloff, 1978).  Crosses between Chr/+ and +/+ yield ½ Charcoal and ½ chestnut.  Crosses between Chr/+ and homozygous b/b beetles yield ½ Chr+/+b beetles which are black and ½ ++/+b beetles that are bronze.  The appearance of black beetles is due to pseudoallelism of Chr and b which are very close to each other (less that 0.1 crossover units).  Crosses between heterozygous +/b and Chr/+ give the results in Fig. 3 which are similar to those obtained when two +/b are crossed.  This is due to the non-complementation of b and Chr in the transposition (Brown and Sokoloff, 1978). Each of the genes (b or Chr) produces only half the amount of pigment which in the heterozygotes +/b and Chr/+ is only sufficient to produce beetles with bronze body color.  On the other hand beetles with genotype b/b or Chr/b are able to produce enough pigment to produce a phenotypically black beetle.

c.  The sooty (s) gene is an autosomal recessive which serves as a marker for linkage group [V. its phenotypic appearance in homozygous condition is identical to bronze.  As shown in Fig. 4, when a chestnut (+/+) and a sooty (s/s) beetle are mated, all the progeny (+/s) will be phenotypically chestnut.  Crosses between Fis will produce ¼ +/+ (chestnut); ½ +/s (also chestnut) and ¼ bornze, for a total of ¾ chestnut; ¼ bronze. Heterozygotes (+/s) mated to wild type (+/+) will produce all wild type or chestnut progeny (half of which will be genotypically +/+ and half will be +/s).  In contrast, crosses between heterozygotes (+/s) and sooty (s/s) will yield ½ wild type (+/s) and ½ bronze (s/s) progeny.
d.  The jet (j) gene is also an autosomal recessive.  It serves as a marker for linkages group V.  Its phenotype is darker and easily distinguishable from black, Charcoal or sooty.  Its behavior is typical for a Mendelian recessive gene.  Diagrammatically its genetic behavior parallels the behavior of sooty in Fig. 4.  All one has to do is to substitute the letters s by j in the Punnett square to illustrate the results which in the F2 will be 3 :1, j/j (i.e. 3 chestnut : 1 jet).
2.  Ratios in dibybrid crosses.

Because of similarities in phenotype and epistatic interactions, body color mutations in Tribolium provide interesting deviations from typical dihybrid F2 (9:3:3:1) ratios.  Below is a brief review involving body color autosomal mutations.
a.  Crosses between black and jet.

The F1 of crosses between black and jet are genetically +/b/j and phenotypically bronze.  Crosses between F1s yield the following proportions of F1 gametes and the combinations of genotypes resulting from them shown in Fig. 5;

Because of semidominance of b and epistasis of b and j, the phenotypic ratio in F2 is:




3/16 +/;+/ = chestnut




6/16 +/b; +/ = bronze




4/16 b/b; +/ and b/b; j/j = black




3/16 +/; j/j = jet (Sokoloff, 1966).

b.  Crosses between black and sooty.

The F1 are genetically +/b; +/s and phenotypically bronze.  Their gametes and F2 will be as shown in Fig. 6

Because of identical phenotype produced by +/b and s/s and epistasis of b over s the phenotypic ratio in the F2 becomes



3/16 +/;+/ = chestnut




6/16 +/b; +/ and 3/16 +/; s/s = 9/16 bronze




3/16 b/b; +/ and 1/16 b/b; s/s = 4/16 black (Sokoloff, 1966).

c.  Crosses between black and Charcoal.

As previously indicated, the genes b and Chr are linked and in close proximity to each other.  The recombination values in back-crosses of Chr +/+ b male x + b/+ b female = 0.07 while the reciprocal cross gave a recombinant value of 0.014% because sex influences the frequency of recombination (Sokoloff, 1977).
Furthermore, b and Chr complement each other so when crosses between +/b and Chr/+ are carried out the genetic ratio will be as shown in Fig. 8, or a phenotypic ratio of 




¼ +/+ = chestnut




½ Chr/+ and +/b = bronze, and




¼ + Chr/b + = black.

When two black beetles of genotype + Chr/b + are mated, one obtains all black beetles of which ¼ will die in the egg stage (genotype + Chr/+ Chr); ½ will be Chr +/+ b; ¼ will be b +/b +.  The phenotypic ratio will be 100% black, of which 2/3 will be black because of non-complementation of Chr and b, and 1/3 will be black because they are homozygous for the b gene.  If large numbers of beetles are examined, it is possible to obtain a small number of chestnut beetles, the result of crossing over.  (Brown and Sokoloff, 1978).
d. Crosses between Charcoal and jet.

The F1 progeny consist of equal numbers of Chr/+; +/j (bronze) and chestnut (+/+; +/j).  Crosses of the bronze F1 to get F2, one obtains the genotypes shown in Punnett square 7.

One quarter of the beetles will die in the egg stage.  Of the remaining 12/12, 3/12 or ¼ will be phenotypically wild type, 6/12 (1/2) will be bronze, and 3/12 (1/4) will be jet.  Crosses between the non-Charcoal beetles in F1 will be ¾ chestnut; ¼ jet in the F2.

e.  Crosses between Charcoal and sooty.

