Cell Autonomy of lin-12 Function in a Cell Fate Decision in C. Elegans

· The specification of the VU fate of Z1. ppp or Z4.aaa depends on an “AC-toVU” signal from the presumptive AC.
· We concluded that lin-12 function is VU cell autonomous. We present a model in which lin12 functions is the receiving mechanism for the “Ac-toVU signal leading to the specification of the AC and VU fates of Z1.ppp and Z4.aaa.
· Cell-cell interactions influence the fates of two cells in the hermaphrodite gonad, Z1.ppp and Z4.aaa.
· They have equal probability of one become the anchor cell (AC) and the other becomes a ventral uterine precursor cell (VU)
· The natural variability of the fates of Z1.ppp and Z4.aaa results from cell-cell interactions.
· If Z1.ppp or Z4.aaa is abalted, the remaining cell of the pair invariably becomes an AC.
· AC produces an “AC-to-VU” signal that is necessary for the specification of the VU fate of Z1.ppp and Z4.aaa.
· In lin-12 (0) mutants, which lack lin-12 activity, both Z1.ppp and Z4.aaa become ACs.
· In lin-12(d) mutants, lin-12 activity is elevated, both cells become VUs. 
· Lin -12 specifies the VU fate of these cells. 
· The observation that the temperature-sensitive period for lin-12 activity coincides with when Z1.ppp and Z4.aaa are determined in wild-type is consistent with lin-12 specifying the VU fate of these cells. 
· Lin-12 might function as a signal or in a signalling mechanism, it is made in one cell and acts to specify the fate of another cell OR as a receptor, in a receiving mechanism, it specifies the fate of the cell in which it is made OR lin-12 acts both in a signalling and receiving mechanisms.
· Cell autonomy is inferred when the focus of gene action coincides with the cells that exhibit the mutant phenotype: a genotypically mutant cell displays a mutant phenotype.  
· Cell nonautonomy is inferred when the focus of gene action is elsewhere: a genotypically mutant cell may cause a genotypically wild-type cell to exhibit a mutant phenotype.   
· Cell autonomy of lin-12 function would be consistent with a role in the receiving mechanism; cell nonautonomy might be consistent with a role in the signalling mechanism.
· We conclude that lin-12 function is VU autonomous. We propose that lin-12 functions in the receiving mechanism for the AC-to-VU signal. 
· The fates of  Z1.ppp and Z4.aaa depend on cell interactions. If all somatic gonadal cells are ablated except for Z1.ppp or Z4.aaa, the solitary remaining cell becomes an AC. This result suggest that cell-cell interactions are not required for expression of the AC fate but are necessary for expression of the VU fate. We infer that the presumptive AC signals the other cell, thereby causing it to commit to the VU fate. 
· Direct interactions between Z1.ppp and Z4.aaa are sufficient to specify their correct fates. 
· Lin-12 activity in other gonadal cells does not specify the fates of Z1.ppp and Z4.aaa, which is consistent with a role for lin-12 in the interaction between Z1.ppp and Z4.aaa that specifies the VU fate. 
· The  phenotype of these mosaics implies that lin-12 function is VU autonomous, because the lin-12(0) cell always displayed the fate senn in lin-12(0) mutants
· In wild-type, a lin-12(+) Z1.ppp and Z4.aaa has an equal probability of becoming an AC or a VU.
· Three conclusions:
· 1) The VU fate adopted by Z1.ppp or Z4.aaa depends on a signal (the AC-to-VU signal) emanating from the presumptive AC.
· 2) Lin-12 function is VU autonomous, consistent with a role for lin-12 acting downstream of the AC-to-VU signal.
· 3) Relative lin-12 activity is assessed in Z1.ppp and Z4.aaa prior to their cell date decisions. 
· Simplest hypothesis: lin-12 is the receptor for the Ac-to-Vu signal, and, like other receptors, lin-12 is activated by binding its ligand, the AC-to-VU signal.
· Steps:
· At first, both Z1.ppp and Z4.aaa have receptors.
· Then, an event occurs and results in one cell (the presumptive but not yet committed AC) producing enough signal to activate lin-12 in the receiver (presumptive but not yet committed VU.) 
·  Without lin-12 activation, the signaller continues to signal and assumes the AC fate: with lin-12 activation, the receiver specifies as the VU.
· Lin-12 functions as a receptor of the AC-to-VU signal and is active only in the presence of the signal -  the AC-to-VU signal must exist before cell fate commitment so that there is any lin-12 activity to be measured. 
· Lin-12 is not involved in the signalling as well as the receiving mechanisms. 
· Phenotypes of the major classes of lin-12 mutants:
· Lin-12(0): Z1.ppp and Z4.aaa lack lin-12 activity and hence cannot receive the AC-to-VU signal: both cells become ACs.
· Lin-12 (d) : the VU fate is AC-to-Vu signal-independent: ablation of all gonadal except for Z1.ppp and Z4.aaa in a lin-12 (d) mutant results in a solitary VU. 
· Lin-12 activity is assessed in Z1.ppp and Z4.aaa and functions cell autonomously to specify the VU fate in these cells. 



