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Identification of PLR gene family and expression of responsive hormones in
Phoebe bournei

WANG Qianqing, ZHANG Yuting, ZHANG Junhong, LIU Hui, TONG Zaikang
(State Key Laboratory of Subtropical Silviculture, Zhejiang A&F University, Hangzhou 311300, Zhejiang, China)

Abstract: [Objective] Pinoresinol-laricisinol reductase (PLR) is a key enzyme gene involved in lignan
biosynthesis. This study aims to clear the characteristics of PLR gene family in Phoebe bournei and the
expression patterns under different hormone treatments, so as provide basis for further exploring the biological
function of PLR gene family in P. bournei. [Method] The members of PLR gene family in P. bournei genome
were identified by bioinformatics methods, and the gene structure, conserved motifs, chromosome location,
phylogeny, cis acting elements of promoter and hormone response were analyzed. [Result] A total of 8 PLR
(PbPLR) members were identified from the genome of P. bournei, which were unevenly distributed on
chromosomes 1, 2, 5 and 10. Phylogenetic analysis indicated that PbPLR function may be related to substrate
stereoselectivity. Promoter element analysis showed that there were hormone response elements such as bascisic
acid (ABA), salicylic acid (SA), and methyl jasmonate (MeJA) in the promoter region of PbPLRs. Gene
expression analysis showed that the expression of PhPLRs gene had the characteristics of tissue specificity and
hormone response. The expression of PbPLRs gene was the highest in roots, followed by stems and leaves. The

expression of PhPLR2 was the strongest when treated with 3 hormones. [Conclusion] The 8 PbPLRs gene
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identified from the genome of P. bournei have different gene characteristics, and different members may have
different stereoselectivity of catalytic enzymes. The expression patterns of members are diverse, which may be
induced by various hormones and have tissue specificity. [Ch, 6 fig. 2 tab. 25 ref.]

Key words: Phoebe bournei; PLR gene family; phylogenetics; hormone treatment; expression analysis

AN TRV b A A 8 SR SRS JE P 22 5 O, I G 3 A A TR TR AR T A7 3 B0 45 2% o SR ) AR A 114
10% LA -, T F 5 AR A TR T, ARORE JE A7 3 2 A TR R0 €8 T 45 L T AR TR A 4 R P 5 1 /2
TAHE () R SR T 85 1 AR HE A BRI 9 A W) R o . RS YRR S, [ 4R Phoebe bournei HFEF}
Lauraceae 1fiJ& Phoebe t6%), &M EFHA WER M 5446, AR BABGRMEY:, FIIARHSE T
ARG, POER “RhZE” , TR “G2msAR” U WATHINIE Phoebe zhennan VEH “ 4 221/
AR” g FEB R, BT, R EERIRE G, RN, SOHEMEAERA, B EER
BRI, AT BFFEARM RIRTE M R G ATRE, A 4 R PR 2E 0 15 1) 6 B Ay 2 PR 425 4 A
BN Ry R S T

EAPR AR : WAM I ERAIER (lignan) K GY B AHUENTE, S 5HEYPITHRS, Bk
W AE LB RE S BIANILE TR Thuja plicata U8 FPAR B AR 238 535 B ) b S22 4 ok
T E o A A RGP = AR D, M AZ draucaria araucana HHEIIFANE E (pinoresinol) F1FF
KM FARE R (secoisolariciresinol) X AH 5 B B A BAFHLIES . SR, SCTARIER AW G RHERR
i ANEAG AT BR R AT 5 2 7 R H

