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Abstract 
 

Deletion mutants of the DmManf and CG14879 genes were isolated in the 89B13 region of the 
right arm of the 3rd chromosome by remobilizing the P{EP}EP3171 transposon inserted between the 
two genes. Characterization of the 83 excision products in molecular and phenotypic terms revealed 
that the repair process of the DNA double strand break induced by the remobilization yielded 63% of 
precise excisions with completely restored nucleotide sequence and 37% imprecise excision events 
including 10 isolates (12%) showing homozygous lethality.  To test the possibility that the lethality 
was caused by background mutations, the lethal alleles were crossed to the Df(3R)Exe16269 deletion. 
Six of them remained lethal above the deficiency, and they did not complement each other in inter se 
crosses either. Further molecular analysis revealed that four of these mutants are short deletions, two 
of them removing the 5’ part of the DmManf gene while the other two partly deletes both DmManf 
and CG14879. In homozygous and trans-heterozygous combinations, these mutations showed 
polyphasic lethality during the embryonic as well as the 1st and 2nd larval instars. These results prove 
that DmManf is important for normal development and essential for viability. The mutants we 
recovered can be used in the future for a genetic analysis of these genes functions, especially for 
Manf, a potential human oncogene. 

 
Key words: Manf (ARP-like, CG7013), CG14879, P element remnant, footprint, deletion breakpoints, 
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 *The sequence data presented in this article were submitted to the EMBL/GenBank Data 
Libraries under the accession numbers: DQ649527, GQ853677, GQ853678, HQ335350, HQ335352, 
HQ335351, HQ623183, HQ623184, HQ623185, HQ623186, HQ623187, HQ623188, HQ623189, 
HQ629953, HQ623190, HQ623191, HQ623192 and HQ623193.  
 
Introduction 

 
The Drosophila genome has many families of transposable elements, some of which 

have been studied in detail, and others are known only superficially. Transposition of the 
mobile elements plays an important role in the generation of genotypic and phenotypic 
diversity in eukaryotes. In Drosophila melanogaster (fruit-fly) particular attention has been 
given to the P element family [1] which is responsible for a syndrome of hybrid dysgenesis 
that includes chromosome rearrangements, male recombination, high mutability, temperature-
sensitive gonadal dysgenesis, and sterility [2, 3]. The structure of full-length P elements and 
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its derivatives such as P{EP} elements, is clearly defined. P elements are bounded by 31-bp 
inverted terminal repeats and make 8-bp target site duplication upon their insertion [4]. P 
elements are DNA transposons that move via cut-and-paste transposition [5]. Their excision 
generates a double-strand break in the chromosome [5, 6, 7, and 8]. The P-element 
transposase cuts the DNA to generate a 17-nucleotide at 3’single-stranded ends [8]. Such a cut 
is apparently unique among transposons [9]. Sequences homologous to the flanking DNA are 
then copied in to repair the break. For the repair, either the sister chromatid is utilized as 
template [6] or the template can be either the homologous chromosome or an ectopic 
sequence [6, 7]. Templates located on the same chromosome as the breaks are used 
preferentially, even if the template lies on the opposite end of the chromosome [10]. Various 
types of imprecise excision can be attributed to aberrant repair. The most frequent such events 
are internal deletions in the transposon. The common internal P deletions leave behind 10-20 
base pairs from each terminus, resulting in a non-mobile "footprint" [11, 12, and 13]. Finally, 
imprecise P excisions that remove flanking DNA [14] can also be interpreted as aberrant 
repair events assuming the gap left by a P element excision can be subsequently widened to 
varying degrees. P-element footprints were extensively characterized following P-element 
excision in the germ line [13, 15] and in embryonic tissues [16].  

The Manf (Mesencephalic astrocyte-derived neurotrophic factor) gene (also called 
ARP, Arginine-Rich Protein) gene codes for an astrocyte-derived secretory protein, which is 
necessary for the survival of the dopaminergic neurons [17]. However, there were also 
previous indications of a possible role of Manf/ARP in human tumor formation [18, 19]. 
Recently, Palgi and coworkers [20] showed that DmManf, the Drosophila ortholog of 
mammalian Manf and CDNF also encodes for a glia-derived survival factor for dopaminergic 
neurons. 

