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e X HREY, ALY Bl A e N 7E oK (Zea mays L.)
P HGENY, R A R R . YR R A RE
SRR YR A [R) ZOB LR M ek Ar HOB A r R 11,
PRV RIER KA, 3K TR
A 0ie) A [ R 25 WA () Akl At e 4423 T
YER, Heoll 2ok A HA 45 D HE Y miRNAs /914
U1 miRNAs J&— KT Z A 7E T EZAY T,
K2y 18~24 AL (nt) IR LRSIV T RNAs!,
FIFH/N RNA 53 5 P BRI 455 A 15 B2 08
B, BTAFSE b 4 K2 5 AR Wk R A
R A JE ) miRNAs!S 1910 Hirf - 343 miRNAs 8,
Z 5 T HYRA KA F SR R IT
(' Arabidopsis thaliana (L.) Heynh. ) 3 S 85 21 fifd
Hr, 5 mmol- L™ A A & AT LAHI il miR167 )23k,
M H2 55 0 3L K] auxin response factor 8 (ARFS) Y
FIRIKA, Ak T A S 4G RN BE S Y
K0 e KA (Oryza sativa L. ) H, miR396 [
UILIA growth-regulating factor 4 (GRF4) REWSAE fifi
TR AEHR RS RN T R KA AR R EE A5 i
miRNA P AL FEA R ZE S L B R RS A7
TEER M2 R R AERE, EHRAN.
ZE LAk, AR LI (Populus x canescens)
M RilALr, I/ RNAs Sl il AR,
RO 22 57 IR 1 miRNAs, FF45 5 Frff 41 skl
MFFE5 5%, /T miRNAs #UEE A (1) 22 57 Rk i =L
PRI i S A S B S AL FEAAF T miRNAs
SRRy Feih M ALH . AR RCR T 3T
AR WOR IR m AR B8 BRI A, HA T
W SR L,

1 FORATT &

IS

VIR A s e = (1 KRB JE 25°C/
18°C, HHXHREE 50%~60%, JEIRKE 14h, LR
SR 150 pmol-m *-s™") KGR 4 i, RS, FEMR
MR A REARFIARTE 10 L WAL 7L T 085 . Btk
FE FF B K 5% 50 mL Long Ashton (LA) & F2 W (0.5
mmol-L"'NH,NO5., 0.5 mmol-L"'KCl, 0.9 mmol-L™
CaCl,, 0.3mmol-L"'MgSO,. 0.6mmol-L™' KH,PO,,
42 umol-L™" K,HPO,. 10 pmol-L™" Fe-EDTA, 2
umol-L™" MnSO,. 10 pmol-L™" H;BO;, 7 pmol-L™
Na,MoO,. 0.05 umol-L”" CoSO,. 0.2 pmol-L™
ZnSO, 1 0.2 umol-L ™! CuSO,, pH 5.5), WhEAHIRLE

1.1

T (SRR FMME) i3t 14d )5, B
R B (B 5 24 30 em) 1R AR 4 2 1 T 4 iR
2 4 (R 24 MRAEH). KIG 1~2 A, Bx 24
AR B8 A 1 43 0 S i 4 i AL 1 19 0.5 mmol L™
NaNO, (FZ%) F1 0.5 mmol- L™ NH,CI (8 &5%R) 14
# 0.5 mmol- L' NH,NO; FIM B LA & 32 h k17
AKEE, BEFRAHEIA 10 do 7EALEE 10 dfF X HE AR
RIEBFHEAT, SRGEBARI40 mm #EFTIIK
F A WA S TG E R A, BT -80°C VKA A%
Mo A TR R R T — 2500, 1% 8 Bk
HPIREARZI SR GIE N — A E L, BRhabFRK

3N EE
1.2 R HE
1.2.1 RAEBSHFESA KT SR e

BELIE, KGR RIESHBHATIEN, 45
AR AR ACRE, 0 mT WLAMAR S 2 0 1 2 H R
122 REAIEAFARR D RNA R A[FE L
JKAPARY/ N RNAs I 5742 R Tllumina 23 @] 42 BEAYBR
WAL IRIAT o WIRE, HF 2 MR [F ZUE AL BT
AORES, REME B 3 A A 405 RNA S B
) £ HE UK RNAs (TRK1001, B A 8 R4S #,
UM, FR D, CRREREORY R RNAs B A s, I
miRNA 54 15" J e 1Rk 1A F1 3 3 38 A ik 4]
M, B — BRI ILEA4E DNA 3383 Al 53 M4k
HHEF)/N RNAs |, Gt 3% EANY RT 5143
A7 BRGSO, X B s 77 2 9 cDNAF 3 47
PCR ¥ 1%, Pfif53# 1T 6% polyacrylamideTris-borate-
EDTA DI M) 77 2% 140~ 160 bp K 5 )
PCR Wy A7 e ImDse, - 5= A FH BT I )T A= 4
AR\ ] Tlumina HiSeq™ 2000 w1 e 5 R E47
/N RNA JUF45347

