Botanical Research H#)ZHF 5T, 2019, 8(4), 355-365 Hans X
Published Online July 2019 in Hans. http://www.hanspub.org/journal/br
https://doi.org/10.12677/br.2019.84043

Advances in Phenylaprapanoid
Metabolism and Its Enzyme Genes
in Sweet Potato

Kaizhen Xie, Jiaqi Liu, Lei Ren, Tingting Zhang, Aimin Wang"
School of Life Science, Jiangsu Normal University, Xuzhou Jiangsu

Email: ‘aiminwang@jsnu.edu.cn

Received: Jun. 17, 2019; accepted: Jul. 1%, 2019; published: Jul. 8", 2019

Abstract

Sweet potato is an important crop for food, vegetable, feed, industry raw materials and bioenergy
source in the world. Phenylpropane metabolism is an important pathway for the synthesis of sec-
ondary metabolites in plants. This review provides the advances in phenylaprapanoid metabolism
and its enzyme genes in sweet potato.
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1. 5|

H# (Ipomoea batatas (L.) Lam.), 5 FEZERRE . B3 WRL Tl R AEYRIRIEY[1]
WHE BB AR B E M R AL, B EIGRT KRS D TR KIBILLR, PIH 2 AR,
PR @MY PSRN A, ERE - E AR NETRROE. RARIME, RREMREZEN
JREAEMI2]. IR, S & RS R e sy, HARBDIRet H & 5l AT OE, RN
RAEHH I E TR B S, B DR E B D R 8 A4 H 2 i SRR O M 25 T A% 4t & FHH S ik
©o A TANL(WHO). H£EALF 2R E PO (CSPYFE RN N H B E e s, ML VRER
s s B3] [4].

AR EAR G AR N IR AEAREY) & BN B B . S 2R TR be B 22 1 BT A 40 5 8 A T B ) 42 P X
—IRATAEN . DAFR RIS R IR IR N BN RLS], #EAR AR U@E, & RAWER.
O PR, T TG, PR NEGER. SRR, M LUERHE CoA, Hift—I
AL AR ZR . By, ek, MOREREL (6],

HEh, KARERESRT FEOEEE R SRR, AR ERSEZY) PR . A 32X
H IR e AT B HAH G Bl = D] (R I 5 32 P it — R

2. HEFENFRARRAM MR A EEINEE
2.1. KEMAULEY

PR $2 B (R 2R 3R (A- 5 B-3R) il — AN C3 I3 17 il R BT A0 & W) S PR 2K 5 i 346 5 ) (flavonoids)
TEREPIAR N 238 I 24k & i o 5 08 5 G (9 5 NS E T 30 Winkel-Shirley AR5 BEZ | C B4
FREE . A BRI, KRBT 2R &5y 7S K3 #E (flavones), 7R BE (flavonol), % ¢ B
(flavanone) , % %5t % (flavan-3-ol), 57 5 (isoflavone) F11¢£ 7 2 (anthocyanin) [7]. H 2 & & 2K S W21 &9
Wang & F]F UPLC-MS/IMS J7 ikl o4 € B H o (1) 75 FhRm B ka4, Hrhaaf 3 fhd H
KA G, 45 FPEHE, 8 FhEgkel, 10 Fhegmims, 2 FhigkeEsim 7 FifEds R2K[8]. KM AN
ik, W 1 s

Figure 1. The basic chemical structure of flavonoids [9]

B 1 KA N SYREEE[9]
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22. HEHE

CE ZRRTIRM AT RFEE N —FOKBHEOR, KREAETHEDMROBES . THEIA S
BAGUEAAMN R EEIER[10]. AR TOE R A WHUA G PUME . PUEE. FRIsE. Bsmidiz 7
FRITORMEDIRE[11] [12]. MR NAET RZINH 5 &M RpE 4 G ROb £, Bt DL OB RO A8 6 1
(anthocyains). HZEH{LHE RIS RN S FE—RMHOAFRSEEAF —2ER, HPhEREER
W& ERFEE, ARHEIRPEERD; MEKRNEZ S, LIPS ENRATZE, hieEE

U8B [13] [14] [15].

