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I OB LI OHa R & SRR ZEm
(LPEA L FHEBL DR FL AT, B S 330200)

W K7 A8 % £ 85 (phenylalanin ammonia-lyase, PAL)Z 3K 7 ke X #1842 7 09 X st B Ao R 1R B, /£
HBWERAE., REFFTHAETEERN. AR AEHEALARAA Pt PALEABRAERR, sTHF PAL
ARRARRGEER ., ZARN, RFLEMR, FERCEREREAZARTT oM. SR £
FrERMPEE LD 334 PALAR, THARSHT 2. 6. 94 15 T &4k L, PALs & ALK A
ERD, BRFEAF AL REMML, IDPALs B3 T LA L S AFEME BA, BRE ARt K KT A
KR XAE B AtF. W F IbPALs Eid s, ZXAHEF At L PALS ERAA L SR X R, HE4H
RAKAER T, IbPALs AR AHFRE ALY AARE, AL T EMEeEFAE. qRT-PCR 2
RET IbPALs R B T F A Maeif s, ERRMALETRIEITRR. AL AHE—FIRAH
EZPAL Rk Rey bttt 7 5%, AHERHARELT Ak,

KA HE PALABE R4 2 ARME R, 4R EF o0

Genome-wide Identification and Bioinformatics Analysis of
the PAL Gene Family in Sweetpotato (Ipomoea batatas (L.)

Lam.)

WANG Chong, LAN Mengjiao, XIAO Mangiu, PAN Hao, DENG Jiagi, WU Wensheng

(Institute of Crops, Jiangxi Academy of Agricultural Sciences, Nanchang 330200)

Abstract: Phenylalanin ammonia-lyase (PAL) is a key and rate-limiting enzyme in the phenylpropane
metabolic pathway, which plays an important role in plant growth, development and stress tolerance. In this study,
we screened PAL gene family members in the whole genome of sweetpotato, and the physicochemical properties,
phylogeny, conserved domains, chromosomal localization and gene expression of sweetpotato PAL gene family
members were analyzed. The results showed that a total of 33 IbPAL genes were identified in the whole genome of
sweetpotato. These genes were unevenly distributed on chromosomes 2, 6, 9 and 15. PALs proteins have small
differences in physicochemical properties and similar conserved motifs and gene structures. Multiple cis-acting
elements related to abiotic and biotic stress response, phytohormone responsive and growth and development
regulation are present on the promoter of IbPALs. There were collinear relationships between sweetpotato IbPALs
and Arabidopsis thaliana, Ipomoea trifida and Ipomoea triloba PALs genes. The transcriptome data of sweetpotato
showed that IbPALs gene was expressed in different tissues of sweetpotato and was induced by drought stress. The
results of gRT-PCR showed that IbPALs gene was induced by drought and salt stress, and the expression patterns
of IbPALs were different under different stress treatments. This study provides a reference for further
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understanding the function of PAL family gene in sweetpotato and lays a foundation for genetic improvement of
sweetpotato.

Keywords: sweetpotato; PAL gene family; complete genome identification; bioinformatics analysis

2K TN & R i ¥ (phenylalanin ammonia-lyase, PAL, EC4.3.1.5)/2 2 A ke AR g 42 f 1
LI SN, T B 3 A v ) O R A PR S A AR R D B R AR AR TE R TR )
AR b A R AR, RGN DL LR R VIR, 1 PAL 1
WTFERAEREAER, EREHER. HE. EIE. RRERSAY, XL IEE
VI, Prm A E KRR B h Rk EEEERE, PAL JEE T 1961 4 IRIE K
(Hordeum vulgare) F# 43 B 152, WFFRE PAL & AW AE AU AN 28 5 AR Ha 12 () o<
Wy, (EAED AR B R B e R RS R BRI, PAL B A
ek K F 23 FiEM, 2205 77 (Arabidopsis thaliana) ™', AtPALL F1 AtPAL2 [F]INf 62k %
LA RMIET RSB FHEMR FIRER. Wit PAL LR EEAME R, 5
S5 FIThRE, RN AED KK E LT pha i AR EESENE.

