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granulomatouss disease 
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'CLB,, Sanquin Blood Supply Foundation and Laboratory for Experimental and Clinical Immunology, 
Academic c 
Medicall  Center, University of Amsterdam, The Netherlands 
2Sachs'' Children's Hospital, Stockholm, Sweden 

ABSTRACT T 
Longg interspersed nuclear element-1 (LINE-1) or LI elements are DNA elements 
presentt in the genome in high copy number and capable of active retrotransposition. 
Heree we present a patient with severe chronic granulomatous disease (CGD) caused 
byy insertion of an LI sequence into intron 5 of the X-lined gene CYBB. Due to 
internall  rearrangements, the insert introduced new splice sites into the intron. This 
resultedd in a highly heterogeneous splicing pattern with introduction of two LI 
fragmentss as new exons into the transcripts and concomitant skipping of exonic 
codingg sequence. Because no wild-type cDNA was found,this mechanism is probably 
responsiblee for the patient's phenotype. The LI fragment, which belongs to the Ta 
subsett of transcriptionally active LINEs, illustrates a new mechanism by which these 
elementss can modify the transcribed coding sequence of genes. 

INTRODUCTIO N N 
Mobilee elements, which represent about one third of the human genome1, have been 
recognisedd over recent years as a very important factor influencing the plasticity and 
evolutionn of the genetic material of most, if not all, organisms2. The largest group of 
thesee elements are the long interspersed nuclear element-1 (LINE-1) or LI elements, 
whichh comprise 15-20% of the human genome. Although more than 100 000 Li s are 
estimatedd to exist, more than 95% of them are 5' truncated to a variable extent, and 
10%% are internally rearranged. Most of the remaining 3000-4000 full-length elements 
havee been rendered inactive by various sorts of point mutations. 
AA LINE-1 consensus sequence has been described31 4 that defines the intact, active, 
full-lengthh LI element as a sequence of 6 kb, consisting of a 5' untranslated region 
(UTR)) with an internal promoter activity, two open reading frames (ORF) separated 
byy a 66-bp intergenic spacer, and a 205-bp 3' UTR ending with a poly-A tail. 
Typically,, two short target duplication sites of variable length frame an LI element. 
ORF11 encodes a 40-kD RNA-binding protein with high affinity for the 5' end of 
ORF22 of the LI transcript, whilst ORF2 has been shown to encode a reverse 
transcriptasee with concurrent endonuclease activity. 
Basedd on these features, a model for retrotransposition of LI elements has been 
proposed2155 supported by a growing body of evidence. According to this model, the 
LII  transcript, together with its two gene products, forms a ribonucleoprotein complex 
thatt is subsequently transported to the nucleus. There, by means of the endonuclease 
componentt of the ribonucleoprotein complex, a nick is introduced at an arbitrary 
locationn of the genome, and the resultant lagging 3' end is used for target-primed 
reversee transcription. Subsequent second-strand synthesis will then result in a copy of 
thee original LINE at a novel genomic location. 
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Soo far, LINE-1 sequences have been implicated in 13 cases of human disease, in most 
instancess due to insertion into the coding sequences of the affected genes4; 6"17. 
Here,, we describe a patient with chronic granulomatous disease (CGD), caused by L1 
insertionn into an intronic sequence of the X-linked CYBB gene. CGD is a severe 
congenitall  immunodeficiency syndrome caused by defects in the NADPH oxidase in 
phagocyticc leukocytes. This enzyme is responsible for the generation of the reactive 
oxygenn species used by phagocytes for the killing of various pathogens. Four different 
geneticc forms of the disease have been recognised to arise from defects in four 
differentt subunits of the oxidase18. By far the most frequent form is X-linked, caused 
byy defects in the gp91phox subunit, encoded by CYBB™. 