ARETFE RN — M ARGIET T RZWA /30, 1958 4, Haborne %51 4 E K HE L E
FONZMIERR I IEAL () K 423 & 3-MRBEEF 5-RIBEF[16]; 1966 4E, Shi &%t 2 i HEHHF R AT =
G BTBR R AN — J UM MERR AT 24 3 DA K 2 I 4 1 BT 2R R AN — 2 T EBR 1 ~T 245 3 [17]; 1992 4F, Odake
K 2550 2 P H BT 20022 45 0 bl i e 10 o 2R R Tk 1 1) 2% 238 R ANAT 245 2 [18]; 1999 4E, H
A Terahara Z51F S 1 4 H 5 Fh “ Yamagawamurasaki” & 8 FREELIIAE G, I 6 ROy B A5,
Horp 3-0-{6-0-(E)-MMEf-2-O-[6-O-(E)- Wi bt - SD- N e 7] % JE] 8- DN 1eg 7 4 - }-[5-O- (8- D- N g 7 4 )]
REZGRRAT R S 3-0-{6-O-(E)-MHERE-2-0-[6-0-(E)- X #:3& 75 FF i -/3-D -tk e 78 % 32 ]- 8- D - it 21 4
T }-[5-O-(B-D-ML M F HE )| R FE = AT L R 4 P i 42 ok [19]. 2000 4, Terahara 45 5 2 M HT i
b Ayamurasaki” HUR o5 5E H 3-O-1KE 1 -5-O-# i H K 425 th &= M1 3-0-{2-0-[6-0-(E)-p- 7 2.1t -4-D- it
VR 567 7 255 ]-B-D- ML W 1 47 17} -5-O--D- ML T B 1 R s T R 2 POl e s R IS5 M [20]. A H &
CH R SR AP M, 2011 4F, VLEEPNSERH HPLC-MS 2577 VA0 S H B0 (0 B 45 M ik AT %5
E[21]. Zi b, HWHEPRE R EENRBIEMNUE LS R, CEWMEH ZEIURS 1 27 Fite s
TR L), MEHEN P REAAEARE R, CRNBIMEERASA 15 (L 2), FHREH
RAATA B AW FE RS-

Table 1. Anthocyanin compositions in the tuber root of sweet potato [22]
= 1 HEHSRPENEINETREAS[22]
e fEHRAS

1  cyaniding 3-sophorside-5-glucoside

2 pelargonidin 3-sophorside-5-glucoside

3 peonidin 3-sophorside-5-glucoside

4 cyanidin 3-p-hydroxybenzoylsophorside-5-glucoside
5  cyanidin3-(6"-caffeoylsophorside)-5-glucoside

6  peonidin 3-p-hydroxybenzoylsophorside-5-glucoside
7  peonidin 3-(6""-caffeoylsophorside)-5-glucoside

8  pelargonidin 3-(6""-caffeoylsophorside)-5-glucoside
9  cyanidin 3-p-coumaryl sophorside-5-glucoside

10  cyanidin 3-feruloyl sophorside-5-glucoside

11  peonidin 3-p-coumaryl sophorside-5-glucoside

12 peonidin 3-feruloyl sophorside-5-glucoside

13 pelargonidin 3-feruloyl sophorside-5-glucoside
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14  cyaniding 3-dicaffeoyl sophorside-5-glucoside

15  cyanidin 3-caffeoyl sophorside-5-glucoside

16  cyanidin 3-caffeoyl-p-hydroxybenzoyl sophorside-5-glucoside
17  cyanidin 3-caffeoyl-feruloylsophorside)-5-glucoside

18  pelargonidin 3-caffeoyl sophorside-5-glucoside

19  peonidin 3-caffeoyl sophorside-5-glucoside

20  peonidin 3-dicaffeoyl sophorside-5-glucoside

21  pelargonidin 3-dicaffeoyl sophorside-5-glucoside

22 peonidin 3-caffeoyl-p-hydroxybenzoyl sophorside-5-glucoside
23 pelargonidin 3-caffeoyl-p-hydroxybenzoyl sophorside-5-glucoside
24 peonidin 3-caffeoyl-feruloylsophorside-5-glucoside

