Figure S6. Amino acid sequence alignments per subfamily of the BpeAQP members from Betula pendula. S6A, PIP; S6B, TIP; S6C, XIP;
S6D, NIP; S6E, SIP. Legends are detailed at the end of each subfamily alignment.



Plasma membrane intrinsic proteins (PIPs)

10 20 30 40 50 60 70 80 90 100

| | | > | | | | | |

AtPIP1;1 ——————- MEGKEEDVRVGANKFPERQPIGT--SAQSD---KDYKEPPPAPFFEPGELSSWSFWRAGI IATFLFLYITVLTVMGVKRSPNM—-————~— CASVGI
S1PIP1;1 @  —-—-——- MAENKEEDVNLGANKFREPQPLGT--SAQTD---KDYKEPPPAPLYEPGELSSWSFYRAGT MATFLFLYITILTVMGLKRSDSL—-—=——-— CSSVGI

BpePIP1;1 = -—-—————- MEGKDEDVRLGANRYRERQPIGT--AAQSQDT-KDYQEPPAAPFFEPGELSSWSFYRAGI VATFLFLYITVLTVMGVSKSPSK-——=——— CSTVGI
BpePIP1;3 = -—-—————- MEGKEEDVRLGANKFPERQPIGT--AAQSQDEGKDYIEPPPAPLFEPSELTSWSFYRAGI VATFLFLYITVLTVMGVAKSPSK-————— CSTVGI
BpePIPl1;2  -——————- MEGKEEDVRLGANKYTERQPLGT--AAQTD---KDYKEPPPAPLFEPGELCSWSFYRAGI VATFLFLYITVLTVMGVKRSSSV—-==——— CASVGI
BpePIPl;4  -—-—————- MEGKEEDVKVGASKFPERQAIGT--SAQTD---KDYKEPPPAPLFEPGELQSWSFWRAGI IATFLFLYITLLTVMGVSRAPSK-————— CASVGV

AtPIP2;1 @ ——mmmmmmmmmmee e MAKDVEAVPGEG-FQTRDYQDPPPAPFIDGAELKKWSFYRAVI
S1PIP2;1 MVRHEWLKESTRAKKQROQPKKKTETQKWAKIWRLVLNMHQKTYQDPPPAPLIDPEELGKWSFYRAITI
BpePIP2;1 = —————————————— MSKEVS-EEGQOSHQHGKDYVDPPPAPLLDLAELKLWSFYRSLT
BpePIP2;2  ——————————————— MSKEVT-EEREASQPVKDYVDPPATPLFDVAEFTMWSFYRAVI
BpePIP2;3  -———————————————————————— MSKEVT-EEAEASQPVRDYVDPPPAPLFDVEELTEWSFYRAVI
BpePIP2;4  ———————— MAKDAEVPEH-GSFTAKDYHDPPPAPLFDAVELTKWSFYRALT

VATLLFLYITVLTVIGYKIQSDTDAGGVDCGGVGI
IATLLFLYITVLTVIGYKSQSST----DQCGGVGI
IATLLFLYVTVATVIGHKKATGP-————- CDGVGL
IAALLFLYITVATVIGYKKQTDP-————- CETVGL
ISTLLFLYITVATVIGYKKQNDQ-————- CETVGL
IATLLFLYITVLTVIGYKSQIDPANDGEACGGVGV

BpePIP2;5 = —————————— MAKDVEVAEHQGEYSAKDYHDPPPAPLIDYDELIKWSFYRALIABHIATLLFLYITVLTVIGYKSQTDPSKNPDQCGGVGI
BpePIP2;6  —————————— MAKDMEVGGQSG-FSAKDYHDPPPAPLIDAEELTKWSFYRAIIABHIATLLFLY ITVLTVIGYRAQSDTTRGGDDCGGVGI
*
----------- TMl-———————— -—
115 125 135 145 155 165 175 185 195 205
AtPIP1;1 QGIAWAFGGMIFALVYCTAGISGGHI ALYYIVMQCLGAICGAGVVKGFQPKQYQALGGGANTVAHGYTKGSGLGAEI IGTFVLVYTV

S1PIP1;1 OGVAWAFGGMIFALVYCTAGISGGHI
BpePIP1l;1 OGIAWAFGGMIFALVYCTAGISGGHI
BpePIP1;3 OGIAWAFGGMIFALVYCTAGISGGHI
BpePIP1;2 OGIAWAFGGMIFALVYCTAGISGGHI
BpePIPl;4 OGIAWAFGGMIFALVYCTAGISGGHI
AtPIP2;1 LGIAWAFGGMIFILVYCTAGISGGHI

AVFYMVMQCLGAICGAGVVKGFMOQGPYQRLGGGANVVQPGYTKGDGLGAEIIGTFVLVYTV
AVFYIVMOCLGAICGAGVVKGFQOKNQYERLGGGANTISSGYSKGDGLGAEIVGTFVLVYTV
ALFYIVMOCLGAICGAGVVKGFQKSQYEILGGGANFVNPGYTKGDGLGAEIVGTFVLVYTV
AVFYIIMOCLGAICGAGVVKGFGKTPFEINGGGANVVNHGYTKGDGLGAEIVGTFVLVYTV
ALFYIVMOCLGAICGAGVVKGFQKTQYERVGGGANVVNHGYSKGDGLGAEIVGTFVLVYTV
ALLYTITAQCLGAICGVGFVKAFQOSSYYTRYGGGANSLADGYSTGTGLAAEIIGTFVLVYTV

