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Automorphosis of an agravitropic pea (Pisum sativum L.) mutant, ageotropum and the expression
of genes encoding putative facilitator proteins of an efflux and an influx of auxin in its etiolated
epicotyls
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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 PsAUXI, PsPINI,
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 PsAUXI 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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[GENETYX-MAC: Multiple Alignment]

Date : 2011.01.06

PsPIN1 60
PsPIN1 (ageotropum) MTAMVPLYVAMILAYGSVKWWKIFSPDQCSGINRFVALFAVPLLSFHFIA 60
PsPIN2 LTAVVPLYVAMILAYGS E WKIFSPDQCSGINRFVFAVPLLSFHFI 60
PsPIN2 (ageotropum) LTAVVPLYVAMILAYGSVRWWKIFSPDQCSGINRFVAVIFAVPLLSFHFI 60
PsPIN3 (ageotropum) VPL P Di 60

PsPIN1 61
PsPIN1 (ageotropum) o0l
PsPIN2 61
PsPIN2 (ageotropum) 6l

ITLFSLSTLPNTLVMGIPY 120
ITLFSLSTLPNTLVMGIPL 120
18 FSLSTLPNTLVMGIPL 120
LTI[FSLSTLPNTLVMGIPY 120

PsPIN3 (ageotropum) 61 ITLFSLSTLPNTLVMGIPL 120
PsPIN1 121 [LKGMYGD EQFPDTAGSIVYIHVDSD 180
PsPIN1 (ageotropum) 121 |LKGMYGOFSGS[LMVQIVVLQCIIWY EQFPDTAGSIVSYIHVDSD 180
PsPIN2 121 |UIA YGDYSGTLMV VLQCIIWYT EQF AASIVSFKVDSDO 180
PsPIN2 (ageotropum) 121 [UIAMYGDY[SGTLMVQVVVLQCIIWYT EQFHRE[TAASIVSFKVDSD 180
PsPIN3 (ageotropum) 121 |LKGMYGD EQFPDTAGSIIISFKVDS[) 180

PsPIN1 181
PsPIN1 (ageotropum) 181
PsPIN2 181
PsPIN2 (ageotropum) 181
PsPIN3 (ageotropum) 181

DGKLHVTVRKSNASR a@ SRR %ELS NTPRPSNUTNAEIY 240
DGKLHVTVRKSNASR JSRRg LSNTPRPSNLUTNAEIY 240
DGKLHVTVRKSNASRRSFMMTTPRPSNLTGAEIYSLYSTPRG 240
DGKLHVTVRKSNASRRSFMMTTPRPSNLTGAEIYSILYSTPRG 240
D GKLHVKVRKITSISRIEMFSRRIHAVINIGVSLTPRASNLTNA 240

PsPIN1 241 LgESRNPTPRGSSFNHTDFYSMMGGGRNS FNASD:ﬁNYG SASRGVT|PRPSNYEEDAS 300
PsPIN1 (ageotropum) 241 SRNPTPRGSSFNHTDFYSMMGGGRNSNFNASDVNNYGILISASRGVTPRPSNYEEDAS 300
PsPINZ 241 SNFNHAEFYSMMGYQPRHSNFGTTDLYSVQSSRGPTPRPSNFEENGATSP

FGFYPAQTM 300
PSPIN2 (ageotropum) 241 ANFNHAEFYSMMGYQPRHSNFGTTDLYSVQSSRGPTPRPSNFEENGASSPRFG PEQT 300
PsPIN3 (ageotropum) 241 EIYMLQSSRNPTPRGSSFNHTDFYSMVNGRNVSPRQSNFGNLGFDEENGVGRVNGG 300

