
 

 

 

 

 

Expression patterns of cell wall modifying genes from 

banana during fruit ripening and in relationship with 

finger drop  

 

Mbéguié-A-Mbéguié D., Hubert O., Baurens F.C., Matsumoto T., Chillet M., Fils-Lycaon B., 

Sidibé-Bocs S. 

 

 

 

 

Supplementary Data 



Table S1: Sequences of primers used in this study 

 

Target Name Oligonucleotide sequence 5’→ 3’ 
Product  
size (bp)  

Reference 

     

 dT17-adapter GACTCGAGTCGACATCGA-T17   
 Adapter GACTCGAGTCGACATCGA  

Frohman (1990) 

     

 Xth-F1  CAYGAYGARATIGAYTTYGARTT   This study 
     

EXP1-SPF GGTGGAGGCATTCGGTCTGGTT 
αMaEXP1 

EXP1-SPR GGGAGGTGACACGATGAGAAGATGG 
221 

    

EXP2-SPF GCAGAGCAACGCGTACCTCACT 
αMaEXP2 

EXP2-SPR GAGAAGAGGTCGAACAGCGCGA 
165 

    

EXP3-SPF GGAACTGGGGTCAGAACTGGCA 
αMaEXP3 

EXP3-SPR GGCGGGAAGGAGTTTGAGCTTG 
187 

    

EXP4-SPF TCGGCCAATCCCTCTCCTTCCG 
αMaEXP4 

EXP4-SPR AGAGTGGAGCAGCATTCGAGTTGCAGT 
150 

    

EXP5-SPF GCGGTGCGACAATGGCAGTAGA 
αMaEXP5 

EXP5-SPR GCAGCCACTTCAGCCTCTGCTA 
208 

Trivedi et al., 2004,  
Sane et al., 2007 

     

PG1-SPF TCTTCATTCTTTCTCTTTTTCTGC  
MaPG1 

PG1-SPR TTAGTATGCAGCCAAATTAGATCC 
150 

    

PG1/2SPF TCATTACAGCATTGAAGGGAAA  
MaPG1/2 

PG1/2SPR  GTCAAGTTATTTGGGGTGCATT 
131 

    

PG3-SPF GAGCCTGGGTATGCACAACT   
MaPG3 

PG3-SPR GTACACCGTGTCGAAGCTGAT 
132 

    

PG4-SPF GTATTGGAAGCTTAGGAAAGCAG   
MaPG4 

PG4-SPR ACGGTGTCCATGCGTATGTT 
150 

Asif et al., 2005 

     

PEL1-SPF TGCTCATTTCTCTTCTTTCACG 
MaPEL1 

PEL1-SPR TCCCAAGTCAAGTAGTATCAACACA 
153 

    

PEL2-SPF GGAAGCGTTGTCAGTTTCTTTT 
MaPEL2 

PEL2-SPR GGATAACGGGCAAAAGACTAAA 
177 

Pua et al., 2001 

     

XET1-SPF CGGAGTGCTCCATTGCCTGAGAGAA MaXET1 XET1-SPR AGCCGATGTGTGCTTTCATTGGTTGT 153 
    

XET2-SPF GGAATGCTTCGCCGGCATCTAAG MaXET2 XET2-SPR TCACATCCAATACAATTCTTCCTTATCGCA 188 
Lu et al., 2004 

     

XTH3-SPF GACAGGATGAGGTGGGTGCAGAAGA MaXTH3 XTH3-SPR TGCTAATCCGGTAGACGCAGAACAGA 222 
    

XTH4-SPF CGACTGATGGCTGCTGGAT MaXTH4 XTH4-SPR TCCATCTTTTACATACAAAACGGAACT 101 
    

XTH5-SPF CACATTCCCGGACTGCGATTACGTC MaXTH5 XTH5-SPR CTTCGAACACCAATCCCCGATGCTC 247 
    

XTH6-SPF TGCTACGACCAGCATCGATATGGCA MaXTH6 XTH6-SPR GATGGTTGATCGTCGACGGCACTTG 167 
    

XTH7-SPF ACAGAGGATGAAGTGGGTGCAGAGG MaXTH7 XTH7-SPR CTCTGTCTCTCTCAGGCGATGGAGC 114 
    

XTH8-SPF TACAACTACTGCAACGACGCCAAGC MaXTH8 XTH8-SPR CCTGAGAACATGGTTTGCGCAGGTT 204 
    

XTH9-SPF CGCAGAAGAACTACATGATCTACAAC MaXTH9 XTH9-SPR CAGAGAGACTAGTATATTGCTTGTTCG 196 

This study 

     

