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Supplementary Figure legends 

 
Fig.S1. Conservation of T. brucei BRCA2. Residues conserved in a global sequence alignment 
of BRCA2 polypeptides from a number of eukaryotes are shown in the upper diagram, relative to 
the domain organisation of H. sapiens and T. brucei proteins. Functional domains in human 
BRCA2, and their conservation in T. brucei, are shown in the middle diagram (DSS1-DNA 
binding, dark grey box; H, helical domain; T, tower domain; 1, 2, 3, OB domains; BRC repeats, 
black boxes; C-terminal RAD51 binding site, light grey box). Conservation of BRC repeats in 
trypanosomatid BRCA2 proteins relative to H. sapiens are shown in the bottom diagram; critical 
residues for RAD51 binding inferred by Lo et al (Lo et al., 2003) are indicated as a BRC 
fingerprint (O, polar; +, positively charged; I, hydrophobic; i, small hydrophobic). BRC array 
indicates the ~14 conserved, N-terminal BRC repeats in T. brucei BRCA2, while BRC C-term 
denotes the sequence-diverged BRC repeat found at the C-terminus of the BRC array. In the 
other organisms each BRC repeat in the polypeptide is shown, numbered from the N-terminal-
proximal repeat. 

Fig.S2. Conservation of the DSS1-DNA binding domain of T. brucei BRCA2. A sequence 
alignment of the DSS1-DNA binding domain of BRCA2 proteins from a number of eukaryotes is 
shown; regions corresponding to helical (helix), OB and tower domains are overlined. Residues 
identical or conserved in >30% of the polypeptides are boxed in black or grey, respectively.  

Fig.S3. Sequence homology in the C-termini of BRCA2 homologues. A sequence alignment 
of the C-termini of BRCA2 sequences from a number of eukaryotes is shown. The region shown 
to bind RAD51 in H. sapiens is indicated (overlined), within which cyclin and cyclin-dependent 
kinase (CDK) target sites are further indicated. Residues identical or conserved in >30% of the 
polypeptides are boxed in black or grey, respectively.  



Fig.S4. Confirmation of BRCA2 mutants by Southern analysis. Southern blots are shown that 
map BRCA2 deletion by reverse genetics in (A) Lister427 T. brucei cells, either bloodstream 
form (BSF) or procyclic form (PCF), and in (B) PCF TREU927 cells. In each case the upper 
diagram shows a restriction map indicating the expected products of restriction digested genomic 
DNA after Southern blotting and hybridisation with the 5’ UTR of the BRCA2 ORF (black 
arrows indicate the primers used to PCR-amplify this region as a DNA probe). BRCA2 deletion 
involved two rounds of transformation, replacing (::) the ORF with a cassette encoding resistance 
to blasticidin (BSD) and puromycin (PUR), whose maps are indicated. Relevant restriction sites 
are shown in the WT and mutated loci, with the expected restriction fragment sizes detailed (kb). 
Lower diagrams show Southern blots: genomic DNA is shown from WT cells, two independent 
BRCA2+/- mutants and two brca2-/- mutants (derived from the +/- cells) after digestion with 
SacII and StuII (Lister427), or SacII and HindIII (TREU927). The bands produced from the WT 
alleles and the BRCA2 mutant alleles are indicated, and size markers are shown (kbp). 

Fig.S5. BRCA2 mutation leads to DNA damage sensitivity. EC50 values are shown of wild 
type (WT), BRCA2 heterozygous (+/-) mutants and brca2 homozygous (-/-) mutants in T. brucei 
Lister427 bloodstream form (BSF) cells and in procyclic form (PCF) cells from Lister427 and 
TREU927 strains, all grown in the presence of methyl methanesulphonate (MMS). EC50 values 
are the mean from three experiments expressed as a percentage of WT; bars indicate standard 
error. 

