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Bioinformatics analysis of PIF transcription factors in Magnolia sinostellata
and expression pattern analysis under extreme shading condition
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Abstract: [Objective] The shading caused by the community is one of the important factors that lead to the
endangerment of Magnolia sinostellata. Therefore, it is important to conduct a systematic analysis and research
of PIF family transcription factors which play an important role in light signal transduction and plant growth.
Also, such analysis will help lay a foundation for the exploration of its role in the light signal transduction
mechanism of M. sinostellata. [Method] With the transcriptome data of M. sinostellata collected, transcription
factors of PIF family were identified and analyzed by bioinformatic while the expression patterns were analyzed

employing the qRT-PCR technology. [Result] The nine MsPIFs transcription factor genes screened from the
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M. sinostellata enjoyed a length of 188—735 aa, a protein size of 20314.56—78957.02 Da, and a theoretical
isoelectric point range of 5.18—8.22. The proteins encoded by MsPI[Fs gene were unstable proteins, and all
proteins were hydrophilic proteins localized in the nucleus as was demonstrated in the subcellular localization
prediction. All nine proteins have Ser, Thr and Try phosphorylation sites. As was shown in the qRT-PCR
results, under extreme shading conditions, there was the occurrence of changes of different degrees in the gene
expression of 9 MsPIFs families of which MSBHLH?23 has an expression level that was 52.77 and 20.03 times
higher than that of the control at 5 d and 10 d after shading treatment. [Conclusion] The PIF transcription
factor family of M. sinostellata can respond to shading and this study has laid a foundation for the identification
of MsPIFs biological function. [Ch, 7 fig. 3 tab. 32 ref. ]
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5T K22 Magnolia sinostellata 27K > F} Magnoliaceae K % J& Magnolia ¥i¥), J& T LA 8 /NFhBE
WAERI Bl . TR YR AR R T B TR, H i B B 2 3k 5 77 R = 4l Rl i R P,
HARIRET , BV ITIE BB B R sE i v WS A AE KR A B IR E R R, T ARZZ2AK TR
FEARRYE IR, TEET FERASHE IS FIRE M RIS 3 A A 0, R HEIRT , B TR LA S B 23 H55  TR
2R, EREETAEGHEZENR., SCREWEYE KR FREEINGEN T MY~
fiir R AR 2 BN W AR AL GRS e . DB R R B ADLIRZ A, RIS A HOL(E 5 AR
1k, e EEH T (phytochrome interacting factors, PIFs) BEMS B HIZL AR LB (E S, TEESER
MY E R AT TR EZEEN ., CESEEFESH TS, BBHS—RIVEMAELRN, JeHaR
YERHA RGP EERE R T, J&T bHLH BRGNS 15 Wik, HEG R AREA & IR
SF ) bHLH 45 #4358 . bHLH 45 A4 35 i 24 15 4> %0 3 R (%) B 1% 245 #4 3 (basic region) F1 60 1~ 24 3 2 1Y
HLH(helix-loop-helix) £ #4) 3 20 5 ¥, H §iI %) PIF 52 ik 5% 5 R 19 0F 9% 32 2 4R b 70 185 A8 4 400 e O
Arabidopsis thaliana 1 . PIF #5¢k A F 2 25 T WM IFOCIRE RN, IFECBERN RIOUE S ML
PR T S RGN, APIF1 GRS R T+ A T 108 &, AtPIF3. AtPIFA, AtPIFS g
B (R I 5 2R A T A R S AR TSR, TR A B0t g 2, BRI T , APIF] Refl i il ¥
AtHB1 B 15 AR HE T RG B AR KB AePIFA | AtPIFS R AtPIFT 385 A2 3 AtFT Fl AtTSF (13 15 T4
PR R IFAED) s AtPIFA. AtBZR1 Fl AtARF6 il i % G AR K Z AR5 5 BROFIDG (8 3R 5 #% ok b 5] {2 #E 400
FAST AR, B AT L, PIF SR HS st RS2 1 B 2508 1 OUAE 5 5% Rl A vh 0 SR #25 IH 1
P CHEN ,  PIF G065 53 X 75 ' BEGER B2 X R 22 JB WAE R Al 2R KR B IS SO Z IR E 55 iR iR bl
PIEEAEM ., K, AR T AR 22 PIF FIRF S R 3T 0 T 2, IR5T HAE ol B A5 18 3R
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B AR Lk H WA N T T I AR O T B B 3 AR AR FHE T . 2019 4F 6 A FA), HFR KA
— 3 H IO RE IR A AORE, B TIRIE N (25+2) °C . JERESR N 2 000~2 500 Ix. AHXHEE K
40%~60% (N T M i85, SIS REEEI A 12 h, @ ROy - 5880 .
1.2 EIwigit
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IHE H P B A7 A7 4 A o G [ AR B (25% IR, ST) e, DIBHGEE B 25040 F i 5 TR 2= B A A A7 3R %
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PL 100% 46 HE X R (ck)o PTA AR M Z M CE S, R 4 MY ER . 405 H SR IF R
AEEEEE 0, 1. 3. 5. 10, 20, 30 KEf, MR RMMERRAL . REF T A LM P20 R 2 AY
AR, IR B TR AT, S A—80 °C vKAR T AEAE, I THIH RNA 3 BN J5 22 S 58
R A E U N (qQRT-PCR) 525

