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Abstract: Based on the transcriptome data of Liriodendron chinense ( Hemsl.) Sarg., structure and
function of NAC (NAM, ATAF1/2 and CUC2) family genes from L. tulipifera Linn. were researched.
Open reading frame (ORF) of 16 LiNAC genes was cloned from leaf of L. iulipifera by RACE technology
with Nos. from LiNACOI to LtNAC16. Length of ORF of 16 LtNAC genes is 561-1 830 bp, and 187-610
amino acids are encoded. According to theoretical isoelectric point (pl) , there are 9 basic proteins and 7
acidic proteins in 16 LitNAC proteins encoded by LtNAC genes. According to grand average of
hydropathicity (GRAVY) , there are 13 hydrophilic proteins and 3 hydrophonic proteins in 16 LiINAC
proteins. The predicting result of secondary structure of LtNAC protein shows that random coil is main
component in all of 16 LtNAC proteins, and « helix, extended strand and B turn distribute widely in the
whole protein. The result of phylogenetic analysis shows that 16 LiNAC genes of L. tulipifera may not
participate in cell wall biosynthesis, in which, LiNACO2, LiNACO3 and LiNACO4 genes may participate
in stress response of L. itulipifera. Relative expression of LiNACO3, LiNACO7, LiNACOS, LiNACO9,
LiNACI11, LtNACI2, [tNACI14, LitNACI5 and LiNACI16 genes is related to leaf senescence progression of
L. tulipifera, and it is predicted that the nine LiNAC genes may participate in regulating leaf senescence
progression.
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TMHMM/ ) #4785 [ 5 5 I XA

WAL RS IT B TS E (TAIR, http: / www.
arabidopsis. org/) H R #AUR T A 105 4~ NAC FKik
J8 B (ANACOO1 % ANAC105) f9 K T 91, (R,
M GenBank 2% 23 A~ HABYF f CHUE LN AERY NAC
HHF A, AL 35 K B8 ( Oryza sativa Linn.) B OsNAP
(NP _912423 ), OsNAC4 ( BAA89798 ), OsNACS
(BAA89799) .OsNAC6 ( BAA89800 ) F1 OsNACO , K #
i) NAM-B1( ACL31422. 1) , Bambusa emeiensis L. C.
Chia et H. L. Fung [ BeNAC1 ( ADP69102. 1),
Ipomoea nil ( Linn.) Roth A InNAP ( BAO57486. 1) ,
Medicago truncatula Gaertn. ') MINAM ( AFI56799. 1) ,
Petunia x hybrida E. Vilm. fJ NAM ( CAA63102) ,
Solanum lycopersicum Linn. [} GOBLET( HM210879. 1)
VI Populus trichocarpa Torr. et A. Gray ex Hook. [1]
PrWNDIA ( NACO68, XM _ 002317023 ) . PuWNDI1B

F1 LEBEM LINAC EEMASEERSIMFT

(NACO063, XM _002300464 ) . PrWND2A ( NACO65,
XM _ 002320861 ) . PueWND2B ( NACO61, XM _
002302636 ) . PeWND3 A ( NACO50, XM _002322362) .
PrWND3B ( NAC037, XM _ 002318252 ) . PrWND4A
(NACO38, XM _002329829) . PurWND4B ( NACO046,
XM _ 002304392 ) . PuWND5A ( NAC025, XM _
002310261) . PrWND5B ( NAC039, XM _002327730) .
PrWND6A ( NACO55, XM _002327206 ) #1 PurWND6B
(NACO060, XM _002325955) 12 4~ NAC & A i ¥ 41,
KA SERG MK LeNAC J5E PR 4 A5 19 5 1 0 0 < 465 ) 35
FPN A ER NAC H I BUORSF 45 1 U7 51— R R 4T &
Gkt Al Clustal X ( version 1. 83) B4 47
HEHBTINZ TSR, FIH MEGA 6.0 #/F %
FH neighbor—joining ( NJ ) ¥ #4) £ JC AR 14 32 Gt #E AL 4,
bootstrap test {H%H 1 000,
1.4 LtNAC EREH qRT-PCR 57

K H Primer 5.0 3K 4% 11 qRT-PCR [ LiNAC &
NS EEH 5 19, 5 1P sk 1,

Table 1 Primer sequence of LINAC gene and internal control gene from Liriodendron tulipifera Linn.

