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Abstract ; Phenylalanine ammonia-lyase (PAL) involves in the process of phenylpropane metabolism, and PAL gene family
plays an important role in the process of plant resistance through regulating the synthesis of plant antibiotics. In order to
clarify the expression and the comprehensive analysis of the millet PAL gene family under adversity stress, bioinformatics
methods were used to identify and analyze the PAL gene family in millet. The results were as follows: Millet had 11 PAL
genes, which were unevenly distributed in different chromosomes. All the PAL gene family contained conserved PAL

domains with one to six exons. Phylogenetic analyses showed the PAL gene could be divided into three subfamilies, except
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that SiPAL7 evolved into one by itself. PAL gene contained cis-acting elements that responded to hormones, adversity stress

and other factors, indicating that PAL gene was widely involved in different biological regulation processes. RT-qPCR results

showed that millet gene family were mainly inducible expressions, and the expression patterns of PAL gene changed

obviously under different light conditions, and different genes had different response patterns, indicating that the millet PAL

gene family played an important role in the light regulation response. The PAL gene of millet is highly conserved, responds

to different abiotic stresses and has expression specificity. The results suggest that PAL genes may play important roles in the

regulation of development and stress responses.

Key words: millet (Setaria italica) , PAL gene family, bioinformatics analysis, protein structure, expression analysis

TR R i Tk ( phenylalanine ammonia-lyase,
PAL) BN LA R th B OGRS, 2 5 AR R X
MG DB A G R, T2 A7 T4 Fa b
(Fraser & Chapple, 2011; 35 7L#5%,2016) , Koukol
1 Comm ( 1961) 7£ KA ( Hordeum vulgare) "B IR H:
B PAL HEH, 5 28 548 & ( Solanum tuberosum )
(Joos & Hahl, 1992) . Ml %L ( Nicotiana tabacum )
(Reichert et al., 2009) %5 &5 4 AH 4t AR 4k 43 25 4l 4
5] PAL EEH . #HRSCAE(2017) F5E A L PAL £
AR5 Y SR AT 2 A7 78 T 40 B 5 A dA | 3 2ok
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HHEREAEM, BaFik s R MYB # 5% K+
A I 5 PAL IR 31 KB, EAT B SOKCF 45
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F, MebEds (2019) 5 R M PAL 5 & YWk
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AN T) 07 984 0] 8% T 2%, Lister 25 (1996) 1 IR &
PAL 36 53R (Malus pumila ) S22 & AT
FERFE LM, B bids (2019) 58 K Bl MaPAL
TEAFE (Musa nana) 255 & F G FE & 2 B 3R
IR IRGPAR P o 783X — B Be B A B 1 R A R
. Olsen 45 (2008 ) ff 5% A& B FE I+ ( Arabidopsis
thaliana ) AtPAL1 AtPAL2 3£ PR 76 5 38 AN A8 4k
AR R RS B S AR R

Bifi o 5 D] 28 2 1Y) i 2o i AE A 5 DR 2
FHARE R, AE Y T PAL 5 IR %) 2 fig ki 2215 2 5%
K& ( Glycine max) PAL1-1 PAL2-1 PAL2-3 £ K J5it
R A M R b A AR R (G 55 2016)
ZmPAL10 58 ZU0E S SOR R AR e K (Zea mays)
R (GBEER A ,2019) 5 VamPAL 25 114 % ( Vitis
amurensis) AL O LR (R 55 ,2018) , KR4

SR KR bR A TR K BEAT RS
Brb B S T AR 7 i o0 0 R 3 (A
2020) , & F ( Setaria italica) N —4F £ RABE
Yy, SR/ B oy AR BAT BT B0 AR E
B R R SRR SR IS A Y 0 5 DR A A R
Wy AL B BB (RS, 2020) . TR
BN KB, 8BS AU RAE ) (R A5
2019) ,PLidi & i ) LR 55 R A BE R © B A
B T AE /) B 2 35 ( Nadeem et al., 2020), 2%
S ALK 2 W 0 58 R A T BE SRS T R
fill, bRl A st AL F 90 © kA RS B R 2 2 AR
(Bennetzen et al., 2012 ;Zhang et al., 2012) , PAL
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R TG Ra se J b A i, S WA 45 F PAL ZE D
G AE 1 35 10 30 3k 2 v i VR R AL A 5% R
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M A T (Setaria italica) FFh g —8EH ¢ gk 2R
A 85 AR T AL =Bk g, Ay B E T A
RO TR £ WD I 2D SRR B 24 h,
Heah ot i AR RIS, -80 CARFE .
1.2 &F PALERRNEEREBF IS