1.3 FHik

131 FFARZPIFRAMZAFT ML ETLEFECAHNEANTEHN, 76 NR. NT. Swiss-
Prot 1% 3 MR E AT IE RS, WIS 46 > PIF B4 S R RI G IR, OB B35 R 2 i 28 1 B4 ik
17 NCBI Blast 1 NCBI CDD #itllll, LBr#HE T R IURERZANS , 824938 9 4> PIF S04 56 K F 1 i
H T4 . K MEGA 5.0 X 5t 72K 22 PIF §% 5 1541 584G I PIF 5% 5% K7 9 91047 LU X500, AR
it TOLEDO 450 fix 24 $UFG T PIF ZEME AT J5 4] 9 A5t 77K 22 PIF sk A F kA 14r 44 . #ARIIT PIF §45k A
F 75 AL R I 5% S R B8 1% (https://www.arabidopsis.org/) H 35 .

132 ®FTARZPIF ZA#ZATHEAEFS>H  RH Compute pUMw FEZ T H W 5 T K == PIF #%
SR TR BRI A5  E be oy T, SRITAEZE Nl Cell-PLoc 2.0 Fili SV 240 il 132, F1) [ NetPhos 23775 4
R LA A5 A MEME 43871 28 (1B AR SF &5 4938 FIFH DNAMAN Lo BT RSP &5 #a; I FHTE 2k
A4 heatmapper(http://www2.heatmapper.ca/expression/) 2 ifil] # [ ; R #fF 57 PIF %% 5% K 1 F % 09 1 1k ¢
%, FIHI MEGAS.0 # 9 /4~ 5t T K =2 MsPIF & F BP9 . 15 DR IT APIF H EH B F 401 6 4~ Fok
Zea mays ZmPIF £ 15 751 (http://www.plantgdb.org/ZmGDB/)"? | 10 Mz Populus trichocar PtPIF 4 [
J5 )7 %1 (http://www.Phytozome.net/poplar.php)!"™! #£ 17 J37 51 b X}, If AP 82 ik i it R g kA i, dE 47
Bootstrap M, TR E N 1000 K.

133 MHEMEMH TR TARAZPIF RaHFRE T XX RAMY RNA $EURF & 3R 5 B
RNA. U1 pg RNA #1745 1 4% ¢cDNA 1A M. T it PCR |28 BCG qPCR Master Mix. AR#E 5T
AR 2EEG BRI R ST (R Do LR T AW EF1-o0 SEH/E NS SN, FIH Light Cycler
48011(Roche) {X #5417 H A FE A qRT-PCR Kk HT. RNBITFEERIG, 65~95 CHEFE 0.2 s fEW i 42,
R F2-0ACqk 15 B I SE R A SRk i . BERER R A 3 IR,

F1 ZIHWHEE=Z PCR 5|

Table 1  Primers used for qRT-PCR analysis

S £ E (KI5 HF5(5'—3") R R/ C T WARCR % R RBR

MsbHLH68 F-CCTCAGGCTCTGTCATTGGG 59.5 90.86 0.998
R-AGCGGTTGGGCTTCTTCACG 595

MsPIF4 F-GCCGAAGAATCTGAGTGCCA 57.4 96.98 0.999
R-CTATCCCTCCGTCTCCTTTC 57.4

MsbHLH1 F-CTTTGTGCTATCTTCGGGAACG 57.7 104.48 0.997
R-GGGACCCACCAATCAACGAC 59.5

MsPIF8 F-AAGCGAGGATGAGAACAAGG 55.4 93.01 0.983
R-TGCGTTCGGATTGGTTATGG 55.4

MsbHLH66 F-AGCAGTAACGGCACGCAGAC 59.5 101.57 0.995
R-GAAATGGGCATGAGGCAGAG 57.4

MsPIF3 F-CAGACTCAGCCGTCAACTCA 57.4 92.93 0.991
R-GCAGGCCCACTTCCACCAAT 59.5

MsPIF1 F-CCACATATTCCTCCATTTGAT 51.7 100.90 0.994
R-GAAGGCTGAGGTAGTGTTGATA 55.8

MsbHLHA8 F-CCGTCGAGTCTCCAGTGGTC 61.6 96.92 0.993
R-CGTTTGAAGGGAAGGTAGGG 57.4

MsbHLH23 F-GCAGACAAAGGACCCAAGGA 57.4 93.01 0.993

R-CACGAGGAGTGAGGAACAAGAA 57.7
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134 #EHdr R SPSS 19.0 #4777 22047 31 11 SigmaPlot 14 2218, XFSF-Y(E R FHph S REA TH 36
AT, B IKFEH 0.05,
2 GEREpM
2.1 FHLEERBAMRSHF

FIFH ExPASy Xt 9 />3 K 4 i 1) & SE R 47 B MR R AT 404 (36 2), & B 9 A3 PR 4 it 1) 2 11 o
KN, B/ MsPIF1, 9mtd 188 N FEMR, e KIUA MsPIF3, 4mtd 735 MEFEMR. 9 MEAMK
B BRI 55 L 5 5.18(MsbHLH68)~8.22(MsPIFS), £ BRI 1Y PIF 5% 2R 576 N [R) A T PR 35 v & 45
[E A2 IRE . 9 4 PIF KR E YR TARRE . K ME AR,

