Figure S1. Multiple sequence alignment of NtPIPs. The amino acid sequences were aligned using the Clustal Omega server. The two conserved NPA motifs are
shown in yellow, the residues at H2, H5, LE1, and LE2 of the ar/R filter are in green, FPs (P1-P5) are in cyan, TM are shaded with grey background.

NtPIP1;3 —-—---MAENKEEDVKLGANKYRETQPLGTAAQT-DKDYKEPPPAPLVWRQKSCRHGLF-TE| 54
NtPIP1;1 ----MAENKEEDVNLGANKYRETQPLGTAAQTENKDYIEPPPAPLFEPGELSSWSFYRAG| 56
NtPIP1;6 -—-—-MAENKEEDVNLGANKYRETQPLGTAAQTENKDYIEPPPAPLFEPGELSSWS[FYRAG| 56
NtPIP1;2 —-—---MAENKEEDVKLGANKFRETQPLGTAAQT-DKDYKEPPPAPLFEPGELSSWSFYRAG| 55
NtPIP1;4 —-—---MAENKEEDVKLGANKFRETQPLGTAAQT-DKDYKEPPPAPLFEPGELSSWSFYRAG| 55
NtPIP1;5 -—---MAENKEEDVKLGANKFRETQPLGTAAQT-DKDYKEPPPAPLFEPGELSSWSFYRAG| 55
NtPIP1;7 —-—---MAENKEEDVKLGANKYRETQPLGTAAQT-DKDYKEPPPAPLFEPGELSSWSFYRAG| 55
NtPIP1;8 ----MAENKEEDVKLGANKYRETQPLGTAAQT-DKDYKEPPPAPLFEPGELSSWSFYRAG| 55
NtPIP1;11 ~ —-——- MEGKEEDVKVGANKYSERQPLGTSS--QSKDYKEPPPAPLFEPGELHSWS[FWRAG| 53
NtPIP1;12 —-———- MEGKEEDVKVGANKYSERQPLGTSA--QSKDYKEPPPAPLFEPGELHSWS[FWRAG| 53
NtPIP1;13 ——-——- MEGKEEDVKVGANKYSERQPLGTSA--QSKDYKEPPAAPLFEPGELHSWS[FWRAG| 53
NtPIP1;9 ————- MENKEEDVRLGANKYSERQAIGTAAQ-SDKDYKEPPPAPLFEAGELTSWS[FYRAG| 54
NtPIP1;10 -—-——- MEHREEDVRVGANKYSERQAIGTAAHSQDKDYKEPPPAPLFEPGELMSWS[EFYRAG| 55
NtPIP2;9 = -———————- MAKNV-—-——————————— NSEGSFTTKDYQDPPPAPLIDPEELTQWS[FYRAL| 39
NtPIP2;10 ———————— MAKNV-=---=———————— GSEGSFTTKDYQDPPPAPLIDPEELTQWS[FYRAL( 39
NtPIP2;17 ———————— MSKEVEAV-—-——————— SEQPAEYSAKDYTDPPPTPLIDFEELTKWS[LYRAC| 43
NtPIP2;18 —-——————- MTKEVEAV-=-—-————--— SEQPAEYSAKDYTDPPPTPLIDFEELTKWS[LYRAC| 43
NtPIP2;19 ———————————— MGKD-——=————-— VEAATEFSAKDYTDPPPAPLIDFEELKQWS[FYRAA| 39
NtPIP2;20 —-——————- MTKEVEVA--—-————--- TEQPTEFSAKDYTDPPPAPLVDFEELTQWSLYRAV| 43
NtPIP2;21 ———————— MTKEVEVA--—-—————— REQAAEFSAKDYTDPPPAPLVDFEELTQWS[LYRAV| 43
NtPIP2;11 ———————— MAKDIEYG-—-—-————-- TDQ--YAPNKDYQDPPPAPLIDAEELGKWS[FYRATI|l 41
NtPIP2;12 ———————— MAKDIEYG-———————— TDQ--YAPNKDYQDPPPAPLIDAEELGKWS[FYRATI| 41
NtPIP2;13 MSLFFGEQMAKDTEVG--=-—-————— TE----YAPKDYQDPPPAPLIDPEELGKWS[FYRATI| 47
NtPIP2;15 —————-——- MGKDIEVG-———————— TE----YAPKDYQDPPPAPLIDPEELGKWSFYRAI|l 39
NtPIP2;14 MSLFFGEQMAKDTEVG---—-————— TE----YAPKDYQDPPPAPLIDPEELGKWS[FYRATI| 47
NtPIP2;16 ———————- MGKDIEVG-———————— TE----YAPKDYQDPPPAPLIDPEELGKWSFYRAI|l 39
NtPIP2;3 ———————— MSKDV-IE-—-—-————---— EGQOVHQQOHGKDYVDPPPAPLLDFAELKLWS[FYRAL| 42
NtPIP2;1 = - MSKDV-IE-—-——————— EGQVHQQHGKDYVDPPPAPLLDFAELKLWS[FHRAL| 42
NtPIP2;2 ———————— MSKDV-IE-—-—————--- EGQOVHQQOHGKDYVDPPPAPLLDFAELKLWS[FHRAL| 42
NtPIP2;4 -———————- MSKDV-IE--——————— EGQTH-QHGKDYVDPPPAPLLDMAELTKWS[FYRAV| 41
NtPIP2;5 = ———————— MSKDV-IE-—-—-————---— EGQOTH-QHGKDYVDPPPAPLLDMAELTKWS[FYRAV| 41
NtPIP2;7  ———mmmmm e mm o MVKDYVDKPAAPLFDTVEVKKWS[FYRAL| 28
NtPIP2;6  —————— e ——————— MTRDYVDPPAAPLFDMAELKKWS[FYRAL( 28
NtPIP2;8 W = —————mmmm e m MARDYVDPPAAPLFDTAELKKWSEYRAT| 28
ckk e ke kok . .
T™M1 H2 TM2
NtPIP1;3 LEFSMATFLFLYITILTVMGLKRS--———- DSLCSSVGIQGVAWAEGGMIFALVYCTAGI 108
NtPIP1;1 IAEFMATFLFLYITILTVMGLKRS-——--—-— DSLCSSVGIQGVAWAEGGMIFALVYCTAGI 110
NtPIP1;6 IAEFMATFLFLYITILTVMGLKRS-——--—-— DSLCSSVGIQGVAWAEGGMIFALVYCTAGI 110
NtPIP1;2 IAEFMATFLFLYITILTVMGLKRS————-—— DSLCSSVGIQGVAWAEGGMIFALVYCTAG[I 109
NtPIP1;4 TAEFMATEFLFLYITTILTVMGLKRS - ——-——-— DSLCSSVGIQGVAWAEGGMIFALVYCTAGI 109