Ordering gene function: the interpretation of epistasis in regulatory hierarchies

· Genetic epistasis can give answers without knowledge of all the genes in the pathway or the molecular nature of the gene products.
· Consider sex determination in C. elegans; in the wild-type sex is determined by X chromosomes dosage.
· XO worms: males
· XX worms are hermaphrodites
· If the tra-1 gene is knocked out, suffers null mutation, both XO and XX become males.
· If her-1 is knocked out both CO and XX become hermaphrodites.
· The phenotypes of tra-1-;her-1- double mutants are indistinguishable from those of tra-1- single mutants; both XO and XX animals are male.
· When the single mutations produce different phenotypes from the wild-type and from each other, and the double mutant phenotype looks like one of the phenotypes produced by a single mutation, we say that this mutation is epistatic to the other.
· In this example, tra-1- is epistatic to her-1-.
· Is a downstream mutation always epistatic to an upstream mutation? The answer is no.
· Consider a positive regulatory pathway, programmed cell death in C.elegans. 
· A signal present in cell that are fated to die turns on ced-3. In turn, ced-3 activates unknown genes that kill the cell, and a know gene, ced-1, that cause it to be engulfed by neighbouring cells. 
· In a ced-3- mutant none of these downstream genes is turned on, and the cell remains a normal, living cell.
· In a ced-1- mutant, ced-3 still causes the cell to die, but without ced-1 it cannot be engulfed by neighbouring cells, and its corpse persists. 
· A ced-1- ; ced-3- double mutant is indistinguishable form a ced-3-single mutant, since ced-1 cannot be activated without ced-3. 
· Thus, ced-3- is epistatic to ced-1-
· How can epistasis be used to order genes in a regulatory pathway ? These pathways are regulatory hierarchies that are controlled by some sort of signal, and that obey these conditions.
· In sex determination, the signal is X chromosome dosage, which can be deduced using X-linked marker mutations.
· In programmed cell death the signal is unknown, but can be determine by its correlation with cell lineage.
· Null an constitutive mutations cause gene to fail to respond to the signal: a null mutant gene is off and a constitutive mutant gene is on, regardless of upstream influences.
· Assumptions underlying the interpretation of epistasis:
· There is a signal that affet phenotype
· The signal and the genes under study are the dole determinant of phenotype under the conditions of the experiment.
· The signal and the two genes are either on or off, there are no intermediate levels of activity.
· In the wild type the signal determines whether one of the genes (Upstream) is on or off, this in turn determines whether the second (downstream) gene is on or ff. 
· Given these assumptions, there are basically two possible regulatory models:
· Positive regulation, in which the downstream gene is on when the upstream gene is on.
· Negative regulation, in which the downstream gene is on when the upstream gene is off. 
· From this, three generalizations can be made:
· A given mutation only affects phenotype either when the signal is on, or when the signal is off, but not both.
· If two mutations have phenotypic effects in opposite signal states and one is epistatic to the other, it is downstream mutation that is epistatic to the upstream mutation. 
· If two mutations have phenotypic effects in same signal states and one is epistatic to the other, it is upstream mutation that is epistatic to the downstream mutation. 
· 

