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FUNCTIONAL IDENTIFICATION OF CANDIDATE
TRANSCRIPTION FACTORS INVOLVED IN
PHOSPHORUS-REGULATED FLAVONOID SYNTHESIS IN
TOBACCO

ABSTRACT

Phosphorus is one of the three major nutrients required for plant growth and
development. Because phosphorus is easily fixed in the soil and has low mobility, plants are
kept in a low-phosphorus or phosphorus-deficient environment for a long time, which affects
the growth and development of plants. In order to cope with the soil environment of low
phosphorus stress, plants have evolved a variety of adaptive mechanisms, including forming
symbiosis with arbuscular mycorrhizal fungi, changing root architecture, and increasing
signaling substances such as flavonoids. Flavonoids are important secondary metabolites in
plants and participate in the process of plants responding to various environmental stresses.
Under low phosphorus stress, it can promote the synthesis and accumulation of total
flavonoids in plants, but the molecular mechanism is not yet perfect. Under low phosphorus
conditions, it is more favorable for plants to form a mycorrhizal symbiotic system to help
them absorb phosphorus nutrients more efficiently. Studies have found that low
concentrations of flavonoids can stimulate spore germination of arbuscular mycorrhizal fungi
and promote mycelial branching, indicating that flavonoids may be involved in the symbiotic
process of arbuscular mycorrhizal fungi. These results indicate that plant phosphorus
absorption and transport may interact with flavonoid synthesis and mycorrhizal symbiosis,
but the molecular mechanism needs to be further studied.

Tobacco is a major economic crop worldwide, and tobacco leaves are rich in flavonoids,
and flavonoids are also a key factor affecting tobacco quality. On the other hand, the
establishment of symbionts between tobacco and arbuscular mycorrhizal fungi is of great
significance to the development of quality and yield. Our research group obtained a
phosphorus-efficient tobacco homozygous mutant (under low phosphorus conditions, the
phosphorus content of the mutant was significantly higher than that of wild-type tobacco and
the flavonoid content was significantly lower than that of wild-type tobacco) through EMS
mutagenesis screening. The differentially expressed genes between wild-type and wild-type
were analyzed, and two candidate transcription factors NtLZ3 and NtLZ5 that may be



involved in phosphorus regulation of flavonoid synthesis were initially screened. Through
bioinformatics analysis, expression pattern analysis, gene silencing and overexpression of
phosphorus The functions of NtLZ3 and NtLZ5 were deeply studied in the aspects of
absorption and flavonoid synthesis. This study is expected to provide new ideas for
improving the ability of tobacco to cope with low phosphorus stress. The main findings are
as follows:

1. Bioinformatics analysis found that NtLZ3 is located on chromosome 19 of the tobacco
genome, encoding 291 amino acids; NtLZ5 is located on chromosome 12, encoding 422
amino acids. Phylogenetic tree analysis and amino acid sequence analysis revealed that
NtLZ3 and NtLZ5 were R2R3-type MYB family transcription factors. Expression pattern
analysis showed that NtLZ3 was down-regulated in tobacco roots and leaves under
phosphorus deficiency, and significantly up-regulated in roots inoculated with arbuscular
mycorrhizal fungi; NtLZ5 was up-regulated in roots by phosphorus deficiency, but was up-
regulated in leaves and roots inoculated with AM fungi. Expression is down-regulated by
phosphorus deficiency.

2. The results of subcellular localization showed that both NtLZ3 and NtLZ5 were
localized in the nucleus. By analyzing the transcriptional activation activity of NtLZ3 and
NtLZ5, the results showed that NtLZ3 has yeast transcriptional activation activity, and
NtLZ5 don’t have yeast transcriptional activation activity. The spatiotemporal expression
pattern analysis of NtLZ3 and NtLZ5 found that NtLZ3 was expressed at the highest level in
leaves at both flowering and seedling stages, while NtLZ5 was mainly expressed at the
highest level in stems at seedling stage. high expression level.

3. The NtLZ3 and NtLZ5 silenced lines were created by VIGS technology, and treated
with normal phosphorus supply (0.5mM Pi, +P) and low phosphorus (10uM Pi, -P), the
results showed that under normal phosphorus supply conditions, the cells were in phase with
empty cells. Compared with the n#/z3 lines, the flavonoid content in leaves was significantly
increased, and the total phosphorus content was significantly decreased. However, the
flavonoids and total phosphorus contents of nzlz3 lines were not significantly different from
those of the empty control under low phosphorus conditions. Quantitative analysis of key
genes in the flavonoid metabolic pathway found that ntlz3 significantly enhanced the
expression of Nt4CL genes. Silencing of n#/z5 under normal phosphorus supply conditions
resulted in significantly lower flavonoid and total phosphorus contents in leaves compared
with no load. However, the content of flavonoids and total phosphorus in the nt#/z5 lines under



low phosphorus conditions were not significantly different from those in the blank. The AM
fungal inoculation experiment was performed on ntlz5 lines, and the results showed that ntlz5
did not affect the infection efficiency of mycorrhiza and the abundance of arbuscules.

4. Using Agrobacterium-mediated tobacco transgenic technology, NtLZ3 and NtLZ5
overexpression transgenic materials were obtained. Compared with the wild type, NtLZ5
overexpression material significantly increased the contents of total phosphorus and
flavonoids in tobacco leaves under normal phosphorus supply conditions, but there was no
significant difference in the contents of total phosphorus and flavonoids in roots. Quantitative
analysis of key genes in the flavonoid metabolic pathway showed that the expression levels
of NtCHS, NtCHI, NtPAL and Nt4CL genes in NtLZ5 overexpressed materials changed
significantly compared with wild type. On the other hand, overexpression of NtLZ3 under
normal phosphorus supply conditions can also significantly increase the content of flavonoids
in roots, corresponding to a significant decrease in the content of phosphorus in roots.
Compared with the wild type, the NtLZ3 overexpression material significantly decreased the
root flavonoid content and significantly increased the root phosphorus content under low
phosphorus conditions. Quantitative analysis of key genes in the flavonoid metabolic
pathway showed that overexpression of NtLZ3 affected the expression levels of NtANS and
Nt4CL.

In conclusion, this study investigated the possible functions of NtLZ3 and NtLZ5 in
phosphorus absorption and flavonoid synthesis from the aspects of bioinformatics analysis,
expression pattern analysis, subcellular localization analysis, and creation of overexpressed
and silenced lines. Preliminary results found that NtLZ3 may be a key transcription factor in
tobacco response to low phosphorus stress, which is in agreement with the phosphorus
efficient mutant obtained in the previous laboratory (under low phosphorus conditions, dng
phosphorus content is significantly higher than that of HD and the flavonoid content is
significantly lower than that of HD). It may be a transcription factor affecting the mutant
phenotype; while NtLZ5 may positively regulate tobacco flavonoid synthesis and phosphorus
absorption. This study provides a new idea for tobacco to cope with low phosphorus stress

and flavonoid synthesis, which is of great significance.

KEY WORDS: Tobacco; Phosphorus; Flavonoids; Mycorrhizal symbiosis; NtLZ3;
NtLZ5
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DAL I T SR B 1 R A N S B, e T A AT % S B e IR P 2 SR /K 3 PRI
—J7 TR A FHIRE A COL R B IR B 7 70 2 M B AN S S50 2 52 e AEL A 268 B B 1) 45 s
I3 77 THI S T T A U % 25 ] P R TA 52 31 22 Pl s IRl - (R % (25541, 2013). 1Y)
SR ) & AR 252 R2R3-MYB & H .bHLH & H . WDR HH #75, H ' MYB
G B =N 2H 53 0 B e N AE T 25 T o P R 2 e e Qs A 1 L R s 7
MYB %K F SRR RO AV AR e . AKEE . AR s E2
AR T EEMER, BIIREH GhMYBF2 % 56K 7 5 i 2 5 W 24k B W0 BB ik

(Xueral.,2014). bHLH & [ 7] LA e & B AE KK T - R 2 AN S SE
WEME R R2R3 AU MYB #5k[K 12 5 2K m B A V)& s A% v B8 A e AR i
12, ATLLEGE AR RAEYE BRI S AR WDR EAIA T RE R
IEH. FEFHLE R RAEER (Lietal.,2015), F A RE Y& 152 2 R2R3-MYB &
FH MYB11. MYB12 fl MYBI111 HJifi#%, MYB11. MYBI12 A1 MYBI111 7] DAEGE IS8
W E 4 & BORBERE I CHS CHI. F3H. F3’H R FLS %1% (Salloumetal., 2018) .