NtPIP1;5
NtPIP1;7
NtPIP1;8
NtPIP1;11
NtPIP1;12
NtPIP1;13
NtPIP1;9
NtPIP1;10
NtPIP2;9
NtPIP2;10
NtPIP2;17
NtPIP2;18
NtPIP2;19
NtPIP2;20
NtPIP2;21
NtPIP2;11
NtPIP2;12
NtPIP2;13
NtPIP2;15
NtPIP2;14
NtPIP2;16
NtPIP2;3
NtPIP2;1
NtPIP2;2
NtPIP2;4
NtPIP2;5
NtPIP2;7
NtPIP2; 6
NtPIP2;8

NtPIP1;3
NtPIP1;1
NtPIP1;6
NtPIP1;2
NtPIP1;4
NtPIP1;5
NtPIP1;7
NtPIP1;8
NtPIP1;11
NtPIP1;12
NtPIP1;13
NtPIP1;9
NtPIP1;10
NtPIP2;9
NtPIP2;10

IAEFMATFLFLYITILTVM
IAEFMATFLFLYITILTVM
IAEFMATFLFLYITILTVM
IGEFMPTFLFLYITVLTVM
IAEFMATFLFLYITVLTVM
IAEFMATFLFLYITVLTVM
IAEFMATFLFLYITILTVM
IAEFMATFLFLYITVLTVM
IAEFIATLLFLYITVLTVI
IAEFIATLLFLYITVLTVI
IAEFIATLLFLYVTVLTVI
IAEFIATLLFLYVTVLTVI
IAEFIATLLFLYVTVLTVI
IAEFIATLLFLYVTVLTVI
IAEFIATLLFLYVTVLTVI
IAEFIATLLFLYITVLTVI
VAEFIATLLFLYITVLTVI
IAEFIATLLFLYITVLTVI
IAEFIATLLFLYITVLTVI
IAEFIATLLFLYITVLTVI
IAEFIATLLFLYITVLTVI
IAEFIATLLFLYVTVATVI
IAEFIATLLFLYVTVATVI
IAEFIATLLFLYVTVATVI
IAEFIATLLFLYVTVATVI
IAEFIATLLFLYVTVATVI
IAEFVATLLFLYVSVATVI]
IAEFVATFLFLYVSVATVI

IAEFVATFLEFLYVSVATVT

hokkhkhkhkooo Khko

GLKRS----—-- DSLC
GLKRS--———- DSLCA
GLKRS------ DSLCY
GYSRA-————- NSKCS
GYSRA---——- NSKCS
GYSRA--————- NSKCS
GVSKS---——- ESKCS
GVSKS-————- ESKCH
GYKNQSAT--TSDPCH
GYKSQSAT--ATDPCA
GYKHQSDTKDGGDIC(
GYKHQSDTKDGGDIC
GYKHQSDVDANGDVC(
GYKVQSDVKADGDIC
GYKVQSDVKADGDIC(
GYKSQSDTKHNGDEC
GYKSQSDTKHNGDEC(
GYKSQIDPDHNGEQC
GYKSQIDPDHNGEQC(
GYKSQTDTDHNGEQC
GYKSQTDTDHNGEQC(
GHKKLN----GADKCI]
GHKKLN----GADKCI]
GHKKLN----GADKCI]
GHKKLN----AADHCI
GHKKLN----AADHCI
GHKKQV----G--PCI]
GHKKQV----G--PCI]
GHKKQV----G--PCI|
* . *
™3