The War of the Whorls: Genetic Interactions Controlling Flower Development

· Much of the development of flowering plants depends on meristems, the groups of dividing cells that are the source of new plant structures.
· The time and place of the formation of new meristems and organs, and their type, determine the growth and form of the plant. 
· We discuss our current knowledge of the genetic control of meristem behaviour in flower development.
· After germination Arabidopsis seed, the vegetative apical meristem produces leaves in a spiral arrangement, separated by short lengths of stem (internodes) This gives the basal part of the plant the form of a rosette.
· After the vegetative phase, the apical meristem reorganizes into an inflorescence meristem, which initially produces a few small leaves which will become separated by long internodes.
· After this transient phase, the inflorescence meristem produces floral meristems, still in a spiral pattern. 
· Each floral meristem develops into a single flower by making concentric arrangements of the four types of floral organs in the order: sepals, petals, stamens, carpels. The result is a plant with a basal leaf rosette and an inflorescence.
· The wild type flowers of both Arabidopsis and antirrhinum consist of four whorls each occupied by organs of different type.
· Sepals
· Petals
· Stamens
· Carpels
· Arabidopsis flowers have:
· 4 sepals
· 4 petals
· 6 stamens
· 1 ovary of 2 united carpels
· 2 planes of mirror-image symmetry.
· Antirrhinum flowers have:
· 5 sepals
· 5 petals
· 4 stamens
· 2 united carpels
· One plane of mirror image symmetry
· Studies on the genetic control of meristem behaviour have concentrated on two classes of genes:
· Genes that control the identity of meristems
· Genes that determine the identity of organs
· Mutations are known in both species which affect the identity of organs occupying particular whorls. Most of theses mutations alter the identities of organs in two adjacent whorls.
· One class of mutant affects whorl 1 and 2, giving carpels instead of sepals and stamen in place of petals; 
· Carpel, stamen, stamen, carpel.
· A second class of mutation affects whorls 2 and 3, and gives sepals instead of petals and carpels in stead of stamens
· Sepal, sepal, carpel, carpel.
· These two mutations can reduce organ number and can affect organ identity.
· A third class of mutation affect whorls 3 and 4 and gives petals instead of stamens and sepals of various structures.
· Can also give extra whorls of petals or sepals in whorl 4.
· The mechanisms controlling floral organ identity have been highly conserved in evolution.
· We define three regions of the floral meristem, each coincident with domain of action of one of the three cases of floral homeotic genes
· Region A comprises whorls 1 and 2
· Region B comprises whorls 2 and 3 
· Region C comprises whorls 3 and 4.
· In principal this might provide sufficient information to specify the identity or organs in each whorl. That is:
· Sepal form if a alone is expressed; ap2 and ovu
· a and b direct petal development; ap2 and ovu / ap3, pi, def, glo, sep
· b and c together specify stamens; ap3, pi, def, glo and sep / ag and ple
· c expressed alone determines carpel formation; ag and ple.
· The simple model that the domains of a, b and c function are established independently of each other does not fit the data. Eg. If a is required for sepal and petal development in region A, how can these organ types develop outside this region in certain mutants?
· To account for this effect, it has been proposed that a and c might influence each other’s expression.
· Strong interaction between a and  c has come from the study of double and triple mutants.
· Addition of a alone to the ground state results in a flower with only sepals, as observed in bc double mutants.
· Addition of c to the ground state gives only carpels, as seen in ab double mutant.
· Addition of both a and c results in the phenotype sepal,sepal, carpel, carpel (b mutant)
· Thus, the a and c functions seem to antagonistic, and establish mutually exclusive domains of actions.
· One notable difference between the a function mutations in the two species is that they are recessive in Arabidopsis, and semidominant in Antirrhinum. 
· The domain of b function is established independently of the a and c function.
· The a-b-c- model for specification of organ identity predicts that the activity of the b genes is in region B, and that of the c genes in region C.
· This spatial regulation of gene activity seems, in this case, to be at the RNA level:
· The antirrhinum DEF and Arabidopsis AP3 gene RNAs are found to be predominantly in petals and stamens and their primordial (Region B)
· Arabidopsis AG gene TNA is predominantly found in stamens and ovary and their primordial (Regoin C)
· In Arabidopsis, if the spatial control of AG expression is at the RNA level, then the domain of expression of AG RNA should expand to all four whorls in a mutant. 
· There is an Arabidopsis gene (SUPERMAN) whose mutant phenotype is consistent with a role in regulation of spatial pattern of the b function genes.
· Recessive mutations in it reduce or eliminate both the fourth whorl carpels an increase the number of stamens. 
· The wild-type gene thus appears to repress the b function in the fourth whorl.
· Mutation in genes needed for the c function generally give an increase in whorl number and an indeterminate growth pattern. 
· The c organ identity genes have two roles: 
· Control of organ fate
· Activation of a determinacy function to prevent indeterminate floral meristem growth. 
· It should be noted that the gene required for a function is not necessary for proper organ identity in the third whorl, but that it is necessary for proper organ number in that whorl.
· Another indication that establishment of organ number and organ identity may be separate processes is the existence of mutations that change organ number without affecting organ identity.
· In Arabidopsis, all organs in the same whorl have similar morphologies. 
· In antirrhinum and other species whose flowers are zygomorphic, one or more whorls contain organs with distinct morphologies.
· Several different mutations of the cycloidea (cyc) gene have been described which give flowers with a more symmetrical appearance than wilde type. 
· CYC interacts with primordia irrespective of the whorl they occupy, and therefore that the fate of a primordium depends on an interaction between functions determining whorl identity and those determining the differences between upper and lower organs. 
· Two general conclusions can be reached from the comparison of lower development genes in two distantly related species:
· The basic mechanisms that define organ identity in developing flowers appear to be the same in both species. 
· Genes with similar phenotypes are homologous at the DNA level. This shows that the basic processes of floral organ specification are evolutionarily old. 
· The processes of flower development that have been revealed are remarkably size-invariant.
· The basic processes that specify their meristem and organ types appear to be homologous.

