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Abstract: Objective To identify the genome-wide family members of type III polyketide synthase (PKS III) and conduct bioinformatics
analysis and expression profile analysis and clarify the relationship between their expression and the content of active components of Huzhang
(Polygonum cuspidatum). Methods Based on the genome data of P. cuspidatum, the members of PKS III gene family were identified.
Subsequently, the characteristics of these members were analyzed, including the physicochemical properties of their encoded proteins,
secondary structure, phylogeny, and conserved motifs. Transcriptome data were further used to analyze their expression profiles, and the
correlation between the expression levels of these PKS III genes and the active components was investigated. Results A total of 73 PKS 111
members were identified in the whole genome of P. cuspidatum, which were unevenly distributed on 20 chromosomes. Subcellular localization

prediction indicated that most PKS /I members were localized in the cytoplasm, while a small portion were localized on the plasma membrane.
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Phylogenetic analysis revealed that they were clustered into three major groups, and members within the same group shared identical conserved
domains. Analysis of promoter cis-acting elements demonstrated that the PKS 7IT genes contained various elements responsive to hormones,
light, and growth and development. Expression profile analysis showed significant differences in the expression of PKS /I genes among five
tissues of roots and rhizomes of P. cuspidatum. Specifically, the expression levels of PKS32 and PKS42 were significantly higher than those
of other genes in all tissues, with the highest expression detected in the rhizome pith. Correlation analysis indicated that PKS3, PKSS, PKS21,
PKS44, PKS58, and PKS61 exhibited a significant positive correlation with the contents of polydatin and physcion, and PKS27, PKS56, and
PKS69 showed a significant positive correlation with the contents of resveratrol and emodin; and PKS32 and PKS42 displayed a significant
positive correlation with the content of physcion. Conclusion A total of 73 PKS III family members were identified, and the expression levels
of some members correlated significantly with the contents of active components in P. cuspidatum roots and rhizomes. This study provides a
foundation for subsequent research on the functions of PKS III genes and for elucidating the biosynthetic mechanisms of anthraquinones,
stilbenes, and flavonoids in P, cuspidatum.

Key words: Polygonum cuspidatum Sieb.et Zucc; gene family; polyketide synthase; bioinformatics analysis; gene expression;

resveratrol; emodin

SRR &%) (polyketides, PK) #&—2 4 «
B AP AR S SR B R B BT
RIRIRIAAR =4, )2 R T s B Biie
AT G % 00 ) &5 7 . SR A B ( polyketide
synthases, PKS) &AM ERER &6 B S b,
A4 A T IORT T &L, | 38 PKS AL 2 D) RE R 2
ok, EESHROGANEEEIUER; I8 PKS 1%
HEBEHH RN, B AT ERTERNEY, 13
A PKS A AFAE T4 B 5 B o T2 PKS(PKS
0D ZAAETHEYIT, AT RN 40 000~
45000 [1[FIVE — SRR E AP HE7RE > KA &7
WA RIS AT O A BT, (R AT DA E T Y PKS &
AL —BEAHE A S IEIRYHEE A I SRR 4d
BV J a5, YR N R &6 %
()B4, i FEAEA) T 450 5 40 B9 45 2 T 2
PKS TF 20 Z 5, M4 H A =I5 ml 40 e
/KB (chalcone synthase, CHS) F13% CHS X
J% (chalcone synthase-like, CHSL), CHSL fufhEEk%
41 Cstilbene synthase, STS) /\ ZE i &1 (octaketide
synthase, OKS). BX+#& 1 (bibenzyl synthase, BBS)
FIBHE I & % Colivetol synthases, OLS) £, Hr
CHS MR L ECEN, TS 5k
PR R SR A -8, PKS T [ D fg R R 46
JERAAIAN S S () 22 AT T AR . CHS DL 4-Ff 5
ARG A kR, Bl S e SEAR I SN
A2 BT A ST S Rl B R HBR, O
WEEDE R STS [FIFECL 4-75 & L4 I
A NERIIEY), BJEEIMURN5rF N R 4E &
SN I NS AR ay A N