1.2.3 miRNAs M 52 R 547 Kll13H RNAs J7
FNE I A= W AR A RIF R A A T o0 b, &
P, EBRRBTEITH, ORE TR ME— 178
T8, A5 TRIA P51 L X RFam S04 74 A 52 7 5]
BRI FH LB tRNA . tRNA |, snRNA Fll snoRNA
S5, LR URJE B EHE A O A K A e R 2H A e
(http://aspendb.uga.edu/index.php/databases/spta-
717-genome), miRNAs (#& % (http://www.mirbase.
org/) #EAT HE X}, B ik H B A miRNAs, EF X587 89
miRNAs JF£51], F|FH miRNA FiiA& i b5 i 4 e 25
¥y, i 3 Mfold 3k 4 (http://rna.tbi.univie.ac.at/cgi-
bin/RNAfold.cgi) 73 B RNA 2 454, K EHH
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1.24 miRNAs $e kB 547 $85 5 1 b 3K
VI 3 ANEEREM AR, 32 BRI A IR
i A IR A #5423 F] Tllumina HiSeq2500 £ A
VTR )T , SR CleaveLand #1044 (3.0.1
WAS) T miRNAs BEEIER o O 1k — 2042 4 Al
BN FRIRKFE, 614> cDNA SCEYFEE, I HE:
SRR Hiseq MF-F-5 70 HTAHIE miRNAs A Y
T, WSS A1 B4 Kyoto Encyclopedia
of Genes and Genomes (KEGG) %X {4 Fl1 MapMan %X
1, 225355 miRNAs #UIE R 4= M)A T RE
12,5 ®AEF PCR 3 Mt &bk RIGKY
i 2, A AT Primer Premier 3.0 K {5151 9 I
IR AR A TR BRZA ] 5 A ¢ miRNAs F
HUEERAYE 140, 5.8s TRNA Fll Actin 43R miRNAs
AR NS, FFIIILE 1,

1.2.6 %t 447 i A Statgraphics # {4 (STN, St
Louis, MO, USA) #EA7 8l gi it . 7edtA7 481t
SINTZHET, SeRT R AT IE SRR S . AR AR
KT Z 508 (ANOVA), DL P <0.051EH
St E X LB E K,

| A transcripts per million(TPM) %/ miRNAs
FRACF AT 5 o 8T miRNA 7EESHAL T
[ TPM BR LATE S AL FE R /Y TPM K115 miRNA
() 25 A5 EL (FC). 22 573818 miRNAs i % [ {5 4
P <0.05,

FH Fragments Per Kilobase of exon per Million
mapped (FPKM) X #E 5L K] mRNAs FRik K Vil 47
=, 3T FPKM {H, {# /] Ballgown package iT 5
mRNAs )22 57 &K 7KV 1] mRNAs 7E8 S A
Ab B B9 FPKM B A 25 AL BE T FPKM R 5
XN P 9 22 S (FC). 2257435 mRNAs §ifi &
H{E M log,(FC) = 1 8 < -1, P<0.05,

%I RT-qPCR 5E , ¥ qPCR 1532 H) Ct K
AT IH—A4L, 3155 miRNAs B H A JE K] ) A X 6

bl
J‘iEO
2 HERGpH

2.1 REFSIHFMES

HE T ATEn: ZEAR R RUE S B KR
PIEASRAERA B2 0] R, iSRG
TRAREK R 27.5 em, HESFAIER 14.3 cm L
SERTAE (p<0.001), {H 2 Ff b 3K SE R H 2 )

i

&1 RT-qPCR3|#IFF]
Table 1 Primers used for RT-qPCR

miRNAs/#HE K ID
miRNAs/targets ID

G553

Primer sequence 5'-3'

PC-5p-35885_222
ptc-MIR166e-p5
pte-MIR166m-p5_1ss9TC
ath-miR166e-5p 2ss4AC16AT
mtr-miR166e-5p_2ss4AC10GT
ptc-MIR1450-p3_2ss19AG21TC
ptc-miR6478 R+2 2ss5CT21GA
ptc-MIR2111a-p3
ptc-MIR2111b-p3
vvi-MIR399d-p3_1ss13GA
ptc-miR396g-5p

ath-miR858a L-2R+1
ptc-miR476b_2ss8TC17CT
ptc-miR395b

PC-3p-42422 177

ptc-miR399b

URT primer

U6 F'/R'

protein binding F'
protein binding R’
GRF9F'