WANG 2238 )5 B} Pinoresinol-lariciresinol reductase (PLR) 2= — T 2 B F I8 B (14 7% A I 2538 il L [N
JRANEZR AW E Y SRR, — 7> TAMIE R TE PLR FAR 2R -7% A i 25 30 ISR R 22 P20 Il v
IR MR IR R , WEABRAEY G NEEHEERELREZ —. HErc MY IT
Arabidopsis thaliana™ V' & KRR WHLY) GE3E Forsythia suspense™ ™ | ¥5Wi Isatis indigotica” . k)&
Linum"'™"Y th e AR 2] PLR 3£ . 3251k, Pr A DL 4l 4lifb 2 1 R FRAEAY PLR Y A] LU A IR 24
75 R I 2R LA SCKS T I RAR IR R IE R S S AR AR 2R, {H AtPrR1 XS P& HHAAREAR 3R 093 1 LU AR AR
FARL 35 1%, APrR2 XE N IEWI A7 AR IR R 58 A AT M. PRI, MIN SRR B AT 44 A
P BEIR 5, AN S P A - P AR IR it J Bl . PLR MY RIS PR AT, SRR HE A [F] R b
BT MG P -7 IR B i P A D il Y 2 IR A BT AN ) RIS TR (ABA) ABER, LuPLR1 R IKH
LuPLR1 B3R5 RIF- 52 R 76— )RR B rh 2 SC B AR T AR 0 I R ABA fish A& 912700 BT LA JR 5 IR
(GA) X LuPLR1 B35 BA M S BT N, FESR AR TG (MeJA) RIALPET , LuPLR2 )R 1K A W]
AR, KORERRTE MeJA 20BN E 5, LuPLR2 FEHNFE RN RE A~ 3N, X 5XEAERS
ESRED) B S — B AT VAR 1 0 0 TR Al e AT AR 3R 5 i e 2 PR PLR LA, ) ) Al B 1A
LA, X PLR J R G005 I DR AT S 0 R R 254 | DRSPS Qe e o i, I R F L
R FI [E i PLR (PbPLR) AL ST ARE PR, ik — B WF9¢ POPLR B A 7E B R AR R & i F2 i
G 7/ Ity i S T
1 #E 5 7%
1.1 E% PLR EEKKRM REE

K J BLAST Hl hmmsearch % 5E [/ ] PLR ZC /5 A0 51 o B 56 7E 38 B B 3 A W BR {75 B bty (NCBI) %
P& )% (https://www.ncbi.nlm.nih.gov/) 2481 B 7% PLR K&K (1751, 8 BLASTP AR lb X2, H
HMMER 3.1 U 48 22 ) il PLR B DR G5 (A6 1B 2 91 o 18R 05 A L R G  7E N i R #5228
SMART #8721 B NRSF A5, i PLR BRI DL, JFHARIE Y RS B TR 4
1.2 PbPLRERAZRBUHEMEEREH 5

K MapChart %% {4 22 il PbPLR J& PR 76 [ il B2 RV A1 I A2 45 2., JF R MCScanX #% 14 43 B
PbPLR H& R (1) 2 11 XIS A2 ) 15 L
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1.3 PbPLREHFZEHMREBRTFTEF W

FRE PPPLR R 4 tith X ¥ 1 1 L 41751, 2R FHFEZR GSDS (http://gsds.gao-lab.org) 53 #r PhPLR %
R ZEHy . 38 3 7648 T H MEME Suite (http://meme-suite.org/) 73 Hr PbPLR 28 JEM2 751 rh (R F 5L, &8
PRSFIEFAECH 20, HeJ5 FIH SnapGene 4141 F POPLR & (741 X o
1.4 PbPLR KGR R RS L EMWERRBEDW

FI Y & A EARE T 28BS . WK, 51542 Taiwania cryptomerioides <5 PLR #H ¥ 51,
5 PbPLR F i B3 #E A7 R GE0EAk 0 Hr . FFH MEGA X Bk F# el b A, SR FHAB$% % (neighbor-joining
method, NJ), & 1000 X (Bootstrap & 1 000), #|F7E4k T. H ITOL (https://itol.embl.de/) 3& k. MEGA
X B AR
1.5 PbPLR EEMBhFHh