PME1-SPF CTTTTACCGCAGGGTTGAACTAAG MaPME1 PME1-SPR GAAGAAACGTTTTATTCCACACATC 125 
    

MaPME2 PME2-SPF CGTGGAGCATTTCATCCAGGGCAAC 185 

This study 



PME2-SPR ACTGCAATGCTTACAACTGGGCACG 
    

PME3-SPF ATTCTGGGGGATAACTGGCTGCCTC MaPME3 PME3-SPR CCCGATGCCTCCACAATTGAATCCC 180 
     

Act-F GAGAAGATACAGTGTCTGGA 
MaACT Act-R ATTACCATCGAAATATTAAAAG 

231 Liu et al., (1997) 

 
 
 
 
 



Table S2 

 

Name Consensus MA-PME2 
promoter 

MA-PME3 
 promoter Function 

     

TATABox TATA -30 -31 

CAATBOX1 CAAT -451 -484 
Basal promoter elements for transcription 

     

CURECORECR GTAC - -457, -601, -800, -879 Copper/O2-response element 

MYBGAHV TAACAAA -429 - 

CAREOSREP1 CAACTC - -129, -285 

GARE2OSREP1 TAACGTA -1155  

Gibberellin related element 

     

SURECOREATSULTR11 GAGAC -531 - Sulfur responsive element containing the auxin response factor (ARF) binding sequence 
(GAGACA) 

     

POLLEN1LELAT52 AGAAA -611, -787 -753 Pollen specific expression 
     

WBOXATNPR1 TTGACC -1080, -1091 -561, -942 Plant defense responsiveness 
     

ARFAT TGTCTC -1347 -688 Auxin responsive factor 
     

ACGTATERD1 ACGTA -362 -727 Early response to dehydration 
     

CATATGGMSAUR  CATATG -117 -968 Auxin related element 
     

TCA-element CCATCTTTTT -206 -619 Cis-acting element involved in salicylic acid responsiveness 
     

WBOXNTERF3 TGACY -1081, -1092, - 1324 -263, -542, - 563, -713, 
-944, -1009, -1061, -1102 Wounded related element through ethylene response factor 3  

     

 

 
 
 Analysis of MaPME2 and three promoter sequences was performed using PLACE (Prestridge 1991; Higo et al., 1999) and PLANT CARE (Lescot et al., 2002) 

programs. These numerous cis-regulatory sequences might be involved in tissue-specific or developmentally-regulated gene expression. Some of them are present 

in common in both Ma-PME2 and MaPME3 promoter sequences, including the basal TATA- and CAAT-box promoter elements for transcription, pollen-specific 

expression, plant-defense response element, auxin, gibberellin and salicylic-acid response elements. Other motifs like the sulphur-response element that contains 

the auxin–response factor (ARF) binding sequence (GAGACA) and the copper/O

Different ci-regulatory elements found within the promoter of MaPME2 and 3 genomic sequences.  

2-reponse element appeared to be specific to Ma-PME2 and MaPME3 promoter 

sequences, respectively.  



FIGURE S1 
 
MA-XET1     ------MAMRFLLVACSLVAIASAGNFYQEFDVTWGGDRAKNLDNGQLLTLSLDKASGSG 
MA-XET2     MGHTTILSLAFFILALVAFAGARPANFLQDFRITWAGTHIKQLQGGSAIQLMLDPSSGCF 
MA-XTH3     ------------------------------------------------------------ 
MA-XTH4     ------------------------------------------------------------ 
MA-XTH5     ------------------------------------------------------------ 
MA-XTH6     ------------------------------------------------------------ 
MA-XTH7     ------------------------------------------------------------ 
MA-XTH8     ------------------------------------------------------------ 
MA-XTH9     ------------------------------------------------------------ 
                                       
