Upregulated

Downregulated

Oh 2h 4h 8h 12h 24h 48h

T NI T
i

Upregulated after 2h

i
i

i

Upregulated after 4h

E

Upregulated after 8h |
Upregulated after 12h

P/Ca EX SCW CD
- -'1. !
-_—

o

L 5
i-.

s

5 i

20019145 ATPOV2
isnicisees ATFDS

15357 Phosphogycerate ity
Leniciiz mmmmm o o8 Supertaly
aEnicassision

saneciozet e
raznsc 1460 41

(3205610481 BLH DA binding supertamily
A
c2aiss ATCY:

mmms cvome Paso famiy
lraoniei6ss ATHATE
122115633457 DHLI DNA binding superfamily
(320405340 NTLBOAL
raondcisded ATRING1E
ia2n4c20037 ATPHTS S
anGe12957 Protein prosphatase 2C famiy
RSRSCSY R s by e iy

SCza0A ATNITRZ

i
SEniSE ool UATE oty
ERSCIS8 oo craiing TP s supararty

ainicicn: Lt maste deydogerae famh
el AT oo v
ot
aanises o ATCES XS
ey
acaget

YR m
el 2o o mvenue/becnn methyesterase inibtorsupertmily
Porasniczs epnrn.
aznica s, ]
nicros MEGEs
Parasnier 210 AT
iz 506 & Rt dependen rygenase supertaily
2NIBC30IS3 AKRACID

ParrasniSca3ass FBD F-box and LRR domains contaning
razni2c23002 ATGLTL
oniciosalcorD
. Povasniceed?.

ErASCS37S! L g endonuceaselexanuceaselphosphatase
Paraont Tca0808 ATGAD.

e

N
—
= -

Hiazn1c3299 ATRENRL

aznse20121
el cory
S

35455 St exporter TaUEISae fary
traangcil72 266 & el epeners omgendse superamiy
raznicasa A
aanioc390ad ansmenbrane proten
wraonic 8052 ATAPS]
a200c18940 ATAARZ
TU6204co590 ATPLATS
o

SEn15c34382 Torpentts cyciasesiPolen penyiransierases sopeiami
tragnisc 408 AICUAG 16k e ey

userieiols srget ke proi fany
Hazn3c29215 A

Ranie1533s Cysiane proteinases suprtamiy

AN 718783 paain i phosphotpase comain
V315536 €2 oty

ramicI Ao

\raznic 351 MATE efu famiy

aanct 3703 NAD(E) Binding Rosmann o supertomiy
1122051616 NADIP) Biding Rossmannfold superiamdy
200c10080 ATRDZ

S locus locin proteinkinase famiy
A seaa O AT
wraznec 3343 DU
razncl 7414 ATCYPT04E1
aEniicre A ATHG

AT

33087 PP supertamly
naznuczzﬂu ACE
i sciis A

anisiona ATSBTLO
Wrsni6c 30321 Homaodamain.ike superamiy

sanacaaoo A tepeat amly
nmmzsrau P
n1 731404 ATCAS
i

razne1 4534 0

tseniesILTz el nucletidegated chanvel famiy

Ha2nsc 33002 i

ot ATPs 23

s 1948 Proten phosphtase 2 famiy
kA i respanse amly

Ha7M5C33920 ATCATS

1652815 mysids HTH sanscttonal regulatorfamiy
raoniciors ATLPGS2
Iraon2csoss ATPDEL 6

raznaci0ort ATCERD

H1a207c16179 ATCG D27

sl AICNTY

Iraznoc13157 ATC

nuznmcmnums?wuz

L BhISE3615 XL PLD subtamiy of phossholpase D
H3211CS40 URA tansporter
anicie
iraznd
xmznxzczuuuu Nnc- .undecaprenol NAGprotein
wraonicrs e coprow iy
izt (EAT) hydmxypvmma eh Gycoproten famiy
Hazncr 95 ATt
e ATEASAL
HaZn0c18813 Iypotheial prtein
SEnice 08 M i superamiy
naricrot UCoiioss -
irazn 121938 Ackl phosiatasenv:dependent hloperoxdaserela
aEnIchTo AT

3230 b o
iz s AT
kel Tich
\rs2ni0c20603 Cyseinelbisidin.rch C1 domin famly
initcogses sSSP0
AT
WraznicEads ATOMPY
220266100 ATRACOT4
ST 6518 DB NAG-NAM PP undecaprencl RAG

niGC29905 ATHYAZZ)
s ice 798 AP
usErdcSstn L e phospodesierases suparaniy
020265619 ATUGTHSA:

