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Supplemental figure S1. Molecular biological and biochemical validation of the SORL1 Göttingen Minipigs, 

related to Figure 1 and Figure 2 

a)  Representative Southern blot of genomic DNA isolated from re-cloned Göttingen SORL1 het minipigs. Genomic 

DNA was digested with BlpI, electrophoresed and blotted onto a nitrocellulose membrane prior to hybridization with 



	
	

the SORL1 probe resulting in an upper band (theoretical size 8.5 kb) and lower band (theoretical size 3.2 kb) 

representing the wild-type and targeted allele, respectively (upper panel). BlpI-digested DNA was also hybridized with 

the neor probe, detecting the neor cassette and yielding a band (theoretical size 6.9 kb) corresponding to the targeted 

allele (lower panel). Lanes 1-7: Genomic DNA isolated from individual re-cloned SORL1 het Göttingen minipigs; Lane 

8: Genomic DNA isolated from a Göttingen wild-type minipig. 

b) Genotyping of F1 SORL1 piglets. Genomic DNA was isolated from ear biopsies obtained from newborn piglets and 

used as template in PCR employing primer sets to amplify the wild-type or targeted SORL1 allele. The SORL1 KO 

allele was detected by amplification of the 5´- and 3´-end of the targeted SORL1 region, respectively. Genomic DNA, 

isolated from the pig fibroblasts used for re-cloning as well as from a wild-type Göttingen minipig, were used as 

positive controls. M; 100 bp DNA marker. 

c) WB analysis of cerebrospinal fluid (CSF) isolated from a SORL1-wt (6478/5 mo), a SORL1-het (6473/5 mo) and the 

cloned SORL1-ko (6304) animal and two older control animals, (wt (332725)/22 mo and wt (229751)/23 mo), showed 

absent and reduced sSORLA in the CSF of the ko and het minipigs, respectively, in accordance with their individual 

SORL1 genotypes (see also Fig. 2a,d). 

 



	
	

              10             20             30             40             50             60 
  Pig  MATRSSRRESRLPFLFILMALLPPGAVGEVWPYTLPGGRAPGPQDRGFLVVRGDPRELRL 
Human MATRSSRRESRLPFLFTLVALLPPGALCEVWTQRLHGGSAPLPQDRGFLVVQGDPRELRL 
 
              70             80             90            100            110            120 
  Pig GAHGAPRG---ADEKPLRRKRSAALQPEPIQVYGQVSLNDSHNQMVVHWAGEKSNVIVAL  
Human WARGDARGASRADEKPLRRKRSAALQPEPIKVYGQVSLNDSHNQMVVHWAGEKSNVIVAL 
 
             130            140            150            160            170            180 
  Pig ARDSLSLARPRSSDVYVSYDYGRSFKRISEKLNFGTGNSSEAVIAQFYHSPADNKRYIFA  
Human ARDSLALARPKSSDVYVSYDYGKSFKKISDKLNFGLGNRSEAVIAQFYHSPADNKRYIFA  
 
             190            200            210            220            230            240 
  Pig DAYAQYLWTTFDFCNTIQGFSIPFRAADLLLHSKASNLLLGFDRSHPNKQLWKSDDFGQT       
Human DAYAQYLWITFDFCNTLQGFSIPFRAADLLLHSKASNLLLGFDRSHPNKQLWKSDDFGQT  
 
             250            260            270            280            290            300 
  Pig WIMIQEHVKSFSWGVDPYDKPNTIYVERHEPSGYSTVFRSTDFFQSRENLEVILEEVRDF 
Human WIMIQEHVKSFSWGIDPYDKPNTIYIERHEPSGYSTVFRSTDFFQSRENQEVILEEVRDF   
 
             310            320            330            340            350            360 
  Pig QLRDKYMFATKVVQHLFGSQQPSSVQLWVSFGRKPMRAAQFVTRHPINEYYIADASEDQV  
Human QLRDKYMFATKVV-HLLGSEQQSSVQLWVSFGRKPMRAAQFVTRHPINEYYIADASEDQV  
 
             370            380            390            400            410            420 
  Pig FVCVSHSNNRTNLYISEAEGLKFSLSLENVLYYSPGGAGSDTLVRYFANEPFADFHRVEG  
Human FVCVSHSNNRTNLYISEAEGLKFSLSLENVLYYSPGGAGSDTLVRYFANEPFADFHRVEG 
 
