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(1. E BRI RO AT G TR L BB 2 5 3 R P AR E T, I Zopall AR SR/ A s T SR AT 2 S R S S =,
L3I0 1001025 2. WiTARMROKR2E, WL HUIH  311300)

HZ: [ BN ] XTI SEZEN (NPF) FIEEF R R , REMTHS FRHEMFGAE, HIRABIE
EAT NPF BN WS AL ie st 5l . [ FiE 1 RIAME B E N EAT B 4 rf %8 NPF KL H
BB, JEXHR S PR TOH: . SEHAER . gef R AL . CRSFEEIIR . R SR T ST, R
EA F A BE, X EAT NPF SEH 9 41203 38 5 5k DA SOAS [l 26 40 ol a6 0 38 38 4 B 1) e iR ik A 7 43
Mo [&R ] B PIEE NPF RKIGEHAIER 27 4, HERE5H 208K, WEFEEN 2~51, HmisX
K 2286 bp (PeNPF7.4), 155 1359 bp (PeNPF8.8). K shF R TCI T L, PeNPFs 2 81 %%
rha & 2R SRR AT B4R A Ya LU GA; Fil NAA S50 00 0 A XTI, PeNPFs Zifi & I 194> T
T 49.56~82.08 kDa Z [i], HEESHL M 5.17~9.85, KB/ et &E A, ﬂ‘]ﬁﬁ%{ué%‘éﬁ%
RGO HTRI, BAT 27 4 PeNPFs 43 JE T 7 MWK TE, £ U RGER AR H R 1, 3. 1. 6. 1. 7H
84 BEMRSTIET MM N, PeNPFs 364 10 MESFILF, HAd motif 1, motif 2 Fl motif 4 %%m\,ﬁm
B EERSFIEET o ST SR BRI R TE IR E T 7R, PeNPFs 76t Fr . 167 . MR, HER SR RIA LU
MFRAFAE—EES, (ARG B | ANHSUPRIFIRE, 350 BUA 19 FE R A LR b s iR R
ik, TEXRFITRALFEG, PeNPF5.3. PeNPF7.2. PeNPF7.3 Fll PeNPFS.7 RS BE T, X 5HET
A AR SRR AN T SR R B A —EL; 7E GA; M NAA 4bBR)S, PeNPF7.3 fl PeNPF7.6 S I 635
Ak, i PeNPF7.1 (RS EHEAML, [ it ] BYTPH 27 4 NPFs ZEEE A, 48 7 MFEWE, 51K
TA 5L 22 (8] ) 43T RAE A AR R R e A 25 57, H— LB JEDRIXT A Wil R 3R A 38 % o 3 25 £
BRI 22 5, HEDX SE 3L 7R BAT R [ 4140 rh K B % AN Rl R BE i B pos RS A EU 552 T R R H24 ARRI Y
e, WFFRLERNIE/R PeNPFs 4 Y12F DhREHAE T B B4k
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(LATS), B 113X 53 5 70 o5 4 il B (cHATS il
cLATS) fliF5 5 i(HATS Fl iLATS) #i8 25t . )
B J% (Arabidopsis thaliana) AtNRTI1.1 (CHLI) 55
SR 1 MRS A E A ERN, &
1) 5 A5 B A AR s 0B 2 e AR A
(Oryza sativa L.). £ K (Zea mays L.) Fll /N &
(Triticum aestivum L.) " 3RA5 T 2 Fp [a] 50 5k R 1681
T NRT1 #1 PTR (Peptide transporter) Ji, it J:51) 7]
EtEm, HEEREMET 2Ry, Eflgs—mar
4% NRT1/PTR FAMILY, Bl NPF %",