S1PIP2;1 LGIAWAFGGMIFVLVYCTAGISGGHI AIMYIVAQCLGAICGCGLVKAFQKAYYVKYGGGANTLNDGYSTGTGLGAEIIGTFVLVYTV
BpePIP2;1 LGIAWAFGGMIFVLVYCTAGISGGHI AVSYMVAQCLGAICGVGLVKAFMKHDYNMQGGGANSVSPGYSTGTALGAEIIGTFVLVYTV
BpePIP2;2 LGVAWAFGGMIFVLVYSTAGISGGHI ATICYMVAQCLGAICGAGLVKGIMKDSYDAFGGGTNTVSPTYSKGTALGAEIIGTFVLVYTV
BpePIP2;3 LGVAWAFGGMIFILVYSTAGISGGHI ATICYMVAQCLGAICGAGLVKGIMKDYYDALGGGTNTVSPTYNKGTALGAEIIGTFVLVYTV
BpePIP2;4 LGIAWAFGGMIFVLVYCTAGISGGHI AVSYMVAQCLGAISGVGLVKAFNKAHYTRYGGGANTLADGYSTGVGLGAEIIGTFVLVYTV
BpePIP2;5 LGIAWAFGGMIFVLVYCTAGISGGHI ALLYMVAQCLGAICGVGLVKAFQKSDYNRYGGGANELSVGYNKGVGLGAEIIGTFVLVYTV
BpePIP2;6 LGIALAFGGMIFVLVYCTAGISGGHI ATILYMVAQCLGAICGCGLVKAFQRAHYTRYGGGANELSVGYSKGTGLAAEIIGTFVLVYTV

H2



AtPIP1;1

SI1PIP1;1

BpePIP1l;1
BpePIP1;3
BpePIP1;2
BpePIPl;4
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220 230 240 250 260 270 280 290 300 310
| | | | | | | | | |
FSATDAKRNARDSHVPIIMAPLPIGFAVFLVHLATIPITGTGI SLGAAITYNKDHSWDDHWVFWVGPFIGAALAALYHVVVIRAIPFKSRS—==—————
FSATDAKRNARDSHVPIIMAPLPIGFAVFLVHLATIPITGTGI SLGAAITFNQDQAWDDHWEMEFWFGPFIGAALAAIYHQITITIRAIPFKSRA-———————
FSATDAKRNARDSHVPIIMAPLPIGFAVFLVHLATIPITGTGI SLGAALIFNKEQAWHNHWEMEFWVGPFIGAALAALYHQIVIRAIPFKSK-—==—————
FSATDAKRSARDSHVPIIMAPLPIGFAVFLVHLATIPITGTGI SLGAAITYNRDRAWDDHWEMFWVGPFIGAALAALYHQVVIRAIPFKSK-—==—————
FSATDAKRNARDSHVPIIWWAPLPIGFAVFLVHLATIPITGTGI RSLGAAIIYNKDHAWDDHWEMFWVGPFIGAALAAVYHQIVIRAIPFKARG-===——=——
FSATDAKRNARDSHVPLIPAPLPIGFAVFLVHLATIPITGTGI SLGAAITYNKDHAWDDOWMFWVGPFIGAALAALYHQIVIRAMPFKTRA-———————
FSATDPKRSARDSHVP PLPIGFAVFMVHLATIPITGTGI SFGAAVIYNKSKPWDDHWEMFWVGPFIGAAIAAFYHQFVLRASGSKSLGSF
FAATDPKRNARDSHVP PLPIGFAVFMVHLATIPVTGIGI SFGAAVVYGHNKAWDDOWEMFWVGPFIGAAIAAFYHQFILRAGAVKALGSF
FSATDPKRSARDSHVP PLPIGFAVFMVHLATIPITGTGI RSLGAAVIYNNGKIWDDOWEMEFWVGPFVGALAAAAYHQYILRAAAIKALGSFRSNPTN
FTATDPKRNARDSYVPVIRAPLPIGFAVFMVHLATIPITGTGI RSFGVAVIYNNDKVWDDOWMFWAGPFAGALAAALYYQFILRATAMKALGSFTTN—--—