MATERIAL SS AND METHOD S 
Clinicall  history of patient HA 
AA boy was born of healthy parents in 1976 and presented in the newborn period with 
ann S. aureus omphalitis. Search for an immunodeficiency was started at the age of AVi 
years,, after a history of repeated infections. Absence of a chemiluminescence reaction 
andd a negative nitroblue tetrazolium reduction (NBT) test of the neutrophils disclosed 
chronicc granulomatous disease (CGD). An aberrant band in a Southern blot with 
probess directed against CYBB confirmed this diagnosis and indicated the X-linked 
formm of the disease. Prophylactic antibiotic therapy reduced the incidence of 
infectionss in the years following diagnosis but, at the age of 22 years, the patient died 
duee to complications of a fungal pneumonia. 
Preparationn of RNA and DNA 
Totall  RNA of the patient and a healthy control was purified from mononuclear 
leukocytess as described19 and cDNA was synthesised. Genomic DNA was isolated 
fromm circulating blood leukocytes of the CGD patient, his parents, his sister and a 
healthyy control with the Puregene kit (Gentra Systems,Minneapolis, MN, USA) 
accordingg to the manufacturer's instructions. 
PCR R 
Thee 13 exons with their adjacent intronic sequences (exon-1 + promoter) were 
amplifiedd with the appropriate primer combinations (see Table 1). Genomic DNA 
(50-5000 ng) was amplified by means of the Rapid Cycler (Idaho Technology, Idaho 
Falls,, ID, USA) with 50 cycles of 95°C for 5 s, 60°C for 30 s and 72°C for 15 s and 
slopee S9. The reaction volume of 15 \i\ contained 2 U of Taq DNA polymerase 
(Promega,, Madison, WI, USA), 2 U of TaqStart antibody (Clontech Laboratories, 
Paloo Alto, CA, USA), 50 ng of each primer,3 nmole of each of the dNTP's (Promega) 
andd reaction buffer (50mM KC1, 1.5mM MgCl2, 0.1% Triton X-100, lOmM Tris and 
8%% DMSO, pH 9 at 25°C). The PCR reaction took place in 10 \i\ glass capillaries 
(Idahoo Technology). The cDNA of the coding region of CYBB was amplified with 
PCRR in three overlapping fragments as described20. 
XLL  PCR 
XL-PCRR products, spanning exon 5, intron 5 and exon 6, of the patient and a healthy 
controll  were obtained by means of the Expand High Fidelity PCR System from 
Boehringerr (Mannheim, Germany) according to the manufacturer's recommendations. 
Briefly,, the region of interest was amplified by XL PCR on an Omnigene 
thermocyclerr (Hybaid Limited, Teddington, Middlesex, UK), with 50-500 ng of 
genomicc DNA as template in a total reaction volume of 100 (il. With the AmpliWax 
beadss (Perkin Elmer Applied Biosystems, Warrington, Cheshire, UK) for the hot start 
technique,, the PCR was run with the following settings. Stage 1: denaturation 95°C 
3min,, annealing 60°C 1 min, extension 68°C 3 min 45 s, 1 cycle. Stage 2: 
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Sensee primer : Antisense primer : 
Exonn 1: 5' - GCT GGT TAG TTA AAA AGT TAT TTC ACT 5' - GAT AAC CCC AGA AGT CAG AG - 3' 

GTG-3' ' 
Exonn 2: 5' - CCA GTC TTC TGT GGA ATC TAC TOT GGA 5'-TGTGACCAGCCAATATTGCATG-3' 

AATGCGG-3' ' 
Exonn 3: 5 ' - C C T C A T G C T A AG A A C C T T G G - 3' 5 '- TTG AT G GCC TTT GAA AAT TAG AGG AAC 

TTAG-3' ' 
Exonn 4: 5'-GTTAACAATTACTATTCCATTCTTTCC 5 ' - C T A T G A A T A G A G G G A A C T C C C T G G T TC 

CCC-33 CAAG-3' 
Exonn 5: 5'-GCTGTCCCAGAAACCCAGCTTAC-3' 5'-TCTAAGTCAGATAATGAGAGG-3' 
Exonn 6: S ' - G T G A A A A T A T C T A T T G T T C T A T A C A T A 5* - GGA CAT GAA AT C CTT CAC TTC AG - 3' 