%) NPF 2 Il s i A . 2 BRFIBE 7% 1R
(ABA) SFEZMEY), — IR 2K, w4
H 8 MMGIEE Y, IR, TERIRG ST AtNPF4.6
MDA E IR, Ee— BB R IR IR
Wiz, WAz ABA; AINPF7.3 /i FAlAA
AIA BB 21 AENPF1.2 A 2 67 37 A
BN AR, MR E B EER T
By R HtE KRG NPES.9 TSRS R ER RO, A
2 AR BT W Sk AL (NPF8.9a Fll NPFS8.9b),
EATE A AT A b b T BiiE s OsNPF6.5 1
S R (e PN WO @ L L R T PP = 2 R e
FRH ZmNPF6.6 S — i 26 MR R 45 57 e iz 2
M, 1M ZmNPF6.4 j&— MM zEEA, FifE
A AR AR ER WO ) s 1 Y. NPF Tz
fEET 2T, Bl R ARZ, WHlEIT NPF
FIGH 53 AL, KAE NPF KA 93 i,
ZJEHE T N (Cucumis sativus L), B34 (Populus
trichocarpa Torr. & Gray). £ (Malus domestica
Borkh.). HJE (Saccharum officinarum L.) FFHYE %
JE T 2/ NPF iU 5", AT rh NPFs (1A Gt
T B H o

PIFEARAEL (Gramineae) 71VEL (Bambusoideae)
¥y, Ho, TAT (Phyllostachys edulis (Carriére) J.
Houz.) i AP OBz —, BAERKHR, Mk
I FMPIH . [EIAREE TR AR A0 A Y
R, BTSN FIIOR i 1 A R A
ARFTREEY, B, A B AT MO AR
o fE—E N (250 kg-hm?), i R
Hom, BATASE, BEAM IR RN E
P2 SR, BATARISCR R RSN, H
G3 IR HLA RO S0 S 38 0 v Ry AL ] S5 34T R TR
ABFSE . NPF KGR N R R W HE S,

I, JFREEAT NPF JER 1 %6 5 b A 58 %
THRHERERA EEE L, AR LLBAT NI
X4, FIHCA HE A X Hrh NPF 5% 5
R R DA AT 2 TH A3 AT, G RE 3 SRR 4G
¥ gt AR T . PRAFES R RSk L
5, FFRIH BTG S BE 53 B NPF 3k R 41 40
TR, DLRARE Y a A T R AR L 3%
F GA; FIl NAA WF 5 )RR, LU TR AT
FEEAT T NPF LA DI fg 25 Jehl, WK E
Py Hes A= K & B IR R WA AL ] 4 R 2=
i

1 #EE 7 &*

1.1 EF NPF EE 5 5I3RE

4% % M Rice Genome Annotation Project
(http://rice.plantbiology.msu.edu/) FTair(https://www.
arabidopsis.org/index.jsp) £ % T 2% K F& FHLRE I+
NPF J K 1) CDS FIZ 1R 751, 1E i 1H 7 41
TE BT 2 A 4H %05 % BambooGDB (http://bamboo.
bamboogdb.org/) H' #f 17 BlastP, BlastN (e-value=
le ") boxf, IR ip NPF [a] 3 A ) f 2k
J¥51 . RPAFABEILFHIEET SMART £t/ (http:/
smart.embl-heidelberg.de) 1 PFAM %% #& /% (http://
pfam.xfam.org) & 4% 47 8 1 OR SF 45 04 1R 5 2 A
8T, AR B B it e B RSP EE AR A, JF
AT R 44 (PeNPFs),
1.2 EF NPF EiRF IR FE#HL S

BT BAT NPF O IR 0C £, FoOIH T
FERITIfE, i MEGA 7.0 54 H) Clustal W i fig
XFEAT . IKFEFLE ST Y NPF & 540 47 AR
FE X4 8, i FH 4184292 (Neighbor-joining) 4 # 5
Gt bR, bootstrap XK EE K 1000 kP, HEZS
LA A WL NINIE
1.3 E NPF EESEH R ERBELFIISH

i F§ Gene Structure Display Server 2.0 (http://
gsds.cbi.pku.edu.cn/) 7E £k T H2x 1| PeNPFs 13t
2ERg P, F)H Plant CARE (http://bioinformatics.psb.
ugent.be/webtools/plantcare/html/) 7£ £& - 5 43 B H:
Jash AT EERTCH:, F ProtParam (http:/web.
expasy.org/prot-param/) X & 47 NPF % [ 4 it &
BT AT R EAT 20 A, F] MEME Version
5.1.0(http://meme-suite.org/tools/meme) FHENT NPF
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EMHSRASBEA R PeNPFs PR 45 K HARKFFIE BT 3

HEHMASIY, /] Plant-mPLoc 8- 7% (http:/
www.csbio.sjtu.edu.cn) Tiilll PeNPFs 130 40 ffd {37 & .
14 HALAREHFREDH