SVGIQGVAWAEGGMIFALVYCTAG[L
SVGIQGVAWAEGGMIFALVYCTAG[
SVGIQGVAWAEGGMIFALVYCTAG[L
TVGVQGIVWAEGGMIFALVYCTAG[
TVGVQGIAWAEGGMIFALVYCTAG[L
TVGVQGIAWAEGGMIFALVYCTAG[
TVGIQGIAWAEGGMIFALVYCTAG[L
TVGIQGIAWAEGGMIFALVYCTAG[
\GVGVLGIAWAEGGMIFVLVYCTAGIL
\GVGILGIAWAEGGMIFVLVYCTAG[
tGVGILGIAWAEGGMIFVLVYCTAGEL
tGVGILGIAWAEGGMIFVLVYCTAG[
tGVGILGIAWAEGGMIFVLVYCTAGIL
tGVGILGIAWAEGGMIFILVYCTAGEL
't GVGILGIAWAEGGMIFILVYCTAGI
tGVGILGIAWAEGGMIFVLVYCTAGIL
tGVGILGIAWAEGGMIFVLVYCTAGIL
tGVGILGIAWAEGGMIFVLVYCTAGIL
tGVGILGIAWAEGGMIFVLVYCTAGIL
tGVGILGIAWAEGGMIFVLVYCTAGIL
tGVGILGIAWAEGGMIFVLVYCTAGE
GVGILGISWAEGGMIEVLVYCTAGL
GVGILGISWAEGGMIFVLVYCTAGL
GVGILGISWAEGGMIFVLVYCTAGL
GVGILGIAWAEGGMIEVLVYCTAGIL
GVGILGIAWAEGGMIFVLVYCTAGIL
GVGLLGIAWAEGGMIEFVLVYCTAGL
GVGLLGIAWAEGGMIFEFVLVYCTAGIL

GGMIFVIVYCTAGI

*hkrxhkkhkkkhkk krxkkxkkx

Pl

SGGHINPAVTFGLFLARKLSLTRAVEYMVMOCLGAICGAGVVKGEMVGPYQRLGGGANVV
SGGHINPAVTFGLFLARKLSLTRAVEYMVMOCLGAICGAGVVKGEMKGPYQRLGGGANVV
SGGHINPAVTFGLFLARKLSLTRAVEYMVMOCLGAICGAGVVKGEMKGPYQRLGGGANVV
SGGHINPAVTFGLFLARKLSLTRAVEYIVMOCLGAICGAGVVKGEMVGPYQRHGGGANVV
SGGHINPAVTFGLFLARKLSLTRAIFYIVMOCLGAICGAGVVKGEMVGPYQRLGGGANVV
SGGHINPAVTFGLFLARKLSLTRAIFYIVMOCLGAICGAGVVKGEMVGPYQRLGGGANVV
SGGHINPAVTFGLFLARKLSLTRALFYMVMOCLGAICGAGVVKGEMVGPYQRLGGGANMV
SGGHINPAVTFGLFLARKLSLTRALEFYMVMOCLGAICGAGVVKGEMVGPYQRLGGGANVV
SGGHINPAVTFGLFLARKLSLTRAVEYIVMOCLGAICGAGVVKGEQPSLYQVKGGGANVV
SGGHINPAVTFGLFLARKLSLTRAVEYIVMOCLGAICGAGVVKGEQPSLYQVKGGGANVV
SGGHINPAVTFGLFLARKLSLTRAVEYIVMOCLGAICGAGVVKGEQPSLYQVKGGGANIM
SGGHINPAVTFGLFLARKLSLTRAVEYMVMOCLGAICGAGVVKGEGKTLYQTKGGGANVV
SGGHINPAVTFGLFLARKLSVTRALEYMVMOCLGAICGAGVVKGEGKTLYQTKGGGANVV
SGGHINPAVTFGLFLARKVSLIRALMYMVAQCLGAICGVGLVKAEQSAYYHRYDGGANML
SGGHINPAVTFGLFLARKVSLTIRAVMYMVAQCLGAICGVGLVKAEIQOSAYYHRYDGGANML

109
109
109
107
107
107
108
109
97
97
103
103
99
103
103
101
101
107
99
107
99
98
98
98
97
97
82
82
82

168
170
170
169
169
169
169
169
167
167
167
168
169
157
157



NtPIP2;17
NtPIP2;18
NtPIP2;19
NtPIP2;20
NtPIP2;21
NtPIP2;11
NtPIP2;12
NtPIP2;13
NtPIP2;15
NtPIP2;14
NtPIP2;16
NtPIP2;3
NtPIP2;1
NtPIP2;2
NtPIP2;4
NtPIP2;5
NtPIP2;7
NtPIP2;6
NtPIP2;8

NtPIP1;3
NtPIP1;1
NtPIP1;6
NtPIP1;2
NtPIP1;4
NtPIP1;5
NtPIP1;7
NtPIP1;8
NtPIP1;11
NtPIP1;12
NtPIP1;13
NtPIP1;9
NtPIP1;10
NtPIP2;9
NtPIP2;10
NtPIP2;17
NtPIP2;18
NtPIP2;19
NtPIP2;20
NtPIP2;21
NtPIP2;11
NtPIP2;12
NtPIP2;13
NtPIP2;15
NtPIP2;14

SGGHINPAVTFGLFLARK
SGGHINPAVTFGLFLARK
SGGHINPAVTFGLFLARK
SGGHINPAVTFGLFLARK
SGGHINPAVTFGLFLARK
SGGHINPAVTFEFGLEFLARK
SGGHINPAVTFGLFLARK
SGGHINPAVTFGLFLARK
SGGHINPAVTFGLFLARK
SGGHINPAVTFGLEFLARK
SGGHINPAVTFGLFLARK
SGGHINPAVTFGLFLARK
SGGHINPAVTFGLFLARK
SGGHINPAVTFEFGLFLARK
SGGHINPAVTFGLLLARK
SGGHINPAVTLGLFLARK
SGGHINPAVTFGLLLARK
SGGHINPAVTFGLLLARK
SGGHINPAVTFGLLLARK