%2 MSsPIF EER%
Table 2 MSsPIF gene family of M. sinostellata

BRALNL A
HN#F EARSTE/Da BEREUA FEA AMEERE BWRE CFRrRkrE EAMES - '

Ser Thr Tyr

MsbHLH68 53 604.79 506 5.18 58.19 77.51 -0.447 AMEN) 47 10 1
MsPIF4 57 883.06 527 5.96 56.05 64.57 -0.611 HMHEEN) 40 12 3
MsbHLH1 74 557.30 671 5.52 53.08 79.66 -0.452 MHEN) 34 14 6
MsPIF8 50 048.29 456 8.22 42.09 58.29 —0.686 HHEN) 36 20 4
MsbHLH66 45976.46 430 6.79 60.45 69.72 -0.558 HFEREN) 45 14 1
MsPIF3 78 957.02 735 6.31 67.37 63.80 -0.513 PN 74 13 3
MsPIF1 20314.56 188 5.93 60.78 60.32 —0.341 HAEREN) 4 2 1
MsbHLH48 40 255.00 366 6.43 59.85 70.90 -0.639 UAEREN) 40 6 2
MshHLH23 39 480.07 362 5.82 72.07 70.14 -0.577 HMPEEN) 43 9 2

Ui SerW#24IR, ThehH &R, Tyr kiR

2.2 EHRIFHABEZE (LT

18 o 7E LR B Cell-PLoc 2.0(http://www.csbio.sjtu.edu.cn/bioinf/Cell-PLoc-2/) X} 9 > PIF 3 K % hl, 5
P 2 L TR S 9V R A 7 S 400 b 5 T (% 2), 9 N FEPR w1 AR A B N T A AR Y, AR SR
BYTIRE, AT AEIE A 45 40 A% 5 R e iR K 45D e o
23 EARBIBRUALSSH

U IR AL TEAR Z M55 5 Tl e bl i S S/ M B P B IR A (%) ] 0l P (A5 AR ) 4
g PR e AP FR IREE AR AL FEIE R OLAAMET, PIF R N5 MEZME/EN, T2
PIF & H BRI AR AR AR ISR, PIF 8 A U BEER (L AR sz 23 M7 ik, 7
Mt PIF 28 1 B B R A s X AR (55 5 P i D ey 255 L. FIH NetPhos XT 9 /> PIF ZK %R
HBUBERR AL AL BEAT AT (3R 2), B 9 MR F B AT 2220 (Ser). 73R (Thr) MR (Tyr)

P e o IR A0 A7 S I 2 19 02 MSPIF3, 4 2R
94 A~ , MsPIF1 B"J@é@ﬁ'ﬂﬁ'fﬁ)ﬁ%&l\ , fl 7 /\o Table 3 Major MEME motif sequences in M. sinostellata PIF protein
24 EORHEESTT Ry FL LA SZEH NI
. — 2 F| FH MEME 7E 2% %% 44 5> ¥ MsPIF 2& Motifl 40 MKALQELIPNSNKTDKASMLDEAIEY
E[IG], ;iiggfﬁﬁu 64‘%}? (%% 3)0 ?ﬁ%ﬁﬁ? (@ 1): . LKSLQLQVQMLSM
O R G A RIFSE HILFE, MsPIF4 fil MsPIFS o ) NORAAEVEINLSERRRRERINE
Motif3 21 MMFPGVQQYMPPMGMGMGMGM

/H\ﬁ E/‘J%r% %g ’ j‘j 5 /I\ ’ 1fif MsbHLH48 EP /_”'\ﬁ E/‘J Motif4 36 FEQZIVKLMEEDMGSAMQYLQGKGL

T HED>, L 24, bHLH K& H Y44 bHLH CLMPIALAAAI
B, I AT N Y basic JEF (K] 2A) Ay Motifs 8 ELLWENGQ

T C 3y HLH 377 (& 2B) 4L, 94~ PIF s _Moil 8 CVPBWBTD
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FUSE &% A basic 2517 M HLH 27 . AR SR 1 5 9 (] 55 U3 Jy 2 [B) 47 A — € 22 5+ . MsPIF4, MsPIF3
1 MsPIF8 &4 APB #£J¥ (active phyB-binding motif)([¥] 2C), B H:1[ 15 PhyB(phytochrome B) #H4%
A, TR UL R B A BEAT PR U, Ak, MsPIF4 1 MsPIF3 138 & 4 APA 3L/ (active phyA-
b1nd1ng motif)(&] 2D), FHHHEET L5 PhyA(phytochrome A) #1454 W] A5 PhyB A4S &