FSATDPKRKARDSHVP
FSATDPKRNARDSHVP
FSATDPKRSARDSHVP
FSATDPKRSARDSHVP

PLPIGFAVFMVHLATIPITGTGIMBERSFGAAVIYNNDKVWDDQWFWVGPFAGALAAALYHQHILRATATIKALGSFTTN-—-

PLPIGFAVFMVHLATIPITGTGIMBERSTL.GAALIYNKAKAWDDQWLFWVGPFIGAAIAAFYHQFILRAGAAKALGSFRSNPNV

PLPIGFAVFMVHLATIPITGIGI RSFGAAVIYNKDKAWDD%FWVGPFIGAAIAAFYHQFILRAGAIKALGSFR-——

PLPIGFAVFMVHLATIPITGTGINBERSFGAAVMYGKTKAWDDQWFWVGPFIGAAIAAFYHQFILRAGAAKALGSFRSSSNI
H5 LE1 LE2P2 P3 P4P5 * %

Figure S6A. Amino acid sequence alignment of the BpePIP subfamily members from Betula pendula. SIPIP1;1 and SIPIP2;1
(Solyc10g054840.1.1; Reuscher et al., 2013) from Tomato, and AtPIP1;1 (At3g61430) and AtPIP2;1 (At3g53420) (Muries et al., 2011) from
Arabidopsis thaliana were used as references. The highest residue similarities between MIP members are shown in red (100%), and green (>80%).
Residues with similar physicochemical behaviors are shown in blue. The six transmembrane regions (TM1-TM6) and the two hemi-helicoidal regions
that include the «NPA» motives «NPA1» (in Loop B) and «NPA2» (in Loop E) (framed in purple) are underlined. The amino acids residues
constituting the ar/R constriction region are shown with blue highlights and labeled H2, H5, LE1 and LE2. Residues constituting the Froger’s
positions are shown with yellow highlights and labeled P1 to P5. In addition, AEF motif, the His residue involved in gating, the RKXSXXR motif, the
SxA motif for putative phosphorylation by PKC are marked in green, the KdvE motif for putative conserved methylation sites are marked in red, and
the putative conserved blocking residue (L) is marked in black. Lastly, the Cysteines (C) involved in the tetramerization of PIPs are mentioned in
purpled. Columns or regions with conserved putative phosphorylation sites are marked with an asterisk. Isoleucine (l) at the position 275 on the
alignment and surligned in red and placed in loop E would be key for the transport of CO,. Serine (S) at the position 146 on the alignment and
surligned in red would be key for the transport of H,O,.



Tonoplast intrinsic proteins (TIPs)

AtTIP1;2
SITIP1;1
BpeTIP1l;1
BpeTIP1;2
BpeTIP1;3
BpeTIP3;1
BpeTIP2;1
BpeTIP2;2
BpeTIP4;1
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| | | | | | | | | |
-MPTRNIAIGGVQEEVYHPNALRAALAEFISTLIFVFAGSGSGIAFNKITDNGATTPSGLVAAALAHAFGLFVAVSVGANISGGH
-MPINQITIGS-HEELRHPGALKAALAEFISTLIFVFAGQGSGMAFNKLTD-GVATPAGLISASIAHAFGLFVAVSVGANISGGH
-MPFRNIAVGR-PEEARHPDTLRSALAEFISTLIFVFAGEGSGMAFNKLTDNGSTTPSGLVQAALAHAFGLFVAVSISANISGGH
-MPINQIAVGH-PAEFGDSGALKAALAEFISVLIFVFAGEGSGVAFNKLTDNGSTTPAGLVAAALAHGFGLFVAVSIGANISGGH
-MPISRIAIGN-PEEASRPDAFRAAFAEFFSMLIFVFAGEGSGMAFNKLTDNGSTTPSGLVAAALAHAFALFVAVSVGANISGGH
-MP-RRYAFGR-AEDATHPDSMRAALSEFIATFIFVFAGEGSLLAL--IYKDTGSTPSELVAIALAHAFSLFAAVAASLNISGGH
-—--MARIAFGR-FDDSFSVGSFKAYLAEFISTLLFVFAGVGSAIAYNKLTSNAALDPSGLVGIAICHGFALFVAVAVGANISGGH
—-——-MVKLAFGH-FGESFNVESLKAYLAEFIATLLFVFAGVGSAISYGKLTSDAALDPAGLVAVAVAHAFALFVGVSIAANISGGHL
---MAKIALGT-TREATQPDCIKALVVEFITTFLFVFAGVGSAMAADKLDSGSLV---GLFAVAITHALVVAVMISAG-HISGGHL
MRRMIPTSFSSKFQGVLSMNALRCYVSEFISTFFFVLAAVGSVMSSRKLMAGDVSGPFGVLIPATIANALALSSSVYISWNVSGGH
————— MASLASRLQHSVTPNALRSYLAEFLSTFFFVFAAAGASMSTRKMVPDATSDPSSLVAIAVANAFALSVAVYISANISGGH
-——-MGPTMVAARFQHSVTPNALRSYLAEFLSTFFYVFAVVGSAMSSRKLMPDVASDASSLVVVAITNAFALSAAVYVAANISGGH