PR Polygonum cuspidatum Sieb. et Zucc.7e 3

B2 ALY, DATHRRZEARAY), BAH
BB AR BUR bR (bR AIR 2 Thak.
IARHEFE VN R S B ERR . JESE. RN
RARMGEREW T, X B R K
TEPLR . PURTEE. IR ZA BB, BRSNS
e PR FE B RIERR S 2 —, PRAAR A H DL B
MR EYE RE R Kz k. RE )y S50-10,
— AN R (mevalonate pathway, MVA) &
2. 2-C-H B -D-JR 8 BE-4- 15 B2 (2-C-methyl-D-
erythritol-4-phosphate, MEP) &2 FIZFEERIE1E &
PEALHEERR A Y H) A gt . 1F 8 PKS IIT
R — 01, OKS N2 PR R ERRAL A )
BRI OCEERG, BRTEARAMEA )\ TN BLHNE A
G At AR AR BT S 0 07 A I )\ ERTR S0 . b
Ak, AL T Y PKS i85 5 AR P B 10
BYIRRT iR S & 2

HRTPERL PKS 1T FER FE Feb, s
BANE . A FAESERL A TE R A KT E5E e FF 0 b
VR, MEEABER. RARE KRR
et fioe MG BT R 0, FERT AR SRR
AN R 2R ) i 455 3 e 5 R B 25 6 Rl o)
B EAT ORI T, DA N 2 U o A )
GRUP AT REDTMR, AR SR R AR RS
S SR B2 R o3 R A W) RO LR S L A
1 MRENEE
11 MR

A TS RRE SR T G TR R 2 R A 2
LA A R 2R S R I B A e BRI IR
L P cuspidatum Sieb. et Zucc., KA 5 s A% T
WAERY, BEEIRAFET-80 CUKFET .



PER 2026£3 8 B57% B5H  Chinese Traditional and Herbal Drugs 2026 March Vol. 57 No. 5

» 1843«

1.2 Y&

Nanodrop 2000 i 7 & 43 66 Lt (3%
Thermo Fisher Scientific A ] ); StepOnePlus %% Y6 &
& PCR {¢ (3£E Applied Biosystems 2 &) ;
SteadyPure T4 RNA $2 U7 & G R SR AR
TFEARZAF); ABScript Neo RT Master Mix for
qPCR with gDNA Remover (X5 {825 7o 4= 9045 IR
2] ); BrightCycle Universal SYBR Green qPCR Mix
with UDG (R EZ I ZR s AV IR AFD.

2 Rk
21 HEEFRKREE

PERLHEDR ZH 24 AR A 5 Wl (NGDC &5k '5
PRICA032970). {{iH] HMM 82 Fl1 A Blast AHZS &
()77 AT HE R KR )45 - 7E Pfam 25045 P2
(https://pfam.xfam.org) 1 %k PKS NI FEE5 /R AR
%! (hidden Markov model, HMM) 344 (PF02797),
{#F] TBtools () Simple HMM Search T E.% pe At 3L [
M EEFYIRHMT IR P8 (E {5<<0.05), 3k
PRI IR . AHE Blast PASHT R RINE
BLPKS 1K (MN708050) 1551, E {HBIfE
WEA 1X1070, 4 BLASTp % Lt E3kE FITRE
HFS. 454 hmmsearch 5 BLASTp 455, FJH
SMART Hi CDD #tffs 4T PKS 11 5K\ Jm 3k
FREERI ZR R
2.2 EEFEBUMRDH

i H ExPASy 7E 28 1. H (http://web.expasy.
org/protparam/) X JEAL PKS T & FH A ERALPE T,
BFESE A EIERR B ATRE RBEEHAT 70T
i# i Cell-Ploc M 5 ( http://www.csbio.sjtu.edu.
cn/bioinf/Cell-PLoc-2/) X &% [ #E 47 V.41 g 43 A1 Til
s AdEH SOPM Mk Chttps://npsa-prabi.ibep.fr/) Til
MEE B 4R [ TMHMM v2.0 [P i
C http://www.Services.healthtech.dtu.dk/services/ TMH
MM-2.0/) FHU 5 B 45 1) 5k
23 FBEREMRIEZMEDT