We carried out a local mutagenesis in the 89B13 chromosomal region where the 
DmManf gene is located, by remobilizing the P{EP}EP3171 element insertion using the ∆2-3 
transposase source. The insertion site of P{EP}EP3171 is very near to the 5’ end of the 
DmManf gene. The original P{EP}EP3171 insertion in Drosophila was found homozygous 
viable [21]. Different mechanisms of repairing the double-strand break generated by the 
P{EP} excision induced a variety of genetic variants. We recovered 83 lines representing a 
spectrum of precise and imprecise excision events. The mutants were characterized by using 
genetic and molecular techniques. Our results show that some of the P{EP} element excisions 
were differently repaired leaving behind remnants of varying length of the transposon 
sequence or even extra sequences from ectopic sites, sometimes scrambled with P element 
sequences.  We also recovered deletions removing parts of the DmManf and CG14879 genes 
flanking the insertion site.  
 
Materials and methods 
 
Drosophila strains: For genetic nomenclature, cytology and description of mutations and 
chromosomes, see [22] and Flybase [23]. Flies were cultured on standard cornmeal-yeast-agar 
medium, at room temperature. Drosophila strains used are: w; EP(3)3171/TM3SbSer [21], 
yw;∆2-3Sb/TM6Ubx, w;TM3SerGFP/TM6TbSb, Df(3R)Exel6269 (Bloomington Stock Ctr. 
#7736).  
P element remobilization: To recover different types of mutation we made use of the 
insertional-excisional mutagenesis technique crossing w; P{EP}EP3171 flies to the yw; ∆2-
3Sb/TM6 Ubx transposase stock (Figure 1).  
Complementation tests: The independently isolated homozygous lethal lines were first 
crossed to the deficiency Df(3R)Exel6269 (89B17; 89D2) uncovering 39 genes. They were 
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also crossed to each other to exclude the possibility of any background mutation causing 
lethality.  
Molecular biology: Genomic DNA was isolated from adult flies using the protocol of 
Sullivan et.al. [24], with some minor modifications. PCR amplification was done as described 
previously [7, 25]. Oligonucleotide primers for PCR and sequencing were devised using the 
FAST PCR program [26]. The primers were: F4: 5'tcgatccgaggtactggcattgg3’, R2: 
5'agaagctgaatccaccacccaca3’, F7: 5’ cgcgcgtgattgaaaactgagcag3’, R7: 
5'aggaagccgatcactaccaccatg3’, F2: 5'acaagagctactagtgtcacgga3’, R5: 
5'aatttagttgaggcgagccagc3’, F5: 5'ataattccacgacgcgcagttcc3’, F6: 5’atgcctgacctatcggtgaacac3’, 
R6: 5'acttgtttgccggctactcacg3’ and F1: 5' tggatgaaagttggagcgcct3’. The primers were used in 
different combinations to amplify and sequence the regions of interest. PCR amplification 
products were purified using PROMEGA’S Wizard SV Gel and PCR Clean-up System. DNA 
sequence analysis was performed on an Abi Prism 310 sequencer using the kit BigDye, 3.0 
(APPLIED BIOSYSTEM). The BLAST program [27] was used to analyse the obtained 
sequences. 
 
Results and Discussions 

 
Remobilization of the P{EP}EP3171 element  
The procedure used to generate the precise or imprecise excision mutants is outlined in 

Figure 1. 

 
Fig. 1. The isolation scheme to generate precise or imprecise excision mutants. EP{w+} stands for the 
P{EP}EP3171 transposon carrying the w+ marker gene. ┴, labels the chromosome of which the P{EP} element 
was excised. 
   
 The transgenic females bearing the P{EP}EP3171 transposon, here symbolized 
EP{w+} were crossed en masse (in three independent screenings) with males carrying P[∆2-
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3](99B) element, here symbolized ∆2-3Sb, the source of P transposase [28]. Dysgenic males 
collected from the F0 generation were crossed individually to TM3SerGFP/TM6TbSb double-
balancer virgin females. White-eyed flies carrying an excision of the P{EP} element were 
identified among the progeny of the jump starter flies (Fig. 1, F1 generation). From the 
individual w/Y revertant males, independent mutant lines were set up using appropriately 
marked balancers (Fig.1, F2). At the end, we stabilized 83 new independent excision lines 
with different mutations affecting the surrounding genes.  