RIS PAL EEEEFE, HEY T PAL EE S ELRST, ARV E
(¥) PAL JF B H 4 0T LUA S 80%[0). PAL JE[RIEAR IR (I 5L @R 12, PAL 2
WA PR SRR €, MR rh s el 9 4 PAL A, JFRIA 3 4
AtPAL J [R 52 21+ SR ER e )5 . 76K R (Oryza sativa L.)Hh i 4 2 79 1 9 4> PAL 2
[A[€1, 4K (Nicotiana tabacum L.)H 4 MO, Th44 2 (Solanum tuberosum L) 14 N, 4
(Vitis vinifera L.)9# 15 AN, BRI, fEF T It RiA KT GmPALL.L B[, H: R RIAE
FRPh TR B I R0 SR e (T R0 DURE FuPALL R BRIE o 5 AC i 3 & U
KRB T84T, WL LR AT R Ae 7018, PAL 7ERE W HUAEN T b A 45 4 2 E
Fo FEREG RN /N2 7R 5 R o3 5503 S B R v, PAL (10 1 B S 1 5
100, I FRAA HARTE LPALL T S 4 ok DR e bk o A - TR TR R % 5 1) SRR G AR 09/ 4 15 4
P, Y PAL SRR I B Z B EPHA T, ABA. GA Al SA SRR th 22 F 0 £
PAL [¥)435 S R 17 3l % e SRR PAL BE BRI SRR B A /0 T LR IR R, 6T
IR PAL 2k B ARV 52 ThRE B 23R 34 .

‘H 2 Ipomoea batatas (L.) Lam.]J& T/iE{£F}(Convolvulaceae) 7 % J& (Ipomoea Linn.)X{ ¥
MERAEY), EARRVEE AN M E ARG TR T ERRUET REIRAEY), e & T
RIS, SR P E S TORAEY), SRR 2.37 x 10° ha, 4F77H 5.32x 10t, X T
YEFRFRIER & e A B R R P, B AR EAE SIS Z BB H skl
T EREAL . P dE S R BN PG R RO e, PRI Z) T



ERRRE, AT EORIAEGHR G, W PAL FGE N H R i ik § A A =
B, HE S PAL BEEFRM TS, AT HEERAER, RAEMELR

FONEXNHE PAL FER SRHAT T RS0, FF0 Hegmhl 8 B ROBRALPEGT . PR ~F i 5 A
BRI Gk 5347 1 b, R0 HE PAL ZORIERI S 31U e F oo EAT 1 B4, JF
Sia B EEIE T IbPALs R RRIARL, BN B RAHE PAL ZKRER
ThResE seal, NHEE MR IS,
1 RERE
1.1 BHE PALEEZEEE

7EH 2 [Ipomoea batatas (L.) Lam.]Z K 2H (4 % (http://sweetpotato.uga.edu/) 1 T # H 2
S LR A B E S R A A S, A TAIR W3 (https://www.arabidopsis.org/) T #5405 7
S BE IR AR B DR 45 R SO (8 TBtools #{-PAHE Y LB ARG I+ 4 4~ PAL &
HRAIER TS, RIS R T HI1E N query FP41 BLASTP HxfH & A%, %8R
HN le-5, SRAGXEFIHFEIEFFH, FEMERIE P RICRFS . A Pfam Hdk &=
(http://pfam.xfam.org/) T & PAL {& =5 25 #4487 41| (PF00221), HF|FH HMM 3.0 345 & H 5
PR 080 2 B i, IRECH 2 PAL SR, H ik 2 R U VA IRAT O fiide 1 B ot s 2k
R 569, MRS, FIHEL T H SMART(http://smart.embl-heidelberg.de/) «
NCBI-CDD(https://www.ncbi.nlm.nih.gov/Structure/cdd/wrpsb.cgi) %} PAL £ [ 47 {5 55 &5 Fy 1
AT, BB MERA S I F RIS e B A MR P ], B ZRTGHE PAL
A
1.2 HE PAL RIRRRFII 7