R p P E
MsPIF4 3.00e—86 01 (e
MSsPIF3 1.19¢-79 0 I Bl Motifl (HLH % /7)
MsbHLH48 1.01e—55 [ [ Motif2 (basic £/7)
MsbHLH66  2.87¢—87 m e 1 Motif3
MsbHLH!  4.02¢-33 I . B Motif4
MsPIF8 1.91e-74 010 [ [ Motif5 (APB %:%)
MsPIF1 3.00e—57 W 1 Motif6
MsbHLH68  4.01¢—88 e N
MsbHLH23  3.98¢—56 o
A1 MsPIF &8 w5
Figure 1 Motif of MsPIF protein
MsPIF1 FLCP TNQPEPRLNS\RGI_G‘SP 24
MSsPIF3 KSA F NL 24
MsPIF4 ASA 24 . —
MsPIF§ ~ IST 24 MsPIF4  =CLVETR 14
MsbHLH1 WKIEAGFISV VL E N 24 MsPIF3 —~ NE i v 14
MsbHLH23 TCT_ F—‘sr_ NL 24 MsbHLH16 YEV 14
MsbHLH48 S N 24 el wngq
MsbHLH66 vRA 24 C. APB 3/
MsbHLH68 VEAR 24
A. basic %ﬁ
MsPIF1
MsPIF3
MsPIF4 . -
MsbHLH1 MsPIF4 INFSHF SRPE
MsPIFS
MsbHLH23 ... MsPIF3 NESHF SRPE
MsbHLH48 ... fshf
MsbHLH66 - - - - nfs STp
MsbHLH68 - ... D. APA #FF

1 1p k a1 i 1 v
B. HLH &%

B 2 MSsPIF £ % @ M 47 basic. HLH. APB #= APA & 5%& G i 57 sbxt
Figure 2 Sequence alignment of basic, HLH, APB and APA motif protein sequences of MsPIF

25 RGNS

iz Fl MEGAS X Ir 3 5t TR 2 WM& A BT ) SR T . EoKk . B A i 5 00 Lt 2 8 (1 3),
K FHAR L ) Bootstrap 24T (1 000 IR FE ) M R HE AT, 250 . M) PIF G058 (1 BRI
ZREVE, AT R 7 AR B, HirR, 9 MSPIF S A 7E o By v, 8. m. %5 6 Pilb kA,
15/~ AtPIF FE R FE o By y. 8. G €95 6 Db, Hrp ¢ IR IF A . ZmPIF 2 A5
fi T B AN S AR, 104 PPIF & /A FE o B y. 8. %5 SAHEIEA . MWL B AT LB
MsPIF8, MsPIF4, MsPIF1, MsPIF3 } MsbHLH23 54 W 481 Rg 7+ 26 11 5 540 3 T R 2 — ik,
T H RS S R 35 . MsbHLH68 . MsbHLH66, MsbHLH48 - T n A%, AT AR LA,
2.6 KEARIHIER&ME T MsPIF RikEERRIE

HERUEAEY A K R BB PN s s R R, WomiE B AN B R, SR 2Lt i R AR R+ B
(Bl 4), 4P 10d, FTARZEM AR ; 43204, HOREAIAN L, EEITHZER; &
H30d, K\ THilE, MkEESH,

PCR 4" 3 35 N5 W 558 Jisg FR Uk Rz 0 2% B 9 AN SRR 439 Hh A 2%t (81 5). qRT-PCR Al 45 5 (&1 6) %
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A3 ®xTARZ, &I, ERFyuted PIF k% 9 M6 R G5 H
Figure 3 Phylogenetic tree analysis of MsPIF protein and AtPIF protein sequences in M. sinostellata, A. thaliana, Z. mays, P. trichocarpa

B . MERHALER 1d B, MshbHLH23 Fl MsbHLH66 (/)3
KKV FE, MsbHLH1, MsbHLHAS. MsPIF8.
MsPIF3 [ ZRxKF 2T, HARF RN FRE KT
TR FEAA, BEYIALEE 3 d I, MsPIFS 3Rk &
TR, ARSI Rk ¥ 3 L, Bl b B
5 AW}, MsPIF8 Ity ik {)h b 2 A%, MsbHLH6S .
MsbHLH23 ., MsbHLH66 . MsbHLH1 . MsbHLHAS ] £
FRBE L, HAREHNFRE LR ELR . EY § W W y w
Ab3E 10 d B}, MsPIF8. MsPIFT. MsPIF3 {3k} A4 BALEIRPETRIOEDLETN
W% R, MshHLH6S . MsbHLH23. MsbHLH66, — Figure4 Phenotypic changes of M. sinostellata during shading
MsPIF4 [NF55 035 L. BERIAbEE 20 d BF, MsPIFS. freatment
MsbHLH23 . MsPIF1 &AM X} B8 3 N8, MsbHLH68 Fl MsbHLH66 (3 1k 3% Fi, HAIER
T EES . WAL 30 d B, MsPIFS., MshbHLH23 RIZEIAANTTXT IR R 8, MsbHLH6S . MsbHLHI
MsbHLH66, MsbHLHA8, MsPIF3 3%k W3 LR, o, MsbHLH23 ()3 15722 1k bt JH: Ath J5% X 5 A BH
b, GERIANEE 5 RN 10 d BI85 B RS X RRAY 52.77 5 20.03 £

HEEM BRI GENDBEXLREY, HFRENORT AR LA M qRT-PCR 04, R H
heatmap 7£ 2k % {4 X} iX $6 FLPH 1 22 5 R X AT B R E 0 (B 7). G5 R LM MsPIF1, MsPIF3,
MsPIFA, MsPIF8 (AR T AL, HRIAAELIE 3 d BB Wb m, BEJS B W TF F% . MsbHLHAS
B A 7E AL B 0~30 d & i iR, P AL PR 30 d ARG Rk B R O B B . MshHLH1 ., MsbHLH6S |
MsbHLH66 . MsbHLH23 W)k hy 5o i Ll s 28 T8, Forh MsbHLH1 F MsbHLH23 3Rk
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M 1 2 3 4 5 6 7 8 9

