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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. 

 

 

 

ËÒÌÍ 

 
Bennett, M., Marchant, A., Green, H. G., May, S. T., Ward, 

S. P., Millner, P. A., Walker, A. R., Schultz, B. and 

Feldmann, K. A. (1996) Arabidopsis AUX1 gene: A 

permease-like regulator of root gravitropism. Science, 

273, 948-950. 

Chawla, R. and DeMason, D. A. (2003) PsPIN1, putative 

auxin efflux protein. Accession no. AY222857, 

DDBJ/EMBL/GenBank databases.-  

Estelle, M. (1998) Polar auxin transport: New support for an 

old model. Plant Cell, 10, 1775-1778. 

Friml, J. and Palme, K. (2002) Polar auxin transport – old 

question and new concepts? Plant Molecular Biology, 49, 

273-282.  

Gälweiler, L., Guan, C., Müller, A., Wisman, E., Mendgen, 

K., Yephremov, A. and Palme, K. (1998) Regulation of 

polar auxin transport by AtPIN1 in Arabidopsis vascular 

tissue. Science, 282, 2226-2230. 

Hitotsubashi, R., Miyamoto, K., Hoshino, T., Tanimoto, E. 

and Ueda, J. (2003) PsAUX1, putative auxin influx 

carrier protein. Accession no. AB107919,  

DDBJ/EMBL/GenBank databases.-  

Hoshino, T., Hitotsubashi, R., Miyamoto, K., Tanimoto, E. 

and Ueda, J. (2003) Putative auxin transport protein, 

PsPIN2, in etiolated pea (Pisum sativum L. cv. Alaska). 

Accession no. AB112364, DDBJ/EMBL/GenBank 

databases.-  

Hoshino, T., Hitotsubashi, R., Miyamoto, K., Tanimoto, E. and 

Ueda, J. (2005) Isolation of PsPIN2 and PsAUX1 from 

etiolated pea epicotyls and their expression on a 

three-dimensional clinostat. - Adv. Space Res., 36, 

1284-1291. 

 

Hoshino, T., Miyamoto, K., Yamashita, M. and Ueda, J. 

(2006a) Auxin polar tansport is essentially required for 

graviresponse in early growth stage of etiolated pea 

seedlings.  J. Gravitational Physiol., 13, 113-114. 

Hoshino, T., Miyamoto, K. and Ueda, J. (2006b) 

Requirement of the gravity-controlled transport of auxin 

for a negative gravitropic response of epicotyls in the 

early growth stage of etiolated pea seedlings. Plant Cell 

Physiol., 47, 1496-1508.  

Hoshino, T., Miyamoto, K. and Ueda, J. (2007) 

  Gravity-controlled symmetrical transport of auxin 

regulates a gravitropic response in the early growth stage 

of etiolated pea (Pisum sativum) epicotyls: studies using 

simulated microgravity conditions on a 

three-dimensional clinostat and using an agravitropic 

mutant, ageotropum.  J. Plant Res., 120, 619-628. 

Hoshino, T., Miyamoto, K. and Ueda, J. (2008) Plant 

growth and development, and auxin polar transport in 

space (III): Effects of auxin polar transport inhibitors on 

growth and development of etiolated pea epicotyls grown 

under simulated microgravity conditions on a 

three-dimensional clinostat.   Space Utiliz. Res., 24, 

397-400. 

Marchant, A., Kargul, J., May, S. T., Muller, P., Delbarre, A., 

Perrot-Rechenmann, C. and Bennett, M. J. (1999) AUX1 

regulates root gravitropism in Arabidopsis by facilitating 

auxin uptake within root apical tissues. EMBO J., 18, 

2066-2073. 

Miyamoto, K., Hoshino, T., Yamashita, M. and Ueda J. 

(2005) Automorphosis of etiolated pea seedlings in space 

is simulated by a three-dimensional clinostat and the 

application of inhibitors of auxin polar transport. Physiol. 

Plant., 123, 467-474. 

Muday, G. K. and Murphy, A. S. (2002) An emerging model of 

auxin transport regulation. Plant Cell, 14, 293-299. 

Müller, A., Guan, C., Tanzler, P., Huijser, P., Marchant, A., 

Parry, G., Benett M., Wisman, E. and Palme K. (1998) 

AtPIN2 defines alocus of Arabidopsis for root 

gravitropism control.  EMBO J., 17, 6903-6911. 

Oka, M., Ueda, J., Miyamoto, K., Yamamoto, R., Hoson, T. 

and Kamisaka, S. (1995) Effect of simulated 

microgravity on auxin polar transport in inflorescence 

axis of Arabidopsis thaliana.  Biol. Sci. Space, 9, 

331-336. 

Swarup, R., Friml, J., Marchant, A., Ljung, K., Sandberg, 

G., Palme, K. and Bennett, M. (2001) Localization of the 

auxin permease AUX1 suggests two functionally distinct 

hormone transport pathways operate in the Arabidopsis 

root apex. Genes & Dev., 15, 2648-2653. 

Tada, T., Hoshino, T., Miyamoto, K. and Ueda, J. (2009) 

  PsPINs and PsAUX1 genes encoding putative facilitator 

proteins of an efflux and an influx of auxin, respectively, 

from etiolated epicotyls of an agravitropic pea (Pisum 

sativum L.) mutant, ageotropum.  Space Utiliz. Res., 25, 

17-20. 

Ueda, J., Miyamoto, K., Yuda, T., Hoshino, T., Fujii, 

S., Mukai, C., Kamigaichi, S., Aizawa, S., 

Yoshizaki, I., Shimazu, T. and Fukui K. (1999) 

Growth and development, and auxin polar transport 

in higher plants under microgravity conditions in 

space: BRIC-AUX on STS-95 space experiment.  

J. Plant Res., 112, 487-492. 

 

This document is provided by JAXA.