Fig.S6. Confirmation of BRCA2 BRC variant expresser cells by Southern analysis. A. 
Restriction maps showing the arrangement of the BRCA2 locus and of BRCA2 BRC variants 
(1BRC, 4BRC, 7BRC, 10BRC and full length BRCA2) integrated into tubulin, detailing the 
expected products of restriction digestion after Southern blotting and hybridisation with 1.2 kb of 
the BRCA2 ORF (black arrows indicate the primers used to PCR-amplify this as a DNA probe). 
The restriction sites are indicated, with the expected restriction fragment sizes shown (kb). B. 
Southern blots of genomic DNA extracted from WT, brca2-/- mutant and BRCA2 BRC variant 
expresser (-/-/+) cells from Lister427 BSF, Lister427 PCF and TREU927 PCF strains of T. 
brucei. In each case the DNA was digested with HindIII before being separated by 
electrophoresis on an agarose gel and hybridised with the 1.2 kb BRCA2 probe shown in A.  

Fig.S7. RAD51 focus formation in procyclic form T. brucei. A. Wild-type PCF TREU927 
(WT) cells, and BRCA2+/- (+/-B) and brca2-/- (-/-BP) mutants, were treated with 1 μg.ml-1 

phleomycin (BLE) for 18 hours and the number of cells with a specific number of subnuclear 
RAD51 foci (0, 1, 2, 3, 4, > 4) were counted; graphs represent the numbers of foci-containing 
cells as a percentage of the total number of cells counted (N). B. Images of WT, BRCA2+/- and 
brca2-/- mutant cells after BLE treatment are shown, and compared with cells without treatment 
(bottom). White arrows indicate RAD51 foci. Each cell is shown in differential interface contrast 
(DIC), after staining with DAPI (DAPI) and after hybridisation with anti-RAD51 antiserum 
(1:1000 dilution) and secondary hybridisation with Alexa Fluor 594 conjugated anti-rabbit 
antiserum (RAD51, 1:7000 dilution). Merged images of DAPI and RAD51 cells are also shown 
(Merge). C. Total protein extracts from WT, BRCA2+/- and brca2-/- mutant cell lines were 
separated by SDS PAGE and western blotted before being probed with anti-RAD51 antiserum 
(1:500 dilution). ‘-’ indicates protein extracts prepared without BLE treatment and ‘+’ indicates 
protein extracts prepared after BLE treatment (1 μg.ml-1 for 18 hours). The blots were stripped 
and re-probed with anti-OPB1 antiserum (1:1000 dilution) as a loading control. Sizes of the 
proteins are shown (kDa). 



Fig.S8. Representative images of RAD51 focus formation in bloodstream form and 
procyclic form T. brucei cells expressing BRCA2 variants with altered BRC repeat 
numbers. Bloodstream form Lister427 (427BSF) and procyclic form TREU927 (927PCF) cells 
are shown to the left and right, respectively. In each case images of WT, BRCA2+/- and/or brca2-
/- mutants, and brca2-/- cells expressing BRCA2 variants with varying numbers of BRC repeats 
(1BRC, 4BRC, 7BRC, 10BRC, full length BRCA2) are shown after growth in phleomycin (1 
μg.ml-1 for 18 hours). Each cell is shown in differential interface contrast (DIC), after staining 
with DAPI (DAPI) and after hybridisation with anti-RAD51 antiserum (1:1000 dilution) and 
secondary hybridisation with Alexa Fluor 594 conjugated anti-rabbit antiserum (1:7000 dilution, 
RAD51). Merged images of DAPI and RAD51 cells are also shown (Merge). White arrows 
indicate RAD51 foci. 

Fig.S9. RAD51 expression in procyclic form TREU927 and bloodstream form Lister427 
BRCA2 BRC variant expresser cells exposed to phleomycin. Total protein extracts from WT, 
BRCA2+/- and/or brca2-/- mutants, and from brca2-/- cells expressing BRCA2 variants with 
varying numbers of BRC repeats (1BRC, 4BRC, 7BRC, 10BRC, full length BRCA2) were 
separated by SDS PAGE and western blotted before being probed with anti-RAD51 antiserum 
(1:500 dilution). ‘-’ indicates protein extracts prepared without phleomycin (BLE) treatment, and 
‘+’ indicates protein extracts prepared after phleomycin treatment (1 μg.ml-1 for 18 hours). The 
blots were stripped and re-probed with anti-OPB1 antiserum (1:1000 dilution) as a loading 
control. Protein sizes are shown (kDa). 

