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Supplemental Table S1. PCR primers for the amplification of the cDNA fragments of the putative 

Scots pine RAD51, KU80, DNA ligase (LIG), metacaspase (MCA) and Tat-D nuclease (TAT-D).

Gene Sequence of the upstream PCR 
primer (5′-> 3′)

Sequence of the downstream PCR 
primer (5′-> 3′)

PCR 
product 
size

RAD51 CCAGCCAGCTACATGCTCAA GTCACCACAACTGCCACACC 532
KU80 TCAAATGGCTCGAAATAAGGA GCTCCAGGTCACCTCTGAAT 677
LIG AACATATGAGCCGGCAAAGC TTGGGCCCGATACATTTCTG 508
MCA CAATGACTAGGAAGGCAGTGC TGGATGTTCTAATCACATATAAATGG 1267
TAT-D CTGGTGACTGGTGGATCTCT TTTAAACATTGCAGTCATCTCCA 819

Supplemental Table S2. PCR primers for the real-time PCR amplification of the putative Scots 

pine RAD51, KU80, DNA ligase (LIG), metacaspase (MCA), Tat-D nuclease (TAT-D), actin (ACT), 

ubiquitin (UBI) and glyceraldehyde-3- phosphate dehydrogenase (GAPDH) genes.

Gene Sequence of the upstream 
primer (5′-> 3′)

Sequence of the downstream 
primer (5′-> 3′)

PCR 
product 
size

RAD51 TATGGGGAATTTCGAACAGG GTTCCCTCGGCATCAATAAA 119
KU80 GAATGGCTCCAGGTGATTTT AGGCGTTTATTTCCCTTGCT 94
LIG GCATTAGCCCTGTTCATCGT CGCTTGGTCTGGATTCTTGT 113
MCA CGGGAGAGGACATGCTAAAA CTGGCCTAATTTTCCCAACA 107
TAT-D TGGATGTTCCTTAAAGACAGTGG TCTCACAGTATGGAGCGTCTG 95
ACT GGACAGGTCATTACCGTTGG GATACCCGCTGCTTCCATT 90
UBI GAAGGAGCAGTGGAGTCCTG CAATTTCAGGGACGAGAGGA 104
GAPDH CTGGTGTCTTCACCGACAAA GGTGCTCATTAACCCCAACA 120



Supplemental Figure S1. Acridine orange stained Scots pine megagametophyte tissue during 

embryogenesis. During all the developmental stages, the megagametophyte cells in ESR broke 

down with the release of cell debris and nucleic acids into the corrosion cavity, whereas the inner 

part of the megagametophyte tissue stayed alive with no symptoms of PCD or necrosis. (A) ESR at 

the developmental stage of early embryogeny. (B) and (C) ESR during the late embryogeny. (D) 

and (E) Inner part of the megagametophyte tissue at the developmental stage of early and late 

embryogeny, respectively. (F) Negative control with no acridine orange staining. Bars = 10 μm (C, 

D), 20 μm (E), 40 μm (F) and 50 μm (A). 

 



Rad51

10 20 30 40 50 60
....|....|....|....|....|....|....|....|....|....|....|....|

P.sylvestris ------------------------------------------------------------
O. sativa MSTSAAAAA-AAEQQQEE----GEHGPFPIEQLQASGIAALDVKKLKDSGLYTVESVAYT
L. esculentum --MEQQHRNQKSMQDQNDEIEDVQHGPFPVEQLQASGIAALDVKKLKDAGLCTVESVVYA
Z. mays MSSAAQQQQKAAAAEQEE----VEHGPFPIEQLQASGIAALDVKKLKDSGLHTVEAVAYT
P. nigra --MEQQRNQKAVNQQQHEDHEEVQHGPFPVEQLQASGIASLDVKKLKDAGLCTVESVAFS
A. thaliana MTTMEQRRNQNAVQQQDD--EETQHGPFPVEQLQAAGIASVDVKKLRDAGLCTVEGVAYT
Clustal Consensus                                                             

70 80 90 100 110 120
....|....|....|....|....|....|....|....|....|....|....|....|

P.sylvestris ----------------------------------SQLHAQRLEIIQISSGSRELDKLLEG
O. sativa PRKDLLQIKGISEAKVDKIVEAASKLVPLGFTSASQLHAQRLEIIQVTTGSRELDKILDG
L. esculentum PRKELLQIKGISEAKVDKIIEAASKLVPLGFTSASQLHAQRLEIIQITSGSKELDKILEG
Z. mays PRKDLLQIKGISEAKADKIIEAASKIVPLGFTSASQLHAQRLEIIQVTTGSRELDKILEG
P. nigra PRKELLQIKGISEAKVDKIIEAASKLVPLGFTSASQLHAQRQEIIQITSGSRELDKILEG
A. thaliana PRKDLLQIKGISDAKVDKIVEAASKLVPLGFTSASQLHAQRQEIIQITSGSRELDKVLEG
Clustal Consensus                                   ******* ****:::**:****:*:*

130 140 150 160 170 180
....|....|....|....|....|....|....|....|....|....|....|....|