                                                   DEIDFEFLG  
MA-XET1     FQSKNQYLFGKIDMQIKLVPGNSAGTVTAYYLSSQGPTHDEIDFEFLGNPSGDPYTLHTN 
MA-XET2     ASNKQYHYGRVSMKIKLIPGDSAGTVTAFYMNSDTDAVRDELDFEFLGNRSGQRTRSKTF 
MA-XTH3     --------------------------------------HDEMDFEFLGNLTGDPYTLHTN 
MA-XTH4     --------------------------------------HDEMDFEFLGNTSGEPYVLHTN 
MA-XTH5     --------------------------------------HDEMDFEFLGNVRGKDWRIQTN 
MA-XTH6     --------------------------------------HDEMDFEFLGNVRGKDWRIQTN 
MA-XTH7     --------------------------------------HDEMDFEFLGNLSGDPYTLHTN 
MA-XTH8     --------------------------------------HDEMDFEFLGNLSGDPYALHTN 
MA-XTH9     --------------------------------------HDEMDFEFLGNLSGDPYTLHTN 
                                                            NxS 
                                                             T 
MA-XET1     VFTQGKGNR--EMQFKLWFDPTEDFHTYSILWNPRHVI---------------------- 
MA-XET2     TFT-GRATR--EQRVNLWFDPAADYHTYTILWDHYHVV---------------------- 
MA-XTH3     VYTQGKGNR--EMQFKLWFDPTKDFHAYSVLWNPRHVMVFLSNPHQRCRRCSPSV--RHR 
MA-XTH4     VFAQGKGDR--EQQFYLWFDPTLAFHTYSVLWNPRRIV---------------------- 
MA-XTH5     VYGNGSTARGREERYLVPFDPTEAAHRYSILWTPDYII---------------------- 
MA-XTH6     VYGNGSTTRGREERYLVPFDPTEEPHRYSILWTPDYII---------------------- 
MA-XTH7     VFTQGKGNR--EMQFKLWFDPTKDFHTYSILWNPRHVMCVFHSICCLLSFHYSYAHHESV 
MA-XTH8     VFTQGKGNR--EMQFKLWFDPTEDFHTYSILWNPRHVMDLDDELVTRCRNSP-----WVL 
MA-XTH9     VFTQGKGNR--EMQFKLWFDPTKDFHTYSILWNPRHII---------------------- 
 
MA-XET1     --FMVDG--TPIRDFKNLESRGIAFPNSQPMRIYSSLWNADDWATRGGLVKTDWSKAPFT 
MA-XET2     --FSVDD--VPIRVYKNNEGRGIPYP-VQPMGVYSTLWEGDDWATRGGLEKIDWSKAPFY 
MA-XTH3     CSFMVDG--TPIRDFKNLESRGIPFPKNQPMRIYSSLWNADDWATRGGLVKTNWNNAPFT 
MA-XTH4     --FYVDG--TPVRVFRNSEGAGVAYPKSQAMRVYASLWDADDWATRGGLVKTDWSQAPFV 
MA-XTH5     --FYVDD--VAIREVVRSDSMGGDFP-SKPMSVYATIWDGSSWATSYGKIKINYKYAPYV 
MA-XTH6     --FYIDD--VPIREVVRSDAMGGDFP-SKPMSVYATIWDGSSWATSYGRIKINYKYAPYV 
MA-XTH7     STFQLHGGRHANPRLQEPGVEGHRVPQEPAHEDLLQPLECRRLGDQRRAGEDRLVQGAVH 
MA-XTH8     RWFQLHGRRHSHQRLQEPGIEGHRLPQEPTHEDLLQPLERQRLGDQGRAGEDGLEQGTLR 
MA-XTH9     --FMVDG--TPIRDFKNLESRGIAFPKNQPMRIYSSLWNAEDWATRGGLIKTDWTKAPFV 
 