SUPERMAN, a Regulator of Floral Homeotic Genes in Arabidopsis.

· SUPERMAN acts on organ identity by repressing AP3, and perhaps PI, activity in the fourth whorl. Consequently, sup mutants have both AG and AP3/PI activity in the region that in wild type is the fourth whorl, resulting in the differentiation of the fourth whorl primordia as stamens.
· Model depicting how SUP could regulate the activity of AP3 and PI in the fourth whorl of the flower:
· Sepals are specified if only AP2 is present.
· Petals are specified if AP3 and PI are present in addition of AP2.
· Carpels are specified if only AG is present.
· Stamens are specified if AP3 and PI are present in addition of AG.
· AP2 and AG antagonistically regulate each other such that in ap2 mutants AG is present in all four whorls and, conversely, we predict that in ag mutants AP2 is present in all four whorls. 
· P/St = petaloid stamen, an organ present in sup ap2 ag flowers, with characteristics of both petals and stamens. 

CONSTANS activates SUPPRESSOR OF OVEREXPRESSION OF CONSTANS 1

· One of the centre regulators in the photoperiod pathway is CONSTANS (CO).
· Loss of function delays the phase transition, whereas gain of function accelerates it, suggesting that CO positively regulates flowering times in Arabidopsis.
· CO controls flowering time in Arabidopsis by positively regulating two floral integrators, FT and SOC1.
· FT and SOC1 have been confirmed as downstream mediators of CO.
· FT and SOC1 were identified as strong suppressors of CO overexpressor plants. 
· The delay in flowering time in ft soc1 double mutants was additive, compared to the effects of each single mutant. 
· Inactivation of both FT and SOC1 suppresses signalling from CO.
· CO activates two parallel pathways, which includes FT and SOC1, to promote flowering.
· We hypothesized that a null allele of FT would produce a stronger suppression of early flowering in CO overexpressor plants. 
· FT is the major target of CO.
· These data suggest that FT and SOC1 do no act in parallel, but rather that FT positively regulates expression of SOC1. 
· These results suggest that FT is the major output of CO and mediates activation of SOC1 by CO to promote flowering in Arabidopsis. 
· Ft expression in ft-10 plants was greatly reduced, but ft-10 was not completely RNA null. 
· Ft-plants showed late-flowering phenotype.
· The 35S::CO plants were crossed with ft-10 plants, and flowering time of the resulting double mutants under long-day conditions was measured. 
· Ft-10 strongly suppresses the early flowering of 35::CO plants, suggesting that FT is the primary downstream target of CO to promote flowering. 
· Activation or inactivation of FT altered expression of SOC1;however gain or loss of SOC1 function did not alter expression of FT.
· Changes in FT expression affected expression of SOC1. In contrast, expression levels of FT in 35S::SOC1 plants did not increase over the time tested; rather the levels were similar to those of wild-type plants. 
· These results demonstrate that expression of FT is not affected by DOC1 and that FT is likely to be upstream of SOC1.
· FT and SOC1 are not independent, but rather that FT positively regulates SOC1. 
· This suggests that SOC1 expression is induced by FT and that the strong SOC1 expression at the apical region during the vegetative phase is associated with the early flowering of 35S:FT plants. 
· Expression of FT was not affected by SOC1. Expression of SOC1 is positively regulated by FT. 
· FT and SOC1 do not act in parallel. 
· Over expression of FT and SOC1 did not have an additive effect, suggesting the SOC1 is not the only gene downstream of FT.
· FT which primarily mediates signalling inputs from CO, positively regulates SOC1. These results strongly suggest that FT acts downstream of CO and SOC1 in turn acts downstream of FT.