M. 500 bp DNA marker; 1~9. 9 MEE ¥ PCR =¥

A 5 qRT-PCR ¥ 3% = #4571k
Figure 5 Specificity of QRT-PCR amplification products

6 MsbHLH6S 4 MsPIF4 3.0 MsbHLH]
5 25 |
”ﬂg 4 20 x #
KO3 15 b I
= _
£ 2 10 F gl = x
1 05 |
0 0 0
0 1 3 5 1020 30 0 1 3 5 1020 30 0 1 3 5 1020 30
35 - MsPIFS 0 - MsbHLH6G 4 MsPIF3
i
X
®
—]D,—<|
=
0 1 3 5 1020 30 0 1 3 5 1020 30 0 1 3 5 1020 30
35 - MsPIF1 35 MsbHLHAS . 60 .  MsbHLH23
30 + 50 -
% 2.5 B T 40 L
. 2.0 N * |
® " 30
o 1.5 + H # .
= RN S o
0.5 F l 10 F . . s
O 0 * In = = 0O m-
0 1 3 5 1020 30 0 1 3 5 1020 30 0 1 3 51020 30
#d #d td

R AR O xR
# RN b B R B ) S 5 A B ) 22 5 3 (P<<0.05)

M6 EMEMNT®TARZLPIF #3F B T4 qRT-PCR H#7

Figure 6 qRT-PCR analysis of PIF transcription factor under shading treatment of M. sinostellata

TEATE 5 d B3E FE, MsbHLH68 Fl MsbHLH66 33543 MIAEAL TR 10 F120 d B F i,
3 #tig
3.1 SETFARXd PIF XEEZEF

PIF WG SR 7 2 A TR . HET PIF G E: 3 N e s IF R F o i fe iy, b
15 B FEHAW R, 0 =/ 1000, FoKkA 6 N, JKRE Oryza sativa A 6 ™1, AR5
ST PR ER] 94, X—F MR TRTAREAG BTN, 75— 77 nl GE 2 K A FE 4l
JEIR AN 2 6 8 LAY . NCBI blast &2 NCBI CDD Flil 45 5 2 08H . 9 4™ PIF 5 [ i)+ bHLH £544%,, &
F PIF ¥ 5 N 7505 o [a) U5 ¢ e AR B 11 O3 % D e AR U IR, AR NS 9 e R =
PIF G TS /B (i 5 6 > ZmPIFs, 10 > PtPIFs Fl 15 NIHAERARA 1Y AtPIFs s 1 R1E R 58
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AR, EZRES 15 MU PIF RGE: 5 H 1
2 2 1 5 56 2R A A2 BT I 55 T K 2% PIF #% 5%
KT 09I RE . AtPIF3 5 PtPIF3a. PtPIF3b [a] i PE#
w5, H'5 AtPIF3 F1 ZmPIF3 fii T-[al—iE kAL, #Eitk
M MsPIF3 5 AtPIF3 TREAH{l. MsPIF4 5 PtPIF4 .,
ZmPIF4 . AtPIF4 i T [F] —#E{bBL . AtPIF3 & 1 it
TERE AR NI Z2 88 2106 F i &5 2R, 16 SRS A
ToFEBRE, FEREITE B, AtPIF3 75615
SRR & E bR B B A 7E PO, APIF3,
AtPIF4 F1 AtPIFS ZEAF IS 5 S (1) FH SR G 5 | S AR ) 5
ERBIEEMER, Hrbh AtPIF4 i@ i - Z
i TFIT 24 4 I g A T A ) R O 3 DR DA T A A R

MsbHLH23

MsbHLH66

MsPIF8

S = N W kA N

MsPIF1

MsPIF4

MsPIF3

MsbHLH68

MsbHLH1

B, AtPIF4 B S P4 Uie 58 DA T {12 45 481 g 7 F MSbHLHA3
FERY, 0 1 3 5 10 20 30

AN, AtPIF4 RES AtBZRI1 L [RE T T UE G o id o
BALEUES ‘% Q; APIET 5 MsHLHI [ V.1 f& 7, %;Eg;gé P ﬁ gggffﬁg; ’1 ’iﬁ%
ﬁ%%ﬁ%ﬂwiwoﬁm%ﬁT,mmzmﬁﬁ B 7 K I AT B A PIF 2R H
AR AT 25 A B ZE R 17, AtPIFT 2 35 A4 2 F 0 E A,
:,l%f’f»{ﬁ E/‘J 5'§ ﬁz\' Jj’fﬁ ? , L:j PhyB %% E/:J ﬁ*% EF' Z"E 'ﬁr%g Figure 7 Pattern of expression of PIF family during shading treatment
R B i 25 5T L M 90 3906 B £ 4R, MsPIFS period of M. sinostelaa