GRFI9R'

GRFIF'
GRFIR'

APS2 F'

APS2 R’
phosphate 2 F'
phosphate 2 R’
MYB4 F'

MYB4 R'

ATP binding F'
ATP binding R'
5.8s rRNA F’

5.8s IRNA R’
Actin F'

Actin R’

TCTACTGAAAGTGAAAGCTAT
GGATTGTCGTCTGGTTCGATG

GAATGTCGCCTGACTCGAGAC

GGACTGTTGTCTGGCTCGAGG

GGACTGTTGTCTGGCTCGAGG

CGGTCAGGTTACACAAGCGAC

CCGATCTTAGCTCAGTTGGTAGA

GTCCTTGGGTTGCAGATTACC
GTCCTTGGGTTGCAGATTACC
TCTGCCAAAGGAAATTTGCTC
TTCCACGGCTTTCTTGAACTT
TCGTTGTCTGTTCGACCTTG
TAGTAATCCTTCTTTGTAAAA
CTGAAGTGTTTGGGGGAACTC
TTTATGCGTTTTTGCCCCTCG

TGCCAAAGGAGATTTGCCCGG

FMir-X miRNA First-Strand
SynthesisfISYBR RT-qPCRI&F £
PRt

14 FiMir-X miRNA First-Strand
SynthesisfISYBR RT-qPCRiX 7 £
PRt

TGAGATCAGCGAGGGACAAA
AAGGTTTGAGTGAGCAAGGC
TCCCTCCCTCTCTCTGTCAA
CATGATCACCAGCACCAATC
TGCTGTTTCTTGGCCTGAAC
CAATACCACCACCTCCACCT
CCAGAACCTGTCCCAGCTTA
GCTCCCAACACACATGCTAG
AGGAAGAGCTGAGGGAGAGA
CCTGTCGAACCACCCTTTTG
CGCGTGTGGTGATTGTAGAG
GTTGCCTCTCTTGATGTCCG
GCGGGTGAATGAGGCTTTAG
GCCTCTGAAACCTTGCCTTC
CTCGGCTCTCGCATCGATGA
AGACGTGCCCTCGACCAAGA
CCCATTGAGCACGGTATTGT

TACGACCACTGGCATACAGG
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Heoa: %A 0.5 mmol L' A ZS A B 0.5 mmol- L™ #25A AL HE 10 KGRI IKAZF A,

BARLIEIIE + SEs (n = 6) Fn. **f{3 P<0.001,

30

25

1 Root length/mm
g

NO;, NH;

b: TEHOT AR A AL EFEARAR 4 em; e MG,

Notes: a: Phenotypes of P. x canescens cultured under 0.5 mmol-L ™" nitrate or 0.5 mmol-L™" ammonium for 10 days. b: The secondary visible lateral root were

visible around 4 cm from the root tips; c: Statistical analysis of root length. Data are presented as means + SEs (n = 6). **: P <0.001.

B1 AREEAMSLERGIRFNRE

Fig.1 Morphological parameters of P. x canescens roots with different nitrogen forms

MR A A R — 3 X UL R ZUE A AL BEX AR
ZAERKEREREIAN, S SRR ST
JFR5r (40 mm) FEATIR L5 F5L5
2.2 miRNAs RENFEIES

BT EIRRARIE BT EE S, 7
/N RNAs P A . P4 R iR 2 /\ALIE7J<
I A A5 B0 ) R 46 P SRR 5 752 458
7800 546, MEATERALBEAZ ALY, KA
WFHIA3 SRS, A BIEREE 1996 697
F12 608 788 45 T /7 41 (3K 2), KJETE 18~25nt
PSR B it — 2005
2.3 CEHFFH miRNAs £F

HEAFEIESAHET, S Ky 523 S0 H
) miRNAs Fl 42 1 ) miRNAs (% 3)., WF5RE
B, #HY) miRNAs KERZTE 21 nt 5% 22 nt, Sit
A S 2 A kb FE K P miRNAs SCE T A 18~
25 nt B miRNAs K J&, 21-nt miRNA H 305 % i
(B 2), XULRHIZ I BE T 5
24 ARIFHEELIE TGRSR miRNAs ZR7FKiX

HTIARFEIESABT , KGRI miRNAs
FY IR SN, X B 3B R K A% v 2 R0 miRNAs FUET
miRNAs [WFRIKEHITIHR . PR KR
A 96 I miRNAs (p < 0.05) TEAF AL SABT