· If FT mediates SOC1 activation by CO, inactivation of FT would cause down-regulation of SOC1 even in the presence of abundant CO mRNA.
· Indeed, inactivation of FT caused down-regulation of SOC1 in 35S:CO ft-10 plants. 
· Although FT positively regulates SOC1, FT appears to have other downstream mediators in parallel with SOC1. 


Mendelian and Non-Mendelian Inheritance of Streptomycin Resistance in Chlamydomonas Reinhardi

· This organism possessed a readily controlled complete sexual cycle and that a number of factors affecting mating type, pigment formation, and streptomycin resistance exhibit the expected 2:2 segregation and recombination. 
· One instance of non-mendelian segregation has been observed regarding streptomycin resistance. 
· Vegetative cells are haploid, of either plus or minus mating type. Pairing occurs between plus (mt+) and minus (mt-) cells leading to zygote formation. The zygote is diploid. 
· After a short maturation period, the zygote undergoes meiosis and germinates, with the production of four haploid cells which shows 2:2 segregation for mating type 
· The parental culture used  are 21gr and 4y and are streptomycin sensitive. 
· Strains sr-1 and sr-2 were recovered as resistant colonies from a suspension of ultraviolet-irradiated cells of strain 21gr. 
· Sr-1 was found to resist 100ug/ml and sr-2 to resist 500 ug/ml streptomycin.
· Inheritance of sr-1:
· 2 of the four offspring clones were found to be resistant to streptomycin and two ere sensitive. 
· Inheritance of sr-2; crossing sr-2 (mt+ y1+)  with 4y (mt-y1-
· All F1 clones were uniformly streptomycin –resistant upon intitial testing and after four subcultures on the absence of streptomycin as well.
· All classes of progeny have been recovered , that meiosis has proceeded normally, and that other explanation must be sought fot he 4:0 segregtion of streptomycin resistance. 
· Phenotypic stability of F1 clones:
· It has been concluded, therefore, that streptomycin resistance is a permanent hereditary property of the F1 clones. 
· Results of backcrosses: 
· Plus clones gave rise to only streptomycin-resistant offspring, as in the result of the parental cross
· The mine clones gave rise to only streptomycin-sensitive offspring.
· In no case were both resistant and sensitive clones found among the offspring of a single zygote. 
· In general, it is only the progeny clones of plus mating type that transmit the resistance to their offspring. 
· The data which have been presented demonstrate that:
· There is a hereditary factor conferring resistance to 500 ug/ml of streptomycin, which exhibits 4:0 segregation in crosses with sensitive clones of minus mating type.
· In backcrosses of resistant progeny with sensitive clones of plus mating type the resistance is totally lost. 
· The 4:0 segregation- 2 hypothesis:
· Resistance controlled by a single gene linked to mating type – Improbable
· Multigene hypothesis – Improbable as well. 
· The hypothesis which best fits the data is that resistance is deterance by a nonchromosomal hereditary element introduced into the zygote by the resistant parent and distributed through the zygote to all offspring.
· The 0:4 segregation:
· The data presented in this paper support the view that the streptomycin-resistance property of strain sr-2 is inherited in a non-Mendelian manner. 
· Summary:
· In one strain sr-1, the factor for resistance behaves in segregation and recombination like a Mendelian gene.
· In the other, sr-2, crosses to a sensitive strain produce only resistant off spring.
· Half these offspring, those of plus mating type, when mated with sensitive strains, transmit resistance to all their progeny, but with rare exceptions those of minus mating type transmit resistance to none.
· These data demonstrate that, in this strain, streptomycin resistance is inherited in an extra-chromosomal manner.