FIFH Pfam 04 FE A 421 T 20 PAL 25 F1 45 H4 1k
B e I SR AT FAR IR S ( Pfam 5% .00221) ( Finn et
al., 2008) , #JH plant Genes FEKZH KL Gene stable
ID J% Transcript stable ID,i#1f CDD I InterProScan
X Gramene [ 3k 3R HR ) 3 91 47 i 58 28 5, ZSBR T
A, 158 PAL T A B 0K 8 A0 5 B R E B
(Marchler et al., 2009; Hunter et al., 2009), F|/H
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ProtParam 04 2218 15 Fr 5 (G BAS 2 Z L 5 55
FEL A A5 FH T 2 B )R DG PR (R AEE S, 2020)
1.3 BRI EEE M

i MG2C fE 4k T. 2 M4+ 7 PAL 3 [H i
BI5GB LU Ensemble Plants £ i | (1) 4+ 4L 8
KB, 2 PAL JED A gL O R e 1
1.4 &F PAL ER ST R HLR L H

i Fi] ProSite 1 Clustal X 7E£8 %k {4 %1 4% T PAL
S B HETIF A% 5T, i MEGA 6.0 %
A 15 435 ( neighbor-joining, NJ) |, SR FHTH AR Y
21 25 T E A ( bootstrap “A7 1 000) ( Larkin et al.,
2007 ; Sigrist et al., 2010) . it ik 5 g —fHE
i B ( Brachypodium distachyon ) . & 3 ( Sorghum
bicolor) Ju ¥ ( Setaria viridis) 55 54 1> PAL Z %,
D32z B L EAE A (bootstrap S ERIAED) .
1.5 Motif 3% B & B Fi il

7E MEME 35753 341 PAL 1Y motif #xX (5
/NTERE R E A 60, i K T8 FE I E R 200) ( Bailey et
al., 2009) ; F] il Weblogo 43 BT 15 i PAL 45 4 15}
motif ( Stacks per Line % & & 100); 7 SWISS-
MODEL [ 3§ H 1] FH JH: 45 35 DAL o7 o5 290 4000 %6 o v
R R 2H B AR ST T 91 T 0 FL = 2 235 4 I 15 21 15 e
F3 (Kiefer et al., 2009) , AR P& [ Jr i x) —F#
JEARE KRS AP PAL & A BEAT U 23 X
Lo A& Wy R 0 28 1 45 25 5
1.6 PAL Bt &t 53 R

1t PAL R4 & 8 0 56l B, A 7 oK R
(Oryza sativa ) W HE R RIER BCARI%EE, FH
Ensembl Plants [ 3 fi%) 35 [K 20 HE 82 D) BEAS- 2 45+ Fl
JKAE PAL [A) I8 %) 19 [A) I 3 28 & ( Wang et al.,
2012) , 3£ gy 0 04 i S FE K57 B, 7 Adobe
Hlustrator CS4 R AF22 1 45 5 FKAE PAL 7] 32 W)Y
(IR L 1| o B AR L 1
1.7 PAL EE &5

i1 Phytozome i 72 3R 15 4% F PAL LN 1Y
FEAIME Bl F GSDS 2.0 78 28 %45 122 43 1o 4
P50, 18 8N & F - T 25 M BL AL (Hu et al.,
2015) . TEA T HE R 20 R0 Hs R 15 3 PAL 2 46 2% )
F E#1 500 bp XTS5, FIJH plantCARE 3 Hr H
M A F oo, 3 i GSDS 2.0 4 H ] #i4k ( Lescot
et al., 2002) ,
1.8 &F PAL BEEARIEEX S

1£ Phytozome FUHE 3R 11 A3 K 76 A R i75
AT B RIA A AR OGS 2 H A

SROGIES 1 AR RS S0 A 005
SR EAHS GEFEOLIE SR T RIE SR,
PRZEFEF R 51615 T 1038, FILH TBrools £ il #4
& ( Chen et al., 2020) ,
1.9 &F PAL EEEARE LR B S TH RT-gPCR
ST