GGAA CAC - 3' 
Exonn 7: 5 ' - T C C T A T T A C T A A A T G A T C T G G - 3' 5 ' - T A C A T G T T T C T T A G A C A C A G G - 3' 

Exonn 8: 5 ' - C C T C T G A A T A T T T T G T T A T C T A T T A CC 5' - TTA GAC ACT GAC CAC TAG T - 3' 
AC-3« « 

Exonn 9: 5 ' - C C A T A T G A C T A A A A A G G C A A G - 3 *  5'- CCT GAA CAC ATA TAC GTT GG - 3' 
Exonn 10: 5'  - TGA AGA GCA AGA CAT CTC TGT AAC TA 5 ' - A C T G C T C T A A G G C C C T C C G A T A A A T - 3' 

- 3 ' ' 
Exonn 11: 5' - GTG GAA TTC CAC ATG GTA ATG - 3* 5' - GTC ACT ATG GAA GGA CCT GAG - 3' 
Exonn 12: 5'-CTG AATTCATGTCCTTTCCTG-3' 5' - GGC AGA TGC AAG CCT CAA AAA CAT C 

3' ' 
Exonn 13: 5'-TACCTGCTTGTAGACATCTCAT-3' 5 ' - AGC ATT ATT TGA GCA TTG GCA GCA 

CAAA CCC ACA - 3' 

Tablee 1: Primer  combinations used for  the amplification of the coding 
sequencee of CYBB (see text for details). 

denaturationn 95°C 30 s, annealing 60°C 1 min, extension 68°C 3 min 45 s (time 
incrementt 3 s), 40 cycles. Stage 3: extension 68°C 5 min, 1 cycle. For subsequent 
cloningg of the PCR products 1 |xl of Taq DNA polymerase (Promega) was added to 
thee reaction mixture immediately after amplification, and the mixture was incubated 
forr another 10 min at 70°C 
Cloning g 
Thee PCR products were purified with the GFX PCR DNA Gel Band Purification kit 
(Amershamm Pharmacia Biotech,Uppsala, Sweden) and cloned into the pGEM-T vector 
(Promega)) according to the manufacturer's recommendations. 
Sequencingg and sequence analysis 
Thee purified templates were cycle-sequenced by means of the Big Dye Terminator 
Cyclee Sequencing Ready Reaction kit (Perkin Elmer Applied Biosystems) and run on 
ann ABI 377 XL Automated DNA Sequencer (Perkin Elmer Applied Biosystems). 
Sequencee analysis was performed by means of the Sequence Analysis, Sequence 
Navigatorr and Auto Assembler software (all Perkin Elmer Applied Biosystems). 
Northernn blotting 
Twentyy \Lg of total RNA from mononuclear leukocytes were used for Northern 
blottingg as described previously21. 
Southernn blotting 
Southernn blotting, with 8 }ig genomic DNA, was performed aspreviously described21. 

RESULTS S 
Routinee mutation analysis of CYBB, ie sequencing of all 13 exons and their adjacent 
intronicc sequences, showed no abnormalities in these parts of the gene, and 
investigationn of the promoter region up to nucleotide -290 also failed to indicate any 
differencee with the wild-type sequence. 
Wee then sequenced the whole coding sequence of CYBB, with cDNA as a template. 
Here,, the region comprising exons 5 and 6 was unreadable due to what seemed to be 
multiplee overlayed sequences. After cloning the PCR product into the pGEM-T vector 
andd sequencing nine insert-containing clones, we found a very heterogenous splicing 
pattern,withh complete absence of the wild-type splicing pattern. Seven clones 
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Wildd type: 

Patternn l(2x): 