i FAEZE W3 ExPASY ProtParam(https://web.expasy.org/protparam/) X PAL 2 3L FR 7 1)
KR X T8 Sl AaE R TRIEREON-F 226K REBCE P VE B BEAT 7
Hr; CELL-Ploc(http://www.csbio.sjtu.edu.cn/bioinf/plant-multi/) %} % & 71 347 W 41 a5 A7 7
s Prabi T H (https://npsa-prabi.ibcp.fr/cgi-bin/npsa_automat.pl?page=/NPSA/npsa_sopma.html)
T o- W2 e« -85 ORI OR L 5 AR a5 R BT e fE 2k T H SWISS-
MODEL (https://swissmodel.expasy.org/) i il PAL & H = 458 . @il GSDS % J#
(http://gsds.gao-lab.org/) % H % PAL FRIZ5 M #EAT TN 73 4. 7E MEME W 3fi(https://meme-
suite.org/) 73 BT % & F 5 5F 2 7 Motif, Motif &% B Ny 8, %EKE NN 6~100. 1fi 1
DNAMAN H1 Jalview 5] H 2 PAL F5K & 1 OR <7 S #8751 EAT 2 FLLEXT
1.3 HE PAL RIEERE B FIRNAER T4



AN 2 5 DR ZH # i e BT 38 PAL KRR BV 2 000 bp 1741, ) FH 72 26 9 s
PlantCARE ((https://bioinformatics.psb.ugent.be/webtools/plantcare/html/) 73 7 i 20 A/E H ook, If
7t TBtools ¥ EiAT AT AL eI .

1.4 HE PAL RIEER RS & B H UKD E

MALLEE I (Arabidopsis thaliana). 7K#%(Oryza sativa). = J7%Z2E %4 (Ipomoea trifida).
= %43 (Ipomoea triloba) &3 K41 i ide PAL JERI KRR 5, AT RGER B b F
H MEGA 7 A (45 #27% (Neighbor-joining) % 2 FE 1E F7 41 K i R GEE AR, Bootstrap fH 1%
5E 4 1000
1.5 HE PAL RIEEE R EAE ML 5

fiiFl TBtools {1 M H 4 4= HE DRI 2 A v S L PAL SEH SORALEAR B, 22 PAL JE[H
FIRBATE B g Ok e . X H SRR T, =88, =R A5 PAL KK
B 2 TR LA A AT WA R R o TR R SO 3 (Ka) AR S # % (Ks),  KalKs {8 H]
TP A [ Y DR ) o [ 5 DR E A R T 2 B R 7). 4 KarKs KT 1 SRR B
ZENERILEFE, Ka/Ks=1 FoRFER T aeAb T IRAS, 5 Ka/Ks<l i, U363 H %2
FFIREL N Z B AL P o
1.6 HE PAL BEERERERN 2

M H % 5 4 B4 (SRR7661415 . SRR7876249 . SRR7876250 . SRR7876253 .
SRR7876254. SRR7876255. SRR7876256. SRR7876257. SRR7876258) 1 fiiik i I0PALs
FERIHEAN R A2 RAN A A B B Rk A 0L, 2 R PR 2 5048 2 (http://sweetpotato.uga.edu/)
AR A A M R e S A R, AR LR B FKPM A 22 ) JE R Rk R
1.7 IbPALs EE B TRIA ST

DAH S WP 15 SRR, ERBERK A — SN R E T, (3 12 Ei
ZE KB REAT 1-2 ARk BT Ra s, 5 RlERESH 20% PEG-
6000 F1 200 mmol/L NaCl {1 1/2 FEM 23T, AR 0. 6. 12, 24h JoREHZE M fv, 72
HUHE B S RNA,  RFESERL cDNA,  Xf IbPALS & R 7E -5 e 3k e R ik BT 40
Mo {8/ Primer premier 5 & iH2 e w514, 48 A NCBI %G Primer blast T H%f 5|4
BEATRERAE ST, DLHENEE T p-Actin BEME NN S IR (L 1). £ KLER PCR
BCEREATY R, W8 3 AMEWEEEM 3 AMERMEERES, (] 288C JERO R SRR (1 A
Kikt. I DPS BAFHEATHEE /i, KA B K7 Z 70T (ANOVA),  Hidi £ 5 HECR H

Duncan’s i%, p<0.05 F£/RZRFH3E, p<0.01 FKRZEFWEE.
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Table 1 Primer sequence for qRT-PCR in PLA gene family of sweetpotato

ElEYpi) ElEVEp LESI(5°-3) NHII(5-3)