H2

110 120 130 140 150 160 170 180 190 200

| | | | | | | | | |
TLLRGILYWIAQLLGSVAACFLLSFATGGEPIPAFGLSAGVGSLNALVFEIVMTFGLVYTVYATAVDPKNGSLGTIAPIAIGFIVGANILAGGAFSGASM
TLFRGILYITAQLLGSTAACALLEFATGGMSTGSFALSAGVSVWNAFVFEIVMTFGLVYTVYATAVDPKKGDLGVIAPIAIGFIVGANILAGGAFTGASM
TLLRGIVYWIAQLLGSTVACLLLKFATNGLTTSAFSLSSGVGVWNAFVLEIVMTFGLVYTVYATAVDPKRGSVGVIAPIAIGFIVGANILAGGAFDGASM
SLIRGLLYWVAQLLGSVVACLLLKFSTGGLETPAFSLSSDVSVWNAVVLEIVMTFGLVYTVYATAVDPKKGNIGILAPIAIGLIVGANILAGGAFDGASM
TLLRTILYWIAQLLGSVVACLLLKFATGGLETSAFSLSSGVSVWNAVVFEIVMTFGLVYTVYATAVDPKKGNVGTVAPIAIGFIVGANILVGGAFDGASM
SVLRAVFYWIAQLLGAVVASLLLRLVTNNMRPVGFYVTSGVGEWHGLIFEIVMTFTLVYTVFATAIDPKRGSLGTIAPLAIGFIVGANILAGGPFDGACM
TLLTGIFYWIAQLLGSIAACFLLKAVT-GLAIPTESVASGVGAIEGVVMEIIITFALVYTVYATAADPKKGSLGTIAPIAIGFIVGANILAAGPFSGGSM
TILTGIFYWIAQCLGSIVACLLLQFVTNGLSIPTHGVASGMNAVEGVVMEIVITFALVYTVYATAADPKKGSLGITAPIAIGFIVGANILAAGPFSGGSM
TIFRSFLYWIDQLLAASAACIILYYITGGLTTPIRSLASGVGYLQGVIWEVILTFSLLFTVYATIVDPKKGALDGLGPTLTGFVVGANILAGGAFSGASM
SVPTAMFYWTSOMIASVMACLVLKVTVMEQHVPIYKIAGEMTGFGASVLEGVLAFVLVYTVFT-ASDPRRGLPLAVGPIFIGFVAGANVLAAGPFSGGSM
SIPMSIFYWISOMIGSVTACLLLKFTN--QQVPTHGIPQEMTGFGAAVLEGVMTFGLVYTVYA-AADPRRCVHAAIGPLAIGLMLGANVMASGPFTGGSM
SVPTALFYWLSOMLASVMASLLLKMTVVGQHVPTYVIAEEMTGFGASLMEGVLTFALVYTVYA-AGDTRRGTMGAIGPIAIGSIAGANVLAAGPFSGGSM

Pl H5 LE1l




AtTIP1;2
SITIP1;1
BpeTIP1l;1
BpeTIP1;2
BpeTIP1;3
BpeTIP3;1
BpeTIP2;1
BpeTIP2;2
BpeTIP4;1
S1TIPS51
AtTIP51
BpeTIP5;1

Figure S6B. Amino acid sequence alignment of the BpeTIP subfamily members from Betula pendula. SITIP1;1 (Solyc06g074820.1) and
SITIP5;1 (Solyc03g093230.1) (Reuscher et al., 2013) from Tomato and AfTIP1;1 (At2g36830) and AfTIP5;1 (At3g47440) from Arabidopsis thaliana
were used as references. The highest residue similarities between MIP members are shown in red (100%), and green (>80%). Residues with similar
physicochemical behaviors are shown in blue. The six transmembrane domains (TMH1-6) and the two hemi-helicoidal regions that include the
«NPA» motives «NPA1» (in Loop B) and «NPA2» (in Loop E) (framed in purple) are underlined. The amino acids residues constituting the ar/R
constriction region are shown with blue highlights and labeled H2, H5, LE1 and LE2, and residues constituting the Froger’s positions are shown with
yellow highlights and labeled P1 to P5. Histidine (H) surligned in red and placed in loop C would be key for the de-protonation of NH,", which would

210 220 230 240 250 260
| | | | | |
AFGPAVVSWIWTNHWVYWAGPLIGGGLAGIIYDFVFID----ENAHEQLPTTDY—
SFGPSLVSWIWTHQWVYWAGPLIGGGLAGFIYEFIFIS----H-THEQIPSGDF—
SFGPALVSWIWENHWVYWAGPLIGGGLAGLVYEFFFIS—-—--HNTHEQLPTTDY—
SFGPAVVSWSWDNHWVYWVGPLIGSAIAAIVYELIFIS----PNTHEPLPATDF—
SFGPAVVSWSWTNHWVYWLGPMVGAAIAAIVYDTLFIG----EPTHEPLPTNDF—
FGPALVGWRWRNHWIYWVGPLLGGGLAGLVYEYMVIPTEVPHHTHQPLAPEDY—
SFGPAVASGDFHDNWIYWAGPLVGGGLAGLIYGNVFM=———— YS-QHAPLTNDF—
SFGPAVVSGDFSONWIYWVGPLIGGGLAGLVYGGIFI—-———— GSYEPLPPSQDYA-
SFGPALISGDWTDHWVYWVGPLIGGGLAGFIYENFFI—-———— VRSHVPIPTEEERY
YSFGSAVVKGSFGNQAVYWIGPFIGAATIAGLVYDNVVFPLOQVTESLRGIGGGIVAV-
CAFGSAMVYGSFKNQAVYWVGPLLGGATAALVYDNVVVPVED-DRGSSTGDAIGV--
CAFGSAVTAGSFKNQAVYWVGPLIGAAAAGLVYDNVVFPSSQAPEGVGV—-———————
LE2P2 P3 P4P5

allow the transport of NH; independent of pH.



Uncharacterized X intrinsic proteins (XIPs)

The BpeXIP2;1 sequence used for the alignment was the redefined sequence (redefinition detailed in the Figure S6)

SIXIP1;1
PoptrXIP2;1
BpeXIP2;1
PoptrXIP1l;1
BpeXIP1l;1
BpeXIP1;2
BpeXIP1;3

SIXIP1;1
PoptrXIP2;1
BpeXIP2;1
PoptrXIP1l;1
BpeXIP1l;1
BpeXIP1;2
BpeXIP1l;3
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MASNSNVVFGDEESQISGGTNRVQPCSSTPRKINTIDDDEGKKHNFLSLSQRLGVADFFCLDVWRASMGELLGSAVLVFMLDTIVISTFESETKMPNLIM