P.sylvestris GVETGSITEIYGEFRTGKTQLCHTLCVTCQLPLDQGGGEGKALFIDAEGTFRPQRLLQIA
O. sativa GIETGSITEIYGEFRSGKTQLCHTLCVTCQLPLDQGGGEGKALYIDAEGTFRPQRLLQIA
L. esculentum GIETGSITEIYGEFRCGKTQLCHTLCVTCQLPLDQGGGEGKAMYIDAEGTFRPQRLLQIA
Z. mays GIETGSITEIYGEFRSGKTQLCHTPCVTCQLPLDQGGGEGKALYIDAEGTFRPQRLLQIA
P. nigra GVETGSITEMYGEFRSGKTQLCHTLCVTCQLPLDQGGGEGKAMYIDAEGTFRPQRLLQIA
A. thaliana GIETGSITELYGEFRSGKTQLCHTLCVTCQLPMDQGGGEGKAMYIDAEGTFRPQRLLQIA
Clustal Consensus *:*******:***** ******** *******:*********::****************

190 200 210 220 230 240
....|....|....|....|....|....|....|....|....|....|....|....|

P.sylvestris ERFGLNGADVLENVAYARAYNTDHQSRLLLEAASMMAETRFALMIVDSATSLYRTDFIGR
O. sativa DRFGLNGADVLENVAYARAYNTDHQSRLLLEAASMMIETRFALMIVDSATALYRTDFSGR
L. esculentum DRYGLNGPDVLENVAYARAYNTDHQSRLLLEAASMMVETRFALMIVDSATALYRTDFSGR
Z. mays DRFGLNGADVLENVAYARAYNTDHQSRLLLEAASMMIETRFALMVVDSATALYRTDFSGR
P. nigra DRFGLNGADVLENVAYARAYNTDHQSRLLLEAASMMVETRFALMIVDSATALYRTDFSGR
A. thaliana DRFGLNGADVLENVAYARAYNTDHQSRLLLEAASMMIETRFALLIVDSATALYRTDFSGR
Clustal Consensus :*:****.**************************** ******::*****:****** **

250 260 270 280 290 300
....|....|....|....|....|....|....|....|....|....|....|....|

P.sylvestris GELSARQMHLAKFLRSLQKMADEFGVAVVV------------------------------
O. sativa GELSARQMHMAKFLRSLQKLADEFGVAVVITNQVVAQVDGSAMFAGPQIKPIGGNIMAHA
L. esculentum GELSARQMHLAKFLRSLQKLADEFGVAVVITNQVVAQVDGSAVFAGPQIKPIGGNIMAHA
Z. mays GELSARQMHMAKFLRSLQKLADEFGVAVVITNQVVAQVDGSAMFAGPQFKPIGGNIMAHA
P. nigra GELSARQMHLAKFLRSLQKLADEFGVAVVITNQVVAQVDGSAIFAGPQIKPIGGNIMAHA
A. thaliana GELSARQMHLAKFLRSLQKLADEFGVAVVITNQVVAQVDGSALFAGPQFKPIGGNIMAHA
Clustal Consensus *********:*********:*********:                              

310 320 330 340
....|....|....|....|....|....|....|....|....



Supplemental Figure S2. Alignment of the predicted partial amino acid sequence of the putative 

Pinus sylvestris Rad51 with Oryza sativa Rad51 (BAB85491), Lycopersicon esculentum Rad51 

homolog (Q40134), Zea mays Rad51 homolog (Q67EU8) Populus nigra Rad51 homolog 

(BAF02935) and Arabidopsis thaliana Rad51 (NP_568402). Identical and similar amino acids are 

highlighted in green and yellow, respectively, using 70 % threshold. The amino acids which are 

totally conserved in the Rad51 proteins are shown with asterisks.

Rad51

310 320 330 340
....|....|....|....|....|....|....|....|....

P.sylvestris --------------------------------------------
O. sativa STTRLALRKGRGEERICKVISSPCLAEAEARFQIASEGVADVKD
L. esculentum STTRLALRKGRAEERICKVVSSPCLAEAEARFQISVEGVTDVKD
Z. mays STTRLALRKGRGEERICKVISSPCLAEAEARFQLASEGIADVKD
P. nigra STTRLALRKGRGEERICKVISSPCLAEAEARFQISAEGVTDVKD
A. thaliana TTTRLALRKGRAEERICKVISSPCLPEAEARFQISTEGVTDCKD
Clustal Consensus                                             



Ku80

10 20 30 40 50 60
....|....|....|....|....|....|....|....|....|....|....|....|

P. sylvestris MARNKESLVLLLDISPSMHNHLHYVERAMSTLVRRKVYFSKSDEVGLVLFGAEEPDNDLQ
A. thaliana MARNREGLVLVLDVGPAMRSVLPDVEKACSMLLQKKLIYNKYDEVGIVVFGTEETGNELA
V. radiata MPPIKDALLLLLDVGPSMHSVLPEIEKACSLLVQKKMIYSKNDEVGIVLFGAEDTDNELT
O. sativa MARNKEALVLLLDVGPSMHGVLQEVENICSTLVHKKLVYNRSDEIGVVLFGTKETSNELA
M. truncatula MARNKEALLLLLDVGPSMHPVLPEVEKVCSMLVQKKLIYNKYDEVGIVLFGTEDTDNELT
Clustal Consensus *.  ::.*:*:**:.*:*:  *  :*.  * *:::*: :.: **:*:*:**:::..*:* 

70 80 90 100 110 120
....|....|....|....|....|....|....|....|....|....|....|....|