Fig.S10. Growth and repair efficiency of T. brucei cells expressing BRCA2 variants with 
altered BRC repeat number. A. Growth of wild type (WT) and brca2 -/- cells is compared with 
cells expressing BRCA2 variants (-/-/+) with 1, 4, 7, 10 or 12 BRC repeats (indicated by 1BRC, 
4BRC, 7BRC, 10BRC or BRCA2, respectively). Analysis was conducted in T. brucei Lister427 
bloodstream form (BSF) cells and in procyclic form (PCF) cells from Lister427 and TREU927 
strains. Cell densities were measured in vitro at 24 hr intervals; bars indicate standard errors from 
3 experiments. B. EC50 values are shown of WT cells, of BRCA2+/- and/or brca2-/- mutants, and 
of BRCA2 re-expressers with varying numbers of BRC repeats in T. brucei Lister427 
bloodstream form (BSF) cells and in procyclic form (PCF) cells from Lister427 and TREU927 
strains, all grown in the presence of methyl methanesulphonate (MMS). EC50 values are the 
mean from three experiments expressed as a percentage of WT; bars indicate standard error. 

Fig.S11. Analysis of genomic stability in procyclic form BRCA2 mutants by pulsed field 
agarose gel electrophoresis. Pulsed field agarose gel electrophoresis separation of intact 
genomic DNA is shown from TREU927 and from Lister427 strains in A and B, respectively. In 
each case, clones of wild type (WT) cells and BRCA2+/- and brca2-/- mutants are shown after 
380 generations and 230 generations growth in vitro (TREU927 and Lister427, respectively). For 
both strains, the left hand image shows an ethidium bromide-stain of the total DNA; lanes 
containing marker DNA molecules are indicated by H. wingei. Southern blots of the separated 
intact genomic DNA were then prepared and hybridised sequentially with a number of probes. 
For for TREU927, DNA probes used were (moving righwards) GPI (Glucose-6-phosphate 
isomerase, B), VSG5 and VSG1 (both described in main text); Lister427 DNA probes were 
against (moving rightwards) GPI (Glucose-6-phosphate isomerase) and VSG 121. Hybridising 
chromosomes are indicated (black arrows) and size markers are shown (Mb). 

Fig.S12.Verification of the functionality of BRCA2Myc in PCF T. brucei cells. A. A Southern 
blot is shown of SacII and XbaI-digested T. brucei genomic DNA, hybridised with the 5’ UTR of 



the BRCA2 locus (see Fig.S4). The BRCA2 wild type (WT) and PUR-deleted (Δbrca2::PUR) 
BRCA2 alleles are indicated in BRCA2 heterozygous (-/+) mutants, from which homozygous (-/-) 
mutants were generated by deleting the remaining BRCA2 ORF through targeted integration of a 
BSD construct (generating the Δbrca2::BSD allele), or from which cells expressing only Myc-
tagged BRCA2 (-/+12myc) were generated by targeting the intact BRCA2 ORF with a myc-
tagging construct (generating a C-terminal fusion of a sequence encoding a 12myc epitope to the 
BRCA2 ORF; BRCA2-12myc). Size markers are shown (kbp). B. The concentration of methyl 
methanesulphonate (MMS) that caused 50% growth inhibition (EC50) is compared for the 
BRCA2-/+, brac2-/- and BRCA2-12myc (-/+12myc) cells shown in A. Values are the means from 
three experiments; bars indicate standard error. 

Fig.S13. Analysis of genomic instability in bloodstream form Lister427 BRCA2 mutants 
using an ingi DNA probe. Genomic DNA from clones of BSF Lister427 wild type cells (WT 
427) and brca2-/- mutants (-/-1 or -/-2) after growth in vitro for ~150 generations was digested 
with XmnI and separated by electrophoresis on an agarose gel. The DNA was Southern blotted 
before being hybridised with a DNA probe against ingi (INGI-1). Size markers are shown (kb).  
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T.brucei    839 ----------------------------------------------------------------------FGCSPELLKLLEIPAECEFIPSANFRKAMLT------------------- 
T.vivax     252 ----------------------------------------------------------------------FGCSEELLHLLEIPKNAESVPFTSFRKAMLK------------------- 
L.major     333 ----------------------------------------------------------------------SDCGKVLAALLDVSG-GESVQPVHWHTMLLK------------------- 
H.sapiens  2401 RPTKVFVPPFKTKSHFHRVEQCVRNINLEENRQKQNIDGHGSDDSKNKINDNEIHQFNKNNSNQAAAVTFTKCEEEPLDLITSLQNARDIQDMRIKKKQRQRVFPQPGSLYLAKTSTLPR 
A.thaliana  544 ----------------------------------------------------------------------VFCDESSSNKVGAETFLQMLAES--------------------------- 
U.maydis    585 -------------------------------------------------------------------VVLKDASQAARYAFEGPDSALLMQQQALEELHAR------------------- 
 