519 JFF(5'—3")

Primer Sequence (5'—3")

LINACOIL F CGATCGCCGATGTTGATCT
LINACOI R CGGTCCCGAAGACTGAAGAA
LINACO2 F ATTCCATGTTTGTTGTTGACGAA
LiNACO2 R ACCGCAGGCAGAACATTATCA
LINACO3 F CCCATGTGAGTGGGCTGATT
LINACO3 R AGCACGTGTAAGTTCGAGTCCTT
LINACO4 F CCCAAGGGTGAGAAAACGAA
LINACO4 R CCCAATCGTCCAGCCTTAAG
LINACO5 F GCCACCAGGGTTCAGGTTCTA
LINACOS R CACCAAGGTCCCATGAGAAAG
LINACO6 F AAGTTGACCCTATTACGCC
LINACO6 R TGATACTTGGGCGGAGC
LINACO7 F GCATCCGGCCTAGATAAGCA
LINACO7 R TCCCCTTTGAAGGCTTTCCT
LiNACO8 F GTGGGAGGCAAGGAATGGT
LINACO8 R TCGCCTTCCAGTACCCTGAT
LINACO9 F GGGCTGAGCAGGCACTTCT

714 J¥F1(5'—3")

Primer Sequence (5'—3")

LINACO9 R CACCCCCTTGCAAGTCACAT
LINACIO F GATGAAGCAGGCGGTAGCA
LINACIO R CGGTCTCTACCGGACCCATT
LINACII F TTGCCTCCTGGGTTCAGATT
LtNACII R GAATGATCAAAGCGGGCAAA
LINACI2 F ATCCAAGCCTTGCCCTGTCT
LtNACI2 R CCACTCATTCTCTCCGAATTCC
LNACI3 F GATTGGGATGATGATGTGG
LtNACI3 R AATGAATCACAACCTATCCC
LINACI4 F CTAAAGAATGTCTCATGACTAAAATGCA
LiNAC14 R GCATACACGTAACATCCAAGTTGTC
LNACIS F AAGCTTTGTGGAGGCGAAATT
LINACIS R CCCTTTGCCGGTAACCTTTT
LINAC16 F CTCAGAATGAATGGGTGA

LiNAC16 R CCTCACAAGTCCTCGAAAG

Actin F GATGGGCAGGTGATCACGAT

Actin R TCTCATGGATTCCAGCAGCTT

X T4 RNA FEZAS, cDNA 55 1 2555006 18R 46
1 55 cDNA & il & ( 32"%[3[ Invitrogen A\ F) ) , SEH A
BESWBEAAS, #H 1 g & RNA #EF7 % 5%, 153
20 pL %) cDNA /£l qRT-PCR ¥ 14 52 i IR AL .
qRT-PCR ffi H1)2% 96 L V- 7E 7500 HY 5L 5

i PCRAX (£ ABI A7) 17, RHIH— PCR
Tfiﬁ% AR T P XoF B 43 S0 ik ST 1 S Ry FL R A T

o M8 FH actin 15 R IR R BEASFE A FIT P X6 HE fif
3 /\EEJJQ FLIEFTH 1 . RN 2R 2 G G 1
F AT qRT-PCR %J‘ig%ﬂﬁ{ﬂ!ﬂ o 20.0 pL AR #R
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£34% 10.0 pL SYBRMIX .10 mmol - L™ iF [ 5| ¥ Fl 2
M54 0.5 pl.0.8 wL 55 1 5% cDNA 4R (40 ng)
}: 8.2 pL ddH,0, & M 4% 4 .50 C, 2 min;
95 °C,10 min;95 °C,20 s;60 °C,60 s; 3k 40 MG,
FNE 2 i s i A S e R R R . R
2R A S AR N ek i

