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Genome-wide identification and expression profiling of
PAL gene family in Carya cathayensis
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Utilization of Its Products, Zhejiang A&F University, Hangzhou 311300, Zhejiang, China; 3. Bamboo Industry Institute,
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Abstract: [Objective] Phenylalanine ammonia-lyase (PAL), the initial enzyme in the biosynthesis of phenolic
substances, is of crucial significance in plant growth, development, and environmental adaptation. The present
study aims to identify the members of the PAL gene family in Carya cathayensis (CcPALs) and analyze their
expression patterns during callus proliferation and browning. This analysis may provide a theoretical basis for
the manipulation of CcPALs to inhibit browning and promote regeneration. [Method] Based on the whole-
genome data of C. cathayensis, PAL family members containing conserved PAL motifs were screened. The

physicochemical properties and gene-structure characteristics of CcPAL proteins were predicted and analyzed.
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A phylogenetic tree was constructed using PAL sequences from multiple species. Additionally, the expression
changes of CcPALs in callus after subculture were examined through transcriptomic analysis. [Result] There
were six PALs in C. cathayensis in total. The amino-acid lengths ranged from 657 to 760. These proteins were
all acidic, stable, and hydrophilic, mainly localized in the nucleus and endoplasmic reticulum. The secondary
structure of the protein was dominated by o-helix and random coil. Phylogenetic analysis revealed that
CcPAL1-CcPAL4 cluster in the dicotyledonous plant branch, while CcPALS and CcPAL6 cluster in the
gymnosperm branch. Expression analysis showed that the CcPALs displayed different expression patterns after
callus subculture. [Conclusion] CcPALs exhibit high conservation. However, CcPAL5 and CcPAL6 were
more closely related to gymnosperm PALs, potentially indicating significant functional differences from
CcPAL1-CcPAL4 in secondary metabolism. During the callus proliferation and browning process, the
expression patterns of CcPALs in different branches vary. This variation may potentially regulate the metabolic
flux of phenolic substances and thus influence the regeneration process of C. cathayensis. [Ch, 7 fig. 4 tab. 37 ref.]
Key words: Carya cathayensis; phenylalanine ammonia-lyase (PAL); callus; gene identification; gene family;

expression analysis

RN AR 2 W (PAL) AR AE AR rh A CSEmG , Ak R TN IR % e s X R, i
AR REHE R AR R | B2, FURFMEWIIE L, XY A K T PR E Y 2 56 H
B PAL FERZF G A AEAFREY) PSR 22 5 B3, WIIEEIT drabidopsis thaliana™ F14R L Nicotiana
tabacum 54 4 TP, IKAE Oryza sativa 55 9 M, Bibk Juglans regia 45 12 1P, X H63E P AT G H A A [A]
B R IBA NI RETUAY o HURGIT AtPAL RN AtPAL2 32 WAL T R FRAE T ZINA M, HAFEDIREITTARY,
MU RARK (pall/2/3/4) FIHAERKFE B EFED . 8L Pyrus bretschneideri ™, PbPAL1 5% A 2 i Al
KRIFEAGE . Beoh, PAL IEFRAEAEYI B B FEEEAEH . KAEM Pinus taeda 1) PAL 724 Fl
A TR FR AR, REHS S5HYBEE NS, 55 Sorghum bicolor W WRFERIMFF KB H
FEUSE U5 SOPAL FHEDRI TR, 305 1F [n] 45 7K A% R A0 1 I3 00175 - e B8 400 ) o s e R ) A R A B )
HAT UL, TRAHSY PAL BRI KGR SIRE, A TP | SUmbi R aE )y DLk AR - e BA
HEEX,