WKHEA LI FFI BT 7 DSARFHL (-,
AEWIERY . BACAEy . AR, B, 20 cm 5571 50 cm
) MG A ER D, FR R 4121 NPF LA 1
RPKM (Reads Per Kilo-bases Per Million Reads) {5 3¢
BRI RN, A R AT A J R B R
KA, XF RPKM A HCLL 2 4 i B9 5T 5B Log,
(RPKM) 7E M 5E H i 2Rk 12, R TBtools iy #4
P T BB il B J 7 JE R ) RS L, B
W8 B 20 0 B A A R BE N Y 2R3k EUE
A
1.5 REBAEMESHELE RN REALE

MR STk Ar 4k, M NCBI B3 % (https:/www.
ncbi.nlm.nih.gov/sra/) T 2k 3R B 77 98 A= 9 iy 38 F
PR AL BB S B . AR R A B G SR AL B
PR A 2 A BAT, 5 PRAVBHAR S 0 AT
(0°C FTEEAME) FIT5 (20°C FIFHXHEEE 50% 4%
F) Ab 8 2 h 5, AR ELSR HIBEE 10 AR R
ok SEAH I E, H RNA-seq 54l & 5% 5 & SRS-
1759772575 GA; Ab 3R )i S 40 £ 48 245 A B AT 58
AT, 1A H BT SEA 0 KA 100 pmol L™
1) GA3; BWHPIALHL)S 4 h BOERRIE i S dd iy,
X HRFIALFR Y RNA-seq £ 5 5% 5 40514 SRS256-
6465~SRS2566467 . SRS2566468~SRS25664701*;
NAA ZEFR A SR AR08 A 1A A BTS84
B, F 5 pmol- L' NAA WEF AL, [MIF% 1 h &b
B, 4h EHURRBEATR SRAN T, HX R
AL FRY RNA-seq £di 6 56555301 4 SRS2294012~
SRS2294014, SRS2294015~SRS2294017*; |- it
ACFRIRERT AR 3 RAE 2R . Do el S 4]
B AL DB LU X AR R, B X N B AT NPF
FLH W FPKMIE, FHT&RE0 T,
1.6 ARELEFEEMNRIEEXSH

FIRZREUAYS . T5 . GA; Fll NAA ZbBEEAT
K HXF IR oh NPF 25 R 9 FPKM {8, HeE 5 Hr b 38
HIE R R AAE L . A S50 ] A Jre /R A
A, F FPKM+1 BB HLL 2 R A X 45 B
Logy(FPKM+1) {E Ry K Y R IA 5 B0, X T A 3Rk
AR TBtools FFL i Rk iEAE, 43R
FERMRINIEN, ST 5L K FPKM B X B AT
WEER (p <0.05) KiLHYEEF 2 S 2 &

2 BERAAA

2.1 ENPF REEEMRETES RGEHLSH

FE ) NPF & [ 5 & A PTR2 fR~F &5 5k,
I X AT, 7R BT IR 4 e 3 HAT i
SERE PTR2 WM ERE N 27 4>, HmSEALSA
PRSF ) 5 B 25 4 38 , £F 5 MFS (Major Facilitator
Superfamily) # 8% (1) NPF 216 O RR-AECY M i
PEIL R 7EBAT Scaffold H A i LA K [RI R A 1 44
PR, MKIKAv4°N: PeNPFI.1~PeNPF8.8,

i PeNPFs 5B YRl C %% 1) NPF &
HZ B R, BN EDIRE, XTEAT. K
FEFIH R JF NPF LM T 9647 T 2 E)P 51 L
X, JFIFH MEGAT7.0 F A T R, 45
R A EAT. KBEAEIEEIT A NPFs #2525
#| 8 NI (S1~S8), PeNPFs i 51 /i 7EFR S3
ZHMOHE TR, AN T A o
REE, Horp, W S1. S4. S6 433 HA 14K
B, S8 R R 2N 84, HA RKiGEsiE
3~T A A (K1),