Crosses between Charcoal (Chr) and sooty (s/s) give two genotypes in F1 : Chr +/+ s (bronze) and +/+; +/s (chestnut).  Crossing the non-bronze (i.e. chestnut beetles to each other (+/+; +/s x +/+; +/s) and if one ignores the wild type alleles of linkage group III one obtains a typical Mendelian genetic ratio of ¼ +/+; ½ +/s; ¼ s/s, or a phenotypic ratio of ¾ chestnut and ¼ bronze.  Crossing the bronze F1 beetles to obtain F2 one obtains the Punnett square in Fig. 11.  One quarter of the progeny will die because of homozygosity of Chr.  Of the survivors, 9/12 will be bronze either because of the presence of heterozygous Chr or homozygous s/s and 3/12 will be phenotypically wild type.
3.  Identification of homologous genes in closely related species.

There are two reliable ways in determining whether mutations found in two species are homologous or analogous.  One is by their linkage relationships and the relative position on the mutants in respect to marker genes.  The other is by the use of the hybridization method.  This method I an extension of tests of allelism.  Two mutants are allelic when strain 1 and strain 2 of a given species, bearing a similar mutation, are crossed.  The mutants are allelic if the F1 of this cross phenotypically resemble the mutant phenotype of the two parental strains.  If the phenotype of the F1 is like the wild type, the two strains are not allelic.  In the same way, at the interspecies level, two mutations will be homologous if crosses of, say, mutant X of species A with mutant Y of species B yield F1 progeny bearing the parental trait.  If the F1 resembles the wild type of the two species, the two mutants are not homologous.
In Tribolium, the most closely related species are T. castaneum and the most recently discovered T. freemani.  These two species when crossed, produce abundant hybrids all of which are sterile.  Even though T. castaneum and T. freemani produce sterile hybrids, Spray and Sokoloff (submitted for publication) had an opportunity to use the hybridization test when a male mutant was discovered in T. freemani.  The mutant in question had a bronze color.  But the bronze phenotype is produced by several genes in T. castaneum; the black and Charcoal genes of linkage group III, in heterozygous form, and the gene sooty as a homozygote.  By crossing this male with virgins of these mutants it was possible to determine, by a process of elimination, that the mutant male was heterozygous for black and rule out that the gene was homologous to Chr or s.  This was subsequently confirmed when the heterozygous male was crossed with virgin T. freemani +/+ females.  They produced males and females which were chestnut and bronze.  Backcrosses of bronze females to the heterozygote gave bronze and black beetles.  The latter were then selected to establish a black mutant stock.  Thus, thanks to the hybridization test, we were able to establish homology not only for black but also for the Charcoal wild type allele present by the interaction of the black gene in the unknown mutant and the Charcoal heterozygotes of T. castaneum to produce black beetles in a manner similar to that illustrated in Fig. 3.

Thus, as indicated above, where marker genes are available in one species (A) and where hybridization is possible between species A and species B, homology can be established in two generations at most between similar mutants in species A and B.
Legends for Figures 1-8.

Fig.1 Upper row; P1 consisting of +/+ X b/b.

Second row F1 consisting of all +/b.

Third row F2 consisting of ¼ +/+; ½ +/b; ¼ b/b.

The Punnett square shows the gemetes produced by both F1 parents and the F2.  The phenotypic ratio will be ¼ chestnut : ½ bronze : ¼ black.

Fig. 2  Gametes and F2 produced by Chr/+ X Chr/+ crosses.  ¼ of progeny (Chr/Chr) die.  Therefore, the phenotypic ratio of the survivors is 2/3 bronze and 1/3 chestnut.

Fig. 3  Gametes and progeny produced by Chr/+ X b/+ crosses.  The phenotypic ratio is ¼ chestnut : ½ bronze : ¼ black.

Fig. 4  Upper row : P1 cross +/+ X s/s.

Middle row : F1 (+/s).

Third row : F2 ¾ + (i.e. ¼ +/+ + ½ +/s): ¼ s/s.

Punnett square : Gametes of two heterozygous (+/s) F1 parents.  

F2 phenotypic ratio is ¾ chestnut : ¼ bronze.

Fig. 5.  Dihybrid ratio in F2 of crosses between b and j.  The phenotypic ratio is 3/16 chestnut; 6/16 bronze; 4/16 black; 3/16 jet.
Fig. 6  F2 of b/b X s/s crosses.  The phenotypic ratio of the F2 is 3/16 chestnut; 9/16 bronze; 4/16 black.

Fig. 7  F2 of crosses of Chr/+ x j/j;  The phenotypic ratio of F2 is : ¼ +/+; ½ bronze; ¼ jet.

Fig. 8.  F2 of crosses of Chr/+ X s/s;  The phenotypic ratio of the F2 is : will be ¼ +/+; ¾ bronze.

For more details see text.
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