WM Carya cathayensis RHIBEF} Juglandaceae WK JE Carya T IRAC, B Dy 2 A& AU, (L%
e AAGHY) P e, BAEEAERNMEMRTENE, R F R ILRRZ 0, SR, 7EEK
B, WMk TERY & e . KRR LR TS REME, fE7E™ 5= W4 1k R g,
PAL 1R 45 3 SE 3 2 ) o 5 B DS ,  JLZ5 A s AR A R BB Y i & i 2 G 2, it
YRR T Petroselinum crispum WK TR 2 R fift & i (PcPAL) RO B /K &5 & L ASHE 7ok r, v LA PcPAL X
R T PR R TR R IR AT A W 3 M TR BT KRS PCPAL 1K 4 R S PR R Y R0 AR 5 1134,
F137. 1460 ENCEIHURIIF AtPAL FIZ A5 10 3% Anabaena variabilis ) AVPAL L, A[ {875 A PALs 7EJiE
W SsPE 225, JF IR R S PR TR SRR 2 AE B, GE i AR AN R PAL B A9 2549 D) R AR
Yiiwts, RIS A O PAL JER, X F IAZME A R R AR AL A R R s A EH 2L
VERT . ABIFFEHE T LA MG 4 3 X AL 00 P R S 2L I P O 28528, B LAk PAL (CePAL) £ G IE 5L
5% CcPAL Ffih & 3L R BT A EE H R AL, ABFSE CePAL FE ILAEHR I 280 0T 6 1 DA S o 43 1 45
gtk . ALV FA D A VE AL RS
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1.2 CcPAL ERFREM REE

R CePAL B F G5, MRS IF 5 B 78 I HP O 808 72 (TATR)(www.arabidopsis.org) H 3R HX
4 % APAL SEEH P51, 7E 3 [E E K AP EARME B (NCBI) 345 JrPAL (1X069977.1)" JEHFF 51, 4
SUWER query PRI R ILAZME PAL W01, #1728 UHHIE, 38 TBtools 14! 78 Ll AZ k3 A 4 £ 4817 A
B S LB vh EAT BLAST HoXt, R0 U X E<<107'°, fiiik ILAZ%#k PAL AR )75 . i3t InterPro
(www.ebi.ac.uk/interpro) [ 35 "™ ffi I\ PAL & FH B9 RFAFE 25 38 PF0O0221, i — 25 56 1k A 355 35 PR 0% B 5%
ARG LAZ G ARG AN R, K2 KUK fir %4 A CcPAL1~CcPALG.
1.3 CcPAL ZKHRE B IR L 1% BT 53 A2 0 20 B 7E iz Tl

F| FH ProtParam (https://web.expasy.org/protparam/) P!V ZELE T CcPALs 25 1A R LR K B . AH X}
sy, FH A IR R BB YR K RACEIRAL A BT . W] B 38 3 DeepLoc2.1 (https:/services.
healthtech.dtu.dk/services/DeepLoc-2.1/) W35 X CcPAL % 45 1 ) V.41 i 43 A7 A5r & B4 7 B0 438 o
1.4 CcPAL RXEEH - REMM=RESTH

i 3+ SOPMA (https:/npsa-prabi.ibep.fr/) B 3521 A1 Phyre2 (http://www.sbg.bio.ic.ac.uk/phyre2/html/page.
cgi?id=index) M3 Xt CcPALs [ 20 25 F1 = 2 45 A A7 T 3 Afr A m] #04k
1.5 CcPAL EREKERTEMIFFRTERF S

FI R LWL AZ Bk 3 IR 20 1 B S 2F, i TBtools 4744 Visualize Gene Structure 5t 7] ¥4k CcPALs H£:[H 45
¥y 1] ;8 i NCBI W %5 1 9 Batch CD-Search 1. H. (https://www.ncbi.nlm.nih.gov/Structure/bwrpsb/bwrpsb.
cgi) #4159 CcPALs 5 H IR SF45 3%, fd ] TBtools X f Visualize NCBI CDD Domain Pattern £t i] #i fb 4%
Fy3ak ; 38 32 MEME (https://meme-suite.org) B ¥ 21 43 8F CcPALs 25 [ B9 PR <7 3L 7, FF1# B TBtools 1
Visualize MEME/MAST Motif Pattern BiH 2 il K114 .
1.6 CcPAL ik Rt (L 53 1