HE—3E M KB, PeNPFs - 50n b1 9l 2K AE
S7 (74> Fl S8 (8 A™) MEZEHE , i AL~ A 47 #Ul e
FFAEIX 2 AN G5 0 18 53 43 i A 3 A S A4,
FE SS WA MR, KAE AR IF NPF A b1 43l ik
17 AF 164, LR E 6 BT, B
NPF ZIG G fEDIRE - A MM, (AR K%
B AE DR A AEAE—E 25 5, W ANPFL.1 il
ANPF1.2 71 3¢ iR £k o] vt 19 43 BB, i OsNPF
2.4 FEAEFR A AR HRHLRE 240 B R Kz 5 %) A B
63k, BN, Frf5 PeNPFs Y156 57K i NPF
BRAE—, ULHTETIRE I PeNPFs sk 5 /K Rg55
B IR 1) [ 3 R AR AR
2.2 PeNPFs EEGEM R B Foh

RENZER TR, PeNPFs H N T, %
WM 2~5 4, BANE ALY B A 33 bp
(PeNPF7.6 )55 51~ N 7% )~ 3489 bp (PeNPF2.2
M5 2 NN ), TERASIMNE FAESL R AL T i
£} 36 bp (PeNPF7.3 1% 1 P4 +)~1601 bp
(PeNPF7.3 %5 3 A2 1) (Bl 2)o PeNPFs 41~ i,
BZ )R N B T A - A B D I e R A7
HE—ER 2SR, X ] RE R SRRk R F 2R
HZz—.

H U HE T i PeNPFs %t 4N AR 1) 0 7 £ 52
TEPAE R F I B TE S, X PeNPFs (AL 0R %05
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@ 11 Phyllostachys edulis

T ATG L3 2 000 bp 95 51 7 25 =X A FH T 44 i
NE IO T 0T . SRR PRI &
& 3T 075 B A% 0 g6 TATA-box Al CAAT-box.,
27 > PeNPFs (WG 875 h4 & 20 2 51N
FE IR B ECAE FH TC A4 TS S SR Rz 225 e
QIR R B T LTR, T 50 3 o4 MBS il TC-
rich repeats, 7 & & M . 76 /4 TATC-box. P-box
1 GARE-motif, A £ Z M 1 ot /4 TGA-element .,
AuxRR-core Fil AuxRE, 2 #j fig B BE m W JT £
CGTCA-motif Fl TGACG-motif, M 7% B i i 7
ABRE % (&l 3), HILFEM, PeNPFs [ stk
Al RE S 2 B HEAE YA AR H R
2.3 PeNPFs HRFEF S

PRSFIEEF AT . 7EEAT PeNPFs 751 it
PAT 10 MRSFHEF , 43514 44 0 motif 1~ motif
10, Hr, motif1, motif2 Flmotif4 f&27 4~ PeNPFs

A K Oryza sativa
S1~88: 8 MUK Subfamilies
B 1 EFEAKEMUET NPF S EBFIGEN RS HLR

Fig. 1 Phylogenetic tree constructed based on amino acid sequence of NPFs from moso bamboo, rice and Arabidopsis

W BIREJT Arabidopsis thaliana

S BRI, ML B AR 578 h
sk, 27 4 PeNPFs H 15 MGTEA 10 1 motif,
Hoe 12 B B2 1~3 4> motif, 41 PeNPF2.1,
PeNPF4.1 1l PeNPF8.8 fik /1> motif 3, PeNPF8.2 fik
/b motif 5, PeNPF2.1 #k /> motif 6, PeNPF2.1.
PeNPF7.5. PeNPF7.7. PeNPF8.2. PeNPF8.3 #il
PeNPF8.8 it /I> motif 7, PeNPF5.2. PeNPF5.5
Bt /b motif 8, PeNPF7.6 /1> motif 9, PeNPF5.1,
PeNPF5.2, PeNPF5.3, PeNPF5.56t /b motif 10
( 4A),

Tk, 45 motif 18 2 FE R 20 B e d- D T A
—EAIME, 40 motif 1. motif 2 1 motif 4 1= B {4
P, MR EHUKEESERR, A% motif 7EZ LR AL
B BV A AETE— 2 U 25 5%, 41 motif 1 &
Tt AR, motif 2 H & 242K, motif 4 & & H 2
iR (X1 4B).
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Fig. 2 Gene structure of PeNPFs
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Fig. 3 Statistics of response elements in the promoter of PeNPFs