 
T.brucei    870 ---------------------------------------------------------------------------------------LGASPRGCPDAWCLQMLTSTLLKLRGLTLHIDP 
T.vivax     283 ---------------------------------------------------------------------------------------LGAVAHSCTEEWCMQMLASTLLKLRRLSLNCGM 
L.major     363 ---------------------------------------------------------------------------------------LGASPKHCTIEWCRHALVSAMARVHFMTKAPSG 
H.sapiens  2521 ISLKAAVGGQVPSACSHKQLYTYGVSKHCIKINSKNAESFQFHTEDYFGKESLWTGKGIQLADGGWLIPSNDGKAGKEEFYRALCDTPGVDPKLISRIWVYNHYRWIIWKLAAMECAFPK 
A.thaliana  567 ----------------------------------------------------------------------------------------GASLQHASRKWVTNHYRWIVWKLACYDIYYPA 
U.maydis    619 ------------------------------------------------------------------------------------------GCSNADMPWVQNHWTLILWKLAAMVRLEPS 
 
 
T.brucei    903 PLP--VFSVAHTLLHMCFKYNHEYVEGKRPALRLIAEGDVQAASLVVVWVVSVSFEERLT-------------PHTCTAVVSDGFYHVKVSLDIPLTNLVRNGTLRCGQKIVTCGARMLR 
T.vivax     316 PLN--VFSVAHTLLYMCFKYNREFVDGSRPPLRLVTEDDVSAASLMVISLVSFSLADCLK-------------PHTCTGTISDGCYHVKVAFDVPLTNMIRKGVIQCGQKLLVCGAKKLL 
L.major     396 AVPS-AFSPVTVLLCIMQMYNAEMVNGGRPALRKMVEGDISSASLVVLYMSSVR-EERSS-------------PHMRIVTLSDGIYHLKVTCDIPLSNLIREGVLKPGQRMAVCGAKSLL 
H.sapiens  2641 EFANRCLSPERVLLQLKYRYDTEIDRSRRSAIKKIMERDDTAAKTLVLCVSDIISLSANISETSSNKTSSADTQKVAIIELTDGWYAVKAQLDPPLLAVLKNGRLTVGQKIILHGAELVG 
A.thaliana  599 KCRGNFLTITNVLEELKYRYEREVNHGHCSAIKRILSGDAPASSMMVLCISAINPRTDNGSQEAHCSDN----CSNVKVELTDGWYSMNAALDVVLTKQLNAGKLFVGQKLRILGAGLSG 
U.maydis    649 SASN-RWSWNELIRQLLYRYEREVNLAQRSCLKRIQEHDSSAARPMVLMVSKILEEEIEVQSPSGEIVS----RICTILELSDGWYRILAQIDSVLTNACQRGRLRIGQKLAIMGATLDA 
 
 
T.brucei   1008 R-DCCSPLECKD--EVLLSINYNCTQPVGPSSPLGLY-HTCLPTLLPSAMDMLGGLVPCLKGRVERVLPPFFLEKTFKGAR--TGDTRGSTGGALKIVRSLLAQLSFQECMARGAVA--P 
T.vivax     421 R-YSCSPLECKD--EVVLSIDYNCTKPVDPATPLGFY-HINPPIVPLESIDTHGGLVPSIQGKVVRVLPPYFIQSSFTND----GSTHGHRAGGTKVVRNMLAQLKSMEAS-RYAKS--D 
L.major     501 H-RQCAPTECEG--QVVLSINYNCVRAVAQQTPLGVY-HGEPLPLPLSLVHPLGGLVPAIEGVVARTLPSFFMSEEVTETSGTADGARQARNRVFKTVRNAHAQLQVTDRLRREAESRAD 
H.sapiens  2761 SPDACTPLEAPE--SLMLKISANSTRPARWYTKLGFFPDPRPFPLPLSSLFSDGGNVGCVDVIIQRAYPIQWMEKTSSGLYIFRNEREEEKEAAKYVEAQQKRLEALFTKIQEEFEEHEE 
A.thaliana  715 WATPTSPLEAVISSTICLLLNINGTYRAHWADRLGFC-KEIGVPLAFNCIKCNGGPVPKTLAGITRIYPILYKERLGEKKSIVRSERIESRIIQLHNQRRSALVEGIMCEYQRGING--- 
U.maydis    764 HGEGKEVLSAYR--MSNLVLTANSVSLAPWDAKLGFA--STPFCASLRSLTPEGGLISLMDVVITKVYPLAYVDVDKSNAGAPRGEQEEAEQREAWLQRREDAMLQLELEAEAELGR--- 
 