P. sylvestris KEVGGYENVVVFRPIKVVDEDILEALSRLPRGMAPGDFLDAIVVGMDLLIKKLGKGSKGN
A. thaliana REIGGYENVTVLRNIRVVDELAAEHVKQLPRGTVAGDFLDALIVGMDMLIKMYGNAHKGK
V. radiata TEVGGYQHVVVLKKIKVVDGDILEALQQLPRGTTDADFLDAVIVGMDMLIKKFDQTNKGK
O. sativa KELGGYKHVVVARDIKVVDEETTNALQNLPRGTSPGDFLDAIVVGLDMLIRKFGN-IKGK
M. truncatula TEVGGYQHVVVSKNSKVVDGDIVEALQQLPRGTTDGDFLDAVIVAMDMLIKKFGDTNKGK
Clustal Consensus  *:***::*.* :  :***    : :..****   .*****::*.:*:**:  ..  **:

130 140 150 160 170 180
....|....|....|....|....|....|....|....|....|....|....|....|

P. sylvestris KRLCLITGAQSFIKEPDEGTKEDQVDIIANQMKEHGMKLDVVVFRQRMPGQTKSELFSEN
A. thaliana KRMCLITNAACPTKDPFEGTKDDQVSTIAMKMAAEGIKMESIVMRSNLSGDAHERVIEEN
V. radiata KRLCLITNAQCPIKEPYEGTKEEQVTIIAKQLTAHGMKMESIIFRGKLGQDANREIMDEN
O. sativa QRMCLVTDAQHPLRDPPQGTKKDQVDTIADQMKRHEIKMDCIIFRE--SGVRHNAVMDEN
M. truncatula KRLCLITNAQCPIKDPYEGSKEEQVTTIAKQMTAHGMKMESIIVRGKLSQDANKEIMDEN
Clustal Consensus :*:**:*.*    ::* :*:*.:**  ** ::  . :*:: ::.*       :  ::.**

190 200 210 220 230 240
....|....|....|....|....|....|....|....|....|....|....|....|

P. sylvestris LSLLNRFSRRTEAEVIVVESPTSLLGAVKVRNISPFTIFRGDLE----------------
A. thaliana DHLLTLFSSNAIAKTVNVDSPLSLLGSLKTRRVAPVTLFRGDLEINPTMKIKVWVYKKVA
V. radiata DHLLNIFSKETSTRLLYLENPISLFGALRTRNITLVTTFRGDLEISPKLSIKVMVYKKTA
O. sativa DQLLYHFRERSVTKVVHVDSPTSLLGALRTRNVLPVTVFRGDLEVSSSFKIKVWVYKKTS
M. truncatula DRLLNIFSKETQTRLLYVEDPISLFGALKTRNITPVTVFRGDLELSPKLRIKVMVYKKTQ
Clustal Consensus   **  *  .: :. : ::.* **:*:::.*.:  .* ******                

250 260 270 280 290 300
....|....|....|....|....|....|....|....|....|....|....|....|

P. sylvestris ------------------------------------------------------------
A. thaliana EERLPTLKMYSDKAPPTDKFAKHEVKVDYDYKVTAESTEVIAPEERIKGFRYGPQVIPIS
V. radiata EEKFPTLKKYSDKAPTNAQYATRELKIDYEYKSSEDRDKVLSPDQRIKGYPYGPQIVPIS
O. sativa EEKFPTLKKYSDKAPASDKFASHEVKVDYEYKSVLEPDTVVPPDQRIKGYLYGPQVVPIS
M. truncatula EEKFPTLKKFSDKAPQTDKFATHEVKVDYEYKSSADPDIVVPPDQRIKGYRYGPQIIPIS
Clustal Consensus                                                             

310 320 330 340 350 360
....|....|....|....|....|....|....|....|....|....|....|....|

P. sylvestris ------------------------------------------------------------
A. thaliana PDQIETLKFKTDKGMKLLGFTEASNILRHYYMKDVNIVVPDPSKEKSVLAVSAIAREMKE
V. radiata RSEWDAVKFQPEKGVKLLGFTDSSNIFRHHYMKDVYVFLPQPGNTGAMLALSALARAMKE
O. sativa SAEWEAVKFKPEKGVKLLGFTDRSSISRHYFMKDVFSFVPEPGNTKAVAAVSALARAMSE
M. truncatula SAEWDAVKFKPEKGVKLLGFTDSSNILRHQYMKDVYVFIAEPGNTKAVLAVSALSRAMKE
Clustal Consensus                                                             

370 380 390 400 410 420
....|....|....|....|....|....|....|....|....|....|....|....|

P. sylvestris ------------------------------------------------------------
A. thaliana TNKVAIVRCVWRNGQGNVVVGVLTPNVSERDDTPDSFYFNVLPFAEDVREFPFPSFNKLP
V. radiata MDKVAILRCVWRKGQSNVSIGVLTPNLSDKENIPDSFYLNVLPFAEDVREFQFPSFSNFP
O. sativa MNKVAILRCVWRQGQGNVALGVLTPNISSAKNVLDSFYFNILPFAEDIREFQFRSFSSLP
M. truncatula MNKVAILRCVWRQGQANVVIGVLTPNVSDRENLPDSFYFNILPFAEDVREFQFPSFSSFP
Clustal Consensus                                                             

430 440 450 460 470 480



Supplemental Figure S3. Alignment of the predicted partial amino acid sequence of the putative 

Pinus sylvestris Ku80 protein with Arabidopsis thaliana Ku80 homolog (NP_564520), Vigna 

radiata Ku80-like protein (AAX43993), Oryza sativa putative H-box binding protein, KAP2 

(AAS01977) and Medicago truncatula KAP2-protein (AAL87543). Identical and similar amino 

acids are highlighted in green and yellow, respectively, using 70 % threshold. The amino acids 

which are totally conserved between the Ku80 and KAP2 proteins are shown with asterisks.