JEoR R IR, Hr, 3342 M

miRNAs Z G 9 458 H9 miRNAs, A1 HA TAl 245
FACHE, EEASEALA 44 4 FEFE XA miRNAs
152 4 T EEIAAY miRNAs (8] 3a), HA 29 4~
25 53K miRNAs (p < 0.001) W3 4,

%2 /\RNA XEMNFHESIT
Table 2 Distribution of small RNAs in different categories

THER AR
B3| NO;~ NH4
category
Total Unique Total Unique

raw reads 11320294 2909511 12316643 3519988
valid reads 5752458 1996697 7800 546 2 608 788
Rfam 668 833 14 694 817912 16 666
mRNA 169 342 2779 343 819 5169
other Rfam RNA 28 770 1020 40 909 1157

E: RfamURERmiRNAsHMF 2 7 W AEGRIIRNAZ IR £ 15«
Note: Rfam: collection of many common non-coding RNA families
except miRNAs.

*3 ETSBEENFEARLEERIFGIRK SN
#7HY miRNAs #{ £
Table3 The number of identified known and novel
miRNAs in root tips of P. X canescens based on
high-throughput sequencing

o LRI/

. . -
miRNAs known/ ml.RNA il m¥RNAbk Ak
Samples . miRNA Pre miRNA mature
novelmiRNAs
THAZE NO;y CL41 Known 460 469
HTH Novel 37 39
AR NH, £4%1 Known 502 514
B 1) Novel 68 69
CL1 Known 523 592
&1t Total
BT Novel 42 42
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Fig. 2 Lengths of known and novel miRNAs in
root tips of P. X canescens.

[, BEMLPEIE T 10 4~ 32257955 miRNAs,
FIH RT-qPCR #E— 25 F 52 7 M i 45 S5 1 m] 5 1k
(¥l 3b), FHR miRNAs FRIAIKF-H9 25 7 5007153
2= 59—, H s T EFRE A AR AR
(o 2 FEARALE R Ty I 25 52 i 2 R AR 5
PO R AR FOR RIS B . BRI, AR
P28 SR ) T SRR A R
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AT, LLIR %) miRNAs $ERED] . 4550 3%
W: 4354 67.13% F1 65.37% BI04 reads AT L)
L X S AR B P v . AR i 4 b e e i 2729
AR S, Hodr, 2104 PMERIEN i E e Rk
Ko AT T AL IR, RS
2104 /> I 3 25 S RGA UL R E T KEGG 3 Bt
(E 4); [FIEF MapMan 23 Hritt— 204 7R T ix sk 2 57
MR AR R U YR AT RS
S8R RS R, I pte-miR166i-p5 A 4
X potri.015g017500.1/2/3/4 ¥ J& T NADH K #6i
A A R A B i (NADH-dependent glutamate
synthase family) # 1S 5A e, gra-MIR8723b-
p3_2ss6TC21TC A 3 MEEHHA Porri.003G111500.1/2/
3 VR S A A is AR 3 [ (nitrate transmembrane
transporter]. 1/NRTI. 1) TE il 2 1z iy ke 21 S HEAE
Fl o ptc-MIR6462a-p5_1ss14TC {Y LI Potri.005
G079200.1 . gma-miR6300 1ss5TG Flgma-miR6300
R+1_1ss5TG A4 $8 3 K Potri.001G300900.1/2 35 %
TR s A R DG 1, T BRI T
N (3% 5); TR, SHA: & BAHOCH)—2E miRNA
(AHE L AR Ak B & B, 4N miR164 KRR 240
FEWET NAC R FWE A, HEMYARK K

[ ]
4 L
y=1.12x-0.81
R=0.92, P<0.001 e
) °
fling
<
Z
£ X
2 - 2
e
=
w e 2
'3
—4

log, (FC)-RT-qPCR

W oa: 2 AL R KR A 25 533k miRNAs [IFE 0T . NOs-16, NO5-15 Fll NOy-14 fC KA AW 3 MEW TS, NH,-13. NH,-12 Fl NH,-
15 IRFEB RN 3 AN EYFFHE . b FEHLEI 10 2257335 miRNAs, FH RT-qPCR 25 R8I 745 R M T 5Edk

Notes: a: Heatmap of significantly differentially expressed miRNAs under different nitrogen forms treatments. NO3-16, NO;-14 and NO3-15 represent nitrate

three biological replications, NH4-12, NH4-13, NH4-15 represent ammonium three biological replications. b: The validation of 10 significantly differentially

expressed miRNAs in root tips of P. x canescens by qRT-PCR and sRNA-seq.