             430            440            450            460            470            480 
  Pig LQGVYIATLINGSMNEENMRSVITFDKGGTWEFLQAPAFTEYGEKINCELSQGCSLHLAQ  
Human LQGVYIATLINGSMNEENMRSVITFDKGGTWEFLQAPAFTGYGEKINCELSQGCSLHLAQ  
 
             490            500            510            520            530            540 
  Pig RLSQLLSLQLRRTPILSKESAPGLIIATGSVGKNLASKTNVYVSSSAGARWREALPGPHY  
Human RLSQLLNLQLRRMPILSKESAPGLIIATGSVGKNLASKTNVYISSSAGARWREALPGPHY  
 
             550            560            570            580            590            600 
  Pig YTWGDHGGIIVAIAQGMETNELKYSTNEGETWKTFVFSEKPMFVYGLLTEPGEKSTVFTI 
Human YTWGDHGGIITAIAQGMETNELKYSTNEGETWKTFIFSEKPVFVYGLLTEPGEKSTVFTI  
 
             610            620            630            640            650            660 
  Pig FGSNKENIHSWLILQVNTTDALGVPCTENDYKLWSPSDERGNECLLGHKTVFKRRTPHAT  
Human FGSNKENVHSWLILQVNATDALGVPCTENDYKLWSPSDERGNECLLGHKTVFKRRTPHAT  
 
             670            680            690            700            710            720 
  Pig CFNGEDFDRPVVVSNCSCTREDYECDFGFKMSEDLFLEVCVPDPEFSGKSFSPPVPCPVG  
Human CFNGEDFDRPVVVSNCSCTREDYECDFGFKMSEDLSLEVCVPDPEFSGKSYSPPVPCPVG  
 
             730            740            750            760            770            780 
  Pig STYRRTRGYRKISGDTCSGGDVEVRLEGELVPCPLAEENEFILYAMRKSIHRYDLASGTT  
Human STYRRTRGYRKISGDTCSGGDVEARLEGELVPCPLAEENEFILYAVRKSIYRYDLASGAT  
 
             790            800            810            820            830            840 
  Pig EQLPLTGLRAAVALDFDYEHNCLYWSDLALDIIQRLCLNGNTGQEVIINSGLETVEALAF  
Human EQLPLTGLRAAVALDFDYEHNCLYWSDLALDVIQRLCLNGSTGQEVIINSGLETVEALAF  
 
             850            860            870            880            890            900 
  Pig EPLSQLLYWVDSGFKKIEVGNPDGDFRLTIVNSSVLDRPRALVLVPQDGVMFWTDWGDLR  
Human EPLSQLLYWVDAGFKKIEVANPDGDFRLTIVNSSVLDRPRALVLVPQEGVMFWTDWGDLK  
 
             910            920            930            940            950            960 
  Pig PGIYRSNMDGSAAYRLVSEDVKWPNGIAVDAQWVYWTDAYLDCIERVTFSGQQRSIILDN  
Human PGIYRSNMDGSAAYHLVSEDVKWPNGISVDDQWIYWTDAYLECIERITFSGQQRSVILDN  
 
             970            980            990           1000           1010           1020 
  Pig LPHPYAIAVFKNEIYWDDWSELSIFRASKHSKSDMAILASQLTGPMDLKIFYRGKTTGSN  
Human LPHPYAIAVFKNEIYWDDWSQLSIFRASKYSGSQMEILANQLTGLMDMKIFYKGKNTGSN  
 
            1030           1040           1050           1060           1070           1080 
  Pig ACVSRPCSLLCLPKANNTRTCRCPDGVSGSVLPSGDLMCECPQGYQLKNHTCVKEENTCL  
Human ACVPRPCSLLCLPKANNSRSCRCPEDVSSSVLPSGDLMCDCPQGYQLKNNTCVKEENTCL  
 
            1090           1000           1110           1120           1130           1140 
  Pig RNQYRCSNGNCINSIWWCDFDNDCGDMSDERNCPTTVCDLDTQFRCQESGTCIPLSYKCD  
Human RNQYRCSNGNCINSIWWCDFDNDCGDMSDERNCPTTICDLDTQFRCQESGTCIPLSYKCD  
 