FIH DNAMAN %3154, e Actin NS5
o fH A B RNA B & 32 B RNA ( R#RA: 1k
B AR A]) |, FastQuant RT Kit & i ¢DNA , fifi FH
Agilent 3000P %¢ ) 52 it PCR L ¥t 47 PCR ¥ 3,
R 26495 °C FilAEPE 2 min, 95 °C A8 15 s
60 CiR:k 30 s,40 DY G, B EAT 3
WCE K 2R ] 27 g T B A 3

2 R 59

2.1 BF PAL EEARKLEE

AT AL ¥eE 11 A PAL R, 43 9 4x 44
H SiPAL1 ~ SiPAL11 (3 1), 11 4 PAL & 1% %)
ZR BN AR K E A 698 aa (SiPALL,
SiPAL8) ~891 aa( SiPAL7) , JF el 32 AE K & 2 142
bp ( SiPAL3) ~4 610 bp ( SiPAL2) , 4% T i & H
74.99 kD( SiPAL8) ~95.01 kD( SiPAL7) , 28t 5 K
5.82( SiPALS) ~6.52( SiPAL6) , &4 1 1~ ( SiPAL3 |
SiPALA SiPAL5) ~6 > (SiPALT) M5 1. MW 1
AR ML F 1S YRy 5 AL (SiPALL ~
SiPALS ) B A A LU 2 5 2 (BRI, HO 6 R0
WHES A — &, N T 7 S YAk 3 A A
(SiPAL9 ~ SiPAL11) B3R E 2% HEA , (B 45 5% 85 1
FIRREEN A 228K, TS PAL 2 F1 A S5 | i 34 7
5.82~6.52 Z ], it B AR TN 2 IR fidk S it EL A R 1k
fiE,PAL 2 [ 1T GE 76 55 B8 1 09 3R 55 vh & #EAE .
PAL B IEH B SiPALT (6) A1, A1 5 F 58 350N
HEM 10 A4~ PAL M5 3E R HA AHL DI 6E .

M PAL SER R Gtk A kB, 1 S Qe ik
5 B HEGI R PAL LR, 43 A 1 SE R B fe 22 57
SY R BA 3 4 PAL FEIH H X% HES HoAth e
ok WA R PAL JEH A0 (R 1,18 1) ;1641
PAL FERIAN 5] AR fE e AR 3B, Horpr 145
Ye kT 7 SY AR PAL F2 N B iR A . )
H Phytozome (4% 1) Gbrowse DI fiE b X W% 4341
) PAL 3 DX G205 B 03 -5 0 35 20 ) 2, 1 Jo i PR o7
KF , B Holub(2001) X 35 A&, B8 4
F PAL Z % R ] 3 i 5 B A i) S LR T b 4
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Table 1 Information of millet PAL gene family
j_;g}[/l:ﬂﬁ}_‘* IR Speculated protein
o Pt . -
HFH A a4 (VA= > ShETFHE Open
Gene Genomic Location P No. of reading Oy A
o o ) Chromosome ’ i AR R R gy
name accession No. (bp) . exon fragment A . Molecular .
location Amino acid Isoelevtric
length (aa) mass int
(bp) aa (kD) poin
SiPAL1 KQL30567 31757351~31761757 I 2 4 407 698 75.16 5.86
SiPAL2 KQL30568 31766821 ~31771430 I 2 4610 718 77.80 5.94
SiPAL3 KQL30569 31785798 ~31787939 I 1 2 142 713 76.76 5.89
SiPALA KQL30570 31795010~31797372 I 1 2 363 713 76.78 5.89
SiPAL5 KQL30571 31806380~31808854 I 1 2 475 714 76.84 5.82
SiPAL6 KQL27213 48576433 ~48579669 1 2 3237 703 75.70 6.52
SiPAL7 KQL13034 2230732 ~2234478 1 6 3747 891 95.01 5.97
SiPAL3 KQL02164 30509268 ~30512764 VI 2 3 497 698 74.99 5.93
SiPAL9 KQK98112 25018087 ~ 25020976 viI 2 2 890 703 75.58 6.18
SiPAL10 KQK98115 25037649 ~25040471 Vil 2 2 823 701 75.52 6.07
SiPAL11 KQK98116 25050638 ~25053780 VIL 2 3143 850 91.20 6.39