Ku80

430 440 450 460 470 480
....|....|....|....|....|....|....|....|....|....|....|....|

P. sylvestris ------------------------------------------------------------
A. thaliana SSWKPDEQQQAVADNLVKMLDLAPSAEEEVLKPDLTPNPVLQRFYEYLELKSKSTDATLP
V. radiata ASWKPNGQQLEAAANLIKTLDLAPHGQAEVLLPDFTSNPVLERFYRFLELKSKDPDVAVP
O. sativa SSSQPTKEQQEAADNLVKMLDLAPPGREEILKPDFTPNPMLERFYRYLDLKSKQPDANVP
M. truncatula ASCQPNEQQLESAANFIKMLDLAPDGKQEVLLPDFTPNPVLARFYHYLDLKSKHPDASVP
Clustal Consensus                                                             

490 500 510 520 530 540
....|....|....|....|....|....|....|....|....|....|....|....|

P. sylvestris ------------------------------------------------------------
A. thaliana PMDGTFKRLMEQDPELSSNNKSIMDTFRGSFEVKENPKLKKASKRLLR------DKPSGS
V. radiata PIDDTLKKITEPDADLLLQNKSVIDSFCRSFELKGQPLKKSRRLWE--------GKRSST
O. sativa PLDKCLKKITEPDPDVIDYQAPLIKKLGNVFELKENPKKKKARTQDRLTYTGADDQAKLL
M. truncatula PLDYTLRKITEPETDLVLQNQSVIDSYRRSFEMQGNPLKKPRRFLR--------GKTSDE
Clustal Consensus                                                             

550 560 570 580 590 600
....|....|....|....|....|....|....|....|....|....|....|....|

P. sylvestris ------------------------------------------------------------
A. thaliana DDEDNR----MITYDAKENKIDIVGDANPIQDFEAMISRRDKTDWTEKAITQMKNLIMKL
V. radiata N----------DIIENASVKVEKIGDLTPAQDFEALISRRDSPDWVVKAINEMKNKIFDL
O. sativa EEPSAEKVGVSEALYPPKKKAGEIGDHNPVQDFEAMLTQRSSSTWVQTAIEEMQKYITAL
M. truncatula EGKENITAPPANLIEYTSIKVEKIGDLTPVQDFEAMISRRDSPDWVVKAIKDMKDKIFDM
Clustal Consensus                                                             

610 620 630 640 650 660
....|....|....|....|....|....|....|....|....|....|....|....|

P. sylvestris ------------------------------------------------------------
A. thaliana VENCTDEGD--KALECVLALRKGCVLEQEPKQFNEFLNHLFKLCQERNLSHLLEHFMSKK
V. radiata VEDSHEGDNYPKAFECLVVLRKGCILEQEPKQFNDFLKHICNFCRENRLHSFCQYLASKD
O. sativa IQDSCDRDNHQKALECLVALRKACIIEQEPNEYNGFVTKLCQKFRPAGDKIFLQLLSSKK
M. truncatula VEDSHEGDNYPKALDCLVALRKGCILEQEPKQFNDFLKHLCNFCQEKNLQSFCEHLAAKG
Clustal Consensus                                                             

670 680 690
....|....|....|....|....|....|..

P. sylvestris --------------------------------
A. thaliana ITLIPKSEAADSDIVDENAGDFIVKQESMLES
V. radiata LTLISKTEAVDSDVTDEEARSFLVESEPKVE-
O. sativa ASLISKEEAPDSDVTEEMARNFCLKPEPSSQ-
M. truncatula LTLIPKTEAIDSDVSDEEARSFLVKSESKCD-
Clustal Consensus                                 



DNA ligase

10 20 30 40 50 60
....|....|....|....|....|....|....|....|....|....|....|....|

P. sylvestris ------------------------------------------------------------
O.sativa MSASAGGGGGGGGKRTVADVLMGNARDAARKAKKGAAPSPKKLKTQPQPAAEADGGAVAK
A. thaliana MLAIRSSNY----LRCIPSLCTKTQISQFSSVLISFSRQISHLRLSSCHRAMSSSRPSAF
T. pratense ------------------------------------------------------------
Clustal Consensus                                                             

70 80 90 100 110 120
....|....|....|....|....|....|....|....|....|....|....|....|

P. sylvestris ------------------------------------------------------------
O.sativa PEEKPHSPVKPKRSSSPTKSNSPGEGKRSESVAAGAKPEAKEKPSPKKPKTLGAKSDTKS
A. thaliana DALMSNARAAAKKKTPQTTNLSRSPNKRKIGETQDANLGKTIVSEGTLPKTEDLLEPVSD
T. pratense ------------------------------GTRQNPNN---------NLKTLETVETVEP
Clustal Consensus                                                             

130 140 150 160 170 180
....|....|....|....|....|....|....|....|....|....|....|....|