B3 AREAESHEZRGTRIGRRERRIZH miRNAs

Fig. 3 Significantly differentially expressed miRNAs in root tips of P. X canescens under different nitrogen forms treatments
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Table 4 twenty-nine significantly differentially expressed miRNAs

F4 291 BEERRKIE miRNAs

miRNAs ID miRNAsEE%M_?FW_' 7| AR logy(FC) e %ERT-qPCR%W
miRNAs ID sequence of miRNAs Up/down RT-qPCR verified
PC-5p-35885_222 TCTACTGAAAGTGAAAGCTAT down —4.50 0.003 21 =&
ptc-MIR166e-p5 GGATTGTCGTCTGGTTCGATG down —3.15 0.007 14 =
ptc-MIR166m-p5_1ss9TC GAATGTCGCCTGACTCGAGAC down —2.32 0.008 37 &
ath-miR166e-5p_2ss4AC16AT GGACTGTTGTCTGGCTCGAGG down —2.30 0.003 18 &
mtr-miR166e-5p 2ss4AC10GT GGACTGTTGTCTGGCTCGAGG down —2.30 0.003 18 =&
ptc-MIR1450-p3_2ss19AG21TC CGGTCAGGTTACACAAGCGAC down —2.27 0.006 95 =
mtr-miR171g_R+1 CGAGCCGAATCAATATCACTCC down —2.25 0.008 97 &
ptc-MIR169ae-p3_1ss20GA TGGGCAAGCACCTTGGCTAAC down —-1.55 0.009 87 i
mtr-miR166¢_2ss1TG20TC GCGGACCAGGCTTCATTCCCC down -1.30 0.003 29 %
ptc-MIR6438b-p5_1ss11AG TCGACTGAAAGTGAAAGCTAT down —0.96 0.003 68 @
PC-5p-166_26156 TAGCCAAGAGCGACTTGCCCA down —0.76 0.007 70 &
pte-MIR396d-p3 CTCAAGAAAGCCGTGGGAGA down —0.54 0.002 63 /:‘f
ptc-miR166n_L+2R-2 TCTCGGACCAGGCTTCATTCC down —0.53 0.006 92 %
ptc-miR1447 1ss21TC CAGAATTGCAGTGCCTTGATC up 0.43 0.004 66 @
ptc-miR476b_2ss8TC17CT TAGTAATCCTTCTTTGTAAAA up 0.60 0.002 85 %
ptc-MIR1447-p5S_1ss6GT AATCATGGCACTGCAATTCTA up 0.68 0.005 60 /:‘f
ptc-miR319¢ R+l TTGGACTGAAGGGAGCTCCTT up 1.00 0.001 08 %
vvi-miR172d_L-2R+1 AGAATCTTGATGATGCTGCATT up 1.05 0.000 50 7‘:?
ptc-miR530a_R+1 TGCATTTGCACCTGCACCTTA up 1.65 0.005 57 %
ptc-miR2111a TAATCTGCATCCTGAGGTTTG up 1.67 0.006 39 /:‘f
PC-3p-42422 177 TTTATGCGTTTTTGCCCCTCG up 1.95 0.003 47 %
ptc-miR6478 R+2 2ss5CT21GA CCGATCTTAGCTCAGTTGGTAGA up 2.11 0.008 94 &
ptc-MIR2111a-p3 GTCCTTGGGTTGCAGATTACC up 2.58 0.001 48 &
ptc-MIR2111b-p3 GTCCTTGGGTTGCAGATTACC up 2.58 0.001 48 &
vvi-MIR399d-p3_1ss13GA TCTGCCAAAGGAAATTTGCTC up 4.33 0.000 15 =&
gma-miR166m_L+1_1ss5AC GCGGCCCAGGCTTCATTCCCC down —inf 0.003 18 @
PC-3p-82747_59 CCGATCATTATTGGTGACCTT down —inf 0.004 57 %
ptc-miR171k 1ss12CT GGATTGAGCCGTGCCAATATC down —inf 0.001 50 /:‘f
pte-MIR319b-p5_1ss4TC TAGCTACCGACTCATTCATCCA down —inf 0.004 30 @

B EEEZEIRE G 5).
2.6 AERAESLET RGNS miRNAs-SEE F
V= M £

R TMRAFRESOET, R ERE

ik miRNAs SRR R4, R ERSE Rkt T
BRAmMT. £ 6EXW. A 2310 LRRABMWHENK
(log,(FC) = 1 B{ < -1, P<0.05)/ET 5 miRNA
FHEH — 1~ F 19 miRNA (P < 0.05) g %%, H
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KEGG pathway classification KEGG {55 1735