FIH MEGA 1129 3F 1 #Z#k . $ARGIF . KAE Oryza sativa. EHA% Populus trichocarpa. ¥ibk. A
Cunninghamia lanceolata . W} 7 ¥ Pinus pinaster F1 'K XE¥ Pinus taeda 55 8 T Fh 42 2% PAL & H ¥ 51 it
TEHXT, SRAIAR#EEE (ND), KR 1000, HASEEON, Wl RGN,
1.7 HERANF

WEE#3A INZMEW 4R1C /5 0. 3. 7. 10, 14, 17, 21 f124d %f . A. B, C. D, E. F, Gl H#¢
A) A SRS, BNIRLA 3 AN EK . FERRAE T80 °C UKAE, BHEMIE, 2% MonPure™ Plant
RNA Kit (polysaccharide & polyphenol-rich)(Monad, cat.MI10101S) /55 2 B 2 iy RNA $2 B0 & i i A
FryIrik, FRBULAZBR A RNA, BTk 648 5 ZFER0 N IR A= P e AR B0y A B2 w1 R4 E cDNA 3¢
i, % 24 S RNA $E70 S 565 A Ao BTN A PR e dn 24 w2047 T AL R B0al 1) Joa 42
WA A L AZBESE D AL B AT EE X, 2 05 X R sl e S AR b ATl 2 . BT SE (R F%
SERE T BESHE B A B (FPKM) 78 & DA K 22 S5 3L K 40 o
1.8 WZBkER BRSNRAERHE CcPALs RiEHDH

W BN AY) =6 (https://www.omicstudio.cn/home) 73 AT LA BE A7 41 21 1) CcPALs R £k &,
FFHIVERIA

PRS00 7. 14 81 21 d IR A5 4L 8L AT S 9t i PCR (RT-qPCR) RIA BRI, R
ZHEZ B RNA S U0 & (DR0407050, #i VL5 BAS AL W RHECA BRAA W) 43 il e BOCE A5 ZH 2L 6L RNA
i i S sl & (RRO36A, AR H ERA W EOARA R 7)) 735145 il cDNA, B F-80 °C vKAf & H] .
B A 420 cDNA Jii & 4 B )85 3] 100 ng- pL™', K FH NovoStart® SYBR qPCR SuperMix Plus(E096, 75
PN B 2R 1 R A A1 FR 2 \]) 7E CFX96 Touch %)t ft PCR X (BIO-RAD, K [E) LA CePALs
M RIKNE D o pactin FNSEEH, FIWHEBWE 1, B3N EYS¥HEKE, @i GraphPad
Prism R {FIEAT 5L R K 5 2253087 (one-way ANOVA) Fliil &

2 HEREAM
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xR 1 SLIER{ERAM RT-qPCR 5|4

Table 1 RT-qPCR primers used in the experiment

R IETII(5'—3) TG 14915 —3")
P-actin ATGGCCGATGCTGAGGATATT CACCAGTGTGTCGAGGTCTGC
CcPALL ATGGGTTGCCTTCGAATCTC CCAGGGAGTTCACATCTTGG
CcPAL2 AGGTTACTCGGGCATCAGAT GCCTATCAAAAGACCAGCGA
CcPAL3 CTGCAGCGAAACCTATCCAT TGGCAGTGTTCAAGTTCCTC
CcPAL4 CAGTGCGACATACCCATTGA TTCCTCAAAGACCCCGATCT
CcPALS GCTTGGGGTAGAGGTAGCAA GCATTGGAGAAGTCACCGTG
CcPALG6 TCAGGGGATCTTGTACCGTT GCAGAAATCCCAGCTCTTGT

itk JIPALs #FATHE R, HRIZSEE ) 6 4~ CcPALs 2511, 735l 4 i CcPALL (CCA0546S0150), CcPAL2
(CCA0589S0228). CcPAL3 (CCA0589S0229), CcPAL4 (CCA1013S0012)., CcPALS5 (CCA1591S0016) il
CcPAL6 (CCA159180017), 4341 CcPAL ZR 5 B 51 Y 2d SR 4 i A BRAL R Bt & 0 . CePALs i &% A Y2
FEMR AN 657~760 1~ ; 6 1 CcPALs K G K 51 5 2 M8 (Leu). N2 (Ala). H 2R (Gly) Fi4s &R
(Glu) TR NFTE; /7 FiH 71.87~83.88 kDa; SFHLLH 6.01~6.41, #/NT 7.00, J& TRRVEEH; Fr
A CcPALs & H A FRE BB/ T 40, TaOEPERGE; 6 1 CePALs & P RERKER BN T 0,
BT EKEE, Hf CcPAL6 E/K IR (35 2),