HR 5 ) At 2 DR 285080, 1 TBtools B HEHL PHPLR 3 [H 7 41 e SR 4 67 45,11 2 000 bp 741, {ifi
FHAEZR 4514 PlantCARE (http://intra.psb.ugent.be:8080/PlantCARE/) Hiilll PAPLR H:PH J5 517541 v it i =, 4
ot
1.6 PbPLR E[F 3T 4032 H9 M Kz

PEHX 1.5 4R AR K3 — 2 M) Ak MM AR B A TR A 3, 43 R AE . ZE MR BEAT PbPLRs 5:1A]
KB, HTATH ML AR, A5 4 3 A 1 mmol-L™" ABA. 1 mmol-L™' 7K ##& (SA) Fl
2 mmol- L™ MeJA Ab P[] A SEAE W, X 38 AR IO ER , (R R R, Fek, L
M 7K R o R (ck)o 80 2% it B IR) > 2021 4F 10 A 1 H 9:30, 10 H 2 H 11:00, 10 A 3 H 11:30, 10 A
3 H 22:00, 10 H 4 H 9:00, 10 4 4 H 9:30, 7EALFRJE 1, 3. 12, 24, 48 fl 72 h BURE IR A E R . K
H CTAB #2880 RNA, fifi | Takara 23 7] A9 PrimeScript™RT reagent Kit (Perfect Real Time) i 7] & S % 5%
G L cDNA. F FHAE £ [ v (http://primer3.ut.ee/) ¥ 11 PbPLRs ¥ T YEGI1 ¥ (36 1) H F S0 28 6 o &
PCR 52, Ef PCR SUMIAZ (10pL) 24: SYBR Green5.0puL, R (10 umol- L) 4%0.2uL, ik 0.8 uL,
7&K 3.8 uLo RWFEFE K : 95 °C FASHE 3 min, 95 °C 55, 60 °C 30 s (A58 Ml REFOLES), 1t
40 1 ¥ . FI Hl CFX96™ Real-Time PCR £ Il & 4t (Bio-Rad, 3 [E). WZ N PbEFla, %M
2-AACHL A H B SE R AR XS FRiA 5 . 32 FH SPSS AR X e s E E A T AT

xR1 IHHNEE PCR (RT-qPCR) 3158
Table 1 RT-qPCR primer information
GIL P i SIYIFFI(5'—>3"

PbPLR1 F: GGCACAAATCTCATCAGCAA; R: GCCAGCTTTTATGGCCTGTA
PbPLR2 F: TCTGGATTACGTGCAACAGG; R: AGCGTTTGAGATAGTCCTTCG
PbPLR3 F: AGGTCTGGATTACGCACAGC; R: CGTTTGAGATAGTCCTTCACTCG
PbPLR4 F: GGAATTCCTTGCTCAAATGAAA; R: TTTCGAAATTTGCCAGACAAC
PbPLRS F: GTGGAACAAGAGCCCAAATG; R: CTGGCAAGTGGGTGAAAAAT
PbPLR6 F: ATGGGGTGGATAGCAATGAC; R: CCATAACACGCTCTTTATATGAACC
PbPLR7 F: AAGCAAGCAGTCAAACAACC; R: AAAGAAGCCTACGGCATGG
PbPLR8 F: GTCGCCGGAAACCACTTG; R: AGTTATTTGGTAAACCAACCTTGA
PbEF1a F: CATTCAAGTATGCGTGGGT; R: ACGGTGACCAGGAGCA

2 HEREAM

2.1 HEHPLREIXGHRRLEE

HETIEGIF APrRs FFF, W BLAST Al HMMER 3.1 45 {4 7 1] £if 55 5 20 vh 48 2 PLR %6 %
B AR BLAST 74 ) i 56 P 4 rp %58 12 Mk PLR JE X, 553 HMMER 3.1 %58 10 N alibt, 2
PR S e s, L% 8 4 PLR R RGN B (% 2), R HAAER Ak EOEmaHh
PbPLR1~PbPLRS.,
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&2 B PLR EEARKNERER