Fad

7 Duraa
122035008 LEA hyﬂwll;vpmhne 1 gcopoten aniy
HiazniGe30557 LER yresyproine ch Gheoproren
I o

agnaciaas

irazni3c25134 Ankyrin repeat conaiing
HaZn6e13170 Sulie exporier TaE/SaE family
iaznioc214es 10 proen
ainioeiss T A

lrazngc190ss A

nuznnc!uq:nsksa

razne 14810 ATH

aanaciats o i mot iy
e saadds Thon ke

wrani6c20553 ATARY

vaZni3cZ5120 Ankyrinrepeat contaning,
2213632008 LI DIVA binong Superamdy
AT

raon26Ea 5186 ATCL

a5 oA
ia201c3132 ATSWEET?
aEThel 1163 ATAOCS
ni7ca0ei0
rasnlocsses cwwmm ih 1 domain famiy
53
RS

inahrclose e nace suporanly
IS bl Dk g superaniy

anisces S ATSP

L enioaeaiot ATNRGLL

16259 alphalbeta Hyorolases supertamly
1020018005 ATELIPL
Mraoni1c3355% DL DNA-bincing supertamily

5 ATERDD

20614575 HAD superamiy
aZnSe10091 b yionses supertamly
rinect i ATD

a2n3cE340 AT

anociasre MTEMBS108

PovaznicIT2a ATHABZ.
Palvazn2casis sear repesive matx

PolazTCISTa8 O tucosyansierase 38
Parazn/ 5856633 ATPCME

Downregulated after 2h

Downregulated after 4h

Downregulated after 8h

P/Ca

L=

EX _SCW_ CD

- _ =
| |
- e 1
- - .
el o =
I

aznisczo30
aznbe14203 ATNCST
1310620751 ATCCRS
aonGca0saE ATSIEL
aznsei0864 ATLADIS
oSN ZEsde T ATEARLT
8457 ATASPCEL
CRanacs ute am e gt chan 1
raaneEibess Ca s o
GRS AT
SEnsciss AT
TasnTEI0Sa ATHEA
aandcli40 ATAAD:
aZn2cs098 niroreductace amily
RGeS ATACRAO.

Caan7CE433 vacholas soing prten o coman
tazn7clgsdl ATRLCK Vi A

aanicaBiT ATCXGL

OaznBcl 773 aiphaieta hydrolase famiy

2Nt 1631553 ATSRGS

201130330 Rhombokrelted namembrane se potease famiy.
Drazni1ca256 ATVILS

reaniSersiss ATEU0

DUsZnI0c21465 o protein
RZN0CF0416 ATSYTC
azneigsT ATNILA

osgn 1427407 ATMEE 2
204cH535 1noSHD Monophosphatase amdly

aznse18152 ATRADSE.
aznScl07 76 ATCILS

DUsZNIET62 ATGALTIA
2N 130664 ATUGP?

aZNSC15114 ATHSP23 6-MITO
Fa2N16c30236 TranCAUcAWDAD epoal ik supertamily

513214527570 NAD(P) biding Rossiman. (o superaly
raznscians

raznscTo83 ATG)
Shazntcasor MORGOKL
TRETIICE3103 & sy methoninedependent medyranserases superany
raznicses ATV

wszmscuux W-wnwwme pemease

ey
OragniSeaasas ATLIKL
raonbeiese AT T2
oo 1o ATCELS
2N 4e26563 DUFS4T
Gashdchyst ATCOZS
FaZnsCIL 7L ATP binding mirotubue motr famy
2N SCTI AT TL0D
e300 ATt
B

RIS UASE brang s e
e ey ey

i2
CenseISaa! Hampineiraci permease famly
oaznoc19060.
A20COB08 ATPLCLL

v
DUSZNBEL7670 RNke super
Ta2n2cS58] beta-gaaciosiase 16
sasmicisor NIt
DiaZn 4626340 ATRGI
2N 3628 DIR m oty
oLl ATAGH:
Shaahiciaog Ao
reanieShat ATSES
SRR .
72216215061  loop Containing NTP hyctolases supertamiy
oeanISE AT AL

oaznzcorn
ezt
azni4ca 119 ATRECT

v inase famiy
razn7c1so
mznmzms OUF303

= S—
sy
Ei
e,
vasniocsires

S

e Soneaciocs iovma iy proi (UFS81)
T
S

7

Sy
rearicais it

0281
Shashiscazats Arccos
aznicions
aonAcO6A3 Peroridase supertamiy
Siaanlics st ATFILS:

aoniSca3806 NPFa dc
DUaZN 000119 ATIMPR
nect 255 st Hycrolses sty
raznsel 1540
SHaZh4c3733 Parongase supertamh
raanEE 083 mener o IRP sy
TABCe:

Tinase supertamiy
mznﬂ::sn'm ot i A—
aZnSCI1130 ATDET

otainctass T dependen puvae decabanase am
ASNGEIBOTEATELZ T poesetaniy
a203c0001 ATSAURSS

20139005348 ATABCC25

ST IOSa ATOWRS

ASMCBASS ATERE

TaanISe2s09 ATSTLIO

LI AIES]