 
T.brucei   1120 FEGKSDRQLSRLTSFLLSCERQGDVLLQIWDDCGANCPAGDLEEHSCDFPPEGAEIVVFSVTPSRFRPGHPFQRTTVLYS-RSPLRYSIVSPPRKGFVRQPLRSAEDVSPKTETGDAIDF 
T.vivax     530 DEASSHQRLSRVSSLVLTCSQKEDLLLQFWEDCGESCTAGSLEEYESTFPPEGATITVFALTPSRSRPAHPFQQAKALHA-KARLEYRTISSAREGDRREPCRSVKDMDLYTPAGVAMDF 
L.major     617 GEAAPSKLLSRVTSLLIVKDN-AEALVQQWETVDERALLAD-DDGGASLPVEGSWVTLYAVNPAKSRTAAAPFTRAKLFF-SSRKLYYVPSKNPPQHLRRIWMAATDNNSTTGVGDVADV 
H.sapiens  2879 NTTKPYLPSRALTRQQVRALQDGAELYEAVKNAADPAYLEGYFSEEQLRALNNHRQMLNDKKQAQIQLEIRKAMESAEQ--KEQGLSRDVTTVWKLRIVSYSKKEKDSVILSIWRPSSDL 
A.thaliana  831 -----------VHSQNDTDSEEGAKVFKLLETAAEPELLMAEMSLEQLTSFTTYKAKFEAAKQMQMEKSVAKALEDAGLGERNVTPFMRIRLVGLTSLSNEGEHNPKEGIVTIWDPTERQ 
U.maydis    877 ----------------------LYDLVEALNDLVGDAFLPSIPDDPTGR-LEAFANQLFDQLRAQPNPASAVKERVVTAG-------HTSLVPWLHNLAKSALLQEDGIRGSSLSAELDR 
 
 
T.brucei   1239 AGLFVGTKSVDTVNSHIIVALNDGWKP--GCVPASYFMIDVPHATGSKEIVLALPSIPFTPVIVQNASFIRCAED-LGPDCIHVLANEYTKVYSRPA--EPLLRGVVESLGKIRGMAKSS 
T.vivax     649 AGIFVKSARIDTVGSFVFVLLEDGWATDLNTASQSYCLMDIPHDTPSKEIVLPTP-APFTPVVIQNASFIRIAHEGFGSDCAHALANEFTQVLQRPS--APFLRSVIGALEKLREKAKLT 
L.major     734 CGLYVGSHRNEQGTFALLLLCND-----------TYALLQIPVPSAGRALSLPLPTTERLSLVVLNATFLTGEDPVAGSDCCRLFANEYTAVLQRST--QANLKGALETAAQLRGLVDAA 
H.sapiens  2997 YSLLTEGKRYRIYHLATSKSKSKS--------ERANIQLAATKKTQYQQLPVSDEILFQIYQPREPLHFSKFLDPDFQPSCSEVDLIGFVVSVVKKTGLAPFVYLSDECYNLLAIKFWID 
A.thaliana  940 RTELTEGKIYIMKGLVPMNSDSE-------------TLYLHARGSSSRWQPLSPKDSENFQPFFNPRKPISLSNLGEIPLSSEFDIAAYVVYVGDAY----------------------- 
U.maydis    967 LCPPRKVREFR---------------------------------------------------------VVKFRDARLPPQPPATCLSTKTQQVGGSG----------------------- 
 