5 AtPIFS [A)i, HEMIHIhEEMML. 5 APIF3 K[|, AtPIFS £ A FEMLLT G I AYFR 2 b AE SIS 45 rp i
IR THEZ, APIFS RERSIII HH PhyA M- FRIF T & . T IR G4 4G 21, MsbHLH23 &
AtbHLH24 THEEA{L, AtbHLH24 76l Fp 1 i A MAERE b P ORIRIR S Hh A EEAE Y, AtbHLH24 B
BRI R 5 S, RIS A KR A& BRI N s M a 5512 JE R, IF BLZEAE IR AR 52 %
BRI EEMEMNP, MsbHLH68, MsbHLH66 F1 MsbHLH48 (a1 4 T-[al— bk, HIhREb 75 2t
— 5 ()R, BIEERE— XN E ARG T REAF 225, I AR R Z 02 5K 22 50,
PRI DG T MsPIF S0 8 115 ) EAR T R 75 2338 1o 5 225
32 ETFARZNEHREIF

TS 2 1 it J ) 3 9] 2 RARAIC S T2 A 19 A K e 5 s 23R 0T AR IR g AW i 18 B Ach BERL L 1) 55 77 K 2= A Ak
MR B EEIT . e EERE T (PIFs) fEAYE K A B PR B EZRFIEN . PIFs fE A6
G5 FEAP MR IEER T, SHEDAKEE 2 BERA HEER Y, PIF S5 5 M7t
RN FHROUESHRIEE PR BT, AT, PIFEARKEME, WmiEEmEYy k
H— RGN N . R 22 S B N A 25 57, ARBIFST A A4 BRURE S 18] p AR 1 AR R
M2s FIRTIR . ARWFgE, KRIAMOE RIS T, 5o AR LN PIF RG4S 7 1 RB /K- 2808 3 1
U, HA MsPIF8 B)RIA/KV- W4 N, 7EBIp T, 5 HAh PIF KM G AL, ArPIF8 #Ef% 5 PhyB
Hi AR, MsPIFS MR B SATA MRS RAAEZES, WTRRSWMR R, ¢
MsPIFS WS fE R T Bk — B WF 9% . MsPIF1. MsPIF3 Fl MsPIF4 2588 ST A IFE 45812 Wi 4 .
MEELAER, APIF1 WK R, G S R & SR P & AtPIF3 . AtPIFA %35 8 3% I
VA, NG HE ISR R B AR S i a0 AR 1 A B AR AePIFA W ERIA A, DI AR
W FACEH ek B, &R M TR IR, PIF DhRE T/ R 2%, 57K 2% PIF G kA
A0 T B W 4 0 4 o R A R AR T i — AL AR 98

4 HFEXH

[1] YU Qin, SHEN Yamei, WANG Qianying, et al. Light deficiency and waterlogging affect chlorophyll metabolism and
photosynthesis in Magnolia sinostellata [J]. Trees, 2019, 33(1): 11 —22.


https://doi.org/10.1007/s00468-018-1753-5
https://doi.org/10.1007/s00468-018-1753-5

55 38 2545 3 1] Bl PHMAE 57K S PIF 5% 5N 1 1 A A5 B 0 B it BA 2 T i e ik X 453

[2]

(6]