Recovery and molecular analysis of the insertional mutants. 
From 112 individually mated white-eyed males (Figure 1, F1) we set up 83 

independent lines for further examination. The new mutant strains originated from P{EP} 
precise or imprecise excision events. DNA sequencing revealed that these mutations were 
resulted by different repair mechanisms, either by homologous recombination or by 
nonhomologous end-joining [9]. Homologous recombination primarily produces gene 
conversions when the double-strand break is made in premeiotic germ line cells [6, 7 and 25]. 
In our study, 52 lines (63%) derived from gene conversion events resulting in precise loss of 
the P{EP} element. For all these lines the homologue that was copied to repair the double-
strand breaks lacked the P{EP} element [6, 29]. Nevertheless, 31 lines (37%) derived from 
nonhomologous end-joining events which occurred by fusion of the broken DNA ends with 
little processing. This type of repairing frequently leaves a few base pairs as remnants of the P 
element at the excision site [30]. Such P{EP} element remnant sequences were found in 21 
lines (25%). P element transposase acts as an endonuclease [8] cutting at both ends of the 
element and creating 17bp overhangs. Normally, following endonuclease digestion, each 
strand of the chromosomal DNA is attached to just 17bp of P element DNA. However, the 
non-homologous end-joining products typically retained 15–18bp of both P-element inverted 
terminal repeats [13, 15]. In accordance, we found that the great majority of these P{EP} 
element remnants consisted of 16bp and 17bp (in one case only 14bp) from the left P{EP} 
end, and 14bp, 15bp, 16bp and 17bp from the right P{EP} end (Fig. 2). It is noteworthy that 
the same 14bp remnant of the right P{EP} end was found in five independent lines, which 
may represent a preferred mechanism of repair. In one case (Fig. 2, A2.1 line), we found only 
two bp from the right inverted terminal repeat. This could be explained if the excision 
occurred by a staggered cut. The 8bp target sequence (AGCTGAGC) was found duplicated as 
a “footprint” in all the mutant lines flanking the ends of the insertion remnant (Fig. 2, TSD). 
In addition, other non-related sequences from ectopic genomic locations (Hsp70Bb and parts 
of the intergenic region between white and CG32795 as well as between yata and kayak, 
respectively) mixed up with the remnant sequences from the P{EP} element were also found 
in four isolates (Fig. 2). Ectopic genomic sequences were also recovered in excision products 
e.g. [6, 7, 13]. Their isolation numbers designates the 21 different sequenced lines with P{EP} 
remnants (Fig. 2). Those of them which have ectopic sequences in addition to the P{EP} 
remnants are as follows: A26.3 (GenBank ID: HQ623183), C18.3 (GenBank ID: HQ623189), 
E6.2 (GenBank ID: HQ629953), Ex27 (GenBank ID: HQ623191). The independent lines 
containing only P{EP} remnant sequences but no ectopic sequences are the following: A2.1 
(GenBank ID: HQ335351), A27.2 (GenBank ID: HQ623184), B10.2 (GenBank ID: 
HQ623185), C4.2 (GenBank ID: HQ623186), C5.1, C7.3 (GenBank ID: HQ623188), C11.2, 
D8.2 (GenBank ID: HQ623187), E12.3, Ex15 (GenBank ID: HQ623190), Ex19 (GenBank ID: 
HQ335352), Ex23, Ex53 (GenBank ID: HQ623192), Ex55, F12.1 (GenBank ID: HQ623193). 
Only one of the five lines with identical P{EP} remnant sequences, D8.2 (see above) was 
submitted to GenBank. The internal extra-sequences in case of A14.1 and A23.2 mutants were 
more than 2.5kb and could not be completely sequenced (Figure 2). They were not submitted 
to GenBank, but were considered in the interpretation of the results.   



Deletions and structural alterations of chromosome region 89B13 from  
Drosophila melanogaster, by induced transposition of P{EP}EP3171 element 

 

Romanian Biotechnological Letters, Vol. 16, No. 3, 2011 6157 

 
 

Fig. 2. P{EP}EP3171 element jumps produced imprecise excision independent events as described in the text; 
A: sequence of the 17 nucleotides of the P{EP}-element invert repeats distal from the transposase cutting site, 
flanked by the 8-bp target site duplications (TSD), and nucleotides of flanking genomic sequence (F). B: 
experimentally defined sequences containing different P{EP} element remnants. The bold numbers in 
parentheses indicate the number of nucleotides from ectopic genomic sequences; non-bold numbers in 
parentheses mean the remnant nucleotides from P{EP} internal sequences. Additional information can be 
received from GenBank or from the corresponding author. See text for details. 