 
T.brucei   1354 -RPIIARSEELLRMR---------------TLSEEARADICRLSRELVGGDELPNPAATAQP--------SPRYQLRQEASTPVEQSIT-VSETSAARTLSSEEEQVEDLRSSNVKASP- 
T.vivax     766 -ISISARAEELLRLR---------------GLSGEAQRDVHQFSDGLIN-DEVSTTLSTRPS--------RVPYYMREGATTSAKQGVV-IPCTNGSSPKEGKGAQKQGVATALLQQHGG 
L.major     841 PQKYAARKAEVFRCLDEGEPRGGLGLGSSTALTDRDNPGVPEVPLNVWRDAPLASPSAAATSPVLAQRDGRLPYYLRHDNGRVRAGNLTGVLLPSAALPTPAAPTVVQGPYSATTIHPGV 
H.sapiens  3109 LNEDIIKPHMLIAASN-------------LQWRPESKSGLLTLFAGDFSVFSASPKEGHFQETFN---KMKNTVENIDILCNEAENKLMHILHANDPKWSTPTKDCTSGPYTAQIIPGTG 
A.thaliana 1024 ----------------------------------------------------------------------------------------TDVLQKKQWVFVTDGSTQHSGEISNSLLAISF 
U.maydis   1007 ------------------------------------------------------------------------------------------ATSKRKNAYARAVQLTVRDAAQLGDELREG 
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T.brucei   1448 RRHVFGNI----VGFRLLKCQGSDKPECIEILG---GRPSTLVSGSG---KFVVSPSDFSQSLVYFEADIQFGATAKQCAQTKVRSPSVLHSLLEQCIPLKRACALTVDEIFADYYLARI 
T.vivax     860 RHHLFGNI----TELRLVRCYNTGKSESINLLKRSNGCSSLKQFGTD---ITVTADVQFSS---HFEIEIQFGAGEEQKKLVKLKNPCLLDALLERRVTLQVACSMAVDEECLDFVLRRN 
L.major     961 REPLVQPA----NSVAGARSRHYGNIADLMFLFDPRLNRRAWHPLTDPLQATASAAVGHGEGFRRAQLCWRLSADSADDMTCRVEESSILGTVLESVCPLQELCSVIADERHIDVSLARS 
H.sapiens  3213 NKLLMSSP----NCEIYYQSPLSLCMAKRKSVSTPVSAQMTSKSCKG---EKEIDDQKNCKKRRALDFLSRLPLPPPVSPICTFVSPAAQKAFQPPRSCGTKYETPIKKKELNSPQMTPF 
A.thaliana 1056 STPFMDDSSVSHISHNLVGSVVGFCNLIKR-------------------------------------------------------AKDATNEMWVAETTENSVYFINAEAAYSSHLKTRS 
U.maydis   1037 RRFLVTNL-----------------------------------------------------------------------------VPMSKSAWRKPDDQAEVFLSTRRDTKWRPVA---- 
 
 
T.brucei   1558 KQLEDWQTP-HEECWWRLLTQSHVVEITSDVSGTPP---EELVGLQWLSNEWKMLLNILSGSLKHCLFMFSVE-GSEMVRATFIKEQCSVADLMRE---- 
T.vivax     970 KLLKESQLP-PREQWWYLLTRSCIVNRDMSRSPTTLSQVATATAVEWLANEWEVLLGILTDAIEDCLFKFSVNMEEELTQAVFIRENCSILELMQEESSV 
L.major    1077 ERLVQWRRQDSLSVWWRFFTDSRTLASPADLDGASS------EHLWWLPAEWTEAMRTVSAKLQAAFFYFSLS-GEVLRHVRLISDCCSVAELPCD---- 
H.sapiens  3326 KKFNEISLLESNSIADEELALINTQALLSGSTGEKQ-FISVSESTRTAPTSSEDYLRLKRRCTTSLIKEQESSQASTEECEKNKQDTITTKKYI------ 
A.thaliana 1121 AHIQTWAKLYSSKSVIHELRQRVLFIIGACKSPSC----------------------------------------------------------------- 
U.maydis        ---------------------------------------------------------------------------------------------------- 

CDK targetCyclin target

Fig.S3
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