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Abstract: We have shown that an agravitropic pea mutant, ageotropum, seedlings showed 

automorphosis-like growth and auxin polar transport of the first internode of etiolated epicotyls was 

substantially suppressed to lower than 50 % of that in etiolated Alaska pea epicotyls. We have 

isolated novel cDNAs containing the complete open reading frames of a putative auxin influx 

facilitator, PsAUX1, and putative auxin efflux facilitators, PsPIN1, PsPIN2 and PsPIN3, from 

etiolated epicotyls of ageotropum. No deletion and insertion of nucleotides in these genes isolated 

from ageotropum pea was found compared to those in Alaska pea. Expression of PsAUX1, PsPIN1, 

PsPIN2 and PsPIN3 genes in the first internode of etiolated ageotropum and Alaska pea epicotyls 

were almost same during early growth stage of the seedlings. These results strongly suggest that 

automorphosis-like growth and reduced auxin polar transport in etiolated ageotropum pea epicotyls 

do not depend on structure and function of PsAUX1 and PsPINs, and their gene expression, but on 

different mode of actions of other molecules regulating auxin polar transport and/or dynamics of 

PsAUX1 and PsPINs between ageotropum and Alaska pea seedlings. 
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Fig. 1 Parallel sequence alignment of PsPINs based on their deduced amino acids isolated from etiolated Alaska and an 

agravitropic pea muant, ageotropum, pea epicotyls. 

 

 

 

 

 

[GENETYX-MAC: Multiple Alignment]
Date             : 2011.01.06

PsPIN1                  1 MITLIDFYHVMTAMVPLYVAMILAYGSVKWWKIFSPDQCSGINRFVALFAVPLLSFHFIA    60
PsPIN1 (ageotropum)     1 MITLIDFYHVMTAMVPLYVAMILAYGSVKWWKIFSPDQCSGINRFVALFAVPLLSFHFIA    60
PsPIN2                  1 MITFKDLYTVLTAVVPLYVAMILAYGSVRWWKIFSPDQCSGINRFVAVFAVPLLSFHFIS    60
PsPIN2 (ageotropum)     1 MITFKDLYTVLTAVVPLYVAMILAYGSVRWWKIFSPDQCSGINRFVAVFAVPLLSFHFIS    60
PsPIN3 (ageotropum)     1 MISALDLYHVLTAVVPLYVAMILAYGSVKWWKIFTPDQCSGINRFVALFAVPLLSFHFIS    60

PsPIN1                 61 SNNPYKMNLRFLAADTLQKIMILTLLFIWSNFSKRGSLEWTITLFSLSTLPNTLVMGIPL   120
PsPIN1 (ageotropum)    61 SNNPYKMNLRFLAADTLQKIMILTLLFIWSNFSKRGSLEWTITLFSLSTLPNTLVMGIPL   120
PsPIN2                 61 SNNPYQMNFRFIAADTLQKIIMLFALSLWTKFTKNGNLEWMITIFSLSTLPNTLVMGIPL   120
PsPIN2 (ageotropum)    61 SNNPYQMNFRFIAADTLQKIIMLFALSLWTKFTKNGNLEWMITIFSLSTLPNTLVMGIPL   120
PsPIN3 (ageotropum)    61 TNNPYAMNYKFIAADSLQKLIILTILFIWSRTSSRGSLEWSITLFSLSTLPNTLVMGIPL   120

PsPIN1                121 LKGMYGDFSGSLMVQIVVLQCIIWYTMMLFMFEFRGARLLISEQFPDTAGSIVSIHVDSD   180
PsPIN1 (ageotropum)   121 LKGMYGDFSGSLMVQIVVLQCIIWYTMMLFMFEFRGARLLISEQFPDTAGSIVSIHVDSD   180
PsPIN2                121 LIAMYGDYSGTLMVQVVVLQCIIWYTLLLFLFEYRGAKLLIMEQFPETAASIVSFKVDSD   180
PsPIN2 (ageotropum)   121 LIAMYGDYSGTLMVQVVVLQCIIWYTLLLFLFEYRGAKLLIMEQFPETAASIVSFKVDSD   180
PsPIN3 (ageotropum)   121 LKGMYGDDSGTLMVQIVVLQCIIWYTLMLFLFEYRGARILIGEQFPDTAGSIISFKVDSD   180

PsPIN1                181 VMSLDGRTPLETDAEIKQDGKLHVTVRKSNASRSDIYSRRSQGLSSNTPRPSNLTNAEIY   240
PsPIN1 (ageotropum)   181 VMSLDGRTPLETDAKIKQDGKLHVTVRKSNASRSDIYSRRSQGLSSNTPRPSNLTNAEIY   240
PsPIN2                181 VVSLDGRDFLETDASVGDDGKLHVTVRKSNASRRSFMMTTPRPSNLTGAEIYSLSSTPRG   240
PsPIN2 (ageotropum)   181 VVSLDGRDFLETDASVGDDGKLHVTVRKSNASRRSFMMTTPRPSNLTGAEIYSLSSTPRG   240
PsPIN3 (ageotropum)   181 VLSLDGKEPLQTEAEVGEDGKLHVKVRKSTSSRSEIFSRRSHGVNSGVSLTPRPSNLTNA   240