4 HEYERLERARER
4.1 HEYEREESHEEIE

MR ER (AMPE) 204 T HARS, ATLLSRiHAES KRG 80%LL EIHE
YINRRIE LR . AR AR LR N RS R B EH G 7, BT
ARHAE TG IR RIS . AMF 340 DR b3 FHEI ALK, e &, RilFaE
TR SORUR] F 3 b i) BB AR 75 TR o &, AE BRI SR A T AR LB AR P S O I
7 JT YR R e A P g 4 KR LA K (Akiyama er al., 20000, FEHY)
FEGEL IR AR WCE TR, il § AR B E R I IR, X R R
RS o B FE A . RS IR A I B AR AR OR B A AR
BErR RIS TE Ay o BRAR T BB S T 46 TR A R0 S R AR L T 2 TR SR AR5 5 AT
R LT 1) TR 22 52 BIRE IR 22 70 WA (RS 5 0 b B <6 P TR I It T |8 7 A B0 4
WG 5 TRV ARE 7, 5k AN mARE I B 52 WIR LT SRR B R .
MR YEAE YD T AR B 0 A B A AR KT AT LK 4 A N AR B AR - A AE TR I A A1
A AR (Brundrett ef al., 2017)

W 5t 2R DI 5 R AR w1 A A 1 A2 il AT DR 35 6 = 18 E AR AR BTA N AR B
ELED I E HIRE /) (Parniske er al.,2008) o AifF 7 3L BRI AR 3 A 44 52 10 (1) T8 B2 a3 A AP 1)
AKKE, LAY 5ETE 3R AT 7K oA R0 R a0 S A e R 52 DL R B gt
3 R R JE AR A BT E T BE (Cavagnaro er al., 2001) . AR IR A 4= P4 1§
AT DASRIIpE AR E RE TBOR AR BBl 7 T 7 AR 5, e R AR, M E SR E
TRk Z 2 RO A N R, T AR FE AL T8 2R B 2 IR AS IS R 6% (2 2 1A
I LR (Lopez-Raez et al., 2008) .

42 FREE SRR

T 5 IBCE R I AR R L R PIRME 50 7 IRB 528, XA d e
SRV . NTEE AV 2 SRR BRI 5 P fE
I AR AR T AU IS T RBAER SCR . T DUE AR R SR
B & RO VARV B I RE F1, B S IR A I A R G AN 32 2 5h 524
BE R R AR RN 32 38 5 S AR WS, YR R, IRE . K SFELER
AR A0 (Bonfante et al., 2000, 11 258 34 i -5 HE ) Bl AR 0 1 0 R i A T T
2 AERA K (Akiyama e al., 2000). A5 5SS SRR REIAE, HiE
A DB ) — S 54 R AT LR S AR AR A A, 3k 1 2 i 3 AR A A B3 4 R
Gi. RN MY > TADZETTH, ERIEAD KB R IR 7 TR R4, R



Z R E S 5 R W IR(E 57 S 85, 10 DMI £, GRAS 2 F FK k. NUP-

NENA-~ #5y BAR S 5 R8I B RR £5 7% 08 R A B DR R — S8 57 TR AR b ook T B AR 3t
AR R B IR E R E B IR A ISR . TR B GRAS 5 K A AR LA
AR RE T EENEN, 1E8 GRAS FIRE 1) NSPI 1 NSP2 1E3< 2 H 5 R
AR ORIE TR, LU ERILAE (Delaux etal., 2013). TR 258 1 %
BHER PT4 X F AR IES KB MAEREER EE, SIS R A e
AM & 534 R I FRICEE P (Cesco ef al., 2020). MYB #5% KT PHR KK A S
S R0 S a2, PHR # 5 K1~ 1) DUE IS P1BS JofF 4 AR LA A G BE A,
W I8 R AR B LR 2541~ PHR2 W] DA BB )5 TR AR BB 2 37 BRI 3L AR S0 R

(Hinsinger et al., 2011).

5 EMBREREMAHSERRGHK. ERIEFEXEEN

5.1 AR E R WRCR A ayiEE

BEREMEKHEN = REFRICRZ —, BT LIBERRE IR, 55 8
S, FTUMEVIEK G Bk SRl a] Lot 5o 3Rk vE e . 3 pH (B AT R
Fesgun LB IR IR, (A SR A S AT DA N & BB ) o R A S A R
e IR A O M (Barker ef al.,2013). BlHI7E LA B T M R 0 b b R LK) —
ol e ) R VS A IR 0, AT S B DDA SO 3 R i B8 (Paszkowski et all,
20020 AEAALE T X S PO IR 288 B B R AR DA, A8 B 2 g A T T A 2R g
ITEREALTE, R IAC IR 5 5 B A AR L i A PR B R S B B T,
KA R ek 45 RE Kl CHS. CHI. F3H. F3’H M FLS #5835 L, 4%
T B RS SRR (JiaH, 2015). HEYIR SREEMMEEAE E 241
S FIREENLS], BIn/ECBEASE TS I RIE NeMYB12 R ES N T i B 0
FERREE AR, s T R R AR A SRR NeCHS NtCHI i NtFLS IR IE, [F
IF3G 0T Phtl ZX0% NePT1 FI NtPT2 1305 T3S 00 7 AR S Bk i, DA 568 1 4
BRI 521 (Li et al., 2013)

fEJ9 MYB W.ZRIEE 5 5 IR 0SB 5K A PHRI 25 TR ¥ 1 W) 28 I 1)
E e PHRIAE AFEPIEREEE 55 FIB A0 R ORISR T, R T phrl A
A T S AR LU AR AT RAE T 22, XTSI R 5 5 1Y A 40 e T AH b 2 35 A,
HEM PHRI W] LMEHEAE T TR I A LA 12 8% B W USR] A (Rubio et al., 2001).



52 MRERFR S BRI RERYR A

AT IR B AR AT R, A T S ARIEE I 8 R A 2 i B S AR R
A ARG RAR T BRI WSOR ] (Hata et al., 2010) . WA ERBEK P22 # M RS0 2>
3, AEBRBPIRES Y5 AEE R B W A 5 IR R . Y5 A E R A
PR A R G I ST AR RE A B G A BT R OB, AR WA BT = RGR USSR
FRWIEAL . AR RS A T A & N BRI BRSSO IR s E A, £
IR Eh7KS T AE K A AR R b o 2 17 RIS AR LR IR RE 70, I HLBh = Sl R
& Wi i &S RE ) 5 B AR AL AR RIS (Zhu et al., 2021). 58 R BB AR L1 1)
FAAEREBUAR HIB A AL IR 5T, R fg A AN Be % B4R A ) 838 o R i A RSk P T
IR HIER, Rt TIEAS KRG PR NIEA A E S FH (Lanfranco et al., 2013 ).,
MR B E 518 THEMILE Rg T, BRI sEaER AT T E e A
G118 25 I WRSORI G2, T B AR L ERT R DS R B IR 2k i aa B 1 i R R 3R A SR A A
X 25 I RISCRA R F 5 7 8 R L B 2B T 22 R A7 TR I B IR 3k 4 B 1 a] A SR S IRl -
BB TR, I B 22 R A IS AN AR B 22 WS i B A R I SR AR BT . BRI
EhE Iz B A AR AR IR A XA R, IFIE 0 H-ATPases /=4 1] H B &4
FE, (YIRS @ HY RE S0 A2 RS B AR LB IR W % (Harrison er al., 1995).
WL RIS 53 SRR 5 ERGE 9% SR EAEH, EEYPERL
ARG T2 RERILEF RIS A B o Rm R HiaEa, gl
MtPT4. OsPT11. StPT3. SbPTI11 %% (Yangeral.,2012). Volpe 25 N\ &K BAEANZFNE
REEN, EfE MIPT4 2504 B R8G5 1w S, 25105200 5 5E KR R1 0
A1 (Volpe et al., 2016).