VSLIRAVLYMVSQCLGAICGVGLVKAE]
VSLMRAVLYMVSQCLGAICGVGLVKAE]
VSLIRALVYMVAQCLGAICGVGEVKAE]
VSLIRAVLYMVAQCLGAICGVGEVKAE]
VSLIRAVLYMVAQCLGAICGVGLVKGE]
ISLARAVMYMIAQCLGAICGCGLVKAE]
ISLARAVMYMIAQCLGAICGCGLVKAE]
VSLVRAIMYMLAQCLGAICGCGLVKAFE]
VSLVRAIMYMLAQCLGAICGCGLVKAE]
VSLVRAIMYMLAQCLGAICGCGLVKAFE]
VSLVRAIMYMLAQCLGAICGCGLVKAE]
VSLLRAVGYITIAQSLGAICGVGLVKGE]
VSLLRAVGYIIAQSLGAICGVGLVKGE]
VSLLRAVGYITIAQSLGAICGVGLVKGE]
VSLIRAVAYITAQSLGAICGVGFEVKAE]
VSLIRAVAYITAQSLGAICGVGEVKAE]
VSLLRAVGYMVAQCLGAICGVGLVKGE]
VSLLRAVGYMVAQCLGAICGVGLVKGE]
VSLTLRAVAYMVAQCLGAICGVGLVKGE]

OKAYFNRYGGGVNVM
OKAYYNRYGGGVNVM
OSAYYDRYGGGANVM
OSAYYVRYGGGANVM
OSAYYVRYGGGANVM
OKSYYVRYGGGANEL
OKSYYVNYGGGANEL
OKAYYVKYGGGANTL
OKAYYVKYGGGANTL
OKAYYVKYGGGANML
OKAYYVKYGGGANML
IMKHYYNTLGGGANEV
IMKHYYNTLGGGANFV
IMKHYYNTLGGGANFEV
IMKHYYNLEGGGANFV
IMKHYYNLEGGGANFEV
IMKHDYNTYGGGANTV
IMKHDYNTYGGGANTV

KAk hkkhkhkkk Kk, okkoekkhkkh*k

ok . * Kk .

K e .

* kkkkkk Kk Kk K

KHDYNTHGGGANTV

T™4

NPGYT
NPGYT]
NPGYT]
NSGYT
NHGYT
NHGY1T
QPGYT
QPGYT
NNDYT]
NHGY
NHGYT
NLGYT
NPGYT]
SDGYS
SDDYH
AGGHN
AGGHN
AAGHT
APGHT
APGHT
ATGYH
ATGYY
NDGYN
NDGY{
NDGY{

KGDGLGAEIIGTEVLVYTVESAT
KGDGLGAEIIGTEVLVYTVESAT
KGDGLGAEIIGTEVLVYTVESAT,
KGDGLGAEIIGTEVLVYTVESAT
KGDGLGAEIIGTEVLVYTVESAT,
KGDGLGAEIIGTEVLVYTVESAT
KGDGLGAEIIGTEVLVYTVESAT,
KGDGLGAEIVGTEVLVYTVESAT
KGDGLGAEIVGTEVLVYTVESAT,
KGDGLGAEIVGTEVLVYTVESAT
KGDGLGAEIVGTEVLVYTVESAT,
KGSGLGAEIVGTEVLVYTVESAT
KGDGLGAEIVGTEVLVYTVESAT,
HGVGLSAEIIGTEVLVYTVESAT
HGVGLSAEIIGTFVLVYTVESAT
KGVGLGAEIIGTEFVLVYTVESAT
KGVGLGAEIIGTEVLVYTVESAT,
KGVGLAAEIIGTEFVLVYTVESAT
KGVGLAAEIIGTFVLVYTVESAT
KGVGLAAEIIGTEVLVYTVESAT
TGTGLAAEIIGTFVLVYTVESAT
TGTGLAAEIIGTEFVLVYTVESAT
TGTGLGAEIIGTFVLVYTVFAAT
TGTGLGAEIIGTFVLVYTVFAAT
TGTGLGAETIIGTFVILVYTVEAAT

DAKRNARDSHVPI
DAKRNARDSHVPI
DAKRNARDSHVPI
DAKRNARDSHVPI
DAKRNARDSHVPI
DAKRNARDSYVPI
DAKRNARDSHVPI
DAKRNARDSHVPI
DAKRNARDSHVPI
DAKRNARDSHVPI
DAKRNARDSHVPI
DAKRSARDSHVPI
DAKRSARDSHVPI
DPKRNARDSHVPV|
DPKRNARDSHVPV|
DPKRSARDSHVPYV|
DPKRSARDSHVPV|
DPKRSARDSHVPYV|
DPKRNARDSHVPV|
DPKRNARDSHVPYV|
DPKRNARDSHVPV|
DPKRNARDSHVPV|
DPKRNARDSHVPV|
DPKRNARDSHVPV|
DPKRNARDSHVPV|

LAPLPIGFAVFLV
LAPLPIGFAVFLV
LAPLPIGFAVFLV
LAPLPIGFAVFLV
LAPLPIGFAVFLV
LAPLPIGFAVFLV
LAPLPIGFAVFLV
LAPLPIGFAVFLV
LAPLPIGFAVFLV
LAPLPIGFAVELV
LAPLPIGFAVFLV
LAPLPIGFAVFLV
LAPLPIGFAVFL

LAPLPIGFAVFEFMV]
LAPLPIGEFAVEFMV
LAPLPIGFAVFEFMV]
LAPLPIGEFAVEFMV
LAPLPIGFAVEFMV
LAPLPIGFAVFMV
LAPLPIGFAVFEFMV
LAPLPIGFAVFMV
LAPLPIGFAVEFMV
LAPLPIGFAVFMV
LAPLPIGFAVEFMV
LAPLPTGFAVEFMV