            1150           1160           1170           1180           1190           1200 
  Pig LEDDCGDNSDESHCELHQCRSNEYSCSSGMCIRSSWVCDGDNDCRDWSDEANCTAIYHTC  
Human LEDDCGDNSDESHCEMHQCRSDEYNCSSGMCIRSSWVCDGDNDCRDWSDEANCTAIYHTC  
 
            1210           1220           1230           1240           1250           1260 
  Pig EASNFQCHNGHCIPQRWACDGDMDCQDGSDEDPVTCEKKCNGFRCPNGTCIPSSKHCDGL  
Human EASNFQCRNGHCIPQRWACDGDTDCQDGSDEDPVNCEKKCNGFRCPNGTCIPSSKHCDGL  
 
            1270           1280           1290           1300           1310           1320 
  Pig HDCGDGSDEQHCEPLCTRFMDFVCKNRQQCLFQSMVCDGIVQCRDGSDEDAAFAGCSHDP  
Human RDCSDGSDEQHCEPLCTHFMDFVCKNRQQCLFHSMVCDGIIQCRDGSDEDAAFAGCSQDP  
 
            1330           1340           1350           1360           1370           1380 
  Pig EFHKVCDELSFQCQNGVCISLIWKCDGMDDCGDDSDEANCENPTEAPNCSRYFQFQCENG  
Human EFHKVCDEFGFQCQNGVCISLIWKCDGMDDCGDYSDEANCENPTEAPNCSRYFQFRCENG  
 
            1390           1400           1410           1420           1430           1440 
  Pig HCIPNRWKCDRENDCGDWSDEKDCGDLHILPSPTPGPSTCLPNYYRCSSGACVMDSWVCD  
Human HCIPNRWKCDRENDCGDWSDEKDCGDSHILPFSTPGPSTCLPNYYRCSSGTCVMDTWVCD  
 
            1450           1460           1470           1480           1490           1500 
  Pig GYRDCADGSDEEACPSPANVTAASTPTQLGRCDRFEFECRQPKKCIPNWRRCDGHQDCQD  
Human GYRDCADGSDEEACPLLANVTAASTPTQLGRCDRFEFECHQPKTCIPNWKRCDGHQDCQD  
 
            1510           1520           1530           1540           1550           1560 
  Pig GQDEANCPTRSSLTCTSWEFKCEDGETCIVLSERCDGFLDCSDESDERNCSEELNVYKIQ  
Human GRDEANCPTHSTLTCMSREFQCEDGEACIVLSERCDGFLDCSDESDEKACSDELTVYKVQ  
 
            1570           1580           1590           1600           1610           1620 
  Pig NLQWTADFSGDITLTWLKPKKMPSASCVYNVYYRVVGESMWKILETHSNKTSTVLKVLKP  
Human NLQWTADFSGDVTLTWMRPKKMPSASCVYNVYYRVVGESIWKTLETHSNKTNTVLKVLKP 
 
            1630           1640           1650           1660           1670           1680 
  Pig DTTYQVKVQVQCLSKVHSTNDFVTLRTPEGLPDAPQNLQLSLHREVEGVIVGHWTPPIHT  
Human DTTYQVKVQVQCLSKAHNTNDFVTLRTPEGLPDAPRNLQLSLPREAEGVIVGHWAPPIHT  
 
            1690           1700           1710           1720           1730           1740 
  Pig HGLIREYIVEYSRSGSKMWASQRSAGNSTEIRNLLLNAPYTVRVAAVTSRGIGNWSDSKS  
Human HGLIREYIVEYSRSGSKMWASQRAASNFTEIKNLLVNTLYTVRVAAVTSRGIGNWSDSKS  
 
            1750           1760           1770           1780           1790           1800 
  Pig ITTTNKGKVIPQPDIHIDSYDENSLSFTLSMDSDIKVNGYVVNLFWAFDTHAQEQRTLNF 
Human ITT-IKGKVIPPPDIHIDSYGENYLSFTLTMESDIKVNGYVVNLFWAFDTHKQERRTLNF  
 
            1810           1820           1830           1840           1850           1860 
  Pig QGSMLSHRVGNLTAHTPYEISAWAKTDLGDSPLAFEHVTTRGVRPPAPSLKAKAINQTAV  
Human RGSILSHKVGNLTAHTSYEISAWAKTDLGDSPLAFEHVMTRGVRPPAPSLKAKAINQTAV  
 