Table 2 Basic information of PLR gene family in P. bournei

HEF AR 35943 F/kDa Y IR L E PSRN VAT RAEERA A
PbPLRI 35441.98 5.90 82085409~82088341 chr01 336
PbPLR2 35320.24 6.23 82091009~82098484 chr01 312
PbPLR3 35378.05 632 111385794~111390362 chr02 312
PbPLR4 37 844.40 7.74 80076163~80082267 chr05 312
PbPLRS 35378.05 632 81056124~81058143 chr05 284
PbPLRG6 34970.24 6.41 52893843~52901318 chr10 316
PbPLR7 34910.23 6.10 52876836~52885817 chr10 316
PbPLRS 13 320.63 8.76 52801277~52802274 chr10 123

2.2 PbPLRERLBEEMSEREF S

PbPLRs JE R S M A fE B2 1. 2. S AT 10 S e fafk, Hp 10 5ok E R ARE, &
3/ PbPLRs 51, 2 5 YR 1 A Al bl o A Ik PR ARl < (R R 45 SR 2 BH . PBPLR1 1 PBPLR3 42)03
T REBCER, i PbPLR1 F1 PbPLR2 L)} PbPLR6., PbPLRT Hl PhPLRS 45J75 | HMk & .
23 PbPLRERZEMEREARTEFNON

F ] GSDS #k i 2:] PbPLRs JE K548 151 (18] 1A) W UL: 8 > PbPLRs ¥5 A7 /0 2 A Ah -, Horp
PbPLR2. PbPLR3. PbPLR4 1 PbPLRT % & 4 MM T, BB SA NG T

%f POPLR & [ 5 BEAT AR SF L (Motif) 04, LRG3 14 AMESF I (8 1B), £ F 4 H x4 Hr
&P : PbPLRs #f A7 {57 ) NADPH 45 5 {3 s Fli6i 2 B2 (Lys) 36 P67 & (8] 1C), PbPLRI & A F¢ 5%
Motif 11, Motif 13 il Motif 14; PbPLR 6 £l PbPLR 8 & A %74 i1 Motif 10,
2.4 POLPLR XEZRGHML DI

JWF5E PoPLRs S5 kAL G R 1 BN LA AL BT g, BEBGR A G842 . JL3ETvm, DL T
YIRS . AN RS AN E PLR & T RGBT (B 2). R bR . WY
)65 V5 ¥ TcPLRs AL 3EF7 41 TpPLRs J&@[Fl—4337, RIRR-FAEY) Mg FAEY PLRs ANie R YT sk Bk
WHAT, BIAT 48 2 43S BEV 720 SR, Bk AT PLRs AR RS S AR e BEME T 4 B AN R S BE, AR
TRl —743 3 %) LePLR1, LaPLR1 Fl LuPLR2 AYJIEH (w45, #E00 PbPLR1. PbPLR6. PbPLR7 Fl PbPLR8
M s (+)-FANEEE [(+)-pinoresinol] FI (+)-7% M #A i B [(+)-lariciresinol]; [fif PbPLR2, PbPLR3 Fil PbPLR4 [F]
J&F—1/N32, S ()-FAIREERT (—)-75 MEAA IR B R LuPLR 1 FIRATF (+)-FANGEEFT (—)-7% P N8 BE Y
LpPLRI JE %% 5 R 43T, #EW PbPLR2, PbPLR3 1 PbPLR4 1] K (—)-FA iR B 38 JRL A (—)-7%& I i i B .
PbPLR5 5 HAt PLR W01 RGO R B, ARefl kst
2.5 PbPLR EER IR ERTHS