163
163
159
163
163
l6l
161
167
159
167
159
158
158
158
157
157
142
142
142

228
230
230
229
229
229
229
229
227
227
227
228
229
217
217
223
223
219
223
223
221
221
227
219
227



NtPIP2;16
NtPIP2;3
NtPIP2;1
NtPIP2;2
NtPIP2;4
NtPIP2;5
NtPIP2;7
NtPIP2;6
NtPIP2;8

NtPIP1;3
NtPIP1;1
NtPIP1;6
NtPIP1;2
NtPIP1;4
NtPIP1;5
NtPIP1;7
NtPIP1;8
NtPIP1;11
NtPIP1;12
NtPIP1;13
NtPIP1;9
NtPIP1;10
NtPIP2;9
NtPIP2;10
NtPIP2;17
NtPIP2;18
NtPIP2;19
NtPIP2;20
NtPIP2;21
NtPIP2;11
NtPIP2;12
NtPIP2;13
NtPIP2;15
NtPIP2;14
NtPIP2;16
NtPIP2;3
NtPIP2;1
NtPIP2;2
NtPIP2; 4
NtPIP2;5
NtPIP2;7
NtPIP2;6
NtPIP2;8

QVIIRAIPFKSGNLA

QFILRAGAAKALGSF
QFILRAGAAKALGSF
OYILRAGALKALGSF
OYILRAGALKALGSF
OYILRAGAVKALGSF
QFILRAGAIKALGSF
QFILRAGAIKALGSF
OYILRAGAVKALGSF
OYILRAGAVKALGSF
QFILRAGAVKALGSF
QFILRAGAVKALGSF
QFILRAGAVKALGSF
QFILRAGAVKALGSF
OYILRGSAIKALGSF
OYILRGSAIKALGSF
OYILRGSAIKALGSF
QFVLRAGAVKALGSF
QFVLRAGAVKALGSF
QOVLRAHVLDTWNSY
QQVLRAQAAKTLSSF

NDGYSTGTGLGAEIIGTFVLVYTVFAATDPKRNARDSHIPVILAPLPIGFAVEFMV:
QPGYNKGTALGAEIIGTEFVLVYTVFSATDPKRSARDSHVPVILAPLPIGFAVEMV
QPGYNKGTALGAEIIGTFVLVYTVESATDPKRSARDSHVPVILAPLPIGFAVEMY
QPGYNKGTALGAEIIGTEVLVYTVFSATDPKRSARDSHVPVILAPLPIGFAVEMV
QPGYNKGTALGAEIIGTFVLVYTVESATDPKRSARDSHVPVILAPLPIGFAVEMY
QPGYNKGTALGAEIIGTEFVLVYTVFSATDPKRSARDSHVPVILAPLPIGFAVEMV
AVGYSTGTALGAEIIGTFVLVYTVESATDAKSKARDSHVPVILAPLPIGESVE
AVGYSTGTALGAEIIGTFVLVYTVESATIDPKRNSRDSHVPVILAPLPIGFAVEMV
AVGYSIGAALGAETTIGTEVIVYTVESATIDPKRNSRDSHVPVILAPLPIGFAVFMV!