2.2 AF PAL E0 L Bipotg

FIFHER P F0 % 55 3008, 8 0 fg #2201 Hh 4%
+ PAL WHEAERT (1 2) o eI 2 AT AR i b
FANESFI R 43 3 B L A5 1 AURNSE 2 B A
A A ELA S A B AR, BEAh/NER 4 PAL R H
A FAE IS B 100, JEALR A F FME DL R B, X P
21 LA AT RE 28 0 &2 ] 0 T A5 21 3 BT A 0L 3
NIfe., R RIS MR PAL & A4
P35 R — LR 34 5 5 R R A A — R,
SiPALG6 Fl SIPAL9 43 5 il 58 7 — 2 , AH [ 45 44 1k
RO R—H, WA, SIPALT ph [ 4y 32—, i
SiPAL7 "] e A AN E A HE L
2.3 AEWH PAL EE#HLER

FIH MEGA 6.0 #4513t 6 A~ F
(1) 54 4~ PAL & A M AT M i R 5k B bk
B 3) , A 3 RT%0, PAL B PR 52 1 4k 73 B b
Ve AR 9 A, mR 8 A MR 11 A4S K
FE 10 4> PAR ST S AN PAL A A, 7 INEE R R
Hph R PAL A 2K GHERE, AFHH
YR Z (BB PAL £ A EAA B m i AR
2.4 F PAL EARIEHE S

i1 ProSite #K /4 XF 47 T PAL £ H 1) 45 #4 35§
ISR LI, BT PAL & A BA RSP PAL
ghfgl . MK 4 AT, SIPALT 8 G &4 PAL 45
¥k A A AT HiRna 54938 HGTP 4544 3, H v

HIRNA 285 ¥4 35 T B8 4 4 2 Mk R 1 R 19 & Bk, HGTP
SEAYERRT e 5 A G B I A A G, SiPALT 1Y
AEMKERK WA EASHEES, TS H
AARZMN BT (6 M AR, BEREHAES
Fis A% 5 8 SIPALLL i [RIFE AT 30 K 0 & LR 7
G H K& PAL A5 M5, B8 SiPALLL 1] #E
WA — SR 2 A B I 45 M3k, 3 52 MEME 4K
X4 F PAL 2 A 45 M 3050 B 2 B0, PAL 45 & 45
R 1 S R TR A B M AR E
2.5 8 FPALZEB 3D EHMEFIISH

I FH SWISS-MODEL # {443 #7 45 F& K A5z 5 M
RN 2 i o 0 R S5 3 7, B4 F PAL )
3D 45K KB, 44 T PAL 25 10 PAL 3D 4576
SRR E AR 2 e S (K-S,
A) . i1 Superpose Version 1.0 ¥f 45 %) F [8] 1Y
PAL % (A 3D 45 %t o, Ho (5 /N SE B ) F ]
PAL SRS MBAL, 2T, MERSS
T 3D G A 22 /N (0.38) , H IR o SRSk
TEOL—2, WE P B L R 2ok &, M2
R EAS TS HEHE(3.93), X585 FHM
Sy S P N RS R OE /R DO AN P U
H 3D &5 &8 PAL EH I =M RKEZHA
X U IH L A A5 H B oT B —E M
I, I R AL R B X Fh X BR R K % PAL
LR A .
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Fig. 1 Chromosome distribution of millet PAL gene family
99 (SiPAL3 WAk, 1538 PAL NN &+ -4 BT S5 H B AL
’s ﬂ[';?ﬁg;g (K 7.A) KB, SiPALs SR Z 50 H BA 1AW
| 1 I
100 SiPAL2 2 F ( SiPAL1 | SiPAL2 . SiPAL6 . SiPALS . SiPAL9 .
SiEALLL SiPAL10 (SiPAL11) , H. 33 26 35 K] 1 A1 i 45 44 K¢
SiPAL6 “ N NS
oo Tsipars RN — 5 B R AL , 355 7 25 4 £ A 0L 15
bl . ]1 3. N N P —1
190 [—SIPALL0 B AATT VT 8 7 AR 9 89 A Ak i R R BAT AR TR B AR
I:l” :Eﬁf? 1. SiPAL3 SiPALA SiPALS [A)# B A7 A1 5] i) 4 i
SIPAL7 | I T4 B AR EGRNET T, SiPALT WA RZ W
— W& FEEE(S),