MAGNAGVV-QDEEIGYGG--NKVQPFASTPRPSKT----ERGKRDSSALSRILGLDELVSLNVWRASLAEVFGTAVLVFAMDTIVISSYETQTKTPNLVM
MAQNVQRV-EDEESLYVG—SRVQP-==————————————— EGNR-NTSKLSEILGLEEFFSLNVWRASLAELLATAIFVFVVDTIVISSFETKTESPKLIM
—————————— MDVVIHQHHQDDGNQAFSKSLOGCEATDLKEKKSIMIKVLNSVGAHKIFSSEMWRATLTELVATACLLFTLTTSIISCLESTTAEPKFLI
—————————— MDMVV----PGQGDQESPTSFEKCEAQNFRTK-—-----FLVSIGAHEYFSPEMWRGALTELVATAFLMFTLISSIIACLDSQEVDPKLLV
—————————— MDIVV----PGQGDQEFPTSFEKCEAQNFSTK------FLVSVGAHEYFSPEMWRAALTELIATAFLMFTLTSSIIACLDSHEVNPKLLV
—————————— MDIVV----PGQGDOQEFPTSFEKCEAQNFRTK-—----FLVSVGAHEYFSPEMWRGALTELVATAFLMFTLTSSIIACLDSHEVDPKLLV
——————————— ™l-——————————- -
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SILIAVVITILLLAVVPVSGGHI
ATLIAITIAILLLATFPISGGHI
SLLIAITTAILLLAANPVSGGHI
PFAIFVIAFFFLLTTVPLSGGH
PLAVFITAFLFLLATIPLSGGH TAL
PLAVFITAFLFLMATAPLSGGH FTFIACLKGLITLARASIYVLAQCLGSIIGFFIIKNVMNHQIGHKYFLGGCTISALSRG-=======—=——— TAL
PLAVFITAFLFLMATVPLSGGH FTFIACLKGLITLARASMYVLAQCLGSIIGFFIIKNVMNHQTGHKYFLGGCTISTLSRG=-======—=—=——— TAL

H2

ISFSAALVGIISMSRAITYIVAQCVGAILGALALRAVVSSSIEDTFSLGGCTVTIIAPGPNGPVIVGLETAQAL
ITLSAMFTGLITVSRAAIYILAQCIGAILGALALKAVVNSTIEQTFSLGGCTLKIVAPGPSGPVAIGLETGQAL
ITLVAALVGLISVSRAAVYILAQCAGAVLGALALKAVVNNTIEDTFSLGGCTLTVIAPGPNGPISVGLGTSQGL
FTFIAALEGVITPVRALFYMSAQCVGSIVAYLVIKSVMDKNAEEKYSLGGCMIDGNGEG=-===—==—=— ISPTNAF




SIXIP1;1
PoptrXIP2;1
BpeXIP2;1
PoptrXIP1l;1
BpeXIP1l;1
BpeXIP1;2
BpeXIP1l;3
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Figure S6C. Amino acid sequence alignment of the BpeXIP subfamily members from Betula pendula. SIXIP1;1 (Solyc10g054840.1; Reuscher
et al., 2013) from Tomato and PoptrXIP2;1 and PoptrXIP1;1 (Potri.009G128500.1, Potri.009G128100, resp.; Lopez et al, 2012) from Poplar were
used as references. The highest residue similarities between MIP members are shown in red (100%), and green (>80%). Residues with similar
physicochemical behaviors are shown in blue. The six transmembrane domains (TMH1-6) and the two hemi-helicoidal regions that include the
«NPA» motives «NPA1» (in Loop B) and «NPA2» (in Loop E) (framed in purple) are underlined. The amino acids residues constituting the ar/R
constriction region are shown with blue highlights and labeled H2, H5, LE1 and LE2, and residues constituting the Froger’s positions are shown with

210 220 230 240 250 260 270 280 290 300

| | | | | | | | | |
WLEIFCTFVFLFASIWMAYDHRQAKALGHVTVLSIVGLVLGLLVFISTTVTAKKGYGGAGI RCLGPAIIRGGHLWDGHWIFWVGPTIGCVAFYVYTK
WLEIICTFVFLFSSIYIAFDRRQAIALGRVVFCSIIGLVVGLLVFISTTVTATKGYAGVG RCLGPALVRGGHLWKGHWVFWVGPIVASLTFSLYTK
WLEIICTFVLLFASVWIALDHRQARALGKVIIFSVIGIVVGLLVEFVSTTVTGAKGYAGAG RCLGPAIVRGGHLWNGHWVFWAGPSIASVAFYLYTK
ILEFSCTFIVLFVGVTVAFDKRRCKELGLOMVCGILAGAMTLAFFVSISVTGRAGYAGAGL RCLGPSLLKGGRLWYGHWVFWVGPFVACIVYYGFTL
VLEFCCTFVLLFVGVTVAFDKKRCKELGLAVVCAVVAAAWALAVFVSITVTGQVGYAGVGL RCLGPALLHGGVLWDGHWVFWVGPFLACIVYYGYSM
VLEFCCTFVVLFVGVTVAFDKKRCKELGLAVVCVVVAGAMALAVFVSITVTGQASYAGVGL RCLGPVLLOQGGVLWDGHWVLWVGPFLACIVYYGYSM
VLEFCCTFVVLFVGVTVAFDKKRCKELGVAVVCVVVAGAMALAVFVSITVTGQAGYAGVGL RCLGPALLQGGVLWDGHWIFWVGPFLACIVYYGYSM

H5 LE1 LE2P2 P3 P4P5

310 320 330

ITPTKHFLAEYGFKHDFVGVVKALSNV—-==————————
IIPREHLLGAESK-==——— e
ITPSQHFHAQ-GYKHDFLNILKAPFTSDSVHKK—————
TLPTGTS—==—— e
SLPKEGLVEVEG-EYDISRLVGACFGENGSPTSLEGKF
NLPKEGLVGVEG-EYDISKLVGACFGENGSPTSLERKF
NLPKEGLVGVEG-EYDISRLVGACFGENGSPTSPEGKF

yellow highlights and labeled P1 to P5.