25  peonidin 3-caffeoyl-p-coumaryl sophorside-5-glucoside

26  pelargonidin 3-caffeoyl-feruloylsophorsideorside-5-glucoside

27  pelargonidin 3-caffeoyl-p-coumaryl sophorsideorside-5-glucoside

Table 2. Anthocyanin compositions in sweet potato leaves [23]

F 2. HEMHENEIRZERE[23]
e CHE RS

1 Cyanidin 3-sophoroside-5-glucoside

2 Peonidin 3-sophoroside-5-glucoside

3 p-hydroxybenzoylated(Cyanidin 3-sophoroside-5-glucoside)

4 Caffeoylated(Cyanidin 3-sophoroside-5-glucoside)

5 P-hydroxybenzoylated(Peonidin 3-sophoroside-5-glucoside)

6 Caffeoylated(Peonidin 3-sophoroside-5-glucoside)

7 Feruloylated (Cyanidin 3-sophoroside-5-glucoside)

8 Cyanidin 3-(6,6"-caffeoyl-p-hydroxybenzoylsophoroside)-5-glucoside
9 Cyanidin 3-(6,6"-dicaffeoylsophoroside)-5-glucoside

10 Cyanidin 3-(6-caffeoylsophoroside)-5-glucoside

11 Cyanidin 3-(6,6'-caffeoylferuloylsophoroside)-5-glucoside

12 Peonidin 3-(6,6'-dicaffeoylsophoroside)-5-glucoside

13 Peonidin 3-(6,6'-caffeoyl-p-hydroxybenzoylsophoroside)-5-glucoside
14 Cyanidin 3-(6-caffeoylsophoroside)-5-glucoside

15 Peonidin 3-(6,6"-caffeoylferuloylsophoroside)-5-glucoside

2.3. FEER

£ J5 % (chlorogenic acid), X AAMIMER TR, 10544y 3-Minkf 2= 7[R (3-ocaffeoylquinic acid), HH#I
WERR 52 TR R, N H E R EHRE P & BEAEE BRI EW[24]. HE PSR ER
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FEAETZE L JURT, JURT & EMNRD, MHEHPRIERN S ERm, HAEESER
(3-caffeoylquinic acid), ¥4k R (5-caffeoyl-quinic acid)Fl &4 5 R (4-caffeoylquinic acid)3 Ff /] 43 S 4414
[25] [26] [27] [28]. LR R H AL 5 HA TN HLRFEIEHSMN29] [30] [31]. EEEHFLL R,
SRR RN SR H S AR T B A R s L BERE IR FI[32] o IeAh, ZRIFFRYE N e R T, A
B Preb. ik HURTEE. MG IARTE . ORIPIHFIE. iy, bukos . S, Y e~
G 2 HEYIETE[33].

2.4. KERRE

ABE (lignin) RPN IS 10— REE Y, KB4 4. =ERORI &S T
G RBEAE LR IR G, 7T A s A YR O UGRE o« AR BT R AR I BE ) £ By 22—
VIR LS A BE ARG S R AR G, HDh e 1 SERBIE Y L E RO PR T . H PR
MIARR B RA N 1.5%. FEFENELREN M. FER. A RER. EKRE 4 MEKET
Yoo T e REHURAR O K H B BRI R R, JCH DU B R M LA BN i3 (P < 0.01); 17 5 Fb
PRI AR, SRR BERDS H YR R R G A ReB A et E ], HLE 2 8] e I 26
PEIEARSS, AVURR(IBERR . ATEIR AN RR) S5 ISR 59 dREE . AHXHE AL . S0 Ko AR i 2 &
=B R, HiR R, OGRS, AR /34 AR R E 2R & 1 15 40
RGO IR B 2B RIRE ), ATIAEARGT IR S s 5503 S B 4R S5 I A2 21 17 R AR B e ) 1 I [35]