P. sylvestris ------------------------------------------------------------
O.sativa SAEGVEKEKRRSPSPTKAKALASESQDIKKPSSPKKTKALDAPKSEEKDTTLELKKKGSE
A. thaliana SAN------PRSDTSSIAEDSKTGAKKAKTLSKTDEMKSKIG----------LLKKKPND
T. pratense PNK------IRNTSSSSK-------------GIISELKELIP----------QLKKKPPS
Clustal Consensus                                                             

190 200 210 220 230 240
....|....|....|....|....|....|....|....|....|....|....|....|

P. sylvestris ------------------------------------------------------------
O.sativa FNPMAAAYWSPEEPVPFLFLARALDLISNESGRIVITEILSNVFRTVIATTPEDLLATVY
A. thaliana FDPEKMSCWEKGERVPFLFVALAFDLISNESGRIVITDILCNMLRTVIATTPEDLVATVY
T. pratense FDPSSVVSWEKEKPVPFLFLCLAFDMINEESGRIVKTDIVCNLLRTVIYTTPEDLVPVVY
Clustal Consensus                                                             

250 260 270 280 290 300
....|....|....|....|....|....|....|....|....|....|....|....|

P. sylvestris ------------------------------------------------------------
O.sativa LSANRIAPPHEGTELGIGDASIIRALAEAYGRREEHVKKNLKELGDLGLVAKASRLSQKM
A. thaliana LSANEIAPAHEGVELGIGESTIIKAISEAFGRTEDHVKKQNTELGDLGLVAKGSRSTQTM
T. pratense LSANRIAPAHEGLELGIGDASIIKALAEACGRTEQQIRIQYKEKGDLGLVAKASRSSQSM
Clustal Consensus                                                             

310 320 330 340 350 360
....|....|....|....|....|....|....|....|....|....|....|....|

P. sylvestris ------------------------------------------------------------
O.sativa MYKPKPLTISHVLAKFRTIAKESGKDSQDKKRNHIKGLLVAATDCEPQYITRLLQSKMRI
A. thaliana MFKPEPLTVVKVFDTFRQIAKESGKDSNEKKKNRMKALLVATTDCEPLYLTRLLQAKLRL
T. pratense MRKPEPLTIRKVFKTFHLIAKESGKDSQEKKKNHIKSLLVAATDCEPLYIIRLLQTKLRI
Clustal Consensus                                                             

370 380 390 400 410 420
....|....|....|....|....|....|....|....|....|....|....|....|

P. sylvestris ------------------------------------------------------------
O.sativa GLAEKTVQMALGQAAVYSEKHS-PPSKIQSPFEEAAKIIKQVYSVLPIYDKIVPAILEVG
A. thaliana GFSGQTVLAALGQAAVYNEEHSKPPPNTKSPLEEAAKIVKQVFTVLPVYDIIVPALLSGG
T. pratense GYAEQTLLAALGQAAVYTEEHSKPPPEIKSPFEEAAQIVKKVYSVLPDYDKIVAALLTDG
Clustal Consensus                                                             

430 440 450 460 470 480
....|....|....|....|....|....|....|....|....|....|....|....|

P. sylvestris ------------------------------------------------------------
O.sativa VWKLPEICSFSIGVPVGPMLAKATKSVSEIIDKFQGLEYTCEYKYDGERAQIHCLEDGSV
A. thaliana VWNLPKTCNFTLGVPIGPMLAKPTKGVAEILNKFQDIVFTCEYKYDGERAQIHFMEDGTF
T. pratense VWELPKKCDFTPGVPVGPMLSKATKGVSEILNKFQDVEFTCEYKYDGERAQIHYLENGSV
Clustal Consensus                                                             

490 500 510 520 530 540



Supplemental Figure S4. Alignment of the predicted partial amino acid sequence of the putative 

Pinus sylvestris DNA ligase with Oryza sativa putative DNA ligase (AAL31067), Arabidopsis  

thaliana DNA ligase 1 (NP_172293) and Trifolium pratense putative DNA ligase (BAE71211). 

Identical and similar amino acids are highlighted in green and yellow, respectively, using 70 % 

threshold. The amino acids which are totally conserved in the ligases are shown with asterisks.

DNA ligase

490 500 510 520 530 540
....|....|....|....|....|....|....|....|....|....|....|....|

P. sylvestris ------------------------------------------------------------
O.sativa EIYSRNAERNTGKYPDVVDAVSRFRKPTVKSFVLDCEIVAYDREKKKILPFQILSTRARK
A. thaliana EIYSRNAERNTGKYPDVALALSRLKKPSVKSFILDCEVVAFDREKKKILPFQILSTRARK
T. pratense EIYSRNAERNTGKFPDVVAAVSRLKKTTVSSFILDCELVAYDRAKQRILPFQVLSTRARK
Clustal Consensus                                                             

550 560 570 580 590 600
....|....|....|....|....|....|....|....|....|....|....|....|

P. sylvestris ------------------------------------------------------------
O.sativa GVTISDIKVSVCTFGFDILYINGKPLLQEQLKVRREHLYNSFEEVPGVFQLATSITSNDL
A. thaliana NVNVNDIKVGVCIFAFDMLYLNGQQLIQENLKIRREKLYESFEEDPGYFQFATAVTSNDI
T. pratense NVAISDIKVEVCVFAFDLLYLNGQALLQENLRIRREHLYASFEEESGFFQFATSTTSNDV
Clustal Consensus                                                             

610 620 630 640 650 660
....|....|....|....|....|....|....|....|....|....|....|....|