%2 CcPALs EHELER
Table 2 Physicochemical properties of CcPALS protein
BER ARREA EEEERASSEEX %) HISSFHEA S ThR/ADa ARUERE IRIHEEC POk R

CcPALL 713 Leu(10.7). Ala(9.8). Gly(7.7) 6.41 77.54 32.96 91.85 -0.149
CcPAL2 657 Leu(11.4), Ala(9.1). Glu(7.3) 6.07 71.87 32.62 95.65 -0.114
CcPAL3 708 Leu(11.0), Ala(9.2). Gly(7.5) 6.23 77.34 32.40 92.75 -0.189
CcPAL4 710 Leu(10.3). Ala(9.9). Glu(8.0) 6.10 77.50 37.69 91.56 -0.160
CcPALS 712 Leu(10.1), Ala(8.6). Glu(7.7) 6.01 78.57 34.77 90.27 —0.174
CcPAL6 760 Leu(10.3). Ala(8.8). Glu(7.5) 6.22 83.88 35.75 89.08 -0.214

Wil Leuw w&R; Ala. WAR; Gly. H&R; Glu. A& A

X} CcPALs 25 [ UE AT 3V 40 i 72 o7 T % PR . BR CcPALS %2 {of 78 20 i 42 A1 PN Ji I | #), CcPALL1,
CcPAL2, CcPAL3. CcPAL4 Fll CcPALG6 1] fE 76 40 il #% . 2 R K Ly B N 35 45 /2 7 (% 3), uil ¥
CcPALs 2 5 T JER e stlds . EAbBEmR AL RN B (BT in T4 30y, ZEduMasE R R 5 1EH .

X} CcPALs [ 6 M AT R E5 A = RE5 A TN /347 2 B0 . o-B800E 5 TR 6 il A — 454 v
d R . HotP CcPAL4 Y -2 E (5 Fb B i (56.48%), CcPALS HY ZE { B 45 ¥ . B-%% i1 i L B 5
(9.13%. 6.88%); CcPALG6 RYICHEII L 5 H i 5 (33.29%)(F% 4). #E—%F 6 > CcPAL M T T =%
SEFRALTN (] 1), 2550 BoR iR A = B o RN B I
2.2 CcPALs ERGEM R ER SRS

Xt CcPALs AT R G5 43 BT R I : CcPALI~CcPALA #5484 2 MANBT-F1 1 NN &1, S5kAa1L,
Il CcPALS Fll CcPAL6 HJH A 1 A48+, HERTAGLE NS TIPS (K 2A). 6 45 CcPALs H:H 4ifit
J¥%1 (CDS) £ 4 1 974~2 283 bp.

i 1 NCBI /9 Conserved Domain Search X} LI Bk PAL Z 05 & MR ¥ 5 3647 25 U D BE 204 (1K1 2B) i
7~ : PLNO02457 (phenylalanine ammoni-lyase) Z5 438 7F CcPALs H & EIRSF, T2 Lyase I like #H 5 —
5y Xt CcPAL ZRHE AT IR ST I E 04T, 6 > CcPALs B R &4 10 MESFEF, HEMAS WK
fh—3%, VLW CcPALs J8 01 Z [ HAA # rPR~F 1 (18] 2C F1IEl 2D).