3. BEEENFARXNHEXBEERRER

KNRAR A LR Z ML B U AR, IR R WAERR-4-F LB 1E ] T B B4 T A
RA-A-FER, BOVERRIAM O 0EE. G0 IS GR-3-2LEE, 4- B SR A RN,

3.1 FARAREZLIREEXEBERNTR

AR BRFZEE(Phenylalanin ammonia-lyase, PAL), Ak L-2K 4 &R i 25 & 56 A iU AN EERR, 72
KRR A IR0 E — 0 SR A PR, SR A 5K . Ik, PAL 2R Ak R I%
15 HH S [R5 HR T 9T Bt 2 IRl . Tanaka 25 i % T H 3 PAL ] cDNA J751, & —A Ky 2121 bp 1)
FFTBUR AR b 707 NEIEER . 22 bp 1 5B 5 X A 207 bp 1 3'dE4mAS X, H HHEN PAL XF HE %
it N2E[36]. WFFERIA, HE PAL IR RIIAEIURYE b, 5 A0 R 28 B3 93 IR B A2 N H Bk N 2
FEPAL BEYERA B Tbmy . DRIE, PAL &R AT AR H S TR A B 1 — MR e AR [37] [38] [39] -

IR -4-¥2 (LB (Cinnamate-4-hydroxylase, C4H): ZE P m A SR &R T 58 — bR, ILIEE
FERRETB R — AL, B IR RS R X -4-F R . CAH 2 55— AN R I )
SRS E 4 fiD PAS0 BLNA RS AN . B SR M RACE BoR E ONHE 15 214065 CAH EE,
#7449 IbC4AH [40]. &850 FriEon, HH % IbCAH K 1668 bp, 4ifid 505 M IERE. FHFRGEMNEHE
WD IR IDCAH WA RSB E S, B H E PR 4]

3.2. HERERNSMBBEXEERNMR

321 HERBRSGHEBEZEHHEXBEENHR
R IS AR R BARSHR R R 23, W 4-F I-CoA HESRMHHE L7 SR A N
T A AT R G, SRR SRR R . SRR AR R A A M LR
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HEACTH R A SRS O o b 1A G [N 0458 A R B & Bl . AR A B 283N -, —
LT IL A EE . fEF R AN, EF RICEBAEE R 3-O-MH-2"-ma L R . i
HRAEMG &R, Wik 2 Pros:

RIWNHIR
PAL
C4H
PR
l 4CL
W FtCoA 4-FHEHCOA - - KJRE

CHS
4-FF AT KT
l CHI

4,5,7- YR E fe

J F3H gy
R (DHK ) ———— R A (DHM)

F3'H

R ETRR(DHQ)
DFR l DFR l DFR LAR

| oAt IR 2o s (0 2% TC R T 3% Jo AR | """""""" = JLEE
l ANS J ANS l ANS ANR

= RS e ~ RIAE IR

I |

T -3 AR
l MT, RT, AT

P —

Figure 2. The biosynthesis pathway of antbocyanins in plants [59]
E 2. P iEFEREDERIEE9)]

/R WH-A U (Chalcone synthase, CHS) LA —BE4#G A 5 & S IEHIRE A A2 ot B 22 2 7R, v
BRI L )5 R . CHS MU 5B RMIEAK, 1 HE SN Z M AR %Y. HEh
oS B A R A R R, #5444 IDCHS1, H: cDNA 4K 1556 bp, b4 4wt 388 N FEMR (1)
1167 bp IR BIEEHE. BFFLR W], IbCHSL FE[N F ZAE R H Rk, HEEKFH5AE G HEE
HRMEERIEMK[42].