Patternn 2(2x): CACTCTG -

Patternn 3(2x): CACTCTG-

Patternn 4(2x): CACTCTG -

Patternn 5(lx): CACTCTG-

Exonn 4 

CACTCTGG IGATTCACACCATTGCACATCTATTTAATGTGGAATGGTGTGTGAATGCCCGAGTCAATAATTCTGATCCTTATTCA 

CACTCTGG CGATTCACACCATTGCACATCTATTTAATGTGGAATGGTGTGTGAATGCCCGAGTCAATAATTCTGATCCTTATTCA 

Wildd type: 
Patternn l(2x): 
Patternn 2(2x): 
Patternn 3(2x): 
Patternn 4(2x): 
Patternn S(lx): 

GTAGCACTCTCTGAACTTGGAGACAGGCAAAATGAAAGTTATCTCAATTTTGCTCGAAAGAGAATAAAG G 
GTAGCACTCTCTGAACTTGGAGACAGGCAAAATGAAAGTTATCTCAATTTTGCTCGAAAGAGAATAAAG\CACTTCTCAAAAGA A 

liCACTTCTCAAAAGA A 
&CACTTCTCAAAAGA A 

\CACTTCTCAAAAGA A 

Wildd type: 
Patternn (2x)l: 
Patternn 2(2x): 
Patternn 3(2x): 
Patternn 4(2x): 
Patternn 5(lx): 

AGACATTTATGCAGCCAAAAAACACATGAAGAAATGCTCATCATCACTGGCCATCAGAGAAATGCAAATCAAAACCACTATGAG G 

AGACATTTATGCAGCCAAAAAACACATGAAGAAATGCTCATCATCACTGGCCATCAGAGAAATGCAAATCAAAACCACTATGAG G 

AGACATTTATGCAGCCAAAAAACACATGAAGAAATGCTCATCATCACTGGCCATCAGAGAAATGCAAATCAAAACCACTATGAG G 

AGACATTTATGCAGCCAAAAAACACATGAAGAAATGCTCATCATCACTGGCCATCAGAGAAATGCAAATCAAAACCACTATGAG G 

LINE-11 Insert 

Wildd type: 

Patternn l(2x): 

Patternn 2(2x): 

Patternn 3(2x): 

Patternn 4(2x): 

Patternn 5(lx): 

ATATCATCTCACACCG G 

ATATCATCTCACACCG G 

ATATCATCTCACACCG G 

ATATCATCTCACACCG G 

J* * 

AACCCTGAAGGAGGCCTGTACCTGGCTGTG G 

ITTAGAATGGCAATCATTAAGAAGTCAGGAAACAACAGAACCCTGAAGGAGGCCTGTACCTGGCTGTG G 

ITTAGAATGGCAATCATTAAGAAGTCAGGAAACAACAGAACCCTGAAGGAGGCCTGTACCTGGCTGTG G 

AACCCTGAAGGAGGCCTGTACCTGGCTGTG G 

Wildd type: ACCCTGTTGGCAGGCATCACTGGAGTTGTCATCACGCTGTGCCTCATATTAATTATCACTTCCTCCACCAAAACCATCCGGAGG 

Patternn l(2x): ACCCTGTTGGCAGGCATCACTGGAGTTGTCATCACGCTGTGCCTCATATTAATTATCACTTCCTCCACCAAAACCATCCGGAGG 

Patternn 2(2x): ACCCTGTTGGCAGGCATCACTGGAGTTGTCATCACGCTGTGCCTCATATTAATTATCACTTCCTCCACCAAAACCATCCGGAGG 

Patternn 3(2x): ACCCTGTTGGCAGGCATCACTGGAGTTGTCATCACGCTGTGCCTCATATTAATTATCACTTCCTCCACCAAAACCATCCGGAGG 

Patternn 4(2x): 
Patternn 5(lx): 

Exonn 6 

Wildd type: 
Patternn l(2x): 
Patternn 2(2x): 
Patternn 3(2x): 
Patternn 4(2x): 
Patternn 5(lx): 