PsPIN1                241 SLQSSRNPTPRGSSFNHTDFYSMMGGGRNSNFNASDVNNYGLSASRGVTPRPSNYEEDAS   300
PsPIN1 (ageotropum)   241 SLQSSRNPTPRGSSFNHTDFYSMMGGGRNSNFNASDVNNYGLSASRGVTPRPSNYEEDAS   300
PsPIN2                241 SNFNHAEFYSMMGYQPRHSNFGTTDLYSVQSSRGPTPRPSNFEENGATSPRFGFYPAQTV   300
PsPIN2 (ageotropum)   241 SNFNHAEFYSMMGYQPRHSNFGTTDLYSVQSSRGPTPRPSNFEENGASSPRFGFYPAQTV   300
PsPIN3 (ageotropum)   241 EIYSLQSSRNPTPRGSSFNHTDFYSMVNGRNVSPRQSNFGNLGFDEENGVGRVNGGANNV   300

PsPIN1                301 NAKKLKHYPAPNPGMFSPTNKNLGSNVNVKRSNGQNQDQNQNQQKQDDLHMFVWSSSASP   360
PsPIN1 (ageotropum)   301 NAKKLKHYPAPNPGMFSPTNKNLGSNVNVKRSNGQNQDQNQNQQKQDDLHMFVWSSSASP   360
PsPIN2                301 PASYPAPNPEFSSTAKTVKNQNLMQQPQQQQVSLQTKGSQDAKELHMFVWSSSRSPVSES   360
PsPIN2 (ageotropum)   301 PASYPAPNPEFSSTAKTVKNQNLTQQPQQQPVSLQTKGSQDAKELHMFVWSSSASPVSES   360
PsPIN3 (ageotropum)   301 NGGNGYPTPHSAGIFSPVANKKKGHGGGGGDGGKDLHMFVWSSSASPVSEGGIHVFRGAG   360

PsPIN1                361 VSDVFGGHEFGSHDQKEVKLNVSPGKVDGHRETQEDYLEKDEFSFGNRGMEREMNNQQHE   420
PsPIN1 (ageotropum)   361 VSDVFGGHEFGSHDQKEVKLNVSPGKVDGHRETQEDYLEKDEFSFGNRGMEREMNNQQHE   420
PsPIN2                361 AGLNAFRNSEQSEEGAKEIRMVVADEHNQNGEINNKGEVGGEEDFKFIGVKGEEQVGEGL   420
PsPIN2 (ageotropum)   361 AGLNAFRNSEQSEEGAKEIRMVVADEHNQNGEINNKGELGGEEDFKFIGVKGEEQLGEGP   420
PsPIN3 (ageotropum)   361 EYGNEHLNGVAHQKDYEEFGHDEFSFGNRTVANGVDKDGPVLSKLGSSSTTELHPKDGSQ   420

PsPIN1                421 GEKIGDGKSKVMPPASVMTRLILIMVWRKLIRNPNTYSSLIGLVWSLVSFRWNIEMPAII   480
PsPIN1 (ageotropum)   421 GEKIGDGKSKVMPPASVMTRLILIMVWRKLIRNPNTYSSLIGLVWSLVSFRWNIEMPAII   480
PsPIN2                421 NGSNKLSSNATPEIHPKATGVADSGVGKLMPPASVMTRLILIMVWRKLIRNPNTYSSLIG   480
PsPIN2 (ageotropum)   421 NGSNKLSSNATPEIHPKATGVADSGVGKLMPPASVMTRLILIMVWRKLIRNPNTYSSLIG   480
PsPIN3 (ageotropum)   421 VESKPTNMPPASVMTRLILIMVWRKLIRNPNTYSSLIGLIWSLVSFRWNVVMPAIVAKSI   480

PsPIN1                481 AKSISILSDAGLGMAMFSLGLFMALQPKIIACGNSIAAFAMAVRFLTGPAVMAAASFAVG   540
PsPIN1 (ageotropum)   481 AKSISILSDAGLGMAMFSLGLFMALQPKIIACGNSIAAFAMAVRFLTGPAVMAAASFAVG   540
PsPIN2                481 LIWSLVAFRWGVHMPKIVEKSISILSDAGLGMAMFSLGLFMALQPKIIACGNSVASFAMA   540
PsPIN2 (ageotropum)   481 LIWSLVAFRWDVHMPKIVEKSISILSDAGLGMAMFSLGLFMALQPKIIACGNSVASFAMA   540
PsPIN3 (ageotropum)   481 AILSDAGLGMAMFSLGLFMALQPRIIACGNTVASFAMAVRFLTGPAVMAVSSIVVGLRGV   540

PsPIN1                541 LKGVLFHVAIVQAALPQGIVPFVFAKEYNVHPDILSTGVIFGMLIALPITLVYYILMGL    599
PsPIN1 (ageotropum)   541 LKGVLFHVAIVQAALPQGIVPFVFAKEYNVHPDILSTGVIFGMLIALPITLVYYILMGL    599
PsPIN2                541 IRFVTGPAVMAAASIAVGLRGTLLHVAIVQAALPQGIVPFVFAKEYNVHPAILSTAVIFG   600
PsPIN2 (ageotropum)   541 IRFLTGPAVMAAASIAVGLRGTLLHVAIVQAALPQGIVPFVFAKEYNVHPAILSTAVIFG   600
PsPIN3 (ageotropum)   541 LLHIAIVQAALPQGIVPFVFAKEYNVHPDILSTGVIFGMLIAPPITLVYYILLGL        595

PsPIN1                599                                                                599
PsPIN1 (ageotropum)   599                                                                599
PsPIN2                601 MLIALPITLLYYILLGL                                              617
PsPIN2 (ageotropum)   601 MSIALPITLLYYILLGL                                              617
PsPIN3 (ageotropum)   595                                                                595
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Fig. 2 Phylogenetic relationships based on deduced 

amino acid sequences of PIN proteins. PsPIN1ageo,  

PsPIN2ageo and PsPIN3ageo indicated the products of 

PsPINs genes isolated from an agravitropic pea muant, 

ageotropum. 
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