RIS * -*-***:**********:*** * -:*'k*::*:********:**:*******

LE1 LE2P2 P3 P4P5 TM6
ITGEGITPARSLGAAITIFNQDRAWDDHWIFWVGPFIGAALAAVYHOITIRAIAFKS————
ITGHEGINPARSLGAATI IFNKKQAWDDHWIFWVGPFIGAALAAVYHOITIIRAIPFKS----
ITGEGINPARSLGAAIIFNKKQAWDDHWIFWVGPFIGAALAAVYHOITIIRAIPFKSKA-—
ITGHEGINPARSLGAATIIYNTDQAWDDHWIFWVGPFIGAALAAVYHOITIIRAIPFHKSS--
ITGEGINPARSLGAAITIYNTDQAWDDHWIFWVGPFIGAALAAVYHOITIIRAIPFHKSS——
ITGHEGINPARSLGAATIIYNTDQAWDDHWIFWVGPFIGAALAAVYHOITIIRAIPFHKSS--
ITGEGINPARSLGAAITIFNQDQAWDDHWIFWVGPFIGAALAAVYHOITIIRAIPFKSKS——
ITGHEGINPARSLGAATIIFNQDRAWDDHWIFWVGPFIGAALAAVYHOITIIRAIPFKSKS--
IIGECINPARSLGAAITIYNRDQAWDDH-————————=——=—————+
ITGHGINPARSLGAATIYNRDQAWDDHWIFWVGPFVGAALAALYH
ITGEGINPARSLGAAITIYNRDQAWDDHWIFWVGPFIGAALAALYHOVIIRAIPFRSGN-—
ITGHEGINPARSLGAATIIYNQDHAWDDHWIFWVGPFIGAALAALYHOQVVIRAIPFKSK---
ITGHEGINPARSLGAATIIYNKEHAWNDHWIFWVGPFIGAALAALYHQVVIRAIPFKSK---
ITGEGINPARSLGAAVIEFNQHKAWKDHWIFWVGPFIGAAIAAFYH
ITGHGINPARSLGAAVIFNQHKAWKDHWIFWVGPFIGAAIAAFYH
ITGEGINPARSFGAAVIYNQDKAWDEHWIFWVGPEFVGAFAAAVYH
ITGHGINPARSFGAAVIYNQDKAWDEHWIFWVGPFVGAFAAAVYH
ITGEGINPARSFGAAVIYNQDKAWDEHWIFWVGPFIGAFAAAAYH
ITGHGINPARSFGAAVIYNHDKAWDEHWIFWVGPFIGAFAAAVYH
ITGEGINPARSFGAAVIYNQDKAWDEHWIFWVGPFIGAFAAAVYH
ITGHGINPARSFGAAVIYGKDKAWDDOWIFWVGPLIGAAIAALYH
ITGEGINPARSFGAAVIYGKEKAWDDOWIFWVGPFIGAATIAALYH
VITGEGINPARSFGAAVIYGKEKAWDDOWIFWVGPFIGAAIAAFYH
VTGEGINPARSFGAAVIYGKEKAWDDOWIFWVGPFIGAAIAAFYH
VITGEGINPARSFGAAVIYGKDKAWDDOWIFWVGPFIGAAIAAFYH
VTGEGINPARSFGAAVIYGKEKAWDDOWIFWVGPFIGAAIAAFYH
ITGHGINPARSFGAAVIYNTEKVWDDOWIFWVGPFVGALVAAVYH
ITGHGINPARTFGAAVIYNTEKIWDDOWIEFWVGPEFVGALVAAVYH
ITGEGINPARSFGAAVIYNTEKIWDDOWIFWVGPEFVGALVAAVYH
ITGHGINPARSFGAAVIYNKEKIWDDOWIEFWVGPEFVGALIAATYY
ITGEGINPARSFGAAVIYNKEKIWDDOWIFWVGPEFVGALIAATIYH
ITGHGINPARSFGAAVIYNNSTAWNDHWIEFWVGPEFVGALVASLYH
ITGEGINPARSFGAAVIYNDTTAWNDHWIFWVGPSLGALAAALYY
ITGHGINPARSFGAAVIYNHTTAWNDHWIFWVGPFLGALAAALYY
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Figure S2. Multiple sequence alignment of NtTIPs. The amino acid sequences were aligned using the Clustal Omega server. The two conserved NPA motifs are
shown in yellow, the residues at H2, H5, LE1, and LE2 of the ar/R filter are in green, FPs (P1-P5) are in cyan, TM are shaded with grey background.
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Figure S3. Multiple sequence alignment of NtNIPs. The amino acid sequences were aligned using the Clustal Omega server. The two conserved NPA motifs are
shown in yellow, the residues at H2, H5, LE1, and LE2 of the ar/R filter are in green, FPs (P1-P5) are in cyan, TM are shaded with grey background.
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Figure S4. Multiple sequence alignment of NtSIPs. The amino acid sequences were aligned using the Clustal Omega server. The two conserved NPA motifs are
shown in yellow, the residues at H2, H5, LE1, and LE2 of the ar/R filter are in green, FPs (P1-P5) are in cyan, TM are shaded with grey background.
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NtSIP1;1 MGV--IKAA[IGDGALTFLWVLCSSCIGVSTYLVATTFGVVNEMGSLFITTLVVFLIFLVFE 58
NtSIP1;2 MGA--VKAANVADEVLTSMWVEFCSSTLGVEFTYLIASAFGIAQGITITLEFITTVLLFILEFFVFE 58
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NtSIP1;1 HMLEGPALKVDVQAGAIAEGVLTFIITFMVEVIVILRGPKSALLKNWLLTLVTVPLMVAGS 178
NtSIP1;2 HMLGGPSLKVDLHNGAIAEGILTETMTEFLVEFLIVILRGPRNALLKNWLLAMSTVTMMVTGS 178
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NtSIP1;2 KYTGBSMNPANAFGWAY INNWHNTWEQEFYVYWICPFVGAIMAAWTEFRALFPPPVKQKPQK 238
KR RRRK ook .o .o

NtSIP2;1 IEKKSE-=-=-—=--— 240
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NtSIP1;2 242



Figure S5. Multiple sequence alignment of NtXIPs. The amino acid sequences were aligned using the Clustal Omega server. The two conserved NPA motifs are
shown in yellow, the residues at H2, H5, LE1, and LE2 of the ar/R filter are in green, FPs (P1-P5) are in cyan, TM are shaded with grey background.
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Figure S6. Exon-intron organization of NtAQP genes. Yellow boxes represent the coding regions or exons, blue color
represents the upstream/downstream, and black lines represent the introns (software GDS2;0).
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Figure S6. Exon-intron organization of NtAQP genes. Yellow boxes represent the coding regions or exons, blue color represents the upstream/downstream, and black lines represent the introns (software GDS2;0).



Table S1. Aquaporins in N. tabacum, N. tomentosiformis, and N. sylvestris

N. tabacum N. tomentosiformis N sylvestris
NtPIP1;1 NtoPIP1;1 NsPIP1;1
NtPIP1;2 NtoPIP1;2 NsPIP1;2
NtPIP1;3 NtoPIP1;3 NsPIP1;3
NtPIP1;4 NtoPIP1:4 NsPIP1;:4
NtPIP1;5 NtoPIP1;5 NsPIP1;5
NtPIP1;6 - NsPIP1;6
NtPIP1;7 - -
NtPIP1;8 - -
NtPIP1;9 - -