2.4 YREDEQIBWMERFNI A E LT
PeNPFs % 1 2 5 12 )7 9 Ji 1< 9}y 761 aa
(PeNPF7.4), fxJH [} 452 aa (PeNPF8.8), 4y
T8 T 49.56~82.08 kDa 2 ], FHISZ5E L, 5 A
T 5.17~9.85 ZIa], Ko et & m . o5
Bi K P20 7, PeNPFs (1 32 K PE{E (GRAVY)

4 0.063~0.607, HEMEATE FHRAKMEER, WA
WA T s, BT AT PeNPFs Y4 5E v T 40 it B a
Wb, b, A 8 A B FE AR MR T A A
FENL (R 1),
2.5 PeNPFs WL FTIXER 517

FIHEAT 7 A A H L0 5 s 227 (RNA-
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TE: W 070 SR PEEIERR; (0 7R PR

BAETFHE: BK IR

Notes: Blue alphabet: hydrophilic amino acid; Green alphabet: neutral
amino acid; Black alphabet: hydrophobic amino acid
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Amino acid sequences of three conserved motifs in PeNPFs

Bl 4 PeNPFs EHRTEF S
Fig. 4 Analysis of conserved motifs in PeNPFs

R 1 PeNPFs 43 %E BB RFHE
Table 1 Basic characteristics of the proteins encoded by PeNPFs

HRAH BEEEFRY TT I HAKE TR HSEHL R R A W4 s B

Gene name Accession number ORF length/bp Protein length/aa Molecular weight/kDa pl GRAVY Subcellular location

PeNPF1.1 PH01000336G0830 2031 676 72.98 9.85 0.063 4/ (Plasma membrane/Vacuole)
PeNPF2.1 PH01000134G0780 1443 480 52.29 9.50 0.083 4N/ (Plasma membrane/Vacuole)
PeNPF2.2 PH01000652G0130 1770 589 64.22 8.73 0.300 R iB(Vacuole)

PeNPF2.3 PH01001828G0100 1680 559 60.05 9.65 0.415 L (Vacuole)

PeNPF4.1 PH01002847G0050 1641 546 58.48 8.27 0.423 iB(Vacuole)

PeNPF5.1 PH01000066G1670 1578 525 56.96 9.14 0.427 L (Vacuole)

PeNPF5.2 PH01000401G0210 1653 550 60.51 6.03 0.327 L (Vacuole)

PeNPF5.3 PH01000587G0060 1638 545 59.43 9.10 0.459 i (Vacuole)

PeNPF5.4 PH01000693G0160 1986 661 71.33 8.59 0.185  4HALME/i(Plasma membrane/Vacuole)
PeNPF5.5 PH01003505G0080 1758 585 62.97 8.00 0.404 Rif(Vacuole)

PeNPF5.6 PH01003529G0160 1878 625 69.08 9.18 0.156  ZHAEME/L(Plasma membrane/Vacuole)
PeNPF6.1 PH01002186G0050 1695 564 60.95 9.13 0.401 if(Vacuole)

PeNPF7.1 PH01000062G1290 1752 583 64.08 7.09 0.348 WL (Vacuole)

PeNPF7.2 PH01000672G0410 1818 605 65.93 7.09 0.201 L (Vacuole)

PeNPF7.3 PH01000690G0310 1731 576 62.16 5.17 0.473 B (Vacuole)

PeNPF7.4 PH01001425G0190 2286 761 82.08 8.38 0.100 4/ (Plasma membrane/Vacuole)
PeNPF7.5 PH01001510G0300 1 890 629 67.90 9.26 0311  4HABM/ i (Plasma membrane/Vacuole)
PeNPF7.6 PH01002667G0160 1650 549 59.78 7.54 0.442 L (Vacuole)

PeNPF7.7 PH01002743G0200 1500 499 54.36 8.57 0.607 L (Vacuole)

PeNPF8.1 PH01000015G1630 1740 579 63.72 7.09 0.258 i (Vacuole)

PeNPF8.2 PH01000031G0520 1641 546 58.87 8.91 0.171  ZHARME/(Plasma membrane/Vacuole)
PeNPF8.3 PH01000220G1120 2175 724 79.79 8.60 0.228 2 Ff 55/ 336 (Plasma membrane/Vacuole)
PeNPF8.4 PH01000220G1270 1713 570 63.13 7.03 0.325 L (Vacuole)