            1870           1880           1890           1900           1910           1920 
  Pig ECTWTGPRNVVYGIFYATSFLDLYRNPKSVTTSQHNKTVLVSRDEQYLFLVRVVVPYQGP  
Human ECTWTGPRNVVYGIFYATSFLDLYRNPKSLTTSLHNKTVIVSKDEQYLFLVRVVVPYQGP  
 
            1930           1940           1950           1960           1970           1980 
  Pig SSDYVVVRMIPDSRLPPRHLHVVHTGKTSAVIKWESPYDSPDQDLLYAIAVKDLIRKSDR  
Human SSDYVVVKMIPDSRLPPRHLHVVHTGKTSVVIKWESPYDSPDQDLLYAIAVKDLIRKTDR  
 
            1990           2000           2010           2020           2030           2040 
  Pig SYKVKSRNSTVEYTLNKLEPGGKYHVIVQLGNMSKDSSIKITTVSLSAPDALKIITENDH  
Human SYKVKSRNSTVEYTLNKLEPGGKYHIIVQLGNMSKDSSIKITTVSLSAPDALKIITENDH  
 
            2050           2060           2070           2080           2090           2100 
  Pig VLLFWKSLALKEKHFNESRGYEIHMFDSAMNITAYLGNTTDNFFKISNLKLGHNYTFTVQ  
Human VLLFWKSLALKEKHFNESRGYEIHMFDSAMNITAYLGNTTDNFFKISNLKMGHNYTFTVQ  
 
            2110           2120           2130           2140           2150           2160 
  Pig AQCLFGSQICGEPAVLLYDELGSGRDVSAIQATRSTDVAAVVVPILFLILLSLGIGFAIL  
Human ARCLFGNQICGEPAILLYDELGSGADASATQAARSTDVAAVVVPILFLILLSLGVGFAIL  
 
            2170           2180           2190           2200           2210            
  Pig YTKHRRLQNSFTAFANSHYSSRLGSAIFSSGDDLGEDDEDAPMITGFSDDVPMVIA*  
Human YTKHRRLQSSFTAFANSHYSSRLGSAIFSSGDDLGEDDEDAPMITGFSDDVPMVIA* 

 
 

Supplemental figure S2. Alignment of human and pig SORLA protein sequences, related to Figure 2 

SORLA identity 92.2% (2043/2216) 



	
	

                                                         

 

Supplemental figure S3. Histopathology of young SORL1-het and SORL1-wt Göttingen Minipigs, related to 

Figure 2 

Histological examination of hematoxylin-stained frontal cortex from 5-month old wt (6478) and het (6473) SORL1 

minipigs showing no detectable difference in neuronal layering and numbers. 

 



	
	

 
                                     10             20             30             40             50             60 
sp|P79307|A4_  Pig      MLPGLALVLLAAWTARALEVPTDGNAGLLAEPQVAMFCGKLNMHMNVQNGKWESDPSGTK  
sp|P05067|A4_Human      MLPGLALLLLAAWTARALEVPTDGNAGLLAEPQIAMFCGRLNMHMNVQNGKWDSDPSGTK  
 
                                     70             80             90            100            110            120 
sp|P79307|A4_  Pig      TCIGTKEGILQYCQEVYPELQITNVVEANQPVTIQNWCKRSRKQCKTHTHIVIPYRCLVG  
sp|P05067|A4_Human      TCIDTKEGILQYCQEVYPELQITNVVEANQPVTIQNWCKRGRKQCKTHPHFVIPYRCLVG  
 
                                    130            140            150            160            170            180 
sp|P79307|A4_  Pig      EFVSDALLVPDKCKFLHQERMDVCETHLHWHTVAKETCSEKSTNLHDYGMLLPCGIDKFR  
sp|P05067|A4_Human      EFVSDALLVPDKCKFLHQERMDVCETHLHWHTVAKETCSEKSTNLHDYGMLLPCGIDKFR  
 
                                    190            200            210            220            230            240 
sp|P79307|A4_  Pig      GVEFVCCPLAEESDNIDSADAEEDDSDVWWGGADTDYADGSEDKVVEVAEEEEVADVEEE  
sp|P05067|A4_Human      GVEFVCCPLAEESDNVDSADAEEDDSDVWWGGADTDYADGSEDKVVEVAEEEEVAEVEEE  
 