[7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

A, EAEEL XU, A5 OGRS KA BT 5T R 2B e RS LA (1), RS, 2018, 37(3): 898 —
905.
YU Qin, WANG Qianying, LIU Zhigao, et al. Comparison of the light response models of photosynthesis in leaves of
Magnolia sinostellata under different light intensity and moisture conditions [J]. Chin J Ecol, 2018, 37(3): 898 — 905.
TAMAKI I, NOMURA K, NOMURA R, et al. Evaluation of a field experiment for the conservation of a Magnolia stellata
stand using clear-cutting [J]. Landscape Ecol Eng, 2018, 14(2): 269 — 276.
AR, BRI, R, A R T R SR SRR SRS (V] BTAROL R, 2015, 35(3): 47 — 52.
YU Zezhi, CHEN Xiangxiang, LU Lu, et al. Distribution and community structure of Magnolia sinostellata [J]. J Zhejiang
For Sci Technol, 2015, 35(3): 47 — 52.
TOLEDO-ORTIZ G, HUQ E, QUAIL P H. The Arabidopsis basic/helix-loop-helix transcription factor family [J]. Plant
Cell, 2003, 15(8): 1749 — 1770.
CASTILLON A, SHEN Hui, HUQ E. Phytochrome interacting factors: central players in phytochrome-mediated light
signaling networks [J]. Trends Plant Sci, 2007, 12(11): 514 — 521.
SONG Yi, YANG Chuangwei, GAO Shan, et al. Age-triggered and dark-induced leaf senescence require the bHLH
transcription factors PIF3, 4, and 5 [J]. Mol Plant, 2014,7(12): 1776 — 1787.
CAPELLA M, RIBONE P A, ARCE A L, et al. Arabidopsis thaliana HomeoBox 1 (AtHB1), a homedomain-leucine zipper [
(HD-Zip 1) transcription factor, is regulated by PHYTOCHROME-INTERACTING FACTOR 1 to promote hypocotyl
elongation [J]. New Phytol, 2015, 207(3): 669 — 682.
GALVAO V C, FIORUCCI A S, TREVISAN M, et al. PIF transcription factors link a neighbor threat cue to accelerated
reproduction in Arabidopsis[J]. Nat Commun, 2019, 10(1): 4005. doi: 10.1038/s41467-019-11882-7.
EUNKYOO O, ZHU lJiaying, BAI Mingyi, et al. Cell elongation is regulated through a central circuit of interacting
transcription factors in the Arabidopsis hypocotyl[J]. eLife, 2014, 3: €03031. doi: 10.7554/eLife.03031.
HASAN M, RASHID M, KHATUN S, et al. Computational identification of microbial phosphorylation sites by the
enhanced characteristics of sequence information [J]. Sci Rep, 2019, 9: 8258. doi: 10.1038/541598-019-44548-x.
Wise, #9555, T K, 5 L THSRA G WRKY F2H1099248 5 704 (1], 20 7R &, 2019, 17(6): 1780 —
1787.
CHEN Liang, CUI Fenfen, WANG Yongfei, ef al. Mining and analysis of WRKY transcription factors in transcriptome-
based Lonicera japonica [J]. Mol Plant Breed, 2019, 17(6): 1780 — 1787.
ESSER D, HOFFMANN L, PHAM T K, et al. Protein phosphorylation and its role in archaeal signal transduction [J].
FEMS Microbiol Rev, 2016, 40(5): 625 — 647.
PHAM V N, KATHARE P K, HUQ E. Phytochromes and phytochrome interacting factors [J1. Plant Physiol, 2018,
176(2): 1025 - 1038.
HUANG Xu, ZHANG Qian, JIANG Yupei, et al. Shade-induced nuclear localization of PIF7 is regulated by
phosphorylation and 14-3-3 proteins in Arabidopsis[J]. eLife, 2018, 7: €31636. doi: 10.7554/eLife.31636.
FERERN, E 81, Wk B LT S 4 5500m 2 1) 10 26 58 HD-Zip 1% IR T 10 5 2 B b Bl (0], w50k 2412, 2017,
27(3): 67— 177.
ZHUANG Lili, WANG Jian, YANG Zhimin. Transcriptome-wide identification and expression analysis of HD-Zip 1
transcription factors in Festuca arundinacea [J]. Acta Prat Sin, 2017,27(3): 67 —77.
TRIEAR, ATRAK, 5KA, 5. W PIF BN KRS AT (V] MOl B85, 2018, 31(2): 19 - 25.
XU Xiangdong, REN Yiqiu, ZHANG Li, et al. Analysis of expression pattern of PIF family members in Populus [J]. For
Res, 2018,31(2): 19 - 25.
GAO Yong, REN Xiaoyun, QIAN lJingjie, ef al. The phytochrome-interacting family of transcription factors in maize (Zea
mays L.): identification, evolution, and expression analysis[J]. Acta Physiol Plant, 2019, 41(1): 8. doi: 10.1007/s11738-
018-2802-9.
NAKAMURA Y, KATO T, YAMASHINO T, et al. Characterization of a set of phytochrome-interacting factor-like bHLH
proteins in Oryza sativa [J]. Biosci Biotechnol Biochem, 2007, 71(5): 1183 — 1191.
MONTE E, TEPPERMAN J M, AL-SADY B, et al. The phytochrome-interacting transcription factor, PIF3, acts early,


https://doi.org/10.1007/s11355-018-0348-z
https://doi.org/10.3969/j.issn.1001-3776.2015.03.009
https://doi.org/10.3969/j.issn.1001-3776.2015.03.009
https://doi.org/10.3969/j.issn.1001-3776.2015.03.009
https://doi.org/10.1105/tpc.013839
https://doi.org/10.1105/tpc.013839
https://doi.org/10.1016/j.tplants.2007.10.001
https://doi.org/10.1093/mp/ssu109
https://doi.org/10.1111/nph.13401
10.1038/s41467-019-11882-7
10.7554/eLife.03031
10.1038/s41598-019-44548-x
https://doi.org/10.1093/femsre/fuw020
https://doi.org/10.1104/pp.17.01384
10.7554/eLife.31636
10.1007/s11738-018-2802-9
10.1007/s11738-018-2802-9
https://doi.org/10.1271/bbb.60643
https://doi.org/10.1007/s11355-018-0348-z
https://doi.org/10.3969/j.issn.1001-3776.2015.03.009
https://doi.org/10.3969/j.issn.1001-3776.2015.03.009
https://doi.org/10.3969/j.issn.1001-3776.2015.03.009
https://doi.org/10.1105/tpc.013839
https://doi.org/10.1105/tpc.013839
https://doi.org/10.1016/j.tplants.2007.10.001
https://doi.org/10.1093/mp/ssu109
https://doi.org/10.1111/nph.13401
10.1038/s41467-019-11882-7
10.7554/eLife.03031
10.1038/s41598-019-44548-x
https://doi.org/10.1093/femsre/fuw020
https://doi.org/10.1104/pp.17.01384
10.7554/eLife.31636
10.1007/s11738-018-2802-9
10.1007/s11738-018-2802-9
https://doi.org/10.1271/bbb.60643

454

RN/ NI NI e 14 2021 4F6 H 20 H

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

selectively, and positively in light-induced chloroplast development [J]. Proc Natl Acad Sci USA, 2004, 101(46): 16091 —
16098.

KUMAR S V, LUCYSHYN D, JAEGER K E, et al. Transcription factor PIF4 controls the thermosensory activation of
flowering [J]. Nature, 2012, 484(7393): 242 — 245.