2 HERFa AT

2.1 LINAC EERRESFIISHT

FIFH RACE $7 R M b 36 5 2 Mk | o 3 o g 1
16 1 & 52 % ORF W NAC I, 43 9 45 4 N
LiNACOI % L[tNACI16 ,0RF £ 561 ~ 1 830 bp, %
fih 187 ~ 610 NEHEPR

ESERE M LINAC FRIER %1 16 1~ LINAC
EHMIAMER LR 2, BER 2 ATLE T P9 4>
LINAC #E IS5 58 (pl) KT 7, 8 Tt f
i3 7358 7T A~ LINAC R (A9 pl /0T 7, )8 TRR 1 2R
FIfi, LINAC16 F1 LiNACOS 25 F & FE R % H 45/,
A3A 187 F1 190, — 35 Y FRIS AT 40 F Bt /),
A3 21 811.9 121 667.3, LINACO2 & [ 1Y 2 5L
M2 5 H e 2 (610) , HEISAHXS 70 F it i K, iy

F2 JLEREWM LINAC RIEEERDE LINAC ZARIELERY

Table 2  Physical-chemical property of LtNAC protein encoded by

LtNAC family gene from Liriodendron tulipifera Linn. "
fuﬁiﬁ N MW pl 1 GRAVY
LiNACO1 313 35191.8 8.83 55.46 -0.688
LINACO02 610 68 011.5 4.69 67.77 -0.527
LINACO3 581 64 433.7 4.71 68.98 -0.471
LINACO4 300 34 450.0 8.39 59.53 -0.764
LiNACO5 289 32 813.1 6.40 67.13 -0.595
LINACO6 428 48 434.0 5.34  61.94 -0.3881
LINACO7 256 28 928.6 9.41 60. 86 -0.676
LINACO8 190 21 667.3 5.21 71.84 -0.489
LiNAC09 442 49 769.5 6.21 57.58 -0.925
LINACIO 357 40 342.2 6.81 70.50 -0.677
LINACI1 244 27 741.3 9.55 57.54 -0.789
LiNAC12 275 31528.4 7.66 58.15 -0.776
LINACI3 262 29 934.8 8.01 58.62 -0.653
LINAC14 469 52 566.4 7.72  70.30 -0.466
LINACI15 264 29 743.9 7.69 66.78 -0.530
LiNAC16 187 21 811.9 9.34  57.63 -0.896

UN. EHREH Number of amino acids; MW . HEAH XS 437 i
Theoretical relative molecular weight; pl; ¥ & %5 i 45 Theoretical
isoelectric point; 1: g 05 i = L e 35 %% Aliphatic amino acid index;
GRAVY: FEH /KM Grand average of hydropathicity.

68 011.5,

A RHKYE (GRAVY) 9 Hr s B B 16 4
LINAC ZEH I GRAVY {HI R fE , Hd 13 4~ LiNAC
FEHM GRAVY /N TF-0.5, NEKEAF; RA
LINACO3 \LtNACOS F1 LINAC14 #5111 GRAVY {H K
F-0.5,43H1°0-0. 471 —0. 489 F1-0. 466 , K i1k
S5
2.2 LiNAC EEHBHEBRZREHTN

FIH SOPMA F2 /37 %f 16 At RS HE M LINAC %K
JEHE R GBS 1 LINAC R () a5t A 7wl |, 25
W3, HFE3 ATLIAH 16 4~ LINAC FE HLIEH
DI itk FEEEAG BT, Hoh LINACO3 25 1 i 40 45
P e JC RIS i BT o L R 2 4 39. 59 % ; LINACO4
H ) A5 v TR il BT o b ) e e, 3k E
61.00% ; o WRTE | ZE {4 F1 B F% ff W HL A7 F 4 4
LINAC FE 1,

T P T DX T F 9 &5 SR ;16 > LINAC
M H, LINACO2 1 LiINACO3 75 H fu & 5 i 5L ¢
('TM, transmembrane motif) , H. TM #3A7ET C %,

F3 JEEBEWM LINAC RREERKDE LINAC B8 - REHHNT
mgs R

Table 3  Predicting result of secondary structure of LINAC protein
encoded by LtNAC family gene from Liriodendron tulipifera Linn.