Primer function Primer name Forward primer Reverse primer

P IbPAL1 TCCTTGGAAACCCTGTCACT ATTCTCCTCCAGGTGCCTCA

gRT-PCR IbPAL2 ACTCCGCCGTTCCTAACAAG GATTTCACCGCCACACAACG
IbPAL3 GATGTTGCCAGAAGCAAGGC GCCGATAGATGCAAGGGCTA
IbPAL5 ACGCAGTGAAGGTGCAGAAT GCCATCTCCCAGTTCAAAGGA
IbPAL8 TGACAACAGCCACAAGAACG CCATGCGCTTCACTTCATCC
IbPAL9 TTGGGACTGGAACAGAAACAG TCTGATGCCGGAGTATCCTTG
IbPAL10 GTCCTGCCCAAAGAAGTGGA ACAGAATCACCGAGTGCAGG
IbPAL26 CATGTCGTCAACGTATCTGGTAG GGCTCACGCTGTTCTTCAC
IbPAL28 AGGAGATTCATGTACGCTGCC GGCATGGAGTGATGTTGTGG
IbPAL29 CAATGGGATCAGCAGCAACG GTCTCGCCTCCTAGCTTCAC
IbPAL31 TCGGCCCTCAGATTGAAGTG CAGAGGATTGTCGTTTACAGAGT
IbPAL32 AGAGTACGTGTTCGCCTACG ATGGCCTTGAGTTCCTTCTCG

NS HE A B-Actin AGCAGCATGAAGATTAAGGTTGTAGCAC TGGAAAATTAGAAGCACTTCCTGTGAAC

Internal reference gene

2 BRGS0

2.1 HEPALEREFRERREE
ZEHext, EHZEAFERATEREN L EE T 33 4> PALs FERI R G, ARG HAE G
AR s A B A DG H AT 44 IbPALL-1bPAL33. IbPAL LR CDS K/NE 1650—

2184 bp, WA EERRAE 549-727 aa, AHX & K/NA 60.13-78.87 kDa, Jili REAE
88.21-92.68(F 2). 33 /) PALs & [ 1% HL M BB {ETE 5.73-6.09, ¥J/hT 7.00, FKIHA]HE
BT —XKEME . 7F 334 PALs & [+ IbPALL A1 IbPAL33 AR FaE RECKT 40, JE T
AraEEH, HAR PALs SEEKAEE REUNT 40, BTIREEA . WA E A &
N, HE PALs SEHFEEM TR (R 3). EER - REMTN M ra R ER, HE

PALs 2k DX 5 I 9 5 10 28 11— 4 45 1) L o- B8 e &5 740 (52.94%-60.47%) AT AN LU 5 il 45 44

(27.14%-32.07%) N T, [-55 f45 0 5 HL L (5.24%7.31%) FITLE {14 45 44 (5.65%-8.96%) /)N (£

3). R =SS TN 43 HT W IbPALs 35 2 IUARL “IEHR 7 (B 1),

< 2 HE 331 PAL EE R REBULE RS
Table 2 Physical and chemical properties of 33 PAL gene family members in sweetpotato

FE 1D A4 CDS IR Vo ¥ % ARER BN ekt
Gene name K PN #H Molecular I ¥ E3 SERIE
GenelID CDS  Amino  weight/kDa ) Instability ~ Fat Grand
size/bp  acid/aa index index average of
hydropathicity
Ibat.Brg.S050260.1 IbPAL1 1860 619 67.41 5.82 41.88 91.15 -0.147
Ibat.Brg.S040700.1 IbPAL2 2148 715 77.42 5.94 35.75 91.57 -0.172




