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Abstract: 4-coumarate; CoA ligase (4CL) plays an important regulatory role in the phenylaprapanoid me-
tabolism. In this study, 11 4CL genes named 164CL1— Ib4CL11 were identified in sweet potato (Ipomoea
batatas) based on transcriptome data. The results of sequence alignment and functional domain analysis
showed that all Ib4CL had typical 4CL structural feature, containing the conserved Box | and Box [[ do-
mains. Evolutionary and conserved motif analysis suggested that Ib4CL1 and Ib4CL2 belong to Class ] .,
1b4CL3 belongs to Class [l » and Ib4CL4-1b4CL11 belong to 4CL-like proteins. Transcriptome data and
quantitative real-time PCR analysis showed that the transcriptional levels of I64CL3 and I64CL10 in leaves

were significantly higher than that in stems and roots, which were positively related to the accumulation of
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chlorogenic acid; I6b4CL4 and Ib4CL8 were higher expressed in young leaves, closely related to the accu-

mulation of anthocyanins. The results laid the foundation for further revealing possible function of 4CL

genes in phenylaprapanoid metabolism of sweet potato.
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Fig. 2 Phylogenetic relationships of 4CLs from

different species
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Table 1 Information of Ib4CL genes and their predicted proteins

T %) 2 19 Predicted protein

o %4 ORE/bp : o :
K/ Size/aa 2/ Type 5 F i MW/KD SFH AT pl
Ib4CL1 1632 543 Class [ 59.75 5.73
1b4CL2 1629 542 Class [ 59. 27 5.65
16b4CL3 1713 570 Class 1[I 62. 89 8.11
104CLA 1743 580 4CL-like 64.76 8. 50
I14CL5 1665 554 4CL-like 59.73 7.67
164CL6 1659 552 4CL-like 60. 14 8.96
1b4CL7 1719 572 4CL-like 62.61 7.23
I14CLS8 1704 567 4CL-like 61.19 5.57
1b4CL9 1629 542 4CL-like 59. 37 9.14
1bACL10 1665 554 4CL-like 59.76 7.61
Iv4CL11 1653 550 4CL-like 60. 26 9. 06
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Fig. 4 Correlation analysis between expression of I164CLs and secondary metabolite accumulation in sweet potato

Mo R IR . SR R R BV MR
BTE 0.86 LU (8 4,C), g 1 B 3iE 5 5% 20 B
(i R] &8 L R 9% % E it PCR B R X 104CL3 Al
IbACLA (W RIRHE— 2 04T T 50t U 1 A s 4
BRI A —FUR 45 5 (B 4,D)  F 52 T 5 5% 4 5
FEIR B 1 T EE

3 T ®

AT TR A 72 E (ACL) fi 1k PR R B H:
PR LT H R AT AR W A R B A TR X
[F1) 7= 49 i S 300 R D ot A A ) S B A s AR
MG E A 45 HFAE . ACL Al 238 1 26 F0 11 28 W5 K



586 [T | A 7/ B S 40 &

e H | RE AT R Y o B AR SE I 2R
ACLEHZERBERT ", ERE I REA T & 4
A ACL P Hip 4CL1.4CL2 F1 ACLA J& F 1 2%,
ACL3 J& F 11 285 Ak, i85 9 A~ ACL ZE ol 5L A
(4CL5~4CL12)™, #sx B, 1l 28 4CL 52k %
TR i A A B VIR G, T 28 ACL 2 5 Kl R fil L
RN R B AR A R T ACL 28 U3 R A 1 D) 4
FHIEATE R 2 A 98 AR 4l % Sf 4 2 B0 78 1
BEhOE 11 A ACL A, a3 20 58 D 4 1 2 1l L
A WA ACL 25 25 9 R AIE o 32 Ak IR <1 45 48 25 5 43
B i Ib4ACL1 f1 1b4CL2 J& F T 2% 4CL. Ib4CL3
J& T 1l 2% 4CL,Ib4CL4 ~1b4CL11 J& T 4CL 2510
HH

TETF 72 FN&R S5 IR I T 28 v 32 S 4 T e S At
YN B A & B W B U R
AHE S K BLAE T 25 B AE IR I H S ) Bl v
TR B G I 09 B AE T R B 5 8 W e A1 5 T 4 )5 1R
EMAFRETFNBE S REF AR R E S T2
MR S8, TR T EETRMSERE
B A DG ACL K& B 1) % 5 20 080 A9 't o =
PCR X} I64CLs FE AR & & W B A 2H 21 26 38 FR 1R
AT T30, S5H R 164CLs iR BE R 7E 4
BN KRB B LR R, N — e B LR

5% Uik -

[1] TANAKA M, ISHIGURO K, OKI T, et al. Functional com-
ponents in sweetpotato and their genetic improvement [ J].
Breeding Science, 2017, 67(1): 52-61.