TCTTACTTTGAAGTCTTTTGGTACACACATCATCTCTTTGTGATCTTCTTCATTGGCCTTGCCATCCATGGAGCTGAACGAAT T 

TCTTACTTTGAAGTCTTTTGGTACACACATCATCTCTTTGTGATCTTCTTCATTGGCCTTGCCATCCATGGAGCTGAACGAAT T 

TCTTACTTTGAAGTCTTTTGGTACACACATCATCTCTTTGTGATCTTCTTCATTGGCCTTGCCATCCATGGAGCTGAACGAAT T 

TCTTACTTTGAAGTCTTTTGGTACACACATCATCTCTTTGTGATCTTCTTCATTGGCCTTGCCATCCATGGAGCTGAACGAAT T 

ACGAAT T 

ACGAAT T 

*-- Exon 7 

B B 

jj Exon 4 I Exon 5 t Exon 6 , Exonn 7 

Exonn 4 

Exonn 4l Exon 7 
BBBBBM M 

 -  -  .  .

Exonn 6 

Exonn 6 

Exonn 7 

Exonn 7 

Exonn 7 

Exonn 6 : Exon 7 
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containingg the same PCR product, obtained from the cDNA of a healthy control, 
showedd the expected normal splicing pattern. 
Thee observed heterogeneity was due to insertion of a LINE-1 fragment, in two 
versionss of different length, in most of the clones, and various combinations of exon 
skippingg (Figure 1). The LINE-1 fragments were inserted between exons 5 and 6 and 
correspondedd to nucleotides 5220-5334 and 5220-5372, respectively, of the consensus 
sequencee of active LINE-1 elements.4 The LINE-1 fragments both contained stop 
codonss within the reading frames found in the sequenced clones, predicting heavily 
truncatedd translation products. In pattern 5, without LINE-1 sequences in the cDNA 
(seee Figure 1), the skipping of exons 5 and 6 results in a frameshift and leads to a stop 
codonn 50 nucleotides further downstream. 
Too elucidate the mechanisms responsible for the insertions in the coding sequence we 
analysedd three cloned XL-PCR products from genomic DNA, spanning intron 5 of 
CYBB,CYBB, and found a truncated and fragmented LINE-1 element of 836 bp (not 
includingg the poly-A tail) inserted between positions 1880 and 1881 of the intron 
(Figuree 2). 
Thee inserted sequence is framed by target duplication sites of 15 bp each and ends in a 
poly-AA tail of about 70 bp. The first 31 bp of the element itself are inverted relative to 
thee LINE-1-consensus sequence, whereas the following 11 nucleotides predicted by 
thee consensus are missing. When we correct for these rearrangements, the 836 
nucleotidess of the fragment still differ at five positions (0.6%) from the established 
consensuss sequence, thereby introducing two amino-acid substitutions into the 
predictedd protein consensus sequence. Furthermore, sequence analysis showed that 
thee insertion is part of the transcriptionally active Ta subset of LINEs22. The Ta subset 
hass been shown to provide nearly all the active LI elements found so far6;23. 
Thee rearrangements within the inserted element create a new branch site as well as a 
neww variant 3' splice site24 in close proximity of each other. This activates two cryptic 
variantt 5' splice sites24, 115 bp and 153 bp downstream from the 3' splice site, the 
moree 3' of which was created by one of the point mutations in the consensus sequence 
mentionedd above. These splice-site combinations generate the two fragments we 
foundd inserted in the gp91phox mRNA of patient HA. 
Too examine the effect of these rearrangements on mRNA stability, a Northern blot 
wass performed that failed to detect any mRNA expression. Finally, a Southern blot 
confirmedd the presence of an insertion in the gene CYBB of patient HA by 
demonstratingg a band shifted from 7.2 kb to about 8.2 kb (Figure 3). This band, which 
representss the region between the 3' half of intron 3 and the 5' half of intron 6 of 
CYBB,CYBB, was normal in the other family members (Figure 3). 