Mendelian and Non-Mendelian Inheritance of Streptomycin Resistance in Chlamydomonas Reinhardi

· Daughterless is a temperature-sensitive recessive lethal.
· It has a strong maternal effect tat is lethal to the daughters of da/da mothers.
· Homozygous mutant females produce defective eggs. If these eggs are produced at 25 C and develop as female embryos, they will de before completing development.
· If such eggs develop as males, their survival can be nearly as high as that of the wild type. 
· Tempreature shift indicate that the maternal effect acts within the first three hours of oviposition. 
· The maternal effect is cell autonomous, in that it disrupts the growth and differentitatio of female cells thoughout the embryo, irrespective of the presence of male cells. 
· Mutations that alter the sexual phenotype of diplo-X animals do not affect the lethal action of da.
· This suppressot mutantion can completely overcome the female-lethal da maternal effect at 25 C, increasing the viability of daughters.
· This mutation, which counteracts a female-specific lethal effect, behaves itself as a male-specific, dominant lethal. 
· Although da/da females produce no daughters at 25C,  if the first 10-20 hours of embryonic development in the progeny take place at 18C; da/da daughters survive and are fertile.
· Progeny produced at 25C from females heterozygous for SxlM1 and homozygous fo da. 
· Only the daughters that received SxlM1 survived.
· The death of the Sxl+ daughters shows that the da/da mothers continued to produce defective eggs even though they carried SxlM1.
· This indicates that SxlM1 acts in the daughters to rescue them from the otherwise lethal effects of the maternal da mutation. 
· The daughters that are rescued by SxlM1 are morphologically normal. 
· The situation with the male progeny is just the reverse:
· All non-recombinant sons who received SxlM1 died.
· The lethal effect of SxlM1 in males was independent of the presence of da. 
· SxlM1 mutation has little effect on the viability of daughters in the absence of the da maternal effect. 
· Sxl was absolutely lethal to daughters in combination with the da maternal effect. In the absence of the da maternal effect, the deficiency had no deleterious effect on female viability.
·  The ability of sons to survive the da maternal effect is not due to the fact that hey have only one copy of Sxl+ .
· If a deficiency fo Sxl exacerbated the female-lethal action of the da maternal effect, would a duplication of the Sxl locus act to ameliorate the lethal effect? 
· The answer is yes. 
· The addiction of an extra dose of the Sxl locus on daughters of da/da mothers at 18C increased their viability by two folds. 
· When these same parents were shifted to the non-permissive temperature of 25C, the extra dose of Sxl+ was no longer effective at recuing the daughters. 
· An extra dose of Sxl+ had no deleterious effect on male viability, even under conditions (25C) where the da maternal effect is severe.
· SxlM1 is lethal to males even when they carry a wild type copy of the Sxl locus.
· Even the SxlM1/Sxl- daughters of da/da mothers survived in this experiment at 25C, showing that the wild-type Sxl+ gene has little effect on the ability of the SxlM1 to rescue daughters from the da maternal effect.
· Males that are hemizygous for this mutation, called Female-lethal, are fully viable, but homozygous Fl females never survive. Fl is lethal in compound with a deficiency for the locus, but it is viable if the female also carries a duplication of the locus.
· Fl doe indeed behave like a deficiency for lethals in the daughters from da/da mothers at 18C
· This would suggest that Fl is hypomorphic rather than amorphic.
· [bookmark: _GoBack]This is a further indication that both male-lethal and female-rescuing aspects of SxlM1 are caused by the same mutation. 
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