Nodulin-26 like intrinsic proteins (NIPs)

AtNIP1;1
SINIP1;1
BpeNIP1;1
BpeNIP4;1
BpeNIP1;2
BpeNIP2;1
BpeNIP5;1
BpeNIP5;2
BpeNIP6;1
AtNIP7;1
SINIP7;1
BpeNIP7;1
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AtNIP1;1
SINIP1;1
BpeNIP1;1
BpeNIP4;1
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————————————————————— MADISGNGYGNAREEVVMVNLKDEVEHQQEMEDIHNPRPLKKQDSLLSVSVPFLOKLIAEFLGTYFLVFTGCASVVVNM
————————————————————— MADHQINVNGNINHGVSL-NIKEDHDLNNHKESSST----SSF---—--LTVPFIQKVIAEMIGTYFLIFAGCGSVVVN-

———————————————————————————————————— MSSQODITKVEEGNSSSSNNNGNSGV----CNSSEIVQLVQKVIAEVIGTYFLIFAGCGSVVVN-
———————————————————————— MAENSGSNGSQSITL-NVKECEANHNQASSASK----TNHGGGFCVSVPFMQKLVAEVLGTYFLIFAGCGAVVVNL
————————————————————————————— MATDPKPKNLAEANEFVSLENPISRKPKP-GLLRALLEEHYPPGFLSKVVAETIATYLLVFVTCGSAALSA
—————————————————————————————————————————————————— MYYFFFGGKSLGFIYLF--LS---AFYLGAEFVGTFILIFMATAGPIVNQ
—————————————————————————————————————— MILGLNIFASMDQCLLIEIIKVLKFIFILNDMH---NSTLGAEFVGTFIMVFSAAAAPIVNE
MENEEVPSAPSTPATPGTPGAPLFGGFKAERSGNGRRSLLKNCSKCFSVDQEWALEEGTLPKLSCSLPPPPIPLAKKVGAEFIGTLILIFAGTATAMVNQ