53 KEMRHEMERLE P

FELDLE i L) 338 (RIAR B 338) mh P A AR TEOR B A, i 28 3 A AN
FAAE TR PN 0 SE R R DR 2 70 i W P B A PR 7y o AEAR B S SR Ak S P n] LAAR
PEAREY R YIS S TR e A BORURR I 8 B A0 4 22 R 5 T 2E AR B4 i 7
P EEEAEA, A R LU SR E AR i S A5 5, SRMEY
MR AR T 73 WA ISR A AR R T 70 W tH R IR, AR E SRHE A IE I R S AR
G983 DAL SRR T AR R DR R AR IR HE T i S 3 AR 9G 2R (Copper, 2004) .« HAHRALEYIE
WEIE B BE A I A MR B 18 Nod JE R 1A%, T 0 R 0 18 6 1 i AN R 2273 52, 3
RS AR AR, et i AR IR o o RSN SREEA S AR R AR R Y
T BT R AR 22 N R B 22 AR KA — R R, WO BLIRBE AT LA 3 TR &



Sy C-HEBE TR, TEMRBESRAE T C- B AR B W mr DUR 4% MR B AR 5 A M i S A=
(Akiyama et al., 2002) . TiAS R Fh 43k (R 2R SR A AR L 48 R I RE AR, 75
Yy A R A S R R AR LR I B 22 A K, HRAEBE S T AR L
R FRT, BEERAA YIS MR B 22 1) 4K (Staehelinetal., 2013) o T LA
T 58 LA T I 1 45 g J it g A RRAROE I PR AR A A 2 B ke SR m] R gt R
[ E LW TR B J7 I (Linderman, 1994).

Tt 0 R O LE B 3 T — 1 i 6 i o AR 3 A ) 2 T S A A ) B RO 5 B R
(Akiyamaet al., 2002) o iR R HL AR R I E LA 2 S YRR R - WP 0 & il
SN RE AR 22 WA I i, TR AR B B et et SR R 2 Ak B P T R s x2S AR
PHER.

6 WRBVBBIFIE N IR

6.1 WREHFMENX

H Al AR R R R R, i DLEEAR A= 7= e A JEASE FH T e 43 H A D7 1292
e S 2R R MSOM R GRS T o TR BSR4 RE DS S 5 A o AR
A X i e AR X Bk 2R R ROSOR P A AR KA o I LA 2 WSR2 B i 6 A
WIRILAEAAAELZ TR, FrU MY 7> 7 A2 A O U 5 0L, BT R &
FAAE R AR D 2R ROSOR FH 5 RB 45 Bl BRAR L A ) R B s R - A B IS
Mo BIHFIYIE, JEAR AT T 1 E A [R5 i A ot 2k WSO ) 5 R i & 7 1
IR RO I 1. ATIISEIR B4 EMS WA TG AT 1) — B AR R Al
RACM (R N RASIE & 5 B 25 T B AR A s WS o & e e 2 AR A 7Y
M), G SR 20 e W SR AR A 2 5 B A MR o 2 TRV 22 e Rk B T, )20 i e 3
R RES SRR R SR & ) 2 MBS SR A1 NeLZ3 A NiLZ5, IRFUHE TR R
M R T 2R R SOR P 5 2R B B Bl RTARIE A ISR B e R, DR RV R 7
3 MR SRR R R B v R R b PR 3L 1B el AT 12



6.2 FRAREELIE

[ S 2 R KR 2 AU G5 R T 0D e ]

)
=

[iﬁﬁ%i%P O T VB LA 6 5 ) e R T NELZ3 A ]
NtLZ5

W e NtLZ3. NtLZ5 NtLZ3. NtLZ5
i%gf% %¢§ﬁﬁ UERADRH ot Rk bR
B | F) 1) 1
A
A fE A
ST b
NtLZ3. NtLZ5 NtLZ3. NtLZ5
M2k Ik

A A 4

%ﬁ%%@ﬂﬁ%ﬁ%ﬂﬁﬁ%%}

WA S S EER & A B AR 12 e
i 055 77 THI ) 22 5

WK HE KK T NeLZ3+ NeLZ5 E VR A 0 ROR AT . 28350 & oM B R
AT EE




FTEF NtLZ3 FINLZ5 RfE,. £EFTMRIEERS
B

1 518

TR e T /=4 — RYVEE A R B, Hp s k5 7 EEEA.
PRI 2 A N BB NeMB 1 2 3k 338 nT DUHE ey R B s I PR A 5 S L 0
Tl AR i LA b ol 38 5 R 6o Tl P 8 R T 32 M (Zhao et al, 20200 0 78 M8 5 S Sl 18
B, BRI FREMNERBEEEN, —SERH 2o el s, AUaR
BEREE (5 5 % SR S HRGE SR R MAEL B, EEY SR A K R ik
F T2 2RSSR S B R S His i E, Bk PT4 kI
(Javot et al.,2007; Yang et al.,2012) . Volpe %5 N K ILAE AR AR FUEE Y, B f8 MtPT4
2 514 AR S0 S 5 0O B, a3k T 2 E 1S AR R AU AL (Volpe et al., 2016).
MAERTIASE IR = 22 EMS W58 SR A5 1) — A im A B I B 4l 5 SRR (IR 2% 110
AN B B I 25 v T B AR TR M R B R SR A o B R AR T B AR R D, dl
S T RS W AR T (R B 22 S R BRI, WD R B ] R S 5 o A TR I
H R 2 AMEIR R S R NeLZ3 R NtLZ5, F55%F NtLZ3 F1 NtLZ5 347 e PSR E . A5
I R IERE A A

2 RIS
2.1 STHRAPRSIAF)

HYIA R BPAERRE SR A K S 0 (HD) RIRARIHEL (dng) HHASLK =
EYUESC

SEIO PR MR AN EAR: KA 8 DHSo W61’ il i 4E 85 Y A 7], pEASY-Blunt 44
ETHEReXE&EYAd.

SIS : ASLIG A BRI A DI T3 s A\, T Trizol RNA $2 B
e SO K it et A . VR EALAFI G SR E B T R R i g
BN, S1E BRI P A J N ERAEM A TR A F . PUAER TR IBE R
e H A F S 3RAT, BURLAREN . R IR a7 iR G1 &35 OMEGA 3K3k45, pHK-
35S-GLosGFP &4l T4z A ]

MR FRE T . SEI6 P AT B A AH B VD B B R L o NI VDTR A A D, gl
R, HZ S EREE (121 °C, 20 min) KE# A,



2.2 NtLZ3 F0 NiLZ5 ByFRIBHER 9

T I SR A A3 W R A AR 5 B A B IR B 2 (R 22 R IR HE R, WP IR IE R eSS
T 25 45 R A I 2 AR S R NeLZ3 FUNtLZ5 o St & H R #5190, A
IEHAERE (0.5mM Pi, +P) FIEHEE (10uM Pi, -P) AbIRALLAE K4 oM Fr AR &5 cDNA
SRR, A S 9 E B IRAIE NILZ3 AN NtLZ5 2 15 52 5 S, 5]  BUCRE b T AR 2
35 RINLAEK S TCREBIEA cDNA AR, FIFH SN 28 8 B 4IE NeLZ3 F NiLZ5
MR ERILAE SIS (AEEIES IR DUEE AL AL 1 AR EL dng 1
Y A2 R H RE HD MR ESFEAS cDNA AR, I SEi 58 8 B30 IE NiLZ3 F1 NILZ5 72 5
7t HD Ml dng W ZE 5 RIE. EEIIMEITSRUT:

#z2-1 S|¥FF

Table 2-1 Primer sequence

EIKVEZYS ekl

Primer name Primer Sequence

NtLZ3-q-F GGTAACAAATGGGCAGCCA
NtLZ3-g-R ATCTGCAGGAGGAGTACTCAAA
NtLZ5-q-F GAGTTCAGTCCCTAAATTAGCA
NtLZ5-q-R ATTTGAGACCACTTGTTCCC

2.3 NiLZ3 F NiLzZ5 EER=EE

N A M ER AT R AR, KM 3 O RHSRBUE I 7 5 RNA
IS 75 B cDNA. {E NCBI Wl it NeLZ3 Fl NeLZ5 DR BRe S 8 19 5140,
PAZLAE K 42 701K cDNA SABIARHEAT PCR 7 BLy 14, 4 PCR =Wk A7 Al A [n i s 3% 2
pEASY-Blunt Z /&I #EAL 2R 1 DHSo H (BARVES RIS =), HREUH
i BB S U PR RAIE , SRIE S AR B T

*22 5|95

Table 2-2 Primer sequence

EIk/EZY S ekl

Primer name Primer Sequence

NtLZ3-CDS-F GAGAAATGGGAAGGCCTCCT
NtLZ3-CDS-R CACATCCATGGACTTCGTCCA
NtLZ5-CDS-F GGCCAGCATTGCAATATCAC

NtLZ5-CDS-R TCCAGTGTTGAGACAACGGA




2.4 NtLZ3 ¥ NtLZ5 BEEREMEEZE N

T FH 4 28 75 28 5/ Prot Param Chttps://web.expasy.org/protparam/) 7341 NtLZ3 Fl
NtLZ5 FER (S FE TR AR 5 T 45/ I3 s R Plant TFDB (PlantTFDB -
Plant Transcription Factor Database @ CBI, PKU (gao-lab.org)) #fF4r#T NtLZ3 #l
NtLZ5 BN R IERR T3 FFHEL B MeMe Chttp://meme-suite.org) #E47 (R 55 45 14
AT, A EvolView (https://evolgenius.info//evolview-v2/#login) 1 MEGA7 i
AT NtLZ3 1 NtLZ5 BRI R GE A 3 A

2.5 NtLZ3 F NtLzZ5 BEEH I 40 A6 E i

PA pHK-35S-GLosGFP Jy 2k Alt 444 i H s 2k R U A 308 b & 28044, W 48 NeLZ3
A NtLz5 ZERFH, Wit H Beo31l BgYIAL 5514, UL Blunt-NtLZ3 Blunt-NtLZ5
BiREEAT PCR §34, SRECH IR B3 56 UF 168 fa 34T =4 Rk, % pHK-35S-
GLosGFP i Eco311 #4THEgY], IiEHYIIF R, K NeLZ3 F1 NtLZ5 CDS 75
FIF T4 EREBFEREY)IIT G pHK-35S-GLosGFP %4k % DHSa (EARTJ7i:2 IR Bt =%
=), G B T T R IRAIE o e B I T B2 AR A F B N R AT TE EHAL05 o (E
WTEZM 1), REFH . 3T RPIREARS BRI # A 3 HA FOH I [
IR IR-VERE CRRTTES BRI )OO 300 77 IR AR BRI 48 e fri, S5 fa FHBO
LR A R AT S AT

2.6 NiLZ3 F NtLZ5 EE R FE M

WRHE NeLZ3 M NeLZ5 BRI P31, it BEcoRI1 A BamHI (EFVIAL s 514, LA
Blunt- N7LZ3 Blunt- NtILZ5 NBERGHEATFe 5% PCR F By 3, SR =5 B 1 Be el
36 AE IR A 5 AT = RIS . %F pGBKT7 f# ] EcoRI A1 BamHI 5 F PN Ul i3E 47 XU
Yl WAFHYIIFE R, K NeLZ3 A NeLZ5 () CDS 50 F [5) 5 5 20 1 vk e 42 1)
FFJ5 1) pGBKT7 H-#44k 2 DHSa CRAR S B 5 = , §ifiidk BH 4 5 B -0 5 B8
WA R AT AR e NI RE Y2H Gold #i#k, ¥ pGBKT7- NtLZ3. pGBKT7- NtLZ5. Btk
X pGBKT7 23 il i4:A4 T SD/-Trp A1 SD/-Trp/-His HIEERFERFA AL F2IE F, WMELHTE
ARG LI

Fi T REAE SD/-Trp/-His $57% 3% LANRENS IE5 A, 2 FE K gm i i) 2 1 75 B R) o
ANEAHFHEEERIA 2 A0S & REE SD/-Trp/-His ¥i 724 Bl DLIE R 4K,
D112 32 D] 2 i 1) 2 11 0 T B FL A TR BRSO T 2



2.7 NtLZ3 F0 NtLZ5 B4R R RIEER 4

WA K G TOR ST IE W ALBE (0.5SmM Pi, +P) YDESALHR, FEL0A6 K& ol
IR —BW By by R DLRARAIZE, FEALAE K & o Ae I Bhi K 3 —2um)
Foods REIMEARR . 2K . MESSFIMERS (RAZ I ANMEWFERD TR, K
KSR RNA A2 IR EL RNA H #4554 i cDNA B T-80°C#% . &Jo
FH 5B 98 6 7€ B PCR J7VRIOAE NtLZ3 F NtLZS {ENHEEAN [ L 21 88 B 10 R aL 15100

2.8 LC-MS SR&EE&H

LC-MS %l R4 F BEAFERA G (Liquid Chromatography, LC) LA 5 B it
(TandemMass SpectruM, MS),

WASA: filEfE:. HITACHZ C18;

WA A RN 0.2% LR HI4lE K B AN OHE:

VEMWLRREE : 0 min 7/K/ZH (95:5V/V, 11.0 min 2N 5:95 V/V, 12.0 min 2N 5:95 V/V,
12.1 min 25 95:5 V/V, 15.0 min ¥ 95:5 V/V);

WE: 0.5ml/min, AEiRN 30°C, FFEEHN 2ul.
2.9 EREFEAVIEMLIE

BEA BRI ALK S o AT e R B AR B AL BRI RS 37 35 KA KA.
RBEZM: IR 28°C14 /NET, 5% 24°C10 /N,
2.10 MR ERERIEFRST

BRI WS
2.11 MHE RNA BYIZENLAR cDNA BYE AR

BRI LM % —

212 BURRIT SR

FIFH Excel S5 AEX SLIGBHE AT A F A 4081, F GraphPad Prism8 #4347 1E
K,



3 FER50H
3.1 NtLZ3 F1 NtLZ5 B9& IR

A SIS 2l EMS 528 0 16 5145 1 — N ey R M B 4 G R AR AR, 0 R A
T dng FNETAE RV HD 3HT IE# 448 (0.5SmM Pi, +P) FMKHE (10uM Pi, -P) 4b
L, JEENE dng A1 HD I AR S BE S BRI, 7R IR LB N dng 5 HD
FHECH 7 AR A B & B 3 22 5 EMRBEALBR 2T, 5 HD AHLL dng M FIAR
A ERE T G TR AR A SO R 2 e B R DR, O B A A
B HD MR dng 34T T LC-MS £G4 BT o ST BRIAS I 2] 210 Fhibas
BT AT T IRAEARBIE 2R, FED RN BRR. B, i, Bk AR
MAEPIE TR, #E—20 i KL 83% IR N i R BT E A B8 2 7. TR0
W] A O o B L () AR AR ), g3 b S R SR A S R KR, 5 R R P Y
A AYHE HD A ELRARIHE dng WA 9 FARERMER ISR AR Y& & B WD,
X 9 AR B R S I AR AU A 3 S e O o A B, RSB FT e 2 SR T
MHELRE 2 WOR o O 7 B DRI 78 R AR R L SR AT, 56 RARARMH L dng AN
B AE RN E HD AT A 0T, SRR R F1E dng 5 HD FERKIE,
M BRI AR RAZARMHEL dng FIEF AT HD rh 22 R RIE W R NeMYB306.1 il
NtMYB61 34 Hodw 4 9 NtLZ3 R NtLZ5, %t NtLZ3 1 NtLZ5 3473 — D5, BRiEdL
F 103 SR HH B Bt 2 W SOR) FH A S B T 5 il o
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2-1 EEHBFAEBCIET B4 BRE HD MRTR dng S EMERINS ENH
Fig. 2-1  Analysis of Phosphorus Content and Flavonoid Content in HD and dng under Normal
Phosphorus Supply and Low Phosphorus Treatment

7E:A: HD 0 dng M R #& E 5317 [E . B: HD # dng REPHSESE (+P F-P 533 A IEE HBMRBELIE) . C:
HD # dng ZEREFXMRLEN . BEKR 3 MEVFEENTHELSD0 =3). L: Hh; R: ]RE; *AF
AEREMESR; *P<0.05, **P<0.01, ns RREEEMER.