NtPIP1;10 - -

NtPIP1;11 - -

NtPIP1;12 - -

NtPIP1;13 - -
NtPIP2;1 NtoPIP2;1 NsPIP2;1
NtPIP2:2 NtoPIP2:2 NsPIP2:2
NtPIP2;3 NtoPIP2;3 NsPIP2;3
NtPIP2;4 NtoPIP2:4 NsPIP2;:4
NtPIP2;5 NtoPIP2;5 NsPIP2;5
NtPIP2;6 NtoPIP2;6 NsPIP2;6
NtPIP2;7 NtoPIP2;7 NsPIP2;7
NtPIP2;8 NtoPIP2;8 NsPIP2;8
NtPIP2;9 NtoPIP2;9 NsPIP2;9

NtPIP2;10 NtoPIP2;10 NsPIP2;10

NtPIP2;11 NtoPIP2;11 -

NtPIP2;12 NtoPIP2;12 -

NtPIP2;13 - -

NtPIP2;14 - -

NtPIP2;15 - -

NtPIP2;16 - -

NtPIP2;17




NtPIP2;18
NtPIP2;19
NtPIP2;20
NtPIP2;21

NtTIP1;1
NtTIP1;2
NtTIP1;3
NtTIP1;4
NtTIP1;5
NtTIP1;6
NtTIP1;7
NtTIP1;8
NtTIP1;9
NtTIP2;1
NtTIP2;2
NtTIP2;3
NtTIP2;4
NtTIP2;5
NtTIP2;6
NtTIP2;7
NtTIP2;8
NtTIP2;9
NtTIP2;10
NtTIP3;1
NtTIP3;2
NtTIP3;3
NtTIP3;4
NtTIP4;1
NtTIP4;2
NtTIPS;1
NtTIP5;2
NtNIP1;1
NtNIP1;2
NENIP2;1
NENIP3;1

NtoTIP1;1
NtoTIP1;2
NtoTIP1;3
NtoTIP1;4

NtoTIP2;1
NtoTIP2;2
NtoTIP2;3
NtoTIP2;4
NtoTIP2;5

NtoTIP3;1
NtoTIP3;2

NtoTIP4;1

NtoTIP5;1
NtoNIP1;1
NtoNIP1;2
NtoNIP2;1
NtoNIP3;1

NsTIP1;1
NsTIP1;2
NsTIP1;3

NsTIP2;1
NsTIP2;2
NsTIP2;3
NsTIP2;4
NsTIP2;5

NsTIP3;1
NsTIP3;2

NsTIP4;1

NsTIPS;1
NsNIP1;1
NsNIP1;2
NsNIP2;1
NsNIP3;1




NtNIP3;2 - NsNIP3;2
NtNIP4;1 NtoNIP4;1 NsNIP3;3
NtNIP4;2 NtoNIP4;2 NsNIP4;1
NtNIP4;3 NtoNIP4;3 NsNIP4;2
NtNIP4;4 NtoNIP4;4 NsNIP4;3
NtNIP4;5 NtoNIP4;5 NsNIP4:4
NtNIP4;6 - NsNIP4;5
NtNIP5;1 NtoNIP5;1 NsNIP5;1
NtNIP5;2 - -
NtNIPS;3 - -
NtNIP6;1 NtoNIP6;1 NsNIP6;1
NtNIP6;2 NtoNIP6;2 NsNIP6;2
NtNIP7;1 NtoNIP7;1 NsNIP7;1
NtNIP7;2 - -
NtNIPS;1 - NsNIPS;1
NtNIPS8;2 - -
NtSIP1;1 - -
NtSIP1;2 - -
NtSIP2;1 NtoSIP2;1 NsSIP2;1
NtXIP1;1a NtoXIP1;1a NsXIP1;1a
NtXIP1;1p NtoXIP1;1p NsXIP1;1pB
NtXIP1;2a NtoXIP1;2 NsXIP1;2
NtXIP1;2p NtoXIP1;3 NsXIP1;3
NtXIP2;1 NtoXIP1:4 NsXIP2;1
NtXIP2;2 NtoXIP2;1a
NtoXIP2;1p
90 51 50




Table S2. List of AQPs in Nicotiana tabacum predicted to transport substrates based on SDPs in NPA regions, ar/R selectivity filter

and FPs separately.
NtAQPs Ar/R (H2-H5-LE1-LE2) LB (NPA region) LE (NPA region) FPs (P1-P5)
Non- Motif [hit] isoforms Motif [hit] isoforms Motif [hit] isoforms Motif [hit] isoforms
aqua
Boron [AGIJ[ISV][GA] | NtNIP2;1 SG[AGJH[IL | NtPIP1;1-13 [GS][GA][SGIMNP[AV]R[ | NtTIP2;1-10 | [FIV][TCJA[YF][L | NtNIP5;1
R [4] NtNIP5;1 M]INP[ASV][ | NtPIP2;1-21 STC][LF]G [29] NtTIP4;1-2 FW] [5] NtXIP1;1-2
NtXIP1;1-2 VLI][TS] [57] | NtTIP2;6-10 NtNIP1;1-2 NtXIP2;1-2
NtTIP3;1-4 NtNIP3;1-2
NtTIP4;1-2 NtNIP5;1-3
NtNIP2;1 NtNIP6;1-2
NtNIP5;1-3 NtNIP7;1-2
NtNIP6;1-2 NtNIP8;1-2
NtNIP7;1-2 NtXIP1;1-2
NtXIP1;1-2 NtXIP2;1-2
NtXIP2;1-2
CO; FHTR [34] NtPIP1;1-13 | SGGHINPAV | NtPIP1;1-13 GTGINPARSLG [13] NtPIP1;1-8 [MQ]JSAFW [31] | NtPIPI;1-10
NtPIP2;1-21 | T [38] NtPIP2;1-21 NtPIP1;10 NtPIP1;12-13
NtTIP3;1-4 NtPIP1;12-13 NtPIP2;1-21
NtPIP2;9-10
H:0: [HFWIJ[IHV][A | NtPIP1;1-13 | SG[GAJH[VLI | NtPIP1;1-13 G[AGT][SG][MIINP[AG][ | NtPIP1;1-8 [TQFV][ASCJA[Y | NtPIP1;12-13
TG][VR] [71] | NtPIP2;1-21 | FINP[AV][VI] | NtPIP2;1-21 VR][ASC][FL]G [68] NtPIP1;10 F[WI] [41] NtPIP2;9-21
NtTIP1;1-9 [TS][81] NtTIP1;1-9 NtPIP1;12-13 NtTIP1;1-9
NtTIP2;1-10 NtTIP2;1-10 NtPIP2;1-5 NtTIP2;1-10
NtTIP3;1-4 NtTIP3;1-4 NtPIP2;7-21 NtNIP3;2
NtTIP4;1-2 NtTIP4;1-2 NtTIP1;1-9 NtNIP4;3-4
NtNIP1;1-2 NtTIP5;1-2 NtTIP2;1-10 NtXIP1;1-2
NtNIP3;1-2 NtNIP1;1-2 NtTIP3;1-4 NtXIP2;1-2
NtNIP4;1-6 NtNIP3;1-2 NtTIP4;1-2
NtXIP1;1-2 NtNIP4;1-5 NtNIP1;1-2