Environmental adaptation | 232

Overview [N 55
Metabolism of terpenoids and polyketides Jlll23
Metabolism of cofactors and vitamins [N 38
Glycan biosynthesis and metabolism [N 42
Metabolism of other amino acids [l 18
Biosynthesis of other secondary metabolites [N 55
Amino acid metabolism |G 67
Nucleotide metabolism [ 42
Energy metabolism [N 53
Lipid metabolism [ 60

Carbohydrate metabolism [ 50

Endocrine and metabolic diseases [y 81
Replication and repair [N 51

Transcription [ 21
Folding, sorting and degradation I 243
Translation | 226

Signal transduction
Membrane transport | 5

Transport and catabolism [ | 47

| Organismal systems

Metabolism

| Human diseases

Genetic information processing

244
Environmental information processing

| Celluar processes

0 2

10 15 20

FEIR Y 43 L 4341 Percent of genes/%

Bl 4 KEGG BEAMEEERRIELER
Fig. 4 KEGG pathway analysis of significantly differentially expressed target genes

miRNA-$JE R 5 B A G PR P O 2R, eI i s
FEN AT B 03 miRNAs 55 A0/ FH i ok 04t
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Table 5 Significantly differentially expressed target genes related to nitrogen metabolism and
growth and development of P. X canescens root tips

miRNAs ID HEEHEID DIRevERe
miRNAs ID Targets ID Functional annotation
ptc-MIR166i-p5 Potri.015G017500.4 glutamate synthase (NADH)

ptc-MIR6462a-p5_1ss14TC
gma-miR6300_1ss5TG
gma-miR6300 R+1_1ss5TG
gma-miR6300_1ss5TG
gma-miR6300 R+1_1ss5TG
gra-MIR8723b-p3_2ss6TC21TC
gra-MIR8723b-p3_2ss6TC21TC
gra-MIR8723b-p3 2ss6TC21TC
mtr-miR164a_1ss21AG
ptc-miR164a
vvi-miR164a_R+1
ptc-MIR7813-p5_2ss13AG20CT
cca-miR164
mdm-miR164a_1ss17AT
mdm-miR164b_R+3
mtr-miR164a_1ss21AG
ptc-miR164a

ptc-miR164f

vvi-miR164a R+1
cca-miR164
mdm-miR164a_1ss17AT
mdm-miR164b_R+3
mtr-miR164a_1ss21AG
ptc-miR164a

ptc-miR164f
vvi-miR164a_R+1
cca-miR164
mdm-miR164a_1ss17AT
mdm-miR164b_R+3
mtr-miR164a 1ss21AG
ptc-miR164a

ptc-miR164f
vvi-miR164a_R+1
cca-miR164
mdm-miR164a_1ss17AT
mdm-miR164b_R+3
mtr-miR164a_1ss21AG
ptc-miR164a

ptc-miR164f

vvi-miR164a R+1
cca-miR164
mdm-miR164a 1ss17AT
mdm-miR164b_R+3
mtr-miR164a 1ss21AG
ptc-miR164a

ptc-miR164f

vvi-miR164a R+1

Potri.005G079200.1
Potri.001G300900.1
Potri.001G300900.1
Potri.001G300900.2
Potri.001G300900.2
Potri.003G111500.1
Potri.003G111500.2
Potri.003G111500.3
Potri.017G086200.1
Potri.017G086200.1
Potri.017G086200.1
Potri.017G016700.1
Potri.007G065400.2
Potri.007G065400.2
Potri.007G065400.2
Potri.007G065400.2
Potri.007G065400.2
Potri.007G065400.2
Potri.007G065400.2
Potri.007G065400.1
Potri.007G065400.1
Potri.007G065400.1
Potri.007G065400.1
Potri.007G065400.1
Potri.007G065400.1
Potri.007G065400.1
Potri.005G098200.3
Potri.005G098200.3
Potri.005G098200.3
Potri.005G098200.3
Potri.005G098200.3
Potri.005G098200.3
Potri.005G098200.3
Potri.005G098200.2
Potri.005G098200.2
Potri.005G098200.2
Potri.005G098200.2
Potri.005G098200.2
Potri.005G098200.2
Potri.005G098200.2
Potri.005G098200.1
Potri.005G098200.1
Potri.005G098200.1
Potri.005G098200.1
Potri.005G098200.1
Potri.005G098200.1
Potri.005G098200.1