23 CcPAL XBEEHHAUXRRRTEFSH
MIO 258 355 A 2 i e 1 e Ak el R v i 3l 3 B 08 ORI AN =, 5 PAL ARG M A G . &
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#& 3 CcPALs &R I AEE I HLM &4 CcPALs EA R4
Table 3  Subcellular localization prediction of CcPALs protein in Table 4 Secondary structure of CcPALs protein

C. cathayensis 5 H/%
&m AL LTS R EU e s paon omuen
CePALI ZWMIR:. Zhkifh. MR ool SME . HghisE CoPALL  53.02 570 o7 156
CcPAL2 #MER% ., Zobifh. WM BoEhifss AME . JEHIE CcPAL2 5571 8.37 6.09 29.83
CcPAL3 #MNat%. Lotk WO BENFS AMA . NghiE CcPAL3 5537 7.49 6.50 30.65
CcPAL4 ARG . Zekifk. WM HERMRS SME . BEEE CcPAL4 5648 7.46 5.49 30.56
CcPALS5 #iEH: . PR MOENLR 'S SMH . IRHE CcPALS 5534 9.13 6.88 28.65
CcPALG6 AMER% . Lokt WM BoEhifzs AN, Jefie CcPAL6 5197 8.29 645 33.29

CcPALLI CcPAL2 CcPAL3

CcPAL4 CcPALS CcPALG6

B 1 CcPALs &&= R%EH

Figure 1 Tertiary structure of CcPALSs protein
B8 PAL KR SFIF 51 (GTITASGDLVPLSYIAG) 17 & 222 & - H & 2 (Ala-Ser-Gly) = ki
Lo ZHTHIXZER (K 3) s : CcPALs i1 7 5I#0 & 4 MIO 54438 (41 CcPALL 9 195~211 4~4
FEBR) F1 Core Domain H Y PAL JG VRN 5 (A1 CcPALL ¥ Tyr #1%'Gly), #5iH 6 4~ CcPALs # ELA it
B fEAL TG PE . T MIO Z5 A3 /e A% Wk JtPAL2 . JrPAL3 . JrPALG6 il JIPALY FR5g4fit s, 78 JrPALS Rk
T 4 & HERR, H J'PALL, JrPAL2., JrPAL3. JrPAL6. JrPAL7 F11 JrPALY 5 HiA PAL fE K 3%
PR K225, Bh= 0 5 A% = Z 45 F 3 PRK09367., %5 4b Shielding Domain A9 Thr 4% L9 A A 2 A Y
WAL 57 25 (CcPALT H1%*Thr),,

M PAL SERNZRE RGP (B 4) B . PAL FIFEE A EE S 3 4% Group 1 EEALF AT
ML W) PAL 2 1 (B (£ oR), f0 45 B9 JF AtPALI~AtPAL4, T 45 PtPALI~PtPALS, #%#k
JtPAL1, JrPAL2-2. JrPAL3. JtPALS Fl1 JrPAL7 DA S 1l & Bk CcPAL1~CcPAL4; Group IT ) 5 -4
Y PAL ZE ML AL (FHER (0 %K), WK FG OsPAL1~OsPALY; Group I #f T4 9 PAL & 1 (7 1+ #4
PpPALI1 1 PpPAL2, K JE#A PtaPALI Lh & #2 K CIPALI~CIPAL3) Fl 2 4 CcPAL (CcPALS, CcPAL6),
7 % IPAL (JrPAL2-1. JrPAL2-3. JtPAL4-1. JtPAL4-2. JrPAL6. JrPALS i JrPAL9) #4 & (JH i (5 3
RN RGEHAMIIHTEE R BN BT RIRCT AR Y B PAL F% AR 537 oAb 3 e v S 0B 9
LBk CcPALS il CcPAL6 S#EFAHY 1) PAL ZR7E Group I, FWITESEAL [13X 2 4> PAL S 5#T
YRR, DhRe LT RE R AR . X — AR I i — DR PAL BN KM DI s AL A A e it T
HALA
24 WEMkE{GARIEAEITIZR CcPALs BERERRIE ST

F£F Tlumina NovaSeq6000 I 77 S SO o AL PR A1 41 U G AR At # v 8 /A [H) A 2 1
24 1~ ¢cDNA 3L . SAEA Q30 kI 1 43 b (L 14 30 (10 ik 78 B i L £t o T o8 1) B f3)) 30 1
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Figure 2 Analysis of gene structure (A), conserved proteins (B), conserved motifs (C), and motif logos (D) of the CcPAL family
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