NtNIP6;1-2 NtNIP3;1-2
NtNIP7;1-2 NtNIP7;1-2
NtNIPS;1-2 NtNIPS;1-2
NtXIP1;1-2 NtXIP1;1-2
NtXIP2;1-2 NtXIP2;1-2
NH; [HW][IV][AGIR | NtTIP2;1-10 | SGGH[VLF]N | NtTIP1;1-9 G[GAJSMNPARS[FL]G NtTIP2;1-10 | [FT]SAY[LW] NtTIP1;1-9
[26] NtNIP3;1-4 | PAVT [24] NtTIP2;1-10 | [20] NtTIP4:1-2 | [21] NtTIP2;1-10
NtTIP4;1-2 NtTIP4;1-2 NtNIP1;1-2 NtTIP4;1-2
NtNIP1;1-2 NtTIP5;1-2 NtNIP3;1-2
NtNIP3;1-2 NtNIP4; 1 NtNIP7;1-2
NtNIP4;1-6 NtNIPS;1-2
Si GSGR [1] NtNIP2;1 SGAHMNPA | NtNIP2;1 GGSMNPARTL[GA] [0] |0 [ILITAYF [0] 0
VT [1]
Urea [HGANI]J[ISV][ | NtTIP1;1-9 | SG[GAJH[ILV | NtPIP1;1-13 | [GS][AG][SGIMNP[AV][R | NtTIP1;1-9 | [MTLFVI][SATC] | NtTIP1;1-9
AG][RVC] [30] | NtTIP2;1-10 | MINP[AV][VI | NtPIP2;1-21 | VC][TSC][LF]G [38] NtTIP2;1-10 | A[YF][WFL][31] | NtTIP2;1-10
NtTIP3;1-4 | ][TS][70] NtTIP1;1-9 NtTIP4;1-2 NtTIP4;1-2
NtTIP4;1-2 NtTIP2;1-10 NtNIP1;1-2 NtTIP3;1-4
NtNIP5; 1 NtTIP3;1-4 NtNIP3;1-2 NtNIP6;1-2
NtNIP7;1-2 NtTIP4;1-2 NtNIP5;1-3 NtXIP1;1-2
NtXIP1;1-2 NtTIP5;1-2 NtNIP6;1-2 NtXIP2;1-2
NtNIP2;1 NtNIP7;1-2
NtNIP6;1-2 NtNIPS;1-2
NtNIP7;1-2 NtXIP1;1-2
NtXIP1;1-2 NtXIP2;1-2
NtXIP2;1-2
As [GAW][VSAI][ | NtNIP1;1-2 | SG[ACJH[LIV | NtNIP1;1-2 [GSI[GA]SMNP[AV]R[ST] | NtNIP1;1-2 | [LIFY][TSJAY[FI | NtNIP1;1-2
GA][RV] NtNIP2;1 MFINP[AS][V | NtNIP2;1 [LIJ[AG] NtNIP2;1 LM] NtNIP2;1
[15] NINIP3;1-2 [ I]T NtNIP3;1-2 [20] NtNIP3;1-2 | [16] NtNIP3;1-2
NtNIP4;2-6 | [16] NtNIP4;2-6 NtNIP4;1-6 NtNIP4;1-6
NtNIP5; 1 NtNIP6;1-2 NtNIP5;1-3 NtNIP5;1-3
NtNIP7;1-2 NtNIP7;1-2 NtNIP6;1-2 NtNIP6;1-2
NtNIPS;1-2 NtNIPS;1-2 NtNIP7;1-2

NtNIP§;1-2




Sb

[AGT][IVSA][G
AR
[3]

NtNIP2;1
NtNIP5;1
NtNIP6;2

SG[ACJH[LM
INP[SA][VIT]
[TS]

[3]

NtNIP2;1
NtNIP6;1-2

[GS]-[GA]-
SMNP[VA]JR[TS]L[GA]
[13]

NtNIP1;1-2
NtNIP3;1-2
NtNIP5;1-3
NtNIP6;1-2
NtNIP7;1-2
NtNIPS;1-2

[FYIL][TS]AY[L
MF]
(2]

NtNIP1;1-2