Note: A: Analysis of phosphorus content in HD and dng leaves. B: Analysis of phosphorus content in HD and dng roots (+P
and -P are normal phosphorus supply and phosphorus deficiency treatments, respectively). C: HD and dng differential
flavonoid content analysis. Values represent the mean + SD of 3 biological replicates (n = 3). L: Leaf; R: Root; * means

significant difference; *P<0.05, **P<0.01, ns means no significant difference.
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NtMYB61
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2-2 FFEBUAE HD RIZRISHK dng $RA
Fig. 2-2 Transcriptome analysis of wild-type tobacco HD and dng

3.2 NtLZ3 T NtLZ5 BIFRIEAER 94

FE T IR SR FE rp )20 ik 21 T BE 2 5 W R ISR T & RO 2 Mk iz e s 1A
T NtLZ3 F NtLZ5 . HSAE NtLZ3 Fl NtLZS 52 75 A2 5 Mo JH Rl 25 R SO PR A e AR e A=
FE N1, DLIE® 4t (0.5SmMPi, +P) FUERE (10uMPi, -P) AFRRIZLAE K4S T0
P AR &S cDNA DL R B AR LB 35 RILLAE KRG ol cDNA #iti, LARIEH
HEf% (0.5mM Pi, +P) AbFE) HD F dng HRES cDNA SRR R FH S %€ i = A Il
NtLZ3 F NtLZ5 Wik . RIS M K I NeLZ3 F NtLZ5 Y515 5 A2 B B A0 RAR A
MHE R RE 2 R, ARSI A TVIE, NeLZ3 (EHEERGE AN 2 e
FHIRETH, EEMARERAHIRPRAERE B, NLZ5 TERRER 2 5B
B, TAE R AR AM B AR Hh 32 B s EE N Rk 45 AR W] NeLZ3 F1 NtLZ5
A RE S RV R S0 3R RSOR Y S B 5 B A BT AR S A ) S I

HD
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2-3  NtLZ3 BIRIE I
Fig. 2-3 Expression analysis of NtLZ3
7E:A: NtLZ3 7£ HD 0l dng ZRFEDHE. B: NtLZ3 ZRBEFSAFE (+P F-P 7334 [EE SRR
C:NtLZ3 EiRIFFHE (+G F-G SR ABMAMNEMERERLE) . HERRE 3 MEPFEEHNTHELSDM0
=3), L: MH; R: RE; *ABGEEEZMHESR; *P<0.05, **P<0.01, ***P<0.001.
Note: A: Analysis of differential expression of NtLZ3 in HD and dng. B: Analysis of the induction of phosphorus deficiency
in NtLZ3 (+P and -P are normal phosphorus supply and phosphorus deficiency treatment, respectively). C: Analysis of
mycorrhizal induction of NtLZ3 (+G and -G: Inoculation or not with AM fungi). Values represent the mean = SD of 3

biological replicates (n = 3). L: Leaf; R: Root; * means significant difference; *P<0.05, **P<0.01, ***P<0.001.
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2-4  NtLZ5 BRIE
Fig. 2-4 Expression analysis of NtLZ5
JE:E: NtLZ5 7£ HD #1 dng ZRFIASE. F: NtLZ5 ZEBESOHE. G: NtLZs BRIESSE. HERE3
TEMFEERFIELSDM =3). L: MH; R: RF; *AFEREMER; *P<0.05, **P<0.01, ***P<0.001.
Note: A: Analysis of differential expression of N¢LZ5 in HD and dng. B: Analysis of the induction of phosphorus deficiency
in NtLZ5. B: Analysis of mycorrhizal induction of N7zLZ5. Values represent the mean + SD of 3 biological replicates (n = 3).

L: Leaf; R: Root; * means significant difference; *P<0.05, **¥P<0.01, ***P<0.001.



3.3 NtLZ3 F0 NiLZ5 BEEH =g

KN THRFE NtLZ3 F NtLZ5 #1550 2 OeR . SS 8 & iR AR L4,
AW TR HIE L S R F NeLZ3 Fl NtLZ5 DA A6 K40 cDNA ARG TR e
ous, Hob NrLZ3 R NtLZ5 CDS 435l /& 876bp F1 1269bp, %% pEASY-Blunt # 1A%
N 7an B R Y- 25

M  NtLZ3 M NtLZ5

§76bp 1269bp

2-5 NtLZ3 1 NtLZ5 A4 PCR 4/ He jk &
Fig. 2-5 Electrophoresis of PCR amplification NtLZ3 1 NtLZ5
7E: M: DNA Marker

Note: M: DNA Marker

3.4 NtLZ3 0 NtLZ5 BNEE BE N

AR FIAE L3 MT T NeLZ3 K1 NtLZ5 WIFEA TRV 5, NeLZ3 FER 9w 291
ANEIHERG, HALTMHEIERAE 19 S§efk b, BASTFRELN 32.9kDa, PI{HEN
7.08, ASEKMEA; NLZS5S FER i 422 NEIERR, A TSR 12 556
b, ARy FELN 47.6kDa, PIE N 8.01, AZE/KMEA.

#+<2-3 EBEXRBUMESH
Table2-3 Analysis of basic physical and chemical properties

HHdrd AR VOGN A T Pl B KA 2>

name AA count Chromosome position  Molecular Pl Hydrophobic
weight analysis

NtLZ3 291 Chr19 32.9kDa 7.08 SRARMEE A

NtLZ5 422 Chr12 47.6kDa 8.01 SEAKMEA




3.4.1 NiLZ3 F0 NiLZ5 RS EEZF 9

FAIHM A NCBI # Plant TFDB &6 /3t T #5 NiLZ3 1 NeLZ5 B [R5 14 52 = 1)
PR TT . MHEFNK & SRR KR LR 7 51 . FIF MEME 1 DNAMANS #4414
H5 NeLZ3 ¥ NiLZ5 BN g 28 FE R 7 I AT 2 e I Lut o 45 R NiLZ3 A1 NeLZ5
BRI R A M) R2R3 Y MYB SR HE K R T I ORSF S5 K938 NiLZ3 F1 NtLZ5 5
MR IR 7 5 A4 R 5 e MYB SRR AR D fe 45 i b AR F IR &, BT
DAHEN NeLZ3 A0 NeLZ5 BERIP] e FoA S0 7T MR G258 MYB 505 K %
AR A5 D Re