aminotransferase class I and Il family protein
embryo sac development arrest 9

embryo sac development arrest 9

embryo sac development arrest 9

embryo sac development arrest 9

nitrate transmembrane transporter, NRTI.1
nitrate transmembrane transporter, NRTI.I
nitrate transmembrane transporter, NRTI.1
NAC domain-containing protein 77 (NAC077)
NAC domain-containing protein 77 (NAC077)
NAC domain-containing protein 77 (NAC077)
NAC domain-containing protein 73 (NAC073)
NAC domain-containing protein 1 (NACI)
NAC domain-containing protein 1 (NACI)
NAC domain-containing protein 1 (NACI)
NAC domain-containing protein 1 (NACI)
NAC domain-containing protein 1 (NACI)
NAC domain-containing protein 1 (NACI)
NAC domain-containing protein 1 (NACI)
NAC domain-containing protein 1 (NACI)
NAC domain-containing protein 1 (NACI)
NAC domain-containing protein 1 (NACI)
NAC domain-containing protein 1 (NACI)
NAC domain-containing protein 1 (NACI)
NAC domain-containing protein 1 (NACI)
NAC domain-containing protein 1 (NACI)
NAC domain-containing protein 1 (NACI)
NAC domain-containing protein 1 (NACI)
NAC domain-containing protein 1 (NACI)
NAC domain-containing protein 1 (NACI)
NAC domain-containing protein 1 (NACI)
NAC domain-containing protein 1 (NACI)
NAC domain-containing protein 1 (NACI)
NAC domain-containing protein 1 (NACI)
NAC domain-containing protein 1 (NACI)
NAC domain-containing protein 1 (NACI)
NAC domain-containing protein 1 (NACI)
NAC domain-containing protein 1 (NACI)
NAC domain-containing protein 1 (NACI)
NAC domain-containing protein 1 (NACI)
NAC domain-containing protein 1 (NACI)
NAC domain-containing protein 1 (NACI)
NAC domain-containing protein 1 (NACI)
NAC domain-containing protein 1 (NACI)
NAC domain-containing protein 1 (NACI)
NAC domain-containing protein 1 (NACI)
NAC domain-containing protein 1 (NACI)
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Table 6 Significantly differentially expressed miRNAs-target pairs in root tips of P. x canescens

under different nitrogen forms treatments

miRNAs ID R HEELRID log,(FC) SR RERAS B
miRNAs ID Up/down Targets ID log,(FC) Target Functional annotation
PC-3p-42422 177 up Potri.003G152300.2 —3.17777 NA
PC-3p-42422 177 up Potri.003G152000.1  —3.17777 NA
PC-3p-42422_177 up Potri.003G152300.1 =3.17771 NA
ptc-miR396g-5p down Potri.014G012800.1 2.346 49 growth-regulating factor 1 (GRFI)
ptc-miR396g-5p down Potri.013G077500.1 inf growth-regulating factor 5 (GRFS)
ptc-miR396g-5p down Potri.001G132600.1 1.613 36 growth-regulating factor 2 (GRF2)
ptc-miR396g-5p down Potri.014G071800.1 2.436 61 growth-regulating factor 9 (GRF9)
ptc-miR396g-5p down Potri.003G100800.4 1.001 54 growth-regulating factor 2 (GRF2)
ptc-miR396g-5p down Potri.003G100800.3 1.001 54 growth-regulating factor 2 (GRF2)
ptc-miR396g-5p down Potri.003G100800.1 1.00154 growth-regulating factor 2 (GRF2)
ptc-miR396g-5p down Potri.003G100800.2 1.001 54 growth-regulating factor 2 (GRF2)
ptc-miR396g-5p down Potri.007G007100.1 1.463 15 growth-regulating factor 1 (GRFI)
ptc-miR395b up Potri.008G159000.3 —1.159 23 ATP sulfurylase 1
ptc-miR395b up Potri.010G081200.2 —1.727 46 Pseudouridine synthase (ATPS)
ptc-miR395b up Potri.010G081200.1 —1.727 46 Pseudouridine synthase (ATPS)
ptc-miR395b up Potri.010G081200.3 —1.727 46 Pseudouridine synthase (ATPS)
ptc-miR395b up Potri.008G159000.2 —1.159 23 ATP sulfurylase 1
ptc-miR395b up Potri.008G159000.1 —1.15923 ATP sulfurylase 1
pte-miR399d up Potri.011G052600.1  —1.157 53 phosphate 2
ptc-miR399b up Potri.011G052600.1 —1.157 53 phosphate 2
ath-miR858a L-2R+1 down Potri.006G221800.1 2.16571 Duplicated homeodomain-like superfamily protein (myb4)
ath-miR858a_L-2R+1 down Potri.006G221800.2 2.16571 Duplicated homeodomain-like superfamily protein (myb4)
ath-miR858a L-2R+1 down Potri.006G221800.3 2.16571 Duplicated homeodomain-like superfamily protein (myb4)
ptc-miR476b_2ss8TC17CT up Potri.006G242500.1 —1.285 67 ATP binding; nucleic acid binding; helicases