[2] MOHANRAJ R, SIVASANKAR S. Sweet potato (Ipomoea
batatas[ L. ] Lam)-A valuable medicinal food: a review[]].
Jouwrnal of Medicinal Food , 2014, 17(7) . 733-741.

(3] £ B, 2R SRR A YIS M KM 5 5 5 iR F 5%

[J]. VLIR0M A8 R = % 4 CH R B2 MO, 2017, 35(3): 30-
34, 48.
WANG Z, L1 Z Y. Research progress of biological activity of
chlorogenic acid and chlorogenic acid in sweetpotato[J]. Jour-
nal of Jiangsu Normal University (Natural Science Edition) ,
2017, 35(3): 30-34, 48.

(4] % o, REM, REL, F. HH DGL3 I EMR BN
[J0. J P44, 2018, 38(10): 1 356-1 362,

XU J, ZHU H L, ZHU J H. et al. Cloning and expression
analysis of I6GL3 in Ipomoea batatas[])]. Guihaia, 2018, 38
(10): 1 356-1 362.

LN F W IbACLs Dy RE LI BL T W40 4k i &
Horp, I64CL3 I 164CL10 55 35 15 4% JF R 1Y FH 2
EAH X IbACLA F1 I04CLS W 323k 567 Z I 2
UV, BB I6ACL3 A1 164CL10 e 5 H &
SRR R AW A . I0ACL4 F IDACLS W RE S 54675
RAEW A . HA - IACL3 J&F 11 2
ACL B 51 - H 36 3R 7K OF A 4 I i B0 28 1 A 5% i AN 46
R LR B A ST A MBI A— 2, B
AFEPF o 4CL W DI Re A Prsrfk. B T I1b4CL3
Ah IbACLA  IbACLS F1 164CL10 #BJE F 4CL 2ol
FEIR ., ACL ZEUBE IR Y HL AR T B i AS B (H B AN
AEHERS: H 2 5 3 N B A0 A= 0 5 Ry T RE . 3T
ARk BF 98 & B, K W Ml ( Fraxinus mandshurica )
ACL 25U FE N FmdACL-like 1 K5 K FEREHRIE
FHI 1 23k FmdCL-like 1 J5 )5 55 W RO it R
BT 39.5% s KR ACL KK OsAAES &
AT A A R BB R L g R,
ACL bl 35 [R5 28 3 Bt 25 A 3 9 26 0 6 1 v [ B
HAERERZEMIEMN. T — LKk — 205 Ib4CL3,
1b4CL4 . Ib4CL8 F1 1b4CL10 7 H 2 43 J5 ik A1 16 75
F A A B TR 0 A T RE O H S
R BE 5 HE Al

(5] #= @&, £ Jk, X4, . HEEHEEYEBRER
HEIELT]. JrFARPE R, 2014, 12(3): 567-576.

LI X, WANG X, LIU Y J, etal. Progress on anthocyanin bi-
osynthesis of sweetpotato [ ] ]. Molecular Plant Breeding ,
2014, 12(3) . 567-576.

[6] HUW]J, KAWAOKA A, TSAI C]J, et al. Compartmentalized
expression of two structurally and functionally distinct 4-coumar-
ate: CoA ligase genes in aspen (Populus tremuloides)[]]. Pro-
ceedings of the National Academy of Sciences of the United
States of America, 1998, 95(9) . 5 407-5 412,

[7] LAVHALE S G, KALUNKE R M, GIRI A P. Structural,
functional and evolutionary diversity of 4-coumarate-CoA lig-
ase in plants[J]. Planta, 2018, 248(5); 1 063-1 078.

[8] ZHANG C H, MA T, LUO W C, etal. Identification of 4CL
genes in desert poplars and their changes in expression in re-
sponse to salt stress[J]. Genes, 2015, 6(3): 901-917.

[