0.1

Kl 2 PAL HEH ARG T IR
Fig. 2 Phylogenetic tree of PAL protein

2.6 &F K#E PAL RIRL &M S

A Ensembl Plants F 4 synteny aets 3 45
T FKAE PAL [RIE P () [R) 95 L 22 18], i o e o fk
FEANL SR L 25 4% F K AE PAL T8 549 1Y
[ & (] 6 AU RARER ALY ) o &1 6 25513k
W1, 45 11> PAL 5 B0 ¥ AT FE /K g v #2312t
RILH, WA A 050220626100 , 050220626400 45
KRG 2 SY iR A X S/ F 1 53 Ek
SR A B B SR 5 050520150900 1 7K
Fi S SR XS5/ T 3 5 4L @k g3t
PRL2H B B 328 1 [W FE & A 050420518100
050420518400 [H7KFF 4 5 Y o fA KL R 41 IX 1) 5 4%
T 7 Yo R e BLAT SRR
2.7 PAL BEEEWH

FIH GSDS 2.0 X 41 PAL IF5\ 45 B 40 #r 37l

4 plantCARE 4347 15 3 (9 0 =X 4 HI oo IX 3
AIAL 158 PAL AR ey A L, B 7. B 45
RN, PAL FKiE & Z R E AR 5w B oo 4
WA SR oo E, Hod, 3 fe) 14k 2R A R
MG FEAE T A PAL JEH v | I 7% PAL JE PR3
1 N AR N IR R S S Y hOR R A b
H T IR F 3k To i, RAFTE T SiPALY vh ; Hifth
AR ZE A AT FH o F an i sk e B 4543
SISy ARTE SiPALs 25 AE, BT, PAL KGR 1E
BT EE PUR L v L E AR
2.8 BF PAL ERERIEHH

M Phytozome 4l FE AT (19 11 D HEHFES F
ENEEERARE DO N E (2 7/ BN O E v & €
FIH TBrools ¢ 2% S vT M4k , 2 il #4 &1, 4n &1 8 Fr
7N T PAL JE R RGN 21 3238 & Hifr SiPALL |
SiPAL2 SiPAL8 SiPAL10 {E38GiE S 1 BB 2 B
HiE T B Z 2R R A S IE O
ERIR . TRESFWR REHSFOR RIETHE
S R A EL A I T A R R Rk R 7R
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Black is Setaria italica, cyan is Brachypodium distachyon, yellow is Sorghum bicolor , blue is Setaria viridis, purple is Arabidopsis thaliana, red

is Oryza sativa.

K3 AFEYH

PAL & A b

Fig. 3 Phylogenetic tree of PAL protein in different species
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PAL protein of Setaria italica
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Fig. 4 Schematic diagram of PAL protein domain of millet

s AR 2 A R R A SiPAL2 B
B[R E £k, HoAh & KL P A~ F ik, SiPAL3 .
SiPALG6 SiPAL9 TE 4% F A [R] 41 43 1) 3% 3k i 34 Bl

AR T HA I N PAL K FE N Rifs G/ &k Bl
T RoR N T AT, Rk E N R ol i
il , 7776 G AN ] 5 IR 1 22 Sk
29 BF PALEEEARRNRES TH RT-gPCR 5347
& 9 Al B, 21 9% B8 OF T, SiPALL | SiPALS .
SiPALS L d ek AT FE PR 5 %0 REAL AR E , R B
ANEFRE R TR, #BOLB SR SiPALL , SiPALS .
SiPAL10 4 FiE %35, SiPALT 5% R ZH AH H TC W 5
ARk, BRE AN IR | SiPALL | SiPALS | SiPAL2 % I
WG, HAb IR R B T, Hovp SiPAL6 ik iw
WA, 20 )% BB 5 R, SiPALL | SiPALS | SiPAL2 .
SiPAL10 SiPALS SiPAL11 %5 [ 8321k PAL Kk
FERTEAS RGBS SRk AR AL W | BERH PAL
FHAFES TR TR R IFEEZEIEN, SiPALL |
SiPALS h FEH 51,
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Frequency

RAFEMAL

Amino acid site

AT RS HiR PRI KA
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Fl4 Species A F Setaria italica
TN Brachypodium distachyon 3.93
=5 Sorghum bicolor 0.67
MR HE Setaria viridis 0.38
AR ST Arabidopsis thaliana 0.81
IKFE Oryza sativa 0.95
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