Ibat.Brg.15F_G000710.1 IbPAL3 2145 714 77.49 6.07 33.13 92.13 -0.155

Ibat.Brg.15F_G000340.1 IbPAL4 2145 714 77.49 6.07 33.13 92.13 -0.155
Ibat.Brg.15D_G000510.1  IbPALS 2145 714 77.43 6.00 33.13 92.68 -0.148
Ibat.Brg.15D_G000220.1  IbPAL6 2145 714 77.49 6.07 33.13 92.13 -0.155
Ibat.Brg.15C_G000890.1  IbPAL7 2145 714 77.49 6.07 33.13 92.13 -0.155
Ibat.Brg.09F_G017810.1 1bPAL8 2112 703 76.49 6.09 31.33 89.94 -0.117
Ibat.Brg.09F_G017800.1 IbPAL9 2121 706 76.75 6.02 31.52 90.81 -0.158
Ibat.Brg.09F_G017790.1  IbPAL10 2130 709 77.02 6.09 31.58 90.71 -0.154
Ibat.Brg.09E_G017810.1  IbPAL11 1650 549 60.13 5.73 349 93.84 -0.083
Ibat.Brg.09E_G017770.1  IbPAL12 2121 706 76.63 6.09 31.29 91.91 -0.147
Ibat.Brg.09E_G017750.1  IbPAL13 2130 709 76.97 6.09 31.00 91.81 -0.149
Ibat.Brg.09D_G017180.1  IbPAL14 2112 703 76.46 6.18 30.25 89.39 -0.129
Ibat.Brg.09D_G017170.1  IbPAL15 2121 706 76.60 5.99 32.49 92.20 -0.145
Ibat.Brg.09D_G017160.1  IbPAL16 2130 709 77.02 6.23 31.12 90.71 -0.155
Ibat.Brg.09C_G016770.1  IbPAL17 2112 703 76.49 6.09 31.33 89.94 -0.117
Ibat.Brg.09C_G016760.1  IbPAL18 2112 706 76.75 6.02 31.52 90.81 -0.158
Ibat.Brg.09C_G016750.1  IbPAL19 2130 709 77.02 6.09 31.58 90.71 -0.154
Ibat.Brg.09C_G014700.1  IbPAL20 2112 703 76.44 6.18 30.25 88.83 -0.137
Ibat.Brg.09C_G014690.1  IbPAL21 2121 706 76.75 5.99 33.52 90.95 -0.166
Ibat.Brg.09C_G014670.1  IbPAL22 2130 709 77.09 6.02 31.70 90.71 -0.159
Ibat.Brg.09A_G015890.1  IbPAL23 2112 703 76.5 6.08 31.44 90.09 -0.115
Ibat.Brg.09A_G015880.1  IbPAL24 2121 706 76.59 5.99 31.89 91.91 -0.137
Ibat.Brg.09A_G015860.1  IbPAL25 2130 709 77.06 6.02 31.70 90.85 -0.154
Ibat.Brg.06D_G001990.1  IbPAL26 2148 715 77.43 5.94 35.71 91.57 -0.167
Ibat.Brg.06C_G004560.1  IbPAL27 2148 715 77.42 5.94 35.75 91.57 -0.172
Ibat.Brg.06A_G004160.1  IbPAL28 2145 714 77.28 591 35.89 91.69 -0.168
Ibat.Brg.02F_G004030.1  IbPAL29 2184 727 78.87 5.87 39.16 88.24 -0.197
Ibat.Brg.02E_G004100.1  IbPAL30 2178 725 78.65 5.81 39.47 88.74 -0.190
Ibat.Brg.02D_G004630.1  IbPAL31 2181 726 78.85 5.87 39.64 87.95 -0.211
Ibat.Brg.02C_G003090.1  IbPAL32 2178 725 78.67 5.95 38.92 88.21 -0.200
Ibat.Brg.02B_G005760.1  IbPAL33 2178 725 78.67 5.84 40.10 88.87 -0.186

7 3 HE PAL EE R R LA L LA E LFUM 5 47
Table 3 Prediction of secondary structure and subcellular location of PAL protein in sweetpotato

EAAK a-BRBE L L SEAHEE 5 LE BEAEEE A A L V240 JfL 5 o2 T
Protein name a-helix/% Extended strand/% S-turn/% Random coil/% Subcellular location prediction
IbPAL1 58.00 711 5.56 29.24 2N J5T Cytoplasm
IbPAL2 57.76 7.11 5.87 28.53 415 Cytoplasm
IbPAL3 52.94 7.83 6.72 32.07 2N )5 Cytoplasm
IbPAL4 52.94 8.26 6.72 32.07 4L Cytoplasm
IbPAL5 56.16 7.98 6.72 29.13 417 Cytoplasm
IbPAL6 52.94 8.26 6.72 32.07 4lI/fL)5i Cytoplasm
IbPAL7 52.94 8.26 6.72 32.07 2N )5T Cytoplasm
IbPAL8 55.62 8.39 5.83 30.16 2N )5T Cytoplasm
IbPAL9 55.38 6.80 6.66 31.16 4L Cytoplasm
IbPAL10 56.28 8.89 5.50 29.34 4L Cytoplasm
IbPAL11 60.47 5.65 5.65 27.14 2N AT Cytoplasm
IbPAL12 56.80 6.94 6.94 30.59 ZHH)5T Cytoplasm
IbPAL13 55.43 7.48 5.64 31.45 ZHHfL)fi Cytoplasm