BT R R RATRE S, FIH TBtools
Gene Location Visualize - 53T 4t i B ] M4
¥71. FIH TBtools #' Advanced Circos A1 Multiple
Synteny Plot T H M ;RALIF N S 5B 74
PRI LR R
24 EEFERGHELD

8 MEGA A0 JRAL SR I KB 2
55 5 A PKS 11 &2 H AT 2 7 HILLRS,

it AR ERE AT RS T, FER AR S AT iTOL
Chttps://itol.embl.de/) X £ Gt #E A8 BEAT P ALAL 73
i
25 EFEEMSTH

i FHAEZ M35 MEME (https://meme-suite.or)
AT PRSF R 438, f#H TBtools H' Visualize Motif
Pattern T H BEAT OR T 2k 2 67 B L2 70 AT I AT ARAL o )
F TBtools ' Visualize Gene Structure T 5 F [K] 2
B X R A 4 i X AT T A4 . IR AEZE T R
Conserved Domain ( https://www.ncbi.nlm.nih.gov/
Structure/cdd/wrpsb.cgi) AT 5 PR 5F &5 /435 AT
F|H TBtools ' Visualize Domain Pattern 4785
PRSP S5 R AT AL o
2.6 IRXAER T

FIF TBtools H Gtf/Gff3 Sequences Extract I
HHRE PKS I 2 (K2 46 25 Y1~ L3 2 000 bp FF 41,
F| FH 75 28 ™ 3 PlantCARE  Chttps://bioinformatics.
psb.ugent.be/webtools/plantcare/html/) %J H 24T =L
A F oA 350 434
2.7 FsEXSH

G546 PR AN [F) B A e S AU, v A )R
FLZGPAAR B 30 . ARORER . AR 25 80 . AR ZE AR
R ZEHEER 5 N EBALAT FPKM {H, FEih 5 H 55847
3N FELNTYME, BEEFH TBtools H
HeatMap Illustrator 1= E 2l PKS 11 {32154 5
28 EERBERREEARESAMBYURSTESE
XM

PEALETAA AN RIS A R o3& A ok 5 R
HATHIBEFT, 2567880 PKS I ZE R R AL Z5 A4 AN ]
HRAL L BT Pearson 4T (P<<0.05 BHA N
A7) FIH TBtools # HeatMap Illustrator T_F. 2]
PKS I 5 AL R0 & B A SR TR R

B s 92 % € B PCR (gRT-PCR) I6:iF PKS
I BRI R 514 Primer 6.0 ¥it (3£ 1),
RELEF-1y WS KA 10 uL 1) qRT-PCR Jx
Nifk Z&: Brigh Cycle Universal SYBR Green q PCR
Mix with UDG 5.0 pL, ¢DNA 1.0 pL, IER5I#1%
02uL, ] ddHO & 10 uL. JRNFER: 37 Cik
47 UDG I 2 min, 95 CTiZEM: 3 min, 95 CA
P Ss, 60 CHEAH 30s, 40 MEH. FAE 3 ME
YEE R, R 2 20EBT T RAS B PKS TIT AR



PED 202638 B57% B5H  Chinese Traditional and Herbal Drugs 2026 March Vol. 57 No. 5

« 1844 -
#* 1 qRT-PCR 3|4)
Table 1 RT-PCR primers
514 FP3) (5°-3%)
EF-1y-F GTCATCCCTGATTGATTACGC
EF-1y-R GTGGGCAATAAAGCCAAGAC
PKS27-Q-F CCAGACTATCCAGGTGGTCC
PKS27-Q-R CTTCTCCAGTGGTTGCTTGAC
PKS56-Q-F CAATTGCACGTACCAAGCCGA
PKS56-Q-R CTTGACATGTTTCCATAGTCGTTC
3 ZEREHR

3.1 ERLPKS I EEREEESEBUMRSH
ZH OB R PKS 1T FF ], T4

i Blast Al 2 IE H PKS XMk 1 F 45 # 1

(PF02797) 43 #iT, MBRAL AR R 20 3L % e Y 73 A4

Wb, KA 4o PKS1~PKS73 (% 2). H{bME
B ArEos 73 4~ PKS I & AKE LR A E
155~699 aa, FHX7>FliELE 17 460~76 780, &
HF S S AT 5.12~10.42. AR C R
N 24.97~60.89, fENT REAE 36.17~104.96, 3E/K
PE RS H-0.763~0.30, Hid 67 N AsEKME
W WA E A i EE R RoR 38 ARG g AL T
B b, e TR . R EE N o
BENE. AEfEE. B-HT S ATCALN G MR, RIS
YIE A 45.33%. 12.48%. 4.90%F1 36.94%. H:rh
PKS18 UL o~ & L (55.70%), PKS45 DLIE
fREEAN B-9r 8 o L (30l 18.72%F1 7.76% ),
PKS39 LATCHMI il & e m (51.36%). XAt
PKS 1T AT IS ELE R IN, 41 A PKS 11 FE A
PSR LER (3R 2).,

®2 [EHLPKS N EERE IR R
Table 2 Physicochemical properties of PKSIII gene family members in P. cuspidatum

HE HEBRaa MAXNHTHE HERSELS ARERE B BPSKARE TAIREA B
PKS1 352 39.09 6.47 40.11 81.73 -0.171 2 L 0
PKS?2 462 51.89 9.42 45.76 92.06 —0.064 JR 1
PKS3 393 4325 5.83 34.02 36.17 —-0.165 20 0
PKS4 393 4342 7.64 46.51 95.78 —0.095 20 0
PKS5 389 4281 8.06 34.35 90.93 —-0.117 JR 0
PKS6 484 53.96 8.83 47.32 91.47 —0.040 20 1
PKSS8 392 43.15 5.71 35.95 87.32 —-0.137 20 1
PKS9 513 57.66 9.42 38.06 91.38 —0.063 JR 0
PKS7 462 51.49 9.31 4227 98.59 0.008 JR 2
PKSI10 292 32.57 9.22 29.20 89.18 —0.236 JFHE 0
PKSI11 397 4440 8.92 31.08 93.30 —-0.132 JR 1
PKSI2 388 42.38 5.79 30.89 93.04 0.019 2 5 0
PKSI3 391 43.35 5.90 36.48 85.55 —-0.118 2 5 0
PKSI14 699 76.78 9.38 4244 89.41 —0.041 JFHE 3
PKSI15 371 43.50 6.33 39.67 83.30 —0.164 2 0 5 0
PKSI16 244 26.86 5.34 39.96 100.74 —0.047 2 0 5 0
PKS17 513 57.71 9.04 44.83 92.18 -0.111 JF 2
PKSI18 465 52.81 9.64 28.32 98.56 —0.089 2 9 )5 2
PKS19 468 54.26 8.43 41.48 91.92 —0.104 Jo 2
PKS20 347 37.90 6.52 43.28 98.91 -0.027 JFUE 0
PKS21 393 4325 5.96 35.81 86.08 -0.172 2 A5 0
PKS22 462 51.87 9.42 44.40 92.27 —0.058 Jo 1
PKS23 397 4435 8.92 30.59 93.30 -0.127 JF 1
PKS24 391 4331 6.28 38.87 89.77 -0.124 2 A5 0
PKS25 514 57.78 9.34 38.79 92.16 —0.049 Jo 2
PKS26 397 4435 8.82 30.21 93.55 —0.125 Jo 1
PKS27 255 28.55 9.20 43.68 55.49 —0.763 20 0
PKS28 503 56.98 9.32 44.90 92.84 -0.154 JRUE 3
PKS29 456 51.24 27.00 35.49 95.37 —0.037 20 5 2
PKS30 465 5247 8.75 40.99 93.74 -0.146 JRUE 0
PKS31 155 17.46 7.73 51.71 85.03 -0.374 JRUE 0
PKS32 392 43.03 5.79 40.29 85.79 —0.165 20 5 0
PKS33 514 57.78 9.34 39.11 92.33 —0.043 Jo B 2
PKS34 381 41.60 5.98 41.10 91.39 -0.162 20 L 0
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BE  EHEMREaa XS THE BHREHS DRERE BIIES SCPSSOK RS WANMESL PR R
PKS35 499 55.78 9.46 33.94 91.28 0.005 JF 3
PKS36 520 57.54 9.28 42.20 87.23 -0.277 Jo 0
PKS37 458 52.42 8.74 36.44 91.53 -0.191 Jo g 0
PKS38 480 53.55 9.17 36.73 90.60 -0.074 o 2
PKS39 220 24.72 10.42 60.89 87.27 —0.490 2 B )5 0
PKS40 522 58.67 9.29 34.51 91.76 -0.122 o 3
PKS41 318 34.68 6.20 36.44 92.67 -0.109 2 B )5 0
PKS42 404 44.53 5.63 34.02 91.91 -0.161 ZH 0
PKS43 510 57.11 9.42 28.34 94.82 -0.036 JF 2
PKS44 393 4327 591 39.71 87.61 —0.138 25 0
PKS45 219 24.17 6.85 49.27 87.67 -0.339 2 )5 0
PKS46 512 57.93 9.18 37.44 94.08 -0.048 o 2
PKS47 469 52.50 8.75 4328 91.68 -0.173 o 0
PKS48 415 46.10 6.07 41.99 99.69 0.300 21 B 5 1
PKS49 515 57.71 9.14 41.79 95.25 -0.031 o 3
PKS50 391 43.35 5.90 36.85 86.06 -0.121 2 )5 0
PKS51 389 42.93 6.51 36.81 95.78 —0.044 25 0
PKS52 457 51.07 9.20 2691 90.44 -0.077 R 1
PKS53 567 63.67 9.24 42.81 92.86 -0.033 o 3
PKS54 512 57.89 9.30 37.45 94.45 -0.063 o 2
PKS55 446 50.62 8.64 32.22 93.77 -0.085 P 3
PKS56 253 28.02 10.04 34.29 68.26 —-0.452 4 R 0
PKS57 391 4332 6.09 34.37 84.78 -0.136 4 R 0
PKS58 392 43.11 6.61 37.23 88.83 -0.126 2 i) 0
PKS59 397 42.78 5.80 40.82 91.18 -0.113 il 1ol 0
PKS60 232 43.25 5.12 24.97 104.96 0.212 il 1ol 0
PKS61 393 43.25 5.83 36.17 76.34 -0.165 il 1ol 0
PKS62 515 58.18 9.37 45.85 90.29 -0.201 Jo g 3
PKS63 503 55.46 9.02 44.02 102.35 0.138 Jo g 2
PKS64 385 42.39 6.36 33.04 94.73 -0.050 4 R 0
PKS65 530 59.13 9.06 41.30 94.19 -0.067 i 2
PKS66 672 75.13 9.47 37.79 87.40 -0.293 R 2
PKS67 321 3533 5.27 33.17 90.22 -0.030 2 0
PKS68 391 4331 6.09 34.69 83.30 —0.147 oA 0
PKS69 365 40.92 9.51 40.78 71.59 —0.481 2 5 0
PKS70 352 39.23 9.32 29.25 92.53 -0.089 g 0
PKS71 321 35.32 5.27 32.94 90.53 -0.035 2 0
PKS72 464 52.45 8.56 42.09 92.24 -0.152 R 0
PKS73 515 57.65 9.14 42.16 94.25 -0.038 J 3

3.2 [EHRLPKS I S REN X I 57
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LR AT AE AR, PKS IIT 5% N 75 4 FE R 47
FEl N AFAE 24 XPIEEMERF, HA 1, 20 3. 44 64 11,

YMpA LA AT BoR, PRI 21 A PKS 1T 3%
KA 11 ANURETT PKS IIT 3 RAFAE L%
#, HoH 4 4 PKS I K5 5 SR F ) 2
ANFERAEE IR LR G &R, HEIX 4 NSRRIV RETE LR
B PKS 11 FERF I b A EEER (K
2-B).
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Fig.1 Chromosomal localization of PKS I1I gene family in P. cuspidatum
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Fig. 2 Collinearity of PKS III gene family in P. cuspidatum within species (A) and between species (B)
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At-Arabidopsis thaliana, Os-Oryza sativa, Ma-Musa acuminata, Cs-Cannabis sativa, Aa-Actinidia arguta, Ms-Medicago sativa.
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Fig. 3 Phylogenetic tree of PKS I1I gene family in P. cuspidatum
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