NTMYBEO  TGLDSHLSTEBADSSIC ¥A.SSTEN
Ne1z3 TGLDSHLSTPEADSST . YA.SSTEN
AtMYBE0  DSCDSTINNGLONRLESISNRNTTSHG. RRLCTLINMAKCALC.CALSI
ZmMYB30 TLIHTARCALRDALSLEPSATELAKVEPLPTAFGCAT
GuMYBE0 GmMYB60  ARLDPHSASDSTASGQFLEKSE: «.LDI 1 TTYASST
0sMYBEQ OsMYBEO  NSTSSSNRHEIFADAT NSDVICMARIARRSEEALCESSS.YASSM 177
= SIMYB6O  ...IELDSENLTLEFENLLNSNINNYD. 4QFTRLL Voo ASST 170
Consensus
NeMYB60 NtMYBE0  ISRLLE . .SQDQDLEKSRETSLVGDGGISNGIKTIP 234
NeLz3 NeLz3 ISRLLE . .SQDQDLFKSRETSLVQDGGISNGIKTIP 234
ATMYBEO AtMYBEO  DRECNPINFSIEDLG TITTITIRNINPYPSGVYASSAENIARLLONEMKD 237
TeRTEsh ZmMYB30  YASSADNIARLLEGWL ASGSTSTTATTRCRECCSGEGTASASASHSGGAMA 240
aArBEd GmMYB6O  ENISRLL GSSSQULEE LCGINE TTKLVNLHHLQ 235
haists OsMYBEO  DNISKLLLGEMKTN LHYDSG. . . YYDDVKPAVDVGGNELLSSEDCMSGADL 234
< SIMYB60  ENISRLLE RNNIDHDEM. . . LAEACKELQLCLGGVSND ENVNV 226
s i Consensus

NcMYB60  KEYMSVISDISACESS....GVAEKTMNTNTFEPETYLEKWLLEENAGQVEE
KEYMSVISCISACESS. . . .GVAEKTMNINTPPPETYLEKWLLEENAGCVEELX
'SVPLEVAATEMAITTAA! >

Consensus

NtMYBEO
NeLz3 T
ATMYBEO  LITGGS:
ZmMYB30  PSEFF...
GnMYBE0  VDHHHDIAAHERNN
OsMYBEO ~ AEQVAL;
5IMYBEO

Consensus

B
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Fig. 2-6  Amino acid sequence analysis of NtLZ3

€0 ENEE NTDKVSESSNNDCLNEVEARHENGESIERE!

&0 ENEEXAS; NTDEVSESSNNDCLNEVEARHENGESIERP!

60 LENEEKASANSNTR . NNDRVSE SSNNEENFVENGESTEXPIKPAVSSMI 9
&0 ADRSGARPTISTERTSGSSEINPSSAGALGNLSHLLSETAQSSMIMEVY 180
€0 VENEKCMMPPSTCR . STCRASVGSNEVSLVEDHH. . CCCPKIMPNSSSER 177
&0 TVSTERT. D GNLSHLLSETAQSSMLLEVY 180
60 JVESFSDXDKETISN. NKRSGNDHKSPSSSSATN. . CDFFLERESCLSDY 177

EETTNCKSPYFENYLSECHLNNYTENTNILENNRNS 239
TNNIAPFTHEFFTINCKSEYFSNYLSFCHLNNYTENTNILENNKNSAH 239
TINCKSPDLSNYLSFANYSENTNILENTRI AD 239

1 CRNRAETEN FLEQLTAGHESPSTCRSSGCTLYFPEQQPLGYNSESGSGD 240
1 YPLEVSTTSSTCELFLCREGTPTI NNTSDVVGSYESECHLNYGTTTNMSLSAN 237
1 DRNHPETASL RELFLDCLTAGHESP§SCRSSGPTLYFPFQCPLGYSNECGTGD 240
1  FGECKL..NENSNLGLSVITDSSLCSMIPECESPGNM LCTEVCVKPSISLEPDNNS 238

Nelzs
NeMyBél  MVSDHQENCSLSEMSNSILTESELARIKSPSLTTLPPDNSENINKSCNWEACTL.
. TLTNATESTMSNSILSTTISPLARNENINKEQNWEACTISSNG.

HCISSCHCDLYNNETKSETQEMTCGSLGTTTTRLONGPQESSLONANLYNSNTY
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TSSCLNNNSTITSSMLESIFPTCHVKLQSNNNNPSISSDGVCN. HSEYLNTEE, INTAQNE! PETGEITDESCATRHRYCNCTPAFQLS
ENCNDENCSTISTVMEF TSMGLNLPPENFRHGGTGIGNT. . . GTEAEATTAMCNCSCSL ICASHEQNGCPCCQLGARSOMYDRE:
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Consensus
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2-7 NtLZ5 EEMEEIRFFI55 4
Fig. 2-7 Amino acid sequence analysis of NtLZ5




3.4.2 NtLZ3 F0 NiLZ5 BERRTEF SRS H AR 2

N TG NiLZ3 A NeLZ5 FER R 52, A NCBL. MEME. MEGA M 3ix}
NtLZ3 F1 NtLZ5 FE R DL S 5 H RS R LR T« KRB AR B AR EY) MYB S5
AT R G0 A A 73 BT RO OR 7 3 8 0 AT, AR SFES T i 45 SR 7R NiLZ3 1 NtLZ5
FR S5 IS MYB KGR RS A motifl Al motif2, 1M motifl 1 motif2 £ 5
R2R3 Y MYB F AL R2 1 R3 PRSF VB, UM NiLZ3 A NiLZ5 BRI BEAG E B
PRsptE. RGBT BB R MILZ3 5 NtMYB60 KSR RARIL, NLZ5S 5
NtMYB61.1 (W3R K R .
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Fig. 2-8 Phylogenetic tree and motif analysis of NtLZ3
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2-9 NtLZ5 EEH R G LR AK motif 534
Fig. 2-9 Phylogenetic tree and motif analysis of NtLZ5



3.5 NtLZ3 F NtLZ5 EFER I A ERL S

AHIEFEH FHARFT & T/ 3 B A A R I 208 J Ge AU B I R AR AR 08 R 4
XF NtLZ3 A1 NtLZ5 B A€ A7 5 kAT 1 70 #r e BL pHK-35S-GLos-GFP fF 9%t
R, S OGS IR A T BT R T NtLZ3 AT NtLZ5 B E e M ez N, J& T
eI A .

GFP Chloroplast Bright Merged

GFP
NtLZ3-GFP
2-10 NtLZ3 gy A E L 534
Fig. 2-10 Analysis of subcellular localization of NtLZ3
GFP Chloroplast Bright Merged
GFP ) ", 7 o5 B R
NtLZ5-GFP

2-11  NtLZ5 I RaE L 3 4fr
Fig. 2-11  Analysis of subcellular localization of NtLZ5

3.6 NtLZ3 F1 NtLZ5 BRI FiEME S

AT BeAIE NtLZ3 Fl NtLZ5 B5EiE T, B NeLZ3 F1 NtLZ5 FE R B i X 7 371 Fr
BOEBE I BF GALA Bl T8 3K pGBKT7 FHE A A, R)5 i N EF Y2H
Gold Hitk, £ SD/-His i _EKG5: NtLZ3 Fl NtLZS5 f45% s imiG % . 78 SD/-Trp/-



His [{E2RETH_FiERE pGBKT7 [ NtLZ3 7] LLIEH A K, F0H NtLZ3 BA #80n
WM. Ti%EHE pGBKTY7 ) NtLZ5 7E SD/-Trp/-His B RE TR EASBEIEH A K, FHFAEE
A5 e B T BE TR AR B 5 & B R M AE SD/-Trp/-His 3G BAEK, R
NtLZ5 A A e s s s 1 o

SD-Trp SD-Trp-His

pGBKT7

NtLZ3+pGBKT7

2-12  NtLZ3 BRI R RAVEFE ML S
Fig. 2-12 Transcriptional activation of NtLZ3 in yeast

SD-Trp SD- Trp-His
pGBKT7

NtLZ5+pGBKT7

2-13  NtLZ5 EEHIB 3 REEFR M
Fig. 2-13 Transcriptional activation of NtLZ5 in yeast

3.7 NtLZ3 ¥ NtLZ5 B4R A FRIEER 4T

N IR RIS NeLZ3 F1 NtLZ5 (EARE AR ThRE, (8 15 (L ek vb 85 21
N REIATAE K 4 o0 A T BR BT T R BN [ 20 2R 88 B b NeLZ3 I NeLZS 1R
WKIKN-o NiLZ3 F1 NiLZ5 (HRZRIEAGE I M R I, NeLZ3 15 RRAC A i I 42 i
HRIA A, T NeLZS R BB 2 hmkak, ENEIEE, fE16. RS,
SR EERA (B3-5.,
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2-14  NtLZ3 tAAFRIKIENX 4
Fig. 2-14  Analysis of tissue expression pattern of NtLZ3
7 A:NILZ3 BRTEERLA LN RIAIE R . B: NtLZ3 B HAtR A FRIXEN . P HEHR 3 MEYFEES T ELSD (n=3).
CRAGEEENER; **P<0.01, ***P<0.001,
Note: A: tissue expression pattern of NtLZ3 in full bloom stage. B: tissue expression pattern of NtLZ3 in seedling stage.