P. sylvestris ---------------------------TYEPAKRSNNWLKLKKDYMDSIGDSLDLVPIGA
O.sativa EEIQKFLDTAVNSSCEGLIIKTLDKDATYEPAKRSNNWLKLKKDYMDSIGDSLDLVPIAA
A. thaliana DEIQKFLDASVDVGCEGLIIKTLDSDATYEPAKRSNNWLKLKKDYMDSIGDSVDLVPIAA
T. pratense EEIQKFLDQAIDASCEGLIIKTLHEDATYEPSKRSLNWLKLKKDYMENIGDSLDLVPIGA
Clustal Consensus                            ****:*** **********:.****:*****.*

670 680 690 700 710 720
....|....|....|....|....|....|....|....|....|....|....|....|

P. sylvestris FLGRGKRTGVYGAFLLACYDEDTEEFQSVCKIGTGFTEVMLEQRSDSLRNKVIPKPKPYY
O.sativa FHGRGKRTGVYGSFLLACYDEQNEEYQTICNIGTGFSEQQLEERSVSLRTKAIPKPKAYY
A. thaliana FHGRGKRTGVYGAFLLACYDVDKEEFQSICKIGTGFSDAMLDERSSSLRSQVIATPKQYY
T. pratense FHGRGKRTGVYGAFLLACYDNDNEEFQSIAKIGTGFKEEVLEERSTSLRSKVIPKPKSYY
Clustal Consensus * **********:******* :.**:*::.:*****.:  *::** ***.:.*..** **

730 740 750 760 770 780
....|....|....|....|....|....|....|....|....|....|....|....|

P. sylvestris RYGETLGVDVWFEPSEVWEVKAADLSISPVHRAAAGAVDPNKGISLRFPRLLRVREDKNP
O.sativa RFADTMDPDVWFEPSEVWEVKAADLSISPVHRAANGIVDPNKGISLRFPRLLRVRDDKNP
A. thaliana RVGDSLNPDVWFEPTEVWEVKAADLTISPVHRAATGIVDPDKGISLRFPRLLRVREDKKP
T. pratense QYGESTNPDVWFEASEVWEVKAADLTISPVYRAAVGKVDSNKGISLRFPRLVRVRPDKAP
Clustal Consensus : .:: . *****.:**********:****:*** * **.:**********:*** ** *

790 800 810
....|....|....|....|....|....|.

P. sylvestris DQATTAEQVAEMYRAQ---------------
O.sativa EQATTSEQVADMYRAQKIYHANNNNDDEDDD
A. thaliana EEATSSEQIADLYQAQKHNHPSNEVKGDDD-
T. pratense EQASSSEQVAEMYTAQKHNHNDKQDDEEDD-
Clustal Consensus ::*:::**:*::* **               



Supplemental Figure S5. Alignment of the predicted amino acid sequence of the putative Pinus 

sylvestris metacaspase with the metacaspase type II sequences of Picea abies (CAD59226) and 

Arabidopsis thaliana (NP_178051). Identical and similar amino acids are highlighted in green and 

yellow, respectively, using 70 % threshold. The amino acids which are totally conserved in the type 

II metacaspase proteins are shown with asterisks.

Metacaspase

10 20 30 40 50 60
....|....|....|....|....|....|....|....|....|....|....|....|

P. sylvestris MTRKAVLVGCNYPGTKAELKGCVNDVNRMYKCLVERFGFKEENIRVLIDTDDSYPQPTGA
P. abies MTKKAVLVGCNYPGTKAELKGCVNDVNRMYKCLVERYGFEEENIRVLIDTDDSYPQPTGA
A. thaliana MAKKAVLIGINYPGTKAELRGCVNDVRRVHKSLVDRFGFSERNITELIDTDESSTKPTGK
Clustal Consensus *::****:* *********:******.*::*.**:*:**.*.**  *****:* .:*** 

70 80 90 100 110 120
....|....|....|....|....|....|....|....|....|....|....|....|

P. sylvestris NIRRAWKTLAEGARPGDIIFFHYSGHGVRLPAETGDQDDTGYDECIVPCDMNIITDDDFR
P. abies NVRRALKTLVEGSRAGDIIFFHYSGHGVRLPAETGDQVDTGYDECIVPCDMNLITDDDFR
A. thaliana NIRRALLNLVESAKPGDVLVVHYSGHGTRLPAETGEDDDTGYDECIVPCDMNLITDDEFR
Clustal Consensus *:***  .*.*.::.**::..******.*******:: **************:****:**

130 140 150 160 170 180
....|....|....|....|....|....|....|....|....|....|....|....|

P. sylvestris DFIDKVPRDCLCTIVSDSCHSGGLIERAKEQIGESTKDGDEQPEQNKHSRFGFRDLLSES
P. abies EFIDKVPRDCFCTIVSDSCHSGGLIERAKEQIGESTKDGDERPEHKKQGGFGFRDLLSES
A. thaliana DLVEKVPKEAHITIISDSCHSGGLIDEAKEQIGESTKKKPKK-ESGGSSGLGIKGFVREA
Clustal Consensus ::::***::.  **:**********:.**********.  :: *    . :*::.:: *:

190 200 210 220 230 240
....|....|....|....|....|....|....|....|....|....|....|....|

P. sylvestris AHDAFESRGVHLPSHHEHKDRHEFDEGETREIEYRGRGHAKNRSLPLSTLIEILNEKTGR
P. abies VHGAFESRGIHLPSRHEHKDRRESDEGETQEIEYHGKGRAKNRSLPLSTLIEILNEKTGR
A. thaliana VEEALESKGIAIP---HHKDEKDENKTKELKLEDGAKVHVVNKSLPLQTLIDILKQNTGN
Clustal Consensus .. *:**:*: :*   .***.:: :: :  ::*  .: :. *:****.***:**:::**.