130 140 150 160 170 180 190 200
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ONDNVVTLPGIAIVWGLTIMVLIYSLGHISGAHI VITIAFASCGRFPLKQVPAYVISQVIGSTLAAATLRLLFGLDHDVCSGKHDVFIGSSPVGSDLQ
ADKGMITFPGVAITWGLVVMVMVYSVGHISGAHF VIIAFASVKRFPWKQVPAYVAAQVLGATLASGTLRLIF———=——— NGKHDHFAGTLPSGTDFQ
KIYGSVTFPGICVTWGLIVTVMIYTVGHISGAHF VIITSAIFRRFPYKEVPLYIAAQLMGSILASGTLALVF —=——=——— DVTPDAYFGTVPTGSNSQ
KIYGSVSFPGICVVWGLIVMVMIYSVGHISGAHF VIITFAIFRRFPLKQVPLYIVAQMIGSTLASATLCALF———=——-— PVDKKSFFGTAPVGSNFQ
GNDKVVTAPGVSIVWGLAVMVLVYSVGHISGAHF VIIAFATCRRFPWKQVPAYVSAQVLGSTMASGTLRLIF———=——— NGHENRFVGTIPAGSNLQ
ADENKVSKLAASVAGGLIVTVMIYAVGHISGAH VILAFAAVRHFPWKQVPLYAAAQLAGAISAAFTLRVIL-=-——=———- NPIKELGTTSPTGTEIE
KYNGAESLIGNAACAGLAVMVVILSTGHISGAHL LTIAFATLRHFPWLQVPAYIAAQVSGSICASFALKGVF—==—=———— HPYMSGGVTVPSVTEGQ
KYQGAETLIGSAACAGLAVMAMVLSTGHISGAHF VIIAFAALRHFPWVQVPGYLVAQVSASICAAFTLKGVF —=—=———- HPFMSGGVTVPAVGIGQ
KTHGSETLLGCAASSGLAVMVVILSTGHISGAHL LTIAFAALKHFPWKHVPMYIGAQVVASFCAAFALKGIF-==—=—=——- HPIMGGGVTVPSGSYGQ
LSGGHVGLLEIAVTAGLSVVVVVYSIGHISGAHL ITIAFAVFGGFPWSQVPLYITAQTLGATAATLVGVSVY ———————— GVNADIMATKPALSCVS
IMGVQVGLMEYATTAALTVVVVVFSIGPISGAHI VILAFAAVGHFPWSKVPLYVVAQVGGSILATYTGKLVY———————— GLKAEFVTTKPLHSCTS
LSKGEVGLLEIAATAGLTVVVVIFSIGHISCAH VIIAFATFGHFPWSKVPLYILAQTLGSVLATCIGQOSVY———————— DVKSEFMTTRPLRGCSS
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AtNIP1;1 AFTMEFIVTFYLMFIISGVAT-DNRAIGELAGLAIGSTVLLNVLIAAPVSSAS RSLGPALVYGCYKGIWIYLVAPTLGAIAGAWVYNTVRYTDKPL
SINIP1;1 SFVIEFIITFYLMFVISGVAT-DNRAIGELAGLAVGATILLNVMFTGPISGAS RSLGPAIVSSHYKGLWIYLVSPTLGAIAGAWVYNIIRFTDKPL
BpeNIP1l;1 SLVLEILCSFLLMFVISGVTT-DSRAISEVAGIAVGMTILLNVFIAGPVSGAS RSTIRPAVIKHVYKGLWVYIVGPIIGTIAGAFAYNLIRSTDKPL
BpeNIP4;1 ALITEITISFLLMFVICGVAT-DNRAIGELAGIAVGMTITLNVFVAGPVSGAS RSIGPALLTHMYKGLWIYILGPLAGTILGGFAYNMIRFTDKPL
BpeNIP1;2 SFALEFIITFYLMFVISGVAT-DNRAIGELAGLAVGSTILLNVMFAGPISGAS RSLGPAIVHNKYESIWVYLVATTLGAIAGGMVYNIIRFTDKPL
BpeNIP2;1 ALVMEIVVTFTMMFTASAVAT-DTKAIGELAGLAVGSAVCITSILAGPISGGS RTIGPAIASASYKGIWVYLVGPVTGTLLGAWSYKLIRVSDEPL
BpeNIP5;1 AFALEFIITFNLLFVVTAVAT-DTRAVGELAGIAVGATVLVNILVAGPSSGGS RTLGPAIAAGNYKSLWIYLVAPTLGALTGAGVYTAVKLREDEV
BpeNIP5;2 AFALEFIVTFTLLFVITAVAT-DTCAVGEFAGIAIGGTVMLNILVAGTTTGAS RTIGPAIAAGTYKGFWIYMVAPILGALAGAGTYTFVKLAEDGV
BpeNIP6;1 AFALEFIISFNLMFVVTAVAT-DTRAVGELAGIAVGATVMLNILIAGPTTGAS RTLGPAVAANNYKAIWVYLTAPILGALCGAGIYSAVKLPEEDG
AtNIP7;1 AFFVELIATSIVVFLASALHCGPHONLGNLTGFVIGTVISLGVLITGPISGGS RSLGPAVVAWDFEDLWIYMTAPVIGAIIGVLTYRSISLKTRPC
SINIP7;1 AFFVELLATFIVLFLSASLTNYDPQSTGPLSGFLVGVAIGLAVLISGPVSGGS RSLGPAIVAWKFNNLWIYVIAPIIGAVAGVVFYRFLRLOGWS-
BpeNIP7;1 AFWVELIATFIIMFLAASVT-YQHQSVGHLSGFVVGIAISLAV----PVSGGS RSLGPAIISGKFNDIWIYMTAPTIGAVAGALLFRILRLOORRP
H5 LE1 LE2P2 P3 P4P5
———————— TM4----————- ——————— e =TM5 - ——— -—————-TM6-————————-
310 320
| |
AtNIP1;1 --REITKS-GSFLKTVRIGST—
SINIP1;1 --REITKS-GSFLKSKNSST---
BpeNIP1l;1 --QHLPRSTGSFLRL-===—=——
BpeNIP4;1 --RELTKS-GSFLKTCPKNGF—
BpeNIP1;2 --REITKS-GSFLKASRNNNSV-
BpeNIP2;1 --YPMSKEGHSKEMVNKYPNNSV
BpeNIP5;1 -—-—-EAPRQVRSFRR—-=—==————
BpeNIP5;2 -——-EGODN-===——— == ————
BpeNIP6;1 GIHEKPSTTSSFRR-—==——=———
AtNIP7;1 PSPVSPSVSSLLR-====—=—=—=——
SINIP7;1 CKPNSTPTTHQHI - ——==—————
BpeNIP7;1 CNPTSTEEQEKPKAKSE-—————

Figure S6D. Amino acid sequence alignment of the BpeNIP subfamily members from Betula pendula. SINIP1;1 (Solyc03g0059.2) and
SINIP7;1 (Solyc039g0059.1) (Reuscher et al., 2013) from Tomato and AiNIP1;1 (AT4G19030) and AiNIP7;1 (AT3G06100) from Arabidopsis thaliana
were used as references. The highest residue similarities between MIP members are shown in red (100%), and green (>80%). Residues with similar
physicochemical behaviors are shown in blue. The six transmembrane domains (TMH1-6) and the two hemi-helicoidal regions that include the
«NPA» motives «NPA1» (in Loop B) and «NPA2» (in Loop E) (framed in purple) are underlined. The amino acids residues constituting the ar/R
constriction region are shown with blue highlights and labeled H2, H5, LE1 and LE2, and residues constituting the Froger’s positions are shown with
yellow highlights and labeled P1 to P5. The putative conserved Calcium-dependent Protein Kinase recognition sites in the C-terminus are
highlighted in green. Tyrosine (Y) surligned in red and localized in the TM2 would allow the transport of Urea and Glycine.
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AtSIP1;1 -MMGVLKSAIGDMLMTFSWVVLSATFGIQTAAIISAGDFQAITWAPLVILTSLIFVYVSIFTVI-—--FGSASF GSAAFYVAGVP-GDTLFSLAIRLP
S1SIP1;1 --MGVIKAATIADGLLTFLWVFCSSNIGVSTYFIASYFGIVNEI-PSLFITTLIVFVIFLMFDFLGDVLGGAGF GNAAFYAAGLG-DDSLVSAAVRCP