LEIVAR P, MONTE E, AL-SADY B, et al. The Arabidopsis phytochrome-interacting factor PIF7, together with PIF3 and
PIF4, regulates responses to prolonged red light by modulating phyB levels [J]. Plant Cell, 2008, 20(2): 337 — 352.

OH J, PARK E, SONG K, et a/. PHYTOCHROME INTERACTING FACTORS Inhibits phytochrome a-mediated far-red
light responses in Arabidopsis [J]. Plant Cell, 2020, 32(1): 186 — 205.

PENFIELD S, JOSSE E M, KANNANGARA R, et al. Cold and light control seed germination through the bHLH
transcription factor SPATULA [J]. Curr Biol, 2005, 15(22): 1998 — 2006.

REYES-OLALDE J I, ZUNIGA-MAYO V M, SERWATOWSKA J, et al. The bHLH transcription factor SPATULA
enables cytokinin signaling, and both activate auxin biosynthesis and transport genes at the medial domain of the gynoecium
[I1. PLoS Genet, 2017, 13(4): e1006726. doi: 10.1371/journal.pgen.1006726.

GROSZMANN M, PAICU T, SMYTH D R. Functional domains of SPATULA, a bHLH transcription factor involved in
carpel and fruit development in Arabidopsis [J]. Plant J, 2008, 55(1): 40 — 52.

LU Deliang, WANG G G, ZHANG Jinxin, et al. Converting larch plantations to mixed stands: effects of canopy treatment
on the survival and growth of planted seedlings with contrasting shade tolerance [J]. For Ecol Manage, 2018, 409: 19 — 28.
DONG Jie, SUN Ning, YANG lJing, et al. The transcription factors TCP4 and PIF3 antagonistically regulate organ-specific
light induction of S4UR genes to modulate cotyledon opening during de-etiolation in Arabidopsis [J]. Plant Cell, 2019,
31(5): 1155 - 1170.

OH E, YAMAGUCHI S, HU lJianhong, et al. PILS, a phytochrome-interacting bHLH protein, regulates gibberellin
responsiveness by binding directly to the GAI and RGA promoters in Arabidopsis seeds [J]. Plant Cell, 2007, 19(4):
1192 —1208.

OH E, ZHU Jiaying, WANG Zhiyong. Interaction between BZR1 and PIF4 integrates brassinosteroid and environmental
responses [J]. Nat Cell Biol, 2012, 14(8): 802 — 809.

PARK E, PARK J, KIM J, et al. Phytochrome B inhibits binding of phytochrome-interacting factors to their target
promoters [J]. Plant J, 2012, 72(4): 537 — 546.

/N, RIFESE, R R, 5 LB RAE N T PIFs 2 SHEYIIKRF 57 30970 7HLH (1], HY 5 B4 4R, 2016,
52(10): 1466 — 1473.

REN Xiaoyun, WU Meiqin, CHEN Jianmin, ef al. The molecular mechanisms of phytochrome interacting factors (PIFs) in
phy-tohormone signaling transduction [J]. Plant Physiol Commun, 2016, 52(10): 1466 — 1473.


https://doi.org/10.1073/pnas.0407107101
https://doi.org/10.1038/nature10928
https://doi.org/10.1105/tpc.107.052142
https://doi.org/10.1105/tpc.19.00515
https://doi.org/10.1016/j.cub.2005.11.010
10.1371/journal.pgen.1006726
https://doi.org/10.1111/j.1365-313X.2008.03469.x
https://doi.org/10.1016/j.foreco.2017.10.058
https://doi.org/10.1105/tpc.18.00803
https://doi.org/10.1105/tpc.107.050153
https://doi.org/10.1038/ncb2545
https://doi.org/10.1111/j.1365-313X.2012.05114.x
https://doi.org/10.1073/pnas.0407107101
https://doi.org/10.1038/nature10928
https://doi.org/10.1105/tpc.107.052142
https://doi.org/10.1105/tpc.19.00515
https://doi.org/10.1016/j.cub.2005.11.010
10.1371/journal.pgen.1006726
https://doi.org/10.1111/j.1365-313X.2008.03469.x
https://doi.org/10.1016/j.foreco.2017.10.058
https://doi.org/10.1105/tpc.18.00803
https://doi.org/10.1105/tpc.107.050153
https://doi.org/10.1038/ncb2545
https://doi.org/10.1111/j.1365-313X.2012.05114.x

	1 材料与方法
	1.1 植物材料
	1.2 实验设计
	1.3 方法
	1.3.1 景宁木兰PIF家族转录因子的筛选
	1.3.2 景宁木兰PIF家族转录因子的理化性质分析
	1.3.3 极端遮阴条件下景宁木兰PIF家族转录因子的表达模式
	1.3.4 数据分析


	2 结果与分析
	2.1 序列鉴定及理化性状分析
	2.2 蛋白质亚细胞定位预测
	2.3 蛋白质磷酸化位点分析
	2.4 蛋白质的基序分析
	2.5 系统进化分析
	2.6 长期极端遮阴条件下MsPIF家族基因的表达

	3 讨论
	3.1 景宁木兰中PIF家族转录因子
	3.2 景宁木兰内在濒危机制