MA-XET1     ASYRNFKADTCVPSSATTECASNSVPSN-----GGWWNQELDSMGQQRMKWVQKNYMIYN 
MA-XET2     AYYKDFDIEGCAVPGPANCASNPNN-------WEGSAYRQLSPEQARKYRWVRANHMIYD 
MA-XTH3     ASYRNFNADACVWSSGISSCAPRNSSSAVPAAARGWWSQELDTPSQDRMRWVQKNYMIYH 
MA-XTH4     ASYRGFVADACVAASVRPSCSASKA---------GWWDQGLDSGGARKLKWVRDNYMVYD 
MA-XTH5     SEFSDLVLRGCRVD-PIQQVDTAERCAETVEELMSADFALLTPMKRAAMRRFRERYMIYS 
MA-XTH6     SEFSDLVLRGCRVG-PIQQVDSADRCAEAVEELMSADYALLTPRKRAAMRRFRERYTIYS 
MA-XTH7     GVVQRLQG---------------------------------------------------- 
MA-XTH8     RLLQELQRRRLRPGKLQVRRLHQERVVEPGARLDQPGEDEMGSEELHDLQLLQRRQAVSS 
MA-XTH9     ASYRNFNANACIKASGRSSCTPAKS---------GWWNQELDSASHARMRWAQKNYMIYN 
 
MA-XET1     YCSDLKRFSQGLPPECSIA--------------------------------------- 
MA-XET2     YCTDKPRYPVPPPECFAGI--------------------------------------- 
MA-XTH3     YCTDLKRFPQGFPPECSMT--------------------------------------- 
MA-XTH4     YCRDAKRFPGGFPPECSQPLD------------------------------------- 
MA-XTH5     FCYDQHRYGNFTFPDCDYVSPEHTRFGEWGNNRFPPKEVRRSRRRVRKPSPISVQSSE 
MA-XTH6     FCYDQHRYGNVTFPDCDYVSSEHSRFGEWGDNKFPPKEVRRARRRSRKPSAVDDQPSK 
MA-XTH7     ---------------------------------------------------------- 
MA-XTH8     GPAAGVRHCLNGRSRLK----------------------------------------- 
MA-XTH9     YCNDVNRFPQGLPPECSIA--------------------------------------- 

 

Multiple sequence alignment of polypeptide sequences of banana XTH genes  
The predicted polypeptide of banana MaXET1 (accession n° EF103137) and MaXET2 (accession 
n°EF103136) genes, and those corresponding to MaXTH cDNAs isolated in this study were aligned (2A) 
using the using the CLUSTAL X program (Thompson et al., 1997). The putative active site conserved among 
glycosyl hydrolase family 16 (GH16) enzymes with the adjacent N-linked glycosylation site are indicated 
in bold.  

 



FIGURE S2 
 
 
 
 
 
MA-PME1  PTVSTLCTTSSSRSKLLLSCVAFSSLFLLLLTLSNVSKPVPYHHRLHVHSHLQDATGHCD 
MA-PME2  -MGNNKVAVLSVSAIVLVAVVA----TVAVTVSNRQSRPAQT----ELSTSNKNIKDFCR 
MA-PME3  ----MAFSHTGVLFLLLLS-------FLLLLLGNPASSDAP-------PSAPVDPSTACN 
 
 
MA-PME1  GTLYPDLCASTLSTIPDLHSKSLPEVICATINASEGAVIKSAKNCTKYLHHHNYTLDTRQ 
MA-PME2  PTDYQATCESSLSAVAGNTTD-PKELVNLAFQVTIDHMKEAFNHSTVLSEAA---KDSRT 
MA-PME3  STLDPKFCKTVL---PRRGSDNLYDYGRFSLAKSLSNARRFLNLVNRYLAGR-STLSSTA 
 
MA-PME1  RYALTDCLDLFSQTLDELLDATSDLT-ANP---GSHVDHVQTLLSAAITNQYTCLDGFAY 
MA-PME2  SDALENCRELLDYAIDDLKSSIDRLDGFSLTKLDKFLDDLKVWISASITYQETCLDGFEN 
MA-PME3  ILALQDCQLLSSLNIDFLTSAGATLN-YTDNLLDPQVEKVQTLLSALLTNQQTCSDGLQA 
 
MA-PME1  VGKDGGYRSVIEQPLYHVSHLVSNSLAMMKKIQRQKPPHPR-------REALEG----YG 
MA-PME2  TTTDAAES—MRKALNSSAELTSNILAIVTNFDSALDSLNLG----------------FN 
MA-PME3  TASAWSVKNGLSVPISNSTKLYGISLALFKKAWIPKKKYKRNGGRVPSRVLPHGRSLLFH 
 