 
Genetic complementation tests  
Although the above insertional mutations are located in an intergenic region, they 

should not be considered insignificant because near to the 5' end of a gene, in the possible 
regulatory region, such sequence alterations can affect the gene expression [31]. We have to 
note that in our case, the DmManf and CG14879 genes are in close proximity and the 
direction of their transcription is opposite, therefore the alterations might simultaneously 
affect both genes. In fact, although none of the above-mentioned 21 lines is homozygous 
lethal, they are homozygous sterile with two exceptions, namely the Ex19 and C5.1 mutants, 
which are homozygous viable and fertile. Also, the original P{EP}EP3171 strain, although 
homozygous viable, was found to be homozygous sterile. In addition, 19 of the 52 precise 
excisions were checked for fertility, and all of them remained sterile. This has to mean that 
the sterility is not caused by the P{EP} insertion per se, and its cause is outside of the 
immediate vicinity of the excision. Similar observations were also reported [32].  
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From the imprecise excision events, 10 (12%) were identified as lethal alleles. In order 
to localize them, all the lethal alleles were first used in complementation tests using deletion 
Df(3R)Exel6269 which uncovers 39 genes, including DmManf and CG14879.  After that, 
isolates were crossed inter se. The results are summarized in Table 1. 
Table 1. Complementation group of P{EP}EP3171 mutagenesis results; “+” indicate that the lethal mutation 
complements for the mutant phenotype; “-“Indicates that complementation for the mutant phenotype was not 
observed. 7736 is the code number of Df(3R)Exel6269 deficiency. 

 

Name of 
strain 7736 Ex35 D20.1 E5.1 C18.2 B10.1 B13.1 F11.1 Ex.41 Ex.33 Ex.29

7736 - - - + - - - + - + + 
Ex35 - - - + - - - + - + + 
D20.1 - - - + - - - + - + + 
E5.1 + + + + + + + + + + + 
C18.2 - - - + - - - + - + + 
B10.1 - - - + - - - + - + + 
B13.1 - - - + - - - + - + + 
F11.1 + + + + + + + + + + + 
Ex.41 - - - + - - - + - + + 
Ex.33 + + + + + + + + + + + 
Ex.29 + + + + + + + + + + + 
 

As Table 1 shows, only six out of the ten lethal alleles did not complement the 
Df(3R)Exel6269 deletion strain, and they did not complement each other either. Therefore, the 
cause of their lethality is within the deficiency, and it is present in all the non-complementing 
isolates. On the other hand, the four lethals, which complemented the Df(3R)Exel6269 
deletion, also complemented each other. We can conclude that in these cases the lethality is 
caused by different loci in the genomic background.  

 
Molecular analysis of lethal mutations   
Four of the homozygous lethal mutants which failed to complement deletion 

Df(3R)Exel6269 were subsequently sequenced. Molecular analyses of their PCR products 
provided the precise endpoints for each deletion, as indicated in Figure 3. DmManf and 
CG14879 are neighborhood genes transcribed in opposite orientations (Figure 3A). The Ex35 
mutant line contains the ManfΔ1151 allele, a deletion of 1278bp that removes part of the 
intergenic region, the 5’UTR and almost the whole coding region of the DmManf gene, 
leaving behind the distal end of the last exon and the 3’UTR region (GenBank ID: 
DQ649527, Fig.3 Ba). Comparably, the C18.2 mutant contains a smaller deletion of 404bp, 
removing only 301bp from DmManf gene, which corresponds to its 5’UTR and its first exon, 
ManfΔ301 allele (GenBank ID: GQ853678, Fig.3Bb). On the contrary, the B10.1 and Ex41 
mutants contain large deletions affecting both the DmManf and CG14879 loci. In case of 
B10.1 line, the ManfB10.1 deletion allele removes 1830bp including 1114bp of the DmManf 
gene and 575bp from CG14879 (GenBank ID: GQ853677, Figure 3Bc). In Ex41 line, the 
ManfEx41 allele, a 2534bp deletion, eliminates 740bp from DmManf and 1653bp from 
CG14879 gene (GenBank ID: HQ335350, Fig.3 Bd). 
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Figure 3. The structure and deletion breakpoints of P{EP}EP3171 homozygous lethal derivatives. A: The 
structure of the Drosophila Manf and CG14879 genes, separated by 141bp intergenic region and transcribed in 
opposite directions. ▼, stands for P{EP}EP3171 original site insertion. Exons are indicated by filled boxes, 
introns by empty boxes. Nucleotide numbers are assigned for the exons. B: The structure of the four lethal 
derivatives (a, b, c, d). Dashed lines indicate deletions. The numbers of nucleotides from each exon are assigned.  
For details, see text. 