S
S
et
i
S

en

L —
ra2nlic: s v

IRZncisEt LEA hyrypole.rch gycoprtan fandy
ety G el
e e

yetosypeotine s glycoprotein famdly
USO8 ATRCIS
e Eib 1S MCCI 0o

£
i
&
:

ot acitatr supertamy
ASndO ISR ATABCCSS.

gaaner3 20 & Fl) dopennt anygenasesupertamiy
O32nS¢10880 OABA Uanporr

oeEnEe15323 ATROXYRT

raznsrzasdr
oagnscizars

oeanicL00SE PSS

mmnus«us@! Ao

aonT 16445 ATCLAMIT



Figure S1 Time bin analysis where DEGs were grouped based on their first appearance after nitrate treatment.
(A) Heatmaps for genes of each time bin according to their variance stabilized expression values (scaled for each
gene) obtained from RNA-seq. (B) Heatmaps for genes of each time bin according to their log,(TPM+1)-transformed
expression values (scaled for each gene) during cambial growth and wood development in Treel of the AspWood database
(Sundell et al., 2017). P/Ca, phloem/cambium; EX, expanding xylem; SCW, secondary cell wall formation; CD, cell
death. Gene annotations are based on the closest Arabidopsis gene from TAIR. See Table S1E for details.

Sundell D, Street NR, Kumar M, Mellerowicz EJ, Kucukoglu M, Johnsson C, et al. AspWood: high-spatial-resolution
transcriptome profiles reveal uncharacterized modularity of wood formation in Populus tremula. The Plant Cell.

2017,29:1585-1604.
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Figure S2 Correlation of clusters identified from our scRNA-seq experiment with reported spatial and
cellular transcriptomes in Populus species. (A) Correlation dotplot of cells from our cell clusters with Treel
in the Aspwood database (Sundell et al., 2017). (B) Correlation dotplot of cells from our cell clusters with
transcriptome profiles of laser capture microdissected (LCM) xylem rays, fibers, and vessels from P.
trichocarpa, reported in Tung et al. (2023). Note that for the vessels, we show only replicate 2 that most likely is
free from other cell types. (C) Correlation heatmap of our scRNA-seq clusters (below) to various cellular and
spatial profiles available in the public domain. (i) Correlation to RNA-seq data from Aspwood sections from Tree
1 where sections 1 and 2 consist of phloem, 3-7 vascular cambium, 8-11 expanding xylem and the rest lignified
xylem. Vessel cell death is estimated to occur in section 18 and fiber cell death in section 24. Section 25
comprises exclusively of the living rays. (ii) Correlation to RNA-seq data of three biological replicates of each of
the xylem cell type (fiber, vessel and ray) captured by LCM and their respective means (Tung et al., 2023). (iii)
Correlation to RNA-seq data of various xylem cells and tissues captured by LCM (Shi et al., 2017). (iv)
Correlation to clusters obtained from spatial transcriptome profiles from shoot apex till the 7th internode of
wood by Du et al. (2023). (v) Correlation to clusters obtained from single nuclei RNA-seq from vasculature of
the shoot apex (Conde et al., 2022). Gene expression data utilized in the analysis are log,(TPM+1)-
transformed expression values.

1. Conde D, Triozzi PM, Pereira WJ, Schmidt HW, Balmant KM, Knaack SA, et al. Single-nuclei transcriptome
analysis of the shoot apex vascular system differentiation in Populus. Development. 2021,149:dev200632.

2. Du J, Wang Y, Chen W, Xu M, Zhou R, Shou H, et al. High-resolution anatomical and spatial transcriptome
analyses reveal two types of meristematic cell pools within the secondary vascular tissue of poplar stem. Mol
Plant. 2023,16:809-828.

3. Shi R, Wang JP, Lin Y-C, Li Q, Sun Y-H, Chen H, et al. Tissue and cell-type co-expression networks of
transcription factors and wood component genes in Populus trichocarpa. Planta. 2017;245:927-938.

4. Sundell D, Street NR, Kumar M, Mellerowicz EJ, Kucukoglu M, Johnsson C, et al. AspWood: high-spatial-
resolution transcriptome profiles reveal uncharacterized modularity of wood formation in Populus tremula. The
Plant Cell. 2017;29:1585-1604.

5. Tung C-C, Kuo S-C, Yang C-L, Yu J-H, Huang C-E, Liou P-C, et al. Single-cell transcriptomics unveils xylem
cell development and evolution. Genome Biol. 2013,24:3.
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Figure S3 Pseudotime developmental trajectory of xylem vessels and fibers. (A-B) Monocle was used to
identify modules of genes that co-vary across pseudotime during fiber (A) and vessel (B) cell differentiation. (C-D)
Heatmap of pseudotime-dependent genes in each module during fiber (C) and vessel (D) differentiation. Example of
genes in each module are shown. See Table S2G for full set of genes in each module. (E-F) Effect of nitrate
treatment on the developmental trajectory. Density plot showing fiber (E) and vessel (F) developmental trajectories
for control and nitrate-treated samples over pseudotime.
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