                                    250            260            270            280            290            300 
sp|P79307|A4_  Pig      EAEDDEDDEDGDEVEEEAEEPYEEATERTTSIATTTTTTTESVEEVVREVCSEQAETGPC  
sp|P05067|A4_Human      EADDDEDDEDGDEVEEEAEEPYEEATERTTSIATTTTTTTESVEEVVREVCSEQAETGPC  
 
                                    310            320            330            340            350            360 
sp|P79307|A4_  Pig      RAMISRWYFDVTEGKCAPFFYGGCGGNRNNFDTEEYCMAVCGSVMSQSLLKTTQEHLPQD  
sp|P05067|A4_Human      RAMISRWYFDVTEGKCAPFFYGGCGGNRNNFDTEEYCMAVCGSAMSQSLLKTTQEPLARD  
 
                                    370            380            390            400            410            420 
sp|P79307|A4_  Pig      PVKLPTTAASTPDAVDKYLETPGDENEHAHFQKAKERLEAKHRERMSQVMREWEEAERQA  
sp|P05067|A4_Human      PVKLPTTAASTPDAVDKYLETPGDENEHAHFQKAKERLEAKHRERMSQVMREWEEAERQA  
 
                                    430            440            450            460            470            480 
sp|P79307|A4_  Pig      KNLPKADKKAVIQHFQEKVESLEQEAANERQQLVETHMARVEAMLNDRRRLALENYITAL  
sp|P05067|A4_Human      KNLPKADKKAVIQHFQEKVESLEQEAANERQQLVETHMARVEAMLNDRRRLALENYITAL  
 
                                    490            500            510            520            530            540 
sp|P79307|A4_  Pig      QAVPPRPRHVFNMLKKYVRAEQKDRQHTLKHFEHVRMVDPKKAAQIRSQVMTHLRVIYER  
sp|P05067|A4_Human      QAVPPRPRHVFNMLKKYVRAEQKDRQHTLKHFEHVRMVDPKKAAQIRSQVMTHLRVIYER  
 
                                    550            560            570            580            590            600 
sp|P79307|A4_  Pig      MNQSLSLLYNVPAVAEEIQDEVDELLQKEQNYSDDVLANMISEPRISYGNDALMPSLTET  
sp|P05067|A4_Human      MNQSLSLLYNVPAVAEEIQDEVDELLQKEQNYSDDVLANMISEPRISYGNDALMPSLTET  
 
                                    610            620            630            640            650            660 
sp|P79307|A4_  Pig      KTTVELLPVNGEFSLDDLQPWHPFGVDSVPANTENEVEPVDARPAADRGLTTRPGSGLTN  
sp|P05067|A4_Human      KTTVELLPVNGEFSLDDLQPWHSFGADSVPANTENEVEPVDARPAADRGLTTRPGSGLTN  
 
                                    670            680            690            700            710            720 
sp|P79307|A4_  Pig      IKTEEISEVKMDAEFRHDSGYEVHHQKLVFFAEDVGSNKGAIIGLMVGGVVIATVIVITL  
sp|P05067|A4_Human      IKTEEISEVKMDAEFRHDSGYEVHHQKLVFFAEDVGSNKGAIIGLMVGGVVIATVIVITL  
 
                                    730            740            750            760            770             
sp|P79307|A4_  Pig      VMLKKKQYTSIHHGVVEVDAAVTPEERHLSKMQQNGYENPTYKFFEQMQN   
sp|P05067|A4_Human      VMLKKKQYTSIHHGVVEVDAAVTPEERHLSKMQQNGYENPTYKFFEQMQN  
                         
	
 

Supplemental figure S4. Alignment of human and porcine APP protein sequences, related to Figure 3 

APP identity 97.8% (753/770) 

The 42 amino acid sequence of APP corresponding to the Aβ peptide is 100% conserved (shown in red letters). 
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                        10             20             30             40             50             60 				Pig        MAEPRQEFTVMEDHA----------QGDYTLLQDHEGDVDHSLKESPLQTPADDGSEEPG        
Human        MAEPRQEFEVMEDHAGTYGLGDRKDQGGYTMHQDQEGDTDAGLKESPLQTPTEDGSEEPG       
 