MA-PME1  EVAEG----FPVWVSG---------KDRRLLQAAANTTTPNLIVAK-DGSGNFTTISDAV 
MA-PME2  RKLLA--EEYPSWISP---------GNRRLLQQSPAELKPNITVAK-DGSGDVKTIGEAV 
MA-PME3  EVNVGRNGELPLRMSAPKRGLFERWSGRRLLQATDTVQVDDIVLVSQDGSGNYTTISDAV 
 
MA-PME1  AAAPSKSE---TRFVIYIKAGAYLENVEVGKSKTNLMFMGDGIGKTVVKASRNVVDGWTT 
MA-PME2  LRVPTKSN---YTFVIYIKEGVYEEQVQVNRSLTNVMMIGDGTSKTKITGKLNYIDGTAT 
MA-PME3  NSAPSDLDGSTGYYLLYVAAGVYQEYVVISKHKKYLMMIGDGINQTVITGNHNVVDGWTT 
                 
MA-PME1  FRSAT-VAIVGNGFLMRDMTIENSAGPSK

I 
HQAVALRVGADLSAFYRCSFVGYQDTLYAHS 

MA-PME2  FKTAT-VAIVGDGFIGKDLWIENSAGAAKHQAVALRVQSDKSVFYNVRMDGYQDTLYVHT 
MA-PME3  FNSSTFAAVVGQGFVGINMTFQNTAGPAKHQAVAVRNGADLSTFYSCSFEGYQDTLYTHS 

II III                                
DFIFGMA-PME1  LRQFYRECDVYGTI NAGVVLQNCNLYARKPLSNQKNIFTAQGREDPNQNTGISIQ 

MA-PME2  KRQFYRECTISGTIDFIFGDSPTVFQNCLIQARKPLDNQQNIVTAQGRKDRRQASAIILH 
MA-PME3  MRQFYGECDIYGTVDYIFGNAAVVFQSCNVYSRLPLQGQTNTITAQGRTDPNQNTGTSMQ 
                          
MA-PME1  NCKVAAASDLAPVQSNFSTY

IV
LGRPWKAYSRTVYMQSLLDSLINPAGWLEWDGDFALSTLY 

MA-PME2  NCTISADPAYFPARKKLPTFLGRPWKEFSRTFVLQSQLDDLIDPKGWLPWSGDFGLNSCF 
MA-PME3  DCNFLAAADLAADNGPTITYLGRPWKLYSRTVIMQSFMDSLIDPAGWLPWNGDFALDTLY 
                
MA-PME1  YGEYMNRGPGSSTANRVKWPGYRVINSSAEASMFTVESFIEGDQWLGSTSVPFTAGLN— 

V 

MA-PME2  YTELDNRGPGAGMSQRVNWKGVKSIDY-AHAQKFTVEHFIQGNAWLPKTGVPFIPGLLPM 
MA-PME3  YAEYNNSGPGAGVANRVTWPGYHVIGS-SDAANFTVSSFILGDNWLPQAGVPYDSGLL— 
 
MA-PME1  ------- 
MA-PME2  TESGRIH 
MA-PME3  ------- 

 
 

BAC localisation of banana PME genes and multiple sequence alignment of polypeptide sequences   
 BAC sequences are represented as horizontal lines with a scale bar representing 10 kb (A). Predicted genes 

are represented as arrow boxes indicating the transcription direction. White boxes represent repetitive 
elements, Grey boxes represent genes and yellow boxes indicate putative PME genes. The colinearity region 
between the two BACs is highlighted. Alignment of banana PME polypeptide sequences was performed 
using CLUSTAL X (Thompson et al., 1997) according to the default parameters (B). The putative pre-
sequence or signal peptide of MaPME2 and MaPME3 genes encoding a complete PME polypeptide, are 
presented in italics. The conserved RRLL motif that corresponds to the second cleavage site leading to the 
pro-PME sequence is presented in bold. The five conserved regions of the catalytic C-terminal domain are 
underlined. The Asp136 of the third motif (YQDTL) with a proposed function in the active site of bacterial 
and plant PMEs was found to be no conserved in all PMEs. The Asp of motif IV (DFIFG) and Arg225 and 
Trp227 of motif V (LGRPW) might be involved in the active site, while Phe of motif (DFIFG) might be 
involved in substrate binding (Jenkins et al., 2001; Johansson et al., 2002). 

 
 
 
 
 
 