Asterisks denote significant differences. **P<0.01, ***P<0.001.
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2-15 NtLZ5 AAFRIKRA 4
Fig. 2-15 Analysis of tissue expression pattern of NtLZ5
7 : C:NtLZ5 BETEHRLALARIAIET . D: NtLZ5 BHALARFIARN . P HIER 3 MEDZEEERN FIIELSD (n=3).
*RAGEBEMESR; *P<0.05, **P<0.01, ***¥P<0.001,
Note: C: tissue expression pattern of NtLZ5 in full bloom stage. D: tissue expression pattern of NtLZ5 in seedling stage.

Values are the means of three biological replicates with SDs. Asterisks denote significant differences. *P<0.05,**P<0.01,

*k%P<(0,001.
4 Jtig

FERAVINAE KRR T P e s 22|55, 2 RIS F AT A, HY)
R 277 — R INE SIS RBOR B B R S8 SRS ST IR BT A AR
MEEYIE, Brafe R & B R R RG22 5 R SRS



MRE: Z5MTIEY I K% (Akiyama ef al., 2000). fEX/NidfEh MYB # 5%
DAl ¥~ 3 0 P B ) 2 T AR P g B N ) R A SRR S A I B B 7. WS K I R2R3-
MYB FKEH I NeMYBI12 1ENAHKBE P AR &R HEAEH, 1 AtMYB12 HIEHIE T
RIS WG % (Floss et al., 2013 TIAERTHHSLE % 4 EMS WA 345 1) — 4>
8 e R R L 05 SRAR AR, RINARH S A1 T AR AR 5 i . 3 v TP A AL T EL o e 2
W0 A A R R A AR AR ) B 2 ) 2 AR o i B 2 o B AR
Y A R B[R] 1) 22 S R A BRI, WDk B ] Be 2 5 0 2 TR 2R A A B 2 M
ISR F NeLZ3 A NtLZ5 . CAZLAE K470 HD MR dng J9ikBatkl, 185 Sy
PN E T PCR FARNS NtLZ3 Tl NtLZ5 $EATZRIE At KL NeLZ3 F1 NtLZ5 #5852 sk 5
AR T I HAE HD M dng W EZ R FRIAHE, TeFEIR1G NeLZ3 F NeLZ5. @
LR 2R Wb EAT T SR AT, NeLZ3 FERI Gt 291 NERIERR, AT IE R 28 19 5 4
Ak by NiLZ5 FE DRt 422 DNEEERR, ST R A 12 S44 4k b, NtLZ3
NtLZ5 SR K R A . B NeiLZ3 1 NtLZ5 3R 5 e RV R 77 /KRR AN
KRG MYB KRB R AT R EER T 08 R i AR s 22 40 A, I
NtLZ3 #1 NtLZ5 2 {57 AR ) R2R3 B MYB 5% K.

R2R3 Y MYB #5125 AEACH TR . BHa g, Y088 S 6
AR, I How R A AR AR YA . Ban 25k PR SE R R R B R IR
MAMYBI R IEHF R G, 8RR Z A7 &L R2R3 B MYB #5x Rl 1-idind
LM 2R T B AR AR A S B TR A P06 . (Ban et al.,2019) . T 7E BB SR A%
RETHEM . ZHAMAMBLFT R, MIEN MYB WKENIHE 55 28115
R R PHRI 25 R M 2S B 1) & ORI A o B AR SR SR AR, S A 7E Bk
W AT LA B SRR BB & AR R R, I HARIEAE TS 2105 B AL A2 a3 6% I W )
A (Chen et al., 2020; Walder et al., 2015).

NtLZ3 1 NtLZ5 [F]IN 328t 75 5 A s AR 3 A2 15 5, [F]INF NtLZ3 FINtLZ5 J& T R2R3
B MYB FK e 1. N7 BT NeLZ3 M NiLZ5 (R 0h6E, A I RE I 5%
BOEEYE M e A BRI S L D Re, A2 SRR NtLZ3 i NtLZ5 35 5¢
RT M, JB TR T B BRI E Dy iRt i N A b AR P AN S A 4 00 45 iy
M EERT, HEEW EMIZEDONEE 1B LR SORE RS, e
FH R T BT A S0 108 5 [R] P 3 5% o TR BB SR B TG PR SR B R W] NtLZ3 B T BE,
SKWOETEYE, T NtLZS ARG TR S BOE I . NiLZ3 (£ RAE A e o sy
Fik, T NtLz3 F BN R RAEDIRE, NLZ5 W B RERIE, SEHEL
BACHARTEAE . HERS. MERSPRE RS . FRhg e RN G S — B8R T NeLZ3
NtLZ5 DiRedT T Hefill



fepe —

SE=F NtLZ3 F1 NtLZ5 T2k X kR B 4 3= IR Y F1 B Fn 3
I 0EAln

f

1 35

N TR TE TR 1) BAR T g, — MR BB N L ] () A K 4T . b TRV Ji
1S S IE R UTEREL AR (Virus induced gene silencing, VIGS) {E 7t 45k
RIZH R BB T B KRE A 2 H . VIGS HAF RS H LR R ES
TR H LA DRI TR Al g s B DR R B 7K P FEAIC . (Lucioli et al., 2003) , A2 A H
YR RN BRIDT LS, ZEARBAR, & a. SR AIARE . BERPR. I
A VIGS HiAR AR — Pk sl & 1) L R DI se S e HoR, &% T2 R D s 7t
s

NtLZ3 F1 NiLZ5 #52 ARSL AR 75 T AN BB 175 I B2 B A TR J0 S0 00 SR A8 A i 2
F R RIRWIE, 0 HZ LR850 A0 motif 23 H7 & L NtLZ3 F1 NtLZ5 245 AR 58
[¥) R2R3 4 MYB ¥4 5¢ [K 1, Bk 2 F0T 78 K L R2R3 1 MY B #5177 LI 52
M AL 470 2% P e S A A 2 1T 2 M S S T (1) A ) 6 il o X ESIE 4R R B NeLZ3 T NiLZ5
AIREZ 5B ME, JF B 5 MRS G RA — e R wh B S OORUL, NiLZ3 Al
NtLZ5 [P EARTIRER T A, A T VELIRT FOZZE R I Thae, AR VIGS £ AR KR H
VEDUER NtLZ3 F1 NLZ5 SRAGA AL FE A R, i TR % AL (0.5mM Pi, +P) R
(10uM Pi, -P) VD55 A BEANEL b MAS P AR L TR A B, 5631 2 153 2 B Wi A S ol A AR
F . FEBEIRA RO B AR 3 AR ) G B e S R 1

2 RIS
2.1 STHRAPRSIAF)

EM R AEKME (Nicotiana benthamiana) K H ASS256 % N # .

SIS AR AN A KIHAT R DHSo I8 T m UV 4EREAEM A ], GV3101 R BE I
EMEHAE ARG IR AT, KATE TRV, KATHE PDS. RATHE TRV2 K HF 5 k2
A FIBE, pEASY-Blunt AR T1LH i &SV A H] .

LR ZHEE E 2.1

TG FREL T - AR S50 By FH A B v B B 92 58 0 o N BV IR A& A b, LA 1:1,
Az i miREE (121 °C, 20 min) KEAFE,



2.2 NtLZ3-VIGS # AR NtLZ5-VIGS #iik i

NEE PR IE NeLZ3 F NeLZ5 WIER) 5 hhe, FIH VIGS HiARAIE NeLz3 1
NtLZ5 WIUTERATRE . M NtLZ3 F NtLZ5 () ATG JFERi%EEL 3500p 447, #it& A EcoRIl
A Kpnl BEYIAL SR IE AR A1 514, #EHL EcoR1 Al Kpnl fENEGVIAL &, LA NtLZ3
U NILZS (P50 FEEAR RN, 33X R B 4% pEASY-Blunt b B 5044 5 il 7 56
F . PR R S 20 B 200 H I BOES: pTRV2 #idk, KNFRIE RS,
A BRI B pTRV2 HAHAMAR SN LA H GV3101 £ H .