Je B DX X 8 4 T A 1T e M R DR A, A3 iR POPLR FE[H i 2 000 bp J7 41 iE4 715
KAER T b, KR 3h 7 X I H L2 Fp Al i oo fF (8 3A), 3224 45 3% 3 i 7 o 7 4 i 75 1R
(ABA) MR TC . FREEZE (GA) MR TCHE . SEFIR G (MeJA) W N T4 FUK R (SA) MR oiE, 53
e ia e W TS, X PBPLR KR 3 IX AR WA W TS 73 iR W] . POPLRs & 5 FE i i
gl WVEIR . KR . TREER . KA EAEKE (Auxin), &1 PPPLRs /0 FA 2 MK RN G
4, FHorb PbPLR2 SR W N o % (6 1), PBPLRAAL 2 4> (¥l 3B). fE4=#K POPLR Ji 8l X 35k 4 i )i
Jofkrh, RN TR Z R BIVERR (9 1), HIKNREER T 1), EKRE&EML 24 (B 30),
2.6 ARIBELETH PbPLR RiEDHT

I 52 B %€ % 58 B PCR (RT-qPCR) S W K Il T ABA ., SA Fll MeJA Ab BEJ5 AR . 25 A1 it /Y
PbPLRs 3N (kK (K 4~6). 450 8 4> PbPLRs F:HXT ABA. SA Hl MeJA S47 0 )i, 43§
1~48 h, FEFFAKFBE LIH, 48 hifibigmfE, 25 LINEEREL, i, ABA 4bHE 48 h J5 AR &S
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Figure 1  Analysis of PbPLR gene structure and protein conserved motifs
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Figure 2 PLR family phylogenetic tree of P. bournei and several species
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Figure 3 Analysis of putative cis-elements in the promoter regions of PbPLRs

PbPLR2 ikt FIRMBEE K, M ok 19 400 £, ZEHEFRIBAKF LR ok 19 300 £, HI R ik i
AN, M TAERFR AN, ABA 4bHS i) PhPLR6 1Rk IS UR K, 48 h AR AR I
WEECH ok 1Y 35 1% ; ABA A3 48 h J5 1Y PPLRA 7r i FEfEEUR I, H ck 19 30 15 (14 4).

SA WFRS, MR PPPLR2 Fikim FRMEEUR K, A ck 19 400 £, POPLR6 fEM. 25, mhrpdyy ik
ik, i PbPLR1, PbPLR4 I PhPLRS - &f54A% (14 5).

MeJA Zb3E 48 h f5, MR POPLR2 FRikfa FIRAEECH ok 19 500 £5, HZEriLik 400 f5; PbPLR3 1E
P55 FEN ck BY 140 1% (1] 6). PHPLRS X MeJA Ab BRI N A B i, ZEFIAR b ik i b iR 3 2 4%
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Figure 4 Expression patterns of PAPLRs under ABA treatment

fik, 10 ABA(I¥l 4) Fil SA(IX] 5) kb FRJ5 PHPLRS Wikt LiH i3 (P<<0.05), %455 PPPLRS JA 8 FIX
IS A R R T
3 itk

KIEZEIA AW EA R A Z N TR, PLRAENAYI AR R Y& Ay 52 R AL 2 —
BLR TR, B, EWRRTAESR 2 4 PLR HF (LuPLR1 1 LuPLR2)™, B A3l pg o+ 4t
A 24> PrR 3 (AtPrR1 M AtPrR2)", SVEAZH R T 3 4~ PLR 5:H (TcPLR1 ., TcPLR2 Fl TcPLR3) 552!,
A 5 DA 1) A L R 2 o R 5 B 8 S PHPLRs FEH, AP0 TN 4 Z ik B, H¥N&A
PLR Z JG A& 5F 1) NADPH %5 & 037 i3 F#i 24 2 15 1k £ 25 . PLR J& T° short-chain dehydrogenase/reductase
(SDR) BEHKIE, EKWE) 22 SO PA IR B, HAES Sy b BAA R oge e,
[ rg AR B 2 (1) PLR B T RES 5ONRMR I B, JF R A Dhfesr k.
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Figure 5 Expression patterns of PbPLRs under SA treatment
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Figure 6 Expression patterns of PAPLRs under MeJA treatment
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