DISCUSSION N 
Wee have characterised an insertion of a truncated and internally rearranged LI 
elementt as a cause of chronic granulomatous disease in a patient with the X-linked 
variantt of this immunodeficiency syndrome. The molecular pathogenic mechanism 
describedd here differs from the previously reported cases of LINE-1 elements as 
determinantss of phenotypic abnormalities. 
Off  the nine reported LI insertions causative of human disease, seven are of exonic 

Leftt  side: Figure 1: mRNA splicing pattern found in patient H.A. caused by the insertion of 
variablyy spliced LINE-1 sequences (solid and dashed arrows). The numbers in parentheses indicate the 
numberr of cDNA clones in which the corresponding sequence was found. The wild-type sequence is 
includedd here for comparison only but was not found in the patient; A Sequence pattern B Graphical 
illustrationn of A. 
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TACCCCCTTAGAAATAACTATTTJU\|CCCACTTO3!T"-,;MGflnGTTGTTTGTrrrrr4flACaGACACTTC C 

TCAAAAGAAGACATTTATGCAGCCAAAAAACACATGAAGAAATGCTCATCATCACTGGCCATCAGAGAA A 
ATGCAAATCAAAACCACTATGAGATATCATCTCACACCgGTTAGAATGGCAATCATTAAqAAGTCAGGA A 
AACAACAGGTGCTGGAGAGGATGCGGAGAAATAGGAACACTTTTACACTGTTGGTGGGACTGTAAACTA A 
GTTCAACCATTGTGGAAGTCAGTGTGGCGATTCCTCAGGGATCTAGAACTAGAAATACCATTTGACCCA A 
GCCATCCCATTACTGGGTATATACCCAAATGAGTATAAATCATGCTGCTATAAAGACACATGCACACGT T 
ATGTTTATTGCGGCACTATTCACAATAGCAAAGACTTGGAACCAACCCAAATGTCCAACAATGATAGAC C 
TGGATtAAGAAAATGTGGCACATATACACCATGGAATACTATGCAGCCATAAAAAATGATGAGTTCATA A 
TCCTTTGTAGGGACATGGATGAAATTGGAAACCATCATTCTCAGTAAACTATcGCAAGAACAAAAAACC C 
AAACACCGCATATTCTCACTCATAGGTGGGAATTGAACAATGAGATCACATGGACACAGGAAGGGGAAT T 
ATCACACTCTGGGGACTGTGGTGGGGTCGGGGGAGGGGGGAGGGATAGCATTGGGAGATATACCTAATG G 
CTAGATGACACATTAGTGGGTGCAGCGCACaAGCATGGCACATGTATACATATGTAACTAACCTGCACA A 
ATGTGCACATGTACCCTAAAACTTAGAGTATAATAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA A 
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAGAAATAACTATTTAAGTACATCAGT T 

B B 

11 2 

Figuree 2: LINE- 1 fragment inserted in intron 5 of CYBB of patient HA. A. Detailed view of the 
sequence,, the first and last 10 nucleotides being wild-type intron sequence. Underlined nucleotides, 
targett duplication sites; framed sequence, sequence inverted with respect to the LI consensus sequence; 
nucleotidess underlaid in black, branch site; nucleotides printed in boldface italic, 3' splice site; 
nucleotidess printed bold, underlined, 5' splice sites. Lower case letters indicate nucleotides divergent 
fromm the consensus sequence of active LI elements4. B. Schematic diagram of A. , intron 5 of 
CYBB;; M, target duplication sites; g ^ , sequence inverted with respect to the LI consensus sequence; 
ggg],, LI sequence;  , poly-A tail; 1, branch site; 2, 3' splice site; 3, 5' splice sites. 