/R BA S #IEF(Chalcone isomerase, CHI) & & AL T R IBIRM— A RIFCHERE, 10 B 7RI A8 A0 %
S B R B A 7 2 o 7 K B S R BEE R B AE DU R 2R B ) CHI AR, B CHI AR (s PR T 28, T2,
i J0 PR 45 5 2 A TLLRS AN iy i A LR 7 L Th A A IV 24[43]. B2 h g RE WAl CHI 22 ER T 1

A, SR RT-PCR H ARG T IDCHILL, cDNA 4:K: 857 bp, &4 206 M IR L FEK: 621 bp
(FFFRCBEAE . IDCHILL EBAE R H T RIE, HEREKFEEE R R 2 IFML[44]. Guo ZEMNEH
Zrh B ERER) CHI 2[R 42K cDNA 751, Hm 8 IbCHI, 1ZFEF LS —N 732 bp MIFFUREAE, 4
f—A~ 243 TR LI, FRik— BRI IbCHI 2 1 5t H 675 2 AR B & m 2 Hh 1) S RE[45]

KW 3'-¥24LEF(Flavonoid 3-hydroxylase, F3'H) & — M 5 P450 1k #filiE, {EAET R A& WPz
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Rtk EEAEH, AT IR 2= (Naringenin) 4% (6l v — &3 i lF (Dihydrokaempferol). Zhou 457
P 7 H2 IbF3'H, cDNA 4K 1789 bp, & 1554 bp [IFiU BEHE, Jmfd 518 NEIEMR . WK, 7EfL
HRRREZETEIUR T, 1bF3IH BAREKFRRIE, M IbF3H AREE O HEREPEFTRY
LT R E R [46],

Z A B REE R B (Dihydroflavonol-4-Reductase, DFR) /2 & AL T 2@ 2 10— A iy, 1k
TR B IL )R RC AT 2R SR B B AR G B E AN G R H PR e B2 1Y) IDDFR JE A,
H: cDNA 4K 1232 bp, 4ifi% 398 MRAKR[47]. AWFREY, HEAZAE. B, IbDFR KIFIA
EFE . IbDFR AMUAE i WA Hh R A 1, A B T IR e T RAEMNE 25 N IERRIETEA B L
fie71[48].

HH R A BB (Anthocyanin synthesis, ANS) & & AL T R IBIEHIECEE DR N, i LeltdE R
FHOR A BT R zhou 5 MR A H 2 4> 5 H IDANS 42K cDNA J751, iZ 5 F 8 7 7 —/MK 1086 bp,
Yt 362 N HLER B R BEAE[49] o Liu S50 KL, IDANS FIRIA5EH RN HEEIEME, HE
HHEYMRMRIEAK @& T2 SR E(50].

H#FH RIEJEEE (Anthocyanidin reductase, ANR)JE R /£ RARUNE R 1SN, AR ERH KL
TR RQR3-MF hi-3-B7), L RBE P e IIF R G RRIEE = . RAEEMRE 3 SrhmfEh 1
—ANRi% ANR f IDANR 2[R, FERBL T iZZE RN & T2 S8 E51].

HEER 3-O-WT-2"-H & Fi %% (3-0-glucoside-2"-O-glucosyltransferase, 3GGT)fi{k1E7H % 3-O-
WEH AL EE R 3-O-FLREH . O AH = cDNA FErb %7€ 41Ky 1380 bp, Zhil 459 AZ IR )
KIFF41. Ib3GGT MizEAL A A LR B 5T, Jf H 32 %) IbMYB1 #ox K 72 R 4% . 1b3GGT A IR
W TR I % % (UDP-glucose) VE B IR AL 167 2= 3-O-Hli Ak 16T &= 3-O-FbiH . Ib3GGT 1) 138
5 IR (Thr-138) J A F LLIE R IR IR, AT 4EFFIEE 2 0 2 R 5 R IR [52].

KW 3-F A R LB (UDP-glucose: flavonoid 3-O-glucosyltransferase, UF3GT) {4k % & i FL 44 72
FIFETH R 32 KL, fEAEH RAEMEG BISE T A — M ik . AWHE 5 B4 E H 1bUF3GT 1)
4K cDNA 741 1541 bp, 5% 1359 bp HITFHEIEAME, Sl 452 NEKERR . It — D 5ifE T IbUF3GT
RSN P50, SEe 4l 2 B H I 55 8 B TE PR OBy A7 T 758 2-633 bp (X3, H LKAl fg
ZHSEREN T MYB. MYC R, /KR KR 8 R IR [53].