                             70             80             90            100            110            120 
  Pig        SETSDAKSTPTAEGDSWWFPDVTAPLVDEGAPGEQAAAQPPTEIPEGTTAEEAGIGDTPN        
Human        SETSDAKSTPTAE-------DVTAPLVDEGAPGKQAAAQPHTEIPEGTTAEEAGIGDTPS       
 
                    130            140            150            160            170            180 
  Pig        LEDQAAGHVTQARMVSKGKDGTGPDDKKTKGADGKPGSKIATPRGAAPPGQKGPANATRI       
Human        LEDEAAGHVTQARMVSKSKDGTGSDDKKAKGADGK--TKIATPRGAAPPGQKGQANATRI      
 
                    190            200            210            220            230            240 
  Pig        PAKTTPSPKTPPGSGESGKSGDRSGYSSPGSPGTPGSRSRTPSLPTPPTREPKKVAVVRT       
Human        PAKTPPAPKTPPSSGEPPKSGDRSGYSSPGSPGTPGSRSRTPSLPTPPTREPKKVAVVRT      
 
                    250            260            270            280            290            300 
  Pig        PPKSPSAAKSRLQTAPGPMPDLKNVRSKIGSTENLKHQPGGGKVQIINKKLDLSNVQSKC       
Human        PPKSPSSAKSRLQTAPVPMPDLKNVKSKIGSTENLKHQPGGGKVQIINKKLDLSNVQSKC      
 
                    310            320            330            340            350            360 
  Pig        GSKDNIKHVPGGGSVQIVYKPVDLSKVTSKCGSLGNIHHKPGGGQVEVKSEKLDFKDRVQ       
Human        GSKDNIKHVPGGGSVQIVYKPVDLSKVTSKCGSLGNIHHKPGGGQVEVKSEKLDFKDRVQ      
 
                    370            380            390            400            410            420 
  Pig        SKIGSLDNITHVPGGGNKKIETHKLTFRENAKAKTDHGAEIVYKSPVVSGDTSPRHLSNV       
Human        SKIGSLDNITHVPGGGNKKIETHKLTFRENAKAKTDHGAEIVYKSPVVSGDTSPRHLSNV      
 
                    430            440            450            
  Pig        SSTGSIDMVDSPQLATLADEVSASLAKQGL     
Human        SSTGSIDMVDSPQLATLADEVSASLAKQGL  
 
 
 
   
 

                          
   

 

Supplemental figure S5. Total tau measurements in SORL1 Göttingen Minipigs, related to Figure 3 

a)  Alignment of human and porcine tau protein sequences. Tau identity 89.8% 

b) Quantification of total tau using MSD for the mouse tau protein in CSF from het (n=8) and age-matched wt (n=11) 

SORL1 Göttingen Minipigs. Average age of the two groups of pigs were similar. The group of het minipigs has higher 

(P=0.0431) total-tau (1.26±0.036 ng/ml) than wt SORL1 minipigs (1.16±0.030 ng/mL). Two-tailed unpaired Student’s t 



	
	

test was used for the statistical analysis, with P-values below 0.05 considered significantly changed. Data are expressed 

as mean ± SEM. 

c) Western blot analysis for CSF isolated from wt and het SORL1 minipigs (29-30 mo old) using the 5E2 anti-tau 

antibody (as shown in Fig. 3g) focusing on a high-molecular tau isoform (band marked by asterisk) which seems to 

appear in the CSF from the SORL1-het animals. CSFs for this analysis were isolated from the animals immediately 

prior to euthanization at the age of 29-30 month. Identification numbers are provided below each lane.  

 



	
	

                                                            

 

Supplemental figure S6. Normal neuronal integrity in SORL1-het and SORL1-wt Göttingen Minipigs, related to 

Figure 7  

Biochemical assessment of neuronal degradation as measured by neurofilament light chain (NF-L) in collected SORL1 

minipig CSFs (wt, n=10; het, n=5; ko, n=1). The group of het minipigs were depicted including data obtained from the 

ko pig 6304 shown in red. Two-tailed unpaired Student’s t test was used for the statistical analyses, with P-values below 

0.05 considered significantly changed. Data are expressed as mean ± SEM. 

 

 

 