250 260 270 280 290 300
....|....|....|....|....|....|....|....|....|....|....|....|

P. sylvestris HDIDVGKIRPALFDIFGDDASPKVKKFVKVLVTKLQSADNKGGLLGAIGNLAQQFLKQKL
P. abies HDIDVGKIRPTLFDMFGDDASPKVKKFVKVLVTKLQSSGNEGGLLGAIGNLAQQFLKQKL
A. thaliana NDIEVGKIRPTLFNVFGEDASPKVKKFMKVILTKLQEGKTEGGILGMIGKLAQEFLKHKL
Clustal Consensus :**:******:**::**:*********:**::****.. .:**:** **:***:***:**

310 320 330 340 350 360
....|....|....|....|....|....|....|....|....|....|....|....|

P. sylvestris DGSDEGSEYVKPALKEKVSSTQEVYAGSGNRGLPDMGILASGCQSDETAADANPTGKPDH
P. abies DGSDGGSEYVKPALQEEVSSTQEIYAGSGKRGLPDMGILVSGCQSDQTSADANPTGNPAH
A. thaliana NDDE---EYVKPAMKTHVGNKQEVYAGASNGSLADNGILISGCQTDQTSADASPQGHPEM
Clustal Consensus :..:   ******:: .*...**:***:.: .*.* *** ****:*:*:***.* *:*  

370 380 390 400 410
....|....|....|....|....|....|....|....|....|....|....|...

P. sylvestris AYGALSNAIQTILAEHDGPIPNRQLVMKARQMLSKQGFKQRPGLYCTDRLANAPFICD
P. abies AYGALSNAIQTILAEHDGPIPNRQLVMKARQILSKQGFAQRPGLYCTDRLANAPFICD
A. thaliana AYGAFTNAVQIILEETKGMITYKELVLKARKLLKKQGFSQRPGLYCSDSFVNAPFIC-
Clustal Consensus ****::**:* ** * .* *. ::**:***::*.**** *******:* :.****** 



Tat-D
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....|....|....|....|....|....|....|....|....|....|....|....|

P. sylvestris ---------------------------------------------------TGGSLKESK
P. sitchensis MAK--LKLIDIAANLTDGMFKGIYNGKQYHVSDIAEVLKRAWEAGVERIIVTGGSLKESK
A. thaliana MAS--LKMIDIAVNFTDGMFKGLYHGKNCHVPDIATVLNRAWSAGVDRIIVTGGSLEESR
O. sativa MASTGVKLIDIAVNFTDGMFRGIYHGKQCHAADIPAVLARAWAAGVDRIIVTGGSLKESR
H. sapiens MSR--FKFIDIGINLTDPMFRGIYRGVQKHQDDLQDVIGRAVEIGVKKFMITGGNLQDSK
M. musculus MSL--FKFVDIGINLTDPMFRGIYRGVQKHQDDLQDVIERAIQIGVKKFMITGGSLQDSK
C. elegans --MALYELVDIGANLGHPSYQ----------KDLNDVLDRAKQAGLSKIMVTGTSEKISH
E. coli ---MEYRMFDIGVNLTSSQFA----------KDRDDVVARAFDAGVNGLLITGTNLRESQ
Clustal Consensus                                                    ** . . *:

70 80 90 100 110 120
....|....|....|....|....|....|....|....|....|....|....|....|

P. sylvestris EALAIAETDG-RLFCTVGVHPTRCKEFEESGNPEHYFQELVSLAKEGVERGKVVAIGECG
P. sitchensis EALAIAETDG-RLFCTVGVHPTRCKEFEESGNPEHYFQELVSLAKEGVQRGKVVAIGECG
A. thaliana EALAIAETDG-RLFCTVGVHPTRCNEFEESGDPEKHYQALFSLAKEGMQKGKVVAIGECG
O. sativa EALEIAETDG-RLFCTVGVHPTRCGEFEESGDPEGHFQALLALAKEGIAKGKVVAVGECG
H. sapiens DALHLAQTNG-MFFSTVGCHPTRCGEFEK-NNPDLYLKELLNLAEN--NKGKVVAIGECG
M. musculus DALQLAQTND-MFFSTVGCHPTRCDEFEK-GSPDQYLAGLLSLAEN--NKGKVVAIGECG
C. elegans ECADLVEKYPGFLYFTAGVHPHDAKDWND-----GTLEALKKLQEN----PSCVAVGECG
E. coli QAQKLARQYS-SCWSTAGVHPHDSSQWQA-----VTEEAIIELAAQ----PEVVAIGECG
Clustal Consensus :.  :..      : *.* **  . :::           :  *  :     . **:****

130 140 150 160 170 180
....|....|....|....|....|....|....|....|....|....|....|....|