PsPIN1 301 NAKKLKHYPAPNPGMFSPT dSNVNVKRSNGIINQDQNQNQQKQDDLHMFVIWSSSASP 360

N

PSPIN1 (ageotropum) 301 NAKKLKHY[PAPNPGMFSPT GSNVNVKRSNGQNQDQNQNQQKQDDLHMFVWSSSASP 360
PsPIN2 301 SYPAEN EFSSTAKTK MQQPQQQQVSLATKGSQDAKELHMFVWSSSRSPVSES 360
PSPIN2 (ageotropum) 301 PASYPAPN EFSSTAKTK TQQPQQQPVSLGTKGSQDAKELHMFVWSSSASPVSES 360
PSPIN3 (ageotropum) 301 NGGNGYPTPHSAGIFSPMANKKKAHGGGGGDGGKDLHMFVWSSSASPVSEGGIHVFRGAG 360
PsPIN1 361 VSDVFGGHEFGSHDQK| VKLNSPGKVDGHR TQEYLEKDFS NRGMEREMNNQQHE 420
PsPIN1 (ageotropum) 361 VSDVFGGHEFGSHDQK VKLN SPGKVDGHR TQEDYLEKDEF SFGNRGMEREMNNQQHE 420
PSPIN2 361 AGL AFR EEGAK IRM VADEHN QNG INNKGEVGGEEDFKF IGVKGEEQVGEGL 420
PsPIN2 (ageotropum) 361 AGLIAFRI EEGAK IRM VADEH QNG INNKGELGGEEDFKFIGVKGEHEQLGEGP 420
PSPIN3 (ageotropum) 361 EYG EHL GVAHQKDYEEF GHDEFSFGN RTVANGVIKDGPVLSKL SSSTTELHPKDGSQ 420
PsPIN1 421 GEKIGDGKSKVMPPASVMTRLILIM mKLIRNPNTYSSLIG SLVSFRWNIEMPA 480
PSPIN1 (ageotropum) 421 GHKIGDGKSKVMPPASVM RLILIM KLIRNPNTYSSLIGLVWSLVSFRWNIEMP 480
PsPIN2 421 NGINKLSSNATPEIHPKA GVADSGGKLMPPA VMTR RKLIRNPNTYSSLIG 480
PsPIN2 (ageotropum) 421 NGINKLSSNATPEIHPKATGVADSGMGKLMPPASVMTR M RKLIRNPNTYSSLIG 480

PsPIN3 (ageotropum) 421 KPTNMPPASVMTRLILIMVWRKLIENPNTY SLIG WS SFRWNVVMPAIVAKS 480

AVG 540

PsPIN1 481 KSISILSD%gLG AMFSL FMA QPKIIACGNSI@FA VRFLTGPAVMAAA
AVG 540

PsPIN1 (ageotropum) 481 AKSISILSDAGLG AMFSL QPKIIACGNSI VRFLTGPAVMA

PsPIN2 481 LVAFRWGVH PKIVEKSISI SD LGM SLGLF ITACGNS AMA 540

PsPIN2 (ageotropum) 481 LIWSLVAFRWDVHMPKIVEKSISIISD LGM SLGLF KII CGNS AMA 540
G

PsPIN3 (ageotropum) 481 DAGLGMAMFSLGLFMA]DQPRIIA NTV AN@VRFLT VSSIMVGLRGV 540

PsPIN1 541 Iﬂ LFH IVQNALPQGIVPFVFAKEYNVHPDILS VIFGMLEA PITLVYYILMGLI:I 599
PsPIN1 (ageotropum) 541 LFH IVQAALPQGIVPFVFAKEYNVHPDILSTGQVIFGMLIJAUPITLVYYILMGL| 599
PsPIN2 541 IRF

TGPAVMAAASITIAV] LRGTLLHAIVQAALPQGIVPFVFAKEYN HPAI[STAVIFG 600
PsPIN2 (ageotropum) 541 IRFLTGPAVMAAASHIAV| LRGTLLHAIVQAALPQGIVPFVFAKEYN HPAI[STAVIFG 600

PsPIN3 (ageotropum) 541 LLHIAIVQNALPQGIVPFVFAKEYNMHPDILSTGVIFGMLIAPPOTLMYYILUGL 1 595
PsPIN1 599 | | 599
PsPIN1 (ageotropum) 599 599
PSPINZ 601 MLIALPITLLYYILLGL 617
PSPIN2 (ageotropum)  6@1 MSIALPITLLYYILLGL 617
PsPIN3 (ageotropum) 595 | | 595

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.
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Fig. 2 Phylogenetic relationships based on deduced
amino acid sequences of PIN proteins. PsPINlageo,
PsPIN2ageo and PsPIN3ageo indicated the products of
PsPINs genes isolated from an agravitropic pea muant,
ageotropum.
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