nature,, thereby disrupting the gene structure, and only two are intronic"' 14. In the 
casee of the somatic insertion in intron 2 of the myc locus" no further investigation 
intoo the pathogenic mechanism has been described, but failure of RT PCR indicated a 
completee absence of the gene-specific transcript due to the insertion of a LI element 
intoo intron 1 of the RP2 gene14. 
Inn mice, several exonic and intronic LINE-1 insertions have been shown to cause 
alteredd splicing patterns25"28. The murine beige phenotype is due to the intronic 
insertionn of an LI sequence in the beige gene, which results in the splicing of two LI 
fragmentss of different length in between the neighboring exons29. This last case most 
closelyy resembles the mutational mechanism described in this article but differs in that 
noo rearrangements of the inserted retrotransposon sequence, determining the aberrant 
splicingg pattern, have been reported and in that no exonic sequence was lost during 
splicing. . 
Thee LI insertion described here leads to insertion of retrotransposon sequences into 
thee gene-specific transcript and concomitant skipping of upstream and/or downstream 
exons.. The rearrangements of the LINE-1 sequence, which most probably occurred 
duringg the process of retrotransposition, have created a new 3' splice site as well as a 
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2.88 kb 

1.77 kb 

1.33 kb 

Figuree 3: Southern blot of Nsi /-digested genomic DNA of two controls, the patient and the patient's 
father,, mother and sister, showing an abnormal band at about 8.2 kb in the patient and a normal 
restrictionn pattern in the rest of the family. The bands at 1.3 kb and 1.7 kb correspond to a 
polymorphismm at this locus. 

neww branch site 11 bp further upstream (see Figure 2). Both of these sites, as well as 
thee two newly activated cryptic 5' splice sites 115 bp and 153 bp downstream, are 
onlyy weakly homologous with the respective consensus sites24. The homology is 
probablyy too weak to unambiguously define the exon/intron boundaries of the new 
'exon',, which would explain the observed highly heterogenous splicing pattern. Why, 
inn eight out of nine cases (see Figure 1), this results in retention of the weakly defined 
neww exon and skipping of the adjacent, well defined ones remains to be explained. 
Thee variant splicing patterns strongly reduce the stability of the transcript of CYBB, 
sincee Northern blotting proved unable to detect any mRNA. 
Southernn blotting indicated that the insertion must have occurred either in the mother's 
germlinee or during the patient's early embryogenesis, since his mother and sister 
showedd a normal restriction pattern (see Figure 3). 
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Thee LINE-1 element itself largely confirms the evolving line of evidence concerning 
thee active subgroup of these retrotransposons. So far, nine out of ten LI insertions in 
humanss have been found to belong to the transcriptionally active Ta subset of LINEs 
(HHH Kazazian, personal communication, 1999), and the present element also contains 
alll  of the four nucleotides that define this subset22. Furthermore, while the new LI 
insertionn described here differs in two residues from the consensus amino-acid 
sequencee for ORF2 of active Li s (HH Kazazian, personal communication, 1999), 
comparisonn with the nucleotide sequences from the LI elements used for the 
constructionn of this consensus sequence shows that the responsible nucleic-acid 
substitutionss can be found in some of the other active elements as well. This is 
relevantt in two respects. First, it confirms and adds to the recently established 
consensuss sequence. Second, it shows that the present element possibly also originates 
fromm an active predecessor - since all amino-acid substitutions have been found in 
otherr active elements as well - and this would further support the idea that the proteins 
encodedd by LINE-Is preferably act in cis, by binding to their own mRNA4; 6; 3 . 
Recentlyy the sequence specificity of the LI endonuclease has been described31, 
characterisingg the sequence motif 5'-T1TI -NN-AAAA-3 ' as optimal, with nicking to 
takee place between the two Ns. The corresponding sequence in the present case, 5'-
TTTA-AG-TACA-3',, although suboptimal, is in agreement with this description. 
Takenn together, our results, while confirming the present-day model of 
retrotransposition,, describe a novel way by which LINE-1 elements are able to act on 
thee functioning of the genome. 
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