P. sylvestris LDYDRLQFCPADVQRQYFEKQFELADALRLPMFLHMRAAGKDFCDIIEQNRHRFISGVAH
P. sitchensis LDYDRLQFCPADVQKQYFEKQFELADALRLPMFLHMRAAGKDFCDIIEQNRHRFISGVAH
A. thaliana LDYDRLQFCSVDIQKKYFEKQFELAYATKLPMFLHMRAAAEDFCEIVERNKNRFTGGVAH
O. sativa LDYDRLHFCPSDVQKKYFKKQFELAEAVKLPMFLHMRAAGEDFCEIVSENLYRFPGGVTH
H. sapiens LDFDRLQFCPKDTQLKYFEKQFELSEQTKLPMFLHCRNSHAEFLDIMKRNRDRCVGGVVH
M. musculus LDFDRLQFCPKDTQLKYFEKQFELSEQTQLPMFLHCRNSHTEFLDIMRRNRDRYVGGVVH
C. elegans LDFNR-NFSPQDVQKEVFAKQVDMAVKLQKPLFIHEREAHEDMVKILTAAGPSLPPAVIH
E. coli LDFNR-NFSTPEEQELAFVAQLRIAAELNMPVFMHCRDAHERFMTLLEPWLDKLPGAVLH
Clustal Consensus **::* :*.. : *   *  *. ::   . *:*:* * :   :  ::         .* *

190 200 210 220 230 240
....|....|....|....|....|....|....|....|....|....|....|....|

P. sylvestris SFTGCAEDRDQLLKFDNLFIGINGCSLKTV-----ENLQVLAGIPLERMMIETDAPYCEI
P. sitchensis SFTGCAEDRDQLLKFDNLFIGINGCSLKTV-----ENLQVLAGIPLERMMIETDAPYCEI
A. thaliana SFTGSASDRDKLLSFDKMYLGVNGCSLKTA-----ENLEVMKGIPVERMMIETDSPYCDI
O. sativa SFTGTAEDRDKLLSFEKMFIGINGCSLKTS-----ENLEVLQGIPAERMMIETDSPYCDI
H. sapiens SFDGTKEAAAALIDLD-LYIGFNGCSLKTE-----ANLEVLKSIPSEKLMIETDAPWCGV
M. musculus SFDGTKEAAAALVDLG-LYIGFNGCSLKTE-----ANLEVLKSIPSEKLMIETDAPWCGV
C. elegans CFTGTVVEAKKYLEMG-FYIGLTGFLWKDRSDNGVQAGLRSGEIPIEKLVLETDAPYMYP
E. coli CFTGTREEMQACVARG-IYIGITGWVCDER--RGLELRELLPLIPAEKLLIETDAPYLLP
Clustal Consensus .* *        :    :::*..*   .               ** *::::***:*:   

250 260 270 280 290 300
....|....|....|....|....|....|....|....|....|....|....|....|

P. sylvestris RSTHAGAHYIKSVWSSKKKEKFDPGCTVKNRNEPCFVRQVLEVVAGQRGIEDVGSLAKTL
P. sitchensis RSTHAGARYIKSMWSSKKKEKYDPGCTVKNRNEPCFVRQVLEVVAGQRGIEDVGILAKTL
A. thaliana KNTHAGIKFVKSTWPSKKKEKYDQESLVKGRNEPCLVRQVLEVVAGYKGLGDLNQVSSTL
O. sativa KNTHAGIKFVKSVWPSKKKEKYEPDSTVKGRNEPCLVRQVLEVVAGCKGIADIEGLSKTL
H. sapiens KSTHAGSKYIRTAFPTKKK--WESGHCLKDRNEPCHIIQILEIMSAVR-DEDPLELANTL
M. musculus KSTHAGSKYINTSFPTKKK--WENGHCLKDRNEPCHIIQILEIMSAVR-EEDPLELANTL
C. elegans KINDKKIPKEIKSLITPETEALHNF-SSFNRNEPCSLAAVCELVAAFA-GRDPKEVAKIT
E. coli RD------------LTPK--------PSSRRNEPAHLPHILQRIAHWR-GEDAAWLAATT
Clustal Consensus :              : :            ****. :  : : ::      *   ::   

310 320 330



Supplemental Figure S6. Alignment of the predicted partial amino acid sequence of the putative 

Pinus sylvestris Tat-D with Picea sitchensis unknown protein (ABK24610), Arabidopsis thaliana 

Tat-D-related deoxyribonuclease family protein (NP_190807), Oryza sativa Tat-D like protein 

(NP_001058926), Homo sapiens Tat-D like protein (NP_114415), Mus musculus Tat-D DNAse 

(AAH61187), Caenorhabditis elegans Tat-D like protein (NP_504476) and Escherichia coli Tat-D 

DNAse (YP_671915). Identical and similar amino acids are highlighted in green and yellow, 

respectively, using 70 % threshold. The amino acids which are totally conserved in the Tat-D 

proteins of the species are shown with asterisks.

Tat-D

310 320 330
....|....|....|....|....|....|

P. sylvestris YANTCRVFFPHDLDTMAGVVLGDDCNI---
P. sitchensis YANTCRVFFPHDLDTMAGVVLGDDCNI---
A. thaliana YHNTCRVFFPQDLDSAADALLS-GHHETD-
O. sativa YHNTCRLFFPQDLDASADAQLESGAFIQNS
H. sapiens YNNTIKVFFPGI------------------
M. musculus YNNTIKVFFS--------------------
C. elegans TENAKKVYKLE-------------------
E. coli DANVKTLFGIAF------------------
Clustal Consensus   *.  ::                      