 
The size of the deficiencies found in this study ranges from 404bp to 2534bp 

uncovering either the DmManf or both DmManf and CG14879 genes (Fig. 3B a, b, c, d). The 
different deletion breakpoints again proved that the mutants represent different isolates. 
Deletions of similar sizes were isolated from P element remobilization experiments in other 
laboratories [33, 34]. In the case of the B13.1 and D20.1 lethal mutant lines, which failed to 
complement the Df(3R)Exel6269 deficiency, we could not localize the deletion breakpoints 
despite performing long range PCR reactions.  

In the Ex35 and C18.2 mutants, the deletions are affecting only the DmManf gene. 
Unlike, Ex41 and B10.1 mutants’ deletions are affecting both DmManf and CG14879 genes, 
deleting essential parts of the DmManf gene. We suppose that in these cases, the elimination 
of the DmManf function is solely responsible for the lethality, and the function of CG14879 
remained unchanged. This conclusion is also supported by others results [20] who could reach 
partial rescue of the lethality in their DmManf -- mutant by the expression of Drosophila and 
human Manf cDNA. For the CG14879 gene, B10.1 and Ex41 mutant lines we identified in 
this study are the first loss of function mutants of this unknown gene. Although the last 
deficiencies in our two mutants affects both genes, by expressing the DmManf cDNA 
transgene, the original DmManf -- lethality can be rescued, and the consequences of the 
missing CG14879 function can be studied.  

Phenotypic analysis  
Preliminary phenotypic observations showed that in the C18.2 mutant, where the 

deletion removes 301bp from the DmManf gene, the lethality is polyphasic, mainly including 
the embryonic and L1 phase, although L2 escapers were also found. Homozygous mutant 
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adults were never found. Similar polyphasic lethality was observed in the case of Ex41 mutant 
in whom the deficiency of 2534bp affects both the DmManf and CG14879 genes. In addition, 
the development of the homozygotes mutants was significantly delayed when compared to 
that of the heterozygotes. The similarity of the lethal phase in the mutants affecting only 
DmManf or both DmManf and CG14879 genes suggest that the phenotypic effect of the 
missing CG14879 function would arrest development at a later stage, as L3 or pupa, 
otherwise could induce pharate adult lethality or adult semi lethality. 

 
Conclusions 

 
By remobilizing the P{EP}EP3171 element located in 89B13, at 110 bp upstream of 

5’UTR of DmManf gene and 30 bp upstream of CG14879, which are transcribed in opposite 
directions, 83 new D.melanogaster lines harboring both insertional and excisional mutations 
were isolated. The insertional mutations found here, although they are located in an intergenic 
region, they are valuable source of studying surrounding genes expression. The different 
remnants could interfere with different phases of translation, e.g., the binding or migration of 
a ribosome preinitiation complex, etc. Analysis of transcription products of mutant and 
revertant’s alleles would be useful in distinguishing between these possibilities. In addition to 
a detailed molecular analysis of the excision products, the main result of this work is the four 
lethal mutant alleles. These loss-of-function alleles, containing parts of only DmManf or both 
DmManf and CG14879 genes, can be further used for the characterization of affected genes 
functions. This can yield particularly interesting results for DmManf, which is the fruit fly 
ortholog of the human Manf gene, a neuronal survival factor and a possible oncogene. The 
fruit fly genome has only one copy of this gene, which makes the analysis of its functions less 
complicated in Drosophila.  
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