glutamate synthase family protein 1] & 7E A ) A3 2 1]
N RIE A5 0 R 2 VE ] o NRTI.1 AR A
SRS R R RIS ETZ, MWL HIR
RN BN R T, HXMUR K E 15200 &R
EERAEA, W NRTLI AEARHR B RS A A S A T
AR A, ﬁ‘ﬁf%‘?’&ﬁ? RS S L i iR 7L
RAERKED, RS ARSI R G IR — B EARR
W, AH ttﬁﬂ:ﬁﬁzu\x SOBLUNE /N WL L UE 9PN
NRTIL.I FZRE, T A RIAR A ARG
T, RRGRR B A S AR L TR 2= 573K
ALK AT MapMan 3BT R W], NAC R
I R % . TEM R IT T, NACY 3 FIAE
protein auxin signaling F-BOX 3 (AFB3) #) T i 3&
W, Z5EAEMN, ATFZIAR RIEARLEEE,

TE/NFEH, TaNAC2-54 7] H AL A W IR #h i 12 1k
A S e A B 3 5 1) ) h 7 Xk, 3 36k
TaNAC2-54 WA HE/NFE A 28 A TS R 4k T AP
AN, M TESELH, AR ALIE
H NACI B 3Rk, MR, X—458
ST AR S R 3
TEECA b, Fh B 24 % miRNA-#E 5L

BHRMIKKR, HP, miR396-GRF mﬁ?ﬁAﬁﬂ‘ﬁ*
M 2 —2H 2%, GRF4 /ER miR396 H#E
5 RE 1% 3K 3h 7K A AR G B 2 R W e, TR e
GRF4 e 1% 9K 2 il &5 A % iz R 19 5 S oKF ol an
NRTI.1B Fl NRT2.3a. GRF4 i Hefs K shfil 25 2 [
ALl FE A nitrate reductase 1 (NIAI). NIA3 Fl nitrite
reductase 1 (NiR1) )& NI L&A, HAE
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miRNAs Analysis of Poplar Root Tips Treated with Nitrate- or
Ammonium-Nitrogen

KAN Dong-xu"*, LU Yan', WU Jiang-ting', CHEN Xin', SHI Wen-guang', ZHOU Jing'

(1. State Key Laboratory of Tree Genetics and Breeding, Key Laboratory of Silviculture of the State Forestry and Grassland
Administration, Research Institute of Forestry, Chinese Academy of Forestry, Beijing 100091, China; 2. State key Laboratory of Tree
Genetics and Breeding, Northeast Forestry University, Harbin 150040, Heilongjiang, China)

Abstract: [Objective] To screen the differentially expressed miRNAs from root tips of poplar through small RNAs
high-throughput sequencing technology, to study the regulation mechanism of miRNAs and their target genes related
to nitrate or ammonium responses and try to identify and explain the morphological characteristics of poplar root tips
growth and development. [Method] Using root tips of poplar as the research object, the high-throughput sequencing
technology for small RNA library construction was applied to reveal the genetic differences of nitrogen forms in
miRNA level, and to identify the differentially expressed miRNAs. Meanwhile, degradation sequencing technology
was used to identify the miRNA target genes, and the functional annotation, clustering and metabolic pathway enrich-
ment of the differentially expressed target genes were analyzed. Through conjoint analysis, the regulation network of
miRNA-target pairs in the root tips of poplar was clarified under different nitrogen forms treatments. [Result] 523
known and 42 novel miRNAs were identified from miRNA libraries. A total of 96 miRNAs with significantly differ-
ent expression were identified. Under ammonium treatment, 44 miRNAs were upregulated and 52 downregulated.
Among them, the upregulation of vvi-MIR399d-p3 1ss13GA and the downregulation of novel miRNA PC-5p-35885
222 were the most significant. The KEGG pathway analysis of differentially expressed target genes of miRNAs in the
libraries showed that some significantly different expression target genes were involved in nitrogen response path-
way. Real time fluorescence quantitative PCR confirmed 7 randomly selected miRNA-target pairs, and the results
were consistent with the sequencing data. [Conclusion] miRNAs and their target genes may play important roles in
nitrogen response of poplar root tips after treatments with different forms of nitrogen, thus the root length under ni-
trate-nitrogen treatment is almost twice that under ammonium-nitrogen treatment.
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