IbPAL14 54.62 8.96 5.69 30.73 ZHH)5E Cytoplasm



IbPAL15
IbPAL16
IbPAL17
IbPAL18
IbPAL19
IbPAL20
IbPAL21
IbPAL22
IbPAL23
IbPAL24
IbPAL25
IbPAL26
IbPAL27
IbPAL28
IbPAL29
1bPAL30
IbPAL31
IbPAL32
IbPAL33

55.38
54.44
55.62
56.23
56.28
55.76
55.24
56.98
54.77
54.77
56.52
55.66
57.20
55.04
54.75
53.79
54.55
55.03
54.76

7.51
7.76
8.39
6.37
8.89
7.82
6.66
8.46
8.68
6.80
8.32
7.13
7.55
7.56
7.43
7.59
7.85
7.86
7.03

5.81
6.06
5.83
6.94
5.50
6.12
6.66
5.08
5.69
5.69
5.24
6.29
5.87
6.30
6.88
7.03
5.92
7.31
6.62

31.30
31.73
30.16
30.45
29.34
30.30
31.44
29.48
30.87
30.87
31.44
30.91
29.37
31.09
30.95
31.59
31.68
29.79
31.59

41l Cytoplasm
45 Cytoplasm
A5 Cytoplasm
ZHJ5T Cytoplasm
ZHHJ5 Cytoplasm
4L Cytoplasm
45 Cytoplasm
ZHHJ5R Cytoplasm
ZHHJ5 Cytoplasm
4L Cytoplasm
41l Cytoplasm
45 Cytoplasm
AR Cytoplasm
ZHHJ5 Cytoplasm
4R Cytoplasm
4HfL)5t Cytoplasm
45 Cytoplasm
ZHAJR Cytoplasm
ZHHJ5 Cytoplasm




1 IbPALs & B = R &5 T
Fig. 1 Protein tertiary structure predictions of IbPALs



2.2 HE PAL RIREE SRR TERF S

Wit MEME 7E£R T RN H 3 PAL FGIER S5/ AR~ 56 7 HEAT 704 . B IE] 2 7T,
33 NHZ PALs K B A AU LRI Z5 4, IbPALLL SERAE ST, H4 32/ IbPALs &
1 MHE T 334 IbPALs A ¥IAE 14 PAL & R T 4518 Lyase_|_like superfamily.
WiE 1 IbPALs HH 8 MRFHF, K 8 MrFEF/HAldr 4y Motifl-Motif8. Motifl-
Motif8 s& 33 4~ IbPALs & H 3L [FE & A, IbPAL14. IbPAL20. IbPALS. IbPAL17 Fi
IbPAL23 £ % 2 4> Motif4 #:5; IbPAL33. IbPAL31. IbPAL32. IbPAL29 A1 IbPAL30 %K 4
5 24 Motif3 JEF. WFFtRM, Motifl-Motifs S35 ¥4 ) PAL 45kyis, Hrh Motif4

BT R C 3, 17 Motif7 A7 3 N ¥ .
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Fig. 2 Evolutionary relationship, conserved motif, protein conserved domain and gene structure of IbPALs gene
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Fig. 3 Analysis of cis-acting elements in the promoters of IbPALs gene family in sweetpotato
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Fig. 4 Phylogenetic analysis of the PAL proteins from different species
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Fig. 5 Chromosome localization of PAL family genes in Ipomoea batats
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Fig. 6 Collinearity analysis of the PAL genes from Ipomoea batatas and three other species
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Fig. 7 The schematic diagram of PALs gene collinearity analysis in Ipomoea batatas
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Table.4 Collinearity of PAL gene family and non-synonymous rate (Ka) and synoymous (Ks) in sweetpotato