ARG AR B i HeAA/ %

V=l Percentage of different components
Protein «lfiE AEMPEE pEEf EHUNEHN
a helix  Extended strand B turn Random coil
LINACO1 14.06 22.68 8.63 54.63
LINACO2 21.80 20.82 9.67 47.70
LtINACO3 31.50 18.24 10. 67 39.59
LINACO4 16.00 17.67 5.33 61.00
LINACO5 18.34 27.34 8.30 46.02
LINACO6 24.53 18.69 8.64 48.13
LINACO7 20.70 23.05 10.16 46.09
LINACO8 18.42 18.95 9.47 53.16
LINACO9 23.98 18.10 8.14 49.717
LINAC10 21.85 19.61 6.44 52.10
LINACI1 15.16 24.59 6.97 53.28
LINACI2 17.82 22.18 6.55 53.45
LiNAC13 18.39 19.54 7.66 54.41
LiINAC14 22.16 23.24 11.35 43.24
LINACIS 14.39 22.35 7.58 55.68
LINAC16 16.67 29.57 11.83 41.94

2.3 LINAC EEHRBHEARNBES
SFALERGE M 16 > LiNAC L i iy TINAC &
H5 IR IF & 23 A~ HAB Y Fh v D1 RE E 1) NAC &
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E s & 16 AL SR FE M NAC 2 H (LINACO1 £ LINACL6) 105 MUFS T NAC & H (ANACO0L % ANAC105) 1 23 A~ H Al Y Fh A1 NAC &
H, HA 16 4 LINAC ZEH A @5 il Proteins in this figure include 16 NAC proteins from L. tulipifera (from LiNACO1 to LiNAC16), 105 NAC proteins

from A. thaliana (from ANACO0O1 to ANAC105) and 23 known NAC proteins from other plants, in which, 16 LINAC proteins are marked with “ @”.

El1 JeEREM LINAC E8 58I NAC EB K 23 M EMMMEHM NAC EEHNRZHL ST
Fig. 1 Phylogenetic analysis on LtNAC protein from Liriodendron tulipifera Linn., NAC protein from
Arabidopsis thaliana (Linn.) Heynh. and 23 known NAC proteins from other plants
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RE: %} K& Relative expression. LY : B Young leaf; LEN: 524 BT R FZ M F Fully expanded and non-senescent leaf; LE. 3 F
Leaf at the early stage of senescence; LL: WE G F Leaf at the late stage of senescence.

1: LINACOT FEH LtNACOI gene; 2 LtNACO2 FEIH LiNACO2 gene; 3 : LtNACO3 FE[H LiNACO3 gene; 4. LiNACO4 FE[H LiNACO4 gene; 5. LtNACOS 3K
LtNACO5 gene; 6: LtNACO6 FEH LiNACO6 gene; 7. LINACO7 FE[H LINACO7 gene; 8. LINACO8 FE[F LiNACO8 gene; 9. LNACO9 FEF LiNACO9 gene;
10. LiNACI10 %R LiNACIO gene; 11 LiNACII R A LiNACI1 gene; 12. LiNACI2 R A LiNACI2 gene; 13: LiINACI3 H K LiNACI3 gene; 14
LiNACI14 3£ LiNACI4 gene; 15. LiNACIS5 JE[H LINACIS gene; 16: LiNACI6 FEH LiNACI6 gene.

2 JEEIREM 16 > LINAC BEEEM R AREKMTBEMEXNRIEE

Fig. 2 Relative expression of sixteen LtNAC genes at different growth stages of leaf of Liriodendron tulipifera Linn.
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X AU SE RSB NAC T8I0 25 1 5 B AL A5 A8 19 20 B
ZER IR .16 4> LINAC 25 (1 GRAVY {H 34 R i,
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