#z3-1 S1¥F%

Table 3-1 Primer sequence

ElEVEARN ElEvIEg ]l

Primer name  Primer Sequence

NtLZ3-q-F GTGAGTAAGGTTACCGAATTCGCTCAAGAAATTCCAAACAGGTTT
NtLZ3-q-R GAGACGCGTGAGCTCGGTACCTAATACCGTTGCTAATTCCTCCATC
NtLZ5-q-F GTGAGTAAGGTTACCGAATTCCCTTCTTTAACTACTCTTCCTCCTGAT
NtLZ5-q-R GAGACGCGTGAGCTCGGTACCTACCCAATGAACCTTGTGTCATGA
NtActin-g-F:  TTCCGATGCCCTGAAGTCCT

NtActin-g-R:  TCTGCCTTTGCAATCCACAT

2.3 FIF VIGS RS 8IETTERM LR 3T R S I E

FIFHR S R RS AR CHAREED BRI RO, ERAEK S 3-4 K —
R IR EORTES X G, WL FAPERT R pTRV2-PDS, BA XS IE pTRV2 25 3 A4 FN 5256
1 pTRV2- NtLZ3. pTRV2- NtLZ5. X ER1GH) NeLZ3 A NtLZ5 JUBRM RFEAT 1E % (L

(0.5mM Pi, +P) FMKHE (10uM Pi, -P) Kb,

FIFH NCBI it NeLZ3 F1 NeLZ5 Wik vEa|v), SI1F 508 %3k 2.1, FIAH L

I 3¢ )t € B PCR %5 NtLZ3 M NtLZ5 (R iE/K .

24 WEESBEENE

RIPUMR G AR B HEE 2E /K Pede R B, FHIROK AR5 T B U . SRV PR
FEF T EE T, TR T B, RS A A L s A S . A
PR ITE W s+ s



25 MWEAEIRSENE

Sop AR B H AL DRI ER A R34 T IR L% (0.5SmM Pi, +P) AV (10uMPi, -P)
SEPRACEE 4 FHOR G, Jrih BRI R EERARCRAE, AR 48 /NI, MIE R SR A
IR .
2.6 MHEREENKGIEREXHEER gRT-PCR 7247

NBIEFE NeLZ3 F0 NeLZ5 o 15 20 o i A QU 0 2% oG B L R RIS I 52, ML NCBI R
BOHELR I AU B B R R T4, Wit RPE gRT-PCR 514, FIF NeLz3 F1 NiLz5
DUERIR R AN T HO AR R cDNA TR 28 30 I 4 Q3 % S Bl DA R 3R 1B AT 0 AT o

% 3-2 qRT-PCR 3|49
Table 3-2  Primers for qRT-PCR

EIk/EAY S ekl
Primer name primer sequence
NtActin-F: TTCCGATGCCCTGAAGTCCT
NtActin-R: TCTGCCTTTGCAATCCACAT
NtCHS-q-F GAGTCCTTGTTGTTTGTTCAG
NtCHS-q-R AGTAAGTGGAATGTAAGCCC
NtPAL-q-F CAACTTCCAAGGCACTCCTATC
NtPAL-g-R CAGTGAGATTAGAGGGCAAACC
Nt4CL-q-F GCGCTTCATATTTAGGAGCC
Nt4CL-g-R CCTTCACTTTGCCCACAAG
NtCHI-g-F GTCAGGCCATTGAAAAGCTC
NtCHI-g-R CTAATCGTCAATGCCCCAAC
NtANS-q-F TGGCGTTGAAGCTCATACTG
NtANS-g-R GGAATTAGGCACACACTTTGC
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Fig. 3-1 The phenotype (A) and qRT-PCR analysis(B) of NtLZ3-VIGS knockdown mutants

E: BV: TENBERR; niz3: NMLZ3-VIGSTUEAMAFR; pTRV2-PDS: PRMEBHKFR. B: IR EERMTEH
STERERE (EV) TN nelz35 AR R AR ML Z3RI MR RIZKE, 10N EMEES . BPIRRKESem. *AGEERE
MER; *P<0.05, **P<0.01, ***P<0.001,

Note: EV: empty vector control plants; ntlz3: NtLZ3-VIGS silenced lines; pTRV2-PDS: positive albino lines. B: Real-time
fluorescence quantitative detection of the relative expression levels of N¢2LZ3 in the leaves of empty control plants (EV) and
NtLZ3-VIGS silenced lines.Values are the means of ten biological replicates with SDs. Bars=5cm. Asterisks indicate

significant differences; *P<0.05, **P<0.01, ***P<0.001.
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Fig. 3-2 The phenotype(A) and qRT-PCR analysis(B) of NtLZ5-VIGS knockdown mutants

E: EV: ZEXBEERER; nilz5: NLZS-VIGSTIE#R R ; pTRV2-PDS: FAMRLERR. B: LR EERNZTE
TRRIERR (EV) F0 NLZ5-VIGSTUBRBR R R NILZSHV IR FRIAK T, IMEMFEE . BEPHRRKESem. *HfF
EREMESR; *P<0.05, **P<0.01, ***P<0.001.

Note: EV: empty vector control plants; ntlz5: NtLZ5-VIGS silenced lines; pTRV2-PDS: positive albino lines. B: Real-time
fluorescence quantitative detection of the relative expression levels of NfLZ5 in the leaves of empty control plants (EV) and
NtLZ5-VIGS silenced lines. Values are the means of nine biological replicates with SDs. Bars=5cm. Asterisks indicate

significant differences; *P<0.05, **P<0.01, ***P<0.001.
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Figure 3-3  Effects of NtLZ3 silencing on flavonoid content in tobacco leaves under high and low
phosphorus treatments
A: MLZITEHMEAE R R RES SN, B: NLZITERINEEXRIREHER CBERNEN, 3IPMNEYE
BE. *ABEEEMER; *P<0.05, **P<0.01, nsRREEZEMER.
Note: A: Effects of NtLZ3 silencing on the content of total flavonoids in tobacco. B: Effects of NtLZ3 silencing on key genes
of tobacco flavonoid metabolic pathway. Values are the means of three biological replicates with SDs. Asterisks indicate

significant differences; *P<0.05, **P<0.01, ns means no significant difference.
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Figure 3-4 Effects of N¢tLZ5 silencing on flavonoid content in tobacco leaves under high and low
phosphorus treatments
A MLZSTBTRERFES 2. B: NILZSEHEE X RIAGIBEXBEENFMm, 3NMEYE
EE. *ABEERENRESR; *P<0.05, **P<001, ns RNEEEHER.
Note: A: Effects of NtLZ5-VIGS silencing on the content of total flavonoids in tobacco. B: Effects of NtLZ5 silencing on
key genes of tobacco flavonoid metabolic pathway. Values are the means of three biological replicates with SDs. Asterisks

indicate significant differences; *P<0.05, **P<0.01, ns means no significant difference.
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Figure 3-5 Effects of NtLZ3 (A) and NtLZ5 (B) silencing on total phosphorus content in tobacco leaves
under high and low phosphorus treatments
S EV: BEIMBKRER; nilz3: NILZ3-VIGSITE¥K R ; ntlzS: NILZS-VIGSIB MR, 3INEMFER. *ABGLEEE
MZESR; **P<0.01, ***P<0.001, ns RAEEZMER.
Note: EV: empty control line; n#/z3: NtLZ3-VIGS silenced line; n#/lz5: NtLZ5-VIGS silenced line, 3 biological replicates. *

means significant difference; **P<0.01, ***P<0.001, ns means no significant difference.
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