BpeSIP1l;1 --MGAIKAAIGDAVLTFMWVFSASTLGAATTVTARALGIEGLVWPSVFITTVLVFVLVFFFTLIANALGGASF GTASFYAAGLG-PDTLFSMALRFP
BpeSIP1;2 —--MGLMRVAIGDAILTSLWVFSAPMMGILTPITATYLGVQAKSLAGLFITTLLATSLVLIFQLIGKVLGGASF TTVSFYAAGLKHNSSLISMAVQFP
AtSIP2;1 --MGRIGLVVTDLVLSFMWIWAGVLVNI---LVHGVLGFSRTDPSGEIVRYLFSIISMFIFAYLOQOATKGGLY TALAAGVSG-GFSSFIFSVFVRIP
S1SIP2;1 MGVSRRSLVISDFIMSFMWVWSSVLIKM---FVHKILGYGAHD—-—-—————————— o ——— TILSGAISG-DLTNFIFTVAARIP

BpeSIP2;1 --MASAGLLVSDFIISFMWVWSGVLIKI---FVYKVLELGH-EPSGEVIKCALSIVNMFFFAFLGKTTKGGAY TVFAGAISG-DFKRFLFDAGARIP
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| | | | | | | |
AtSIP1;1 AQATGAAGGALAIMEFIPEKYKHMIGGPSLQVDVHTGAIAETILSFGITFAVLLIILRGPRRLLAKTFLLALATISFVVAGSKYTGP IAFGWAYM
S1SIP1;1 AQVAGAVAGSLALVELIPKHYHHMLDGPALKVDVQTGATIAEGVLTFVITFMIFVIVLRGPESVLLKNWLLTMVILPLVLAGSNFTGPS NAFGWAYL
BpeSIP1l;1 AQAAGAVGGALAIMEVMPKNYKHMLGGPSLKVDLHIGATAEGVLTFLISFAVLVIVLRGPRSPILKTWLLAMATVALVIAGSNYTGPS NAFGWAYV
BpeSIP1;2 AQAAGGLVGAKAILQVLPSQYKQRLRGPSLKVDLLTGVIAEAALTLGLSFAILLIMLRGPKNPLVKVWLVAVATVGLVVAGSGYTGPS NAFGWAFV
AtSIP2;1 VEVIGSILAVKHIIHVFPEIGK----GPKLNVAIHHGALTEGILTFFIVLLSMGLTRKIPGSFFMKTWIGSLAKLTLHILGSDLTGGC VMGWAYA
S1SIP2;1 SQVFGSITGVRFIIAAFPNIGR----GPVLSIDIHRGALTEGILTFAIVSISLGLSRRSRASTFMKTWISSLSKLTLHILGSDLTGGC SVMGWAYA

BpeSIP2;1 AQVIGSIIGVKLIIETFPEIGL----GPRLNVDIHRGALTEGFLTFAIVIISLGLARKIPGSFVMKTWISSVSKLTLHILGSDLTGGC SVMGWAYA
H5 LE1 LE2P2 P3
---T™™M3-—-  mmmme——— T™4--------- = —mmm—————— TM5-———————
210 220 230 240 250
| | | | |

AtSIP1;1 YSSHNTWDHIYVYWISSFVGALSAALLFRSIFPPPRPQK-KKQKKA—-————

S1SIP1;1 SNTHKTLEHFYVYWISPFIGAILAAWIFRVLFPPPVEQKPQKQKRN—————

BpeSIP1l;1 NNRHNTWEQFYVYWICPFVGAILAAWVFRALFPPT----PAKQKKA—-————

BpeSIP1;2 NNQHNTWEHFYVYWIGSFTGATVAGWIYRFLFP-===———————————— ——

AtSIP2;1 RGEHITKEHLLVYWLGPVKATLLAVWFFKVVFKPLTEEQEKPKAKSE—-—-—--

S1SIP2;1 RGDHITKEHIHVYWLAPIQATLLAVWTFNLLVSPSKDKEAKKTEKKSE-—--

BpeSIP2;1 RGDHITKEHILVYWLAPIEATLLAVWIFRLVVRPIKEEKANVKKNESLRIC

P4P5



Figure S6E. Amino acid sequence alignment of the BpeNIP subfamily members from Betula pendula. SISIP1;1 (Solyc12g0196.1), SISIP1;2
(Solyc10g0784.1) and SISIP2;1 (Solyc01g0567.1) (Reuscher et al., 2013) from Tomato, and AtSIP1;1 (AT3G04090), AtSIP1;2 (AT5G18290) and
AtSIP2;1 (AT3G56950) from Arabidopsis thaliana were used as references. The highest residue similarities between MIP members are shown in red
(100%), and green (>80%). Residues with similar physicochemical behaviors are shown in blue. The six transmembrane domains (TMH1-6) and the
two hemi- helicoidal regions that include the «NPA» motives «NPA1» (in Loop B) and «NPA2» (in Loop E) (framed in purple) are underlined. The
amino acids residues constituting the ar/R constriction region are shown with blue highlights and labeled H2, H5, LE1 and LE2, and residues
constituting the Froger’s positions are shown with yellow highlights and labeled P1 to P5.