PeNPF8.5 PH01000723G0460 1584 527 58.04 8.32 0.513 if(Vacuole)

PeNPF8.6 PH01001374G0490 1734 5717 63.75 7.18 0.341 WL (Vacuole)

PeNPF8.7 PH01001586G0390 1725 574 63.29 8.26 0.304 L (Vacuole)

PeNPFS.8 PH01002730G0140 1359 452 49.56 6.70 0.357 TRi(Vacuole)
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Identification of Nitrate Transporter Gene Family PeNPFs and Their
Expression Analysis in Phyllostachys edulis

YUAN Ting-ting', ZHU Cheng-lei', YANG Ke-bin', SONG Xin-zhang®, GAO Zhi-min'"

(1. Institute of Gene Science and Industrialization for Bamboo and Rattan Resources, International Centre for Bamboo and Rattan, Key
Laboratory of National Forestry and Grassland Administration/Beijing for Bamboo & Rattan Science and Technology, Beijing 100102,
China; 2. Zhejiang A&F University, Hangzhou 311300, Zhejiang, China)

Abstract: [Objective] To identify the members of nitrate transporter (NPF) gene family in moso bamboo (Phyil-
lostachys edulis) and systematically analyze their molecular characteristics and expression patterns, in order to lay the
foundation for in-depth study of the nitrate transport function of the NPF genes in Moso bamboo. [Method] Bioin-
formatics methods were used to identify NPF family gene members in the genome of Moso bamboo, a comprehens-
ive analysis of acting elements in their promoters, gene structure, physical and chemical properties of their encoded
proteins, conserved domains and systematic evolution was performed. The tissue specific expression of NPF genes in
different tissues of Moso bamboo and their expression patterns after different abiotic stress and hormone treatments
were analyzed using the existing transcriptome data. [Result] A total of 27 NPF genes (PeNPF1.1~PeNPF8.8) were
identified in Moso bamboo, and their gene structure was found to be quite different. The number of intron was 2~5.
The longest coding region was 2286 bp (PeNPF7.4) and the shortest was 1359 bp (PeNPF8.8). The regulatory ele-
ment analysis showed that a variety of elements related to abiotic stresses such as cold and drought, as well as hor-
monal responses such as GA; and NAA were identified in the promoter region of PeNPFs. The molecular weight of
the proteins encoded by PeNPF's ranged from 49.56~82.08 kDa, with the isoelectric point (pI) of 5.17~9.85. Most
PeNPFs were neutral or basic proteins with similar transmembrane structures. Phylogenetic analysis showed that
PeNPFs were clustered into 7 subfamilies, and the numbers of members in each subfamily were 1, 3, 1, 6, 1, 7 and 8§,
respectively. Analysis of protein conserved motifs showed that there was a total of 10 conserved motifs in PeNPFs, of
which motif 1, motif 2 and motif 4 were highly conserved motifs shared by all members. The expression profile heat
map analysis based on transcriptome data demonstrated that the expression of PeNPF's had certain differences in dif-
ferent tissues such as leaves, inflorescences, roots, rhizomes and shoots, among which each member was detected in
at least one tissue, and some members exhibited tissue-specific or constitutive expression. After cold and drought
treatments, the expression of PeNPF5.3, PeNPF7.2, PeNPF7.3 and PeNPFS8.7 showed significant down-regulation,
which was consistent with the presence of cold and drought response regulatory elements in their promoter se-
quences. After GA; and NAA treatments, PeNPF7.3 and PeNPF7.6 demonstrated opposite expression changes, while
the expression trend of PeNPF7.1 was similar. [Conclusion] There are 27 members of NPF gene family in Moso
bamboo, which can be divided into 7 subfamilies. The molecular characteristics and tissue expression specificity of
each member in different subfamilies have certain differences, and the expression changes of some PeNPFs in re-
sponse to abiotic stress and hormone treatments have reached the level of significant differences. These expression
profiles suggest that PeNPF's might play different functions in the transport of nitrate in different tissues of bamboo
and in the process of dealing with different environments. These findings could be references for understanding the
biological functions of PeNPFs in Moso bamboo.

Keywords: Phyllostachys edulis; NRT1/PTR family (NPF) gene; molecular characteristics; gene expression
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