HAMEFHI L HEMEFSI2 Ka Ks Ka/Ks  ILzktbrsl 1l c&dirs2 Ka Ks  Ka/Ks

Sequencel Sequence?2 Sequencel Sequence?2
IbPAL8 IbPAL9 0.034 0.177 0.193 IbPAL27 IbPAL2 0.000 0.000 NaN
IbPAL7 IbPAL5 0.001 0.016 0.076 IbPAL26 IbPAL7 0.066 1.528 0.043
IbPAL7 IbPAL6 0.000 0.028  0.000 IbPAL26 IbPAL5 0.068 1.529 0.044
IbPAL7 IbPAL2 0.066 1.528 0.043 IbPAL26 IbPAL2 0.001 0.028 0.022
IbPAL7 IbPAL4 0.000 0.028 0.000 IbPAL25 IbPAL22 0.001 0.054 0.011
IbPAL6 IbPAL5 0.001 0.016 0.076 IbPAL25 IbPAL19 0.001 0.063 0.020
IbPAL6 IbPAL4 0.000 0.000 NaN IbPAL25 IbPAL13 0.002 0.078 0.032
IbPAL6 IbPAL2 0.066 1.564 0.042 IbPAL25 IbPAL10 0.001 0.063 0.020

IbPAL5 IbPAL2 0.067 1529 0.044 IbPAL24 IbPAL12 0.003 0.042 0.074




IbPAL5 IbPAL4 0.001 0.016 0.076 IbPAL22 IbPAL19 0.001 0.074 0.008
IbPAL4 IbPAL2 0.066 1.564  0.042 IbPAL22 IbPAL16 0.001 0.099 0.012
IbPAL33 IbPAL32 0.003 0.064  0.047 IbPAL22 IbPAL13 0.002 0.078 0.024
IbPAL33 IbPAL31 0.003 0.058 0.052 IbPAL22 IbPAL10 0.001 0.074 0.008
IbPAL33 IbPAL30 0.005 0.080 0.064 IbPAL22 IbPAL7 0.057 1.043 0.055
IbPAL33 IbPAL29 0.003 0.064  0.047 IbPAL22 IbPAL5 0.058 1.020 0.057
IbPAL32 IbPAL31 0.002 0.075 0.024 IbPAL22 IbPAL2 0.075 1.226 0.061
IbPAL32 IbPAL30 0.001 0.069 0.018 IbPAL19 IbPAL16 0.001 0.092 0.007
IbPAL32 IbPAL29 0.001 0.008 0.156 IbPAL19 IbPAL13 0.001 0.045 0.027
IbPAL31 IbPAL30 0.002 0.092 0.020 IbPAL16 IbPAL13 0.002 0.085 0.022
IbPAL31 IbPAL29 0.002 0.079 0.023 IbPAL16 IbPAL10 0.001 0.092 0.007
IbPAL30 IbPAL29 0.000 0.069  0.000 IbPAL16 IbPAL7 0.057 1.174 0.049
IbPAL28 IbPAL27 0.001 0.063 0.010 IbPAL16 IbPALS 0.058 1.147 0.051
IbPAL28 IbPAL26 0.001 0.067 0.018 IbPAL16 IbPAL2 0.075 1.358  0.055
IbPAL28 IbPAL7 0.065 1534 0.042 IbPAL15 IbPAL12 0.004 0.039 0.110
IbPAL28 IbPAL5 0.066 1535 0.043 IbPAL13 IbPAL10 0.001 0.045 0.027
IbPAL28 IbPAL2 0.001 0.063 0.010 IbPAL13 IbPAL7 0.056 1.059 0.053
IbPAL27 IbPAL26 0.001 0.028 0.022 IbPAL13 IbPAL5 0.057 1.035 0.055
IbPAL27 IbPAL7 0.066 1528  0.043 IbPAL13 IbPAL2 0.076 1.299 0.058
IbPAL27 IbPAL5 0.067 1529 0.044

E: “NaN” FoRBIT 4R

Note: “NaN” indicates the results not obtanied
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(A)Expression of sweet potato IbPALs genes in drought and different tissues at different periods of time; (B)Expression of Ipomoea
trifida ItfPALs genes in different tissues; (C)Expression of Ipomoea triloba ItbPALs genes in different tissues
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Fig. 8 Transcriptional profiling and expression levels of PALs genes
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Fig. 9 Transcriptional profiling and expression levels of PALs genes
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