322 HERBRGRERBIEEF

HEZm, FEEE RE g RN TFEEE MYB X k. BHLH . WD40 ZX . Dong 5 M
LHE R IbWDA40, 4 1427 bp, & 1032 bp FFRURIEAE , ZmiiD & 343 MEIEFR I £ Ik . IbWD40
FEAL T MM h 2 55, (E6E =R MY R G O e 2 o0 H BRI [54]. WEH
FH iy E ) MYB 25K 1 IbMYBL 1) cDNA J7 51 1186 bp, % K1 1] LBUE 6 =& Uitk
(140 225 4) ik TR P ik AT 4% H B AR A8 75 R AR & i [55] [56] [57]. HRYE H st HER, 1Ruf%R
F RT-PCR AR MH 2 b 5 7 K& 4 2120 bp (1) bHLH #4587 5 1) IbGL3 [, ZREAE —4
il 625 NEIERR . K 1878 bp MIFF AL FEEHE. 1bGL3 J& TIIIf W, HRIAKTFESHEFERHNEAL
IEMSG, EENHERRREERG, HOORERERTE, AR EFRRERERIK58].

3.3. RFEBRABRNS IR AXEERNMR

331 HEKRERARBERNAR
SRR G O AR P I A G RG: —  2E T IR R R R B L B #2188 (Quinatehydroxylcinnamoyl
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transferase, HQT), 1ZEF(EALMIHEBERIRE A 528 7 TR SO AR BOMERE 28 T IR (SRR IR); & LBt R Iy
(Hydroxylcinnamoyl transferase, HCT) , B fL F2 20 & GBS A 57 U HREE B2 TR R
R, AEMERIERR . SRR BOR R B E R E T, HE b SRR Y S s R
BEMANLNIE, S25_ABGI P EENE . SR, EIEHT, #A TR .

332 HEARREMBEROAR

Y EEAAAEZMORBTER, B H-ORBER . G-RBI &R SR &, HEud et F 84 3 i,
B 4-75 S R%H A A %38 (4-coumarate coenzyme A ligase, 4CL). PEEBEHHES A it J5 i (cinnamoyl-CoA
reductase, CCR) 1 P A: 1% it &L B (Cinnamy| alcohol dehydrogenase, CAD). H A& HZ A & & iz d
FHOGT AR T8 , 17 30 B2 R 7 7 DLAR 20 AH S 70 miR828 a1 F U #EE K IbMYB Al IbTLD
IZRIR TGN T A 2 16 [ 60] o 7 H 2 96 TR 5t 38 (1) & e A B Hof 4 R v st Fe e il — 28 9 .

4. RE

HEZHEMEKE, BEENRNNEFEARCTRARSE S, A TR Bk B . HEEA
HEMREEY, E&EAR. wh R B8R, fERXRLZMTYITR, U Z RN
&, THEAARG S EMEELIENAKE L, WRITTRRETH T AW, REmastda. £
EEROATR, METRAGIUE. PIEE. RAERIEEM, HEWHRSRENEER, SEREH
PURA B RPN PUMOE. CRPIFIESEE A, DL, SR ATs TR A R fE . BRI R
U ENHARGTIET R SRR NN M@ B R 75t B EEAEH, TOARBERX T HZ e
PRESMAAEEEN. TAKNE, BN TRESESPEEARTBKFN, digst 7Y ausn
K, WRERMAT G, #E— PR NMTEERGEMEE SR EMETR. Bk, XHZEIR S
BARRIWET, HAT R

mBE&EE

VLT3 o 25 218 AR B A T 70 T H (18KJIB180005) s 74 M T R i+ &I 5 s 0T 2 iR (k2 % J2) i H
(KC18143), YTJ5Ii§t 2 18 24 07 ZOM R S #7155 (L8XLRS014): VLI K 2 K 27 A Al ) b [ A
HEMBFFIE ; LRI AR & TRERBIE .

SE WK

[11 #, S8, 7508, FEE, 205, O, HEHNMIEE 9 TNk F SBR[, W& LE, 2012,
51(17): 3696-3698

[21 SR, 20, EIEW, HARAE, WA, A, MR, hEEE A EAR R RS RE[]. LR
2£3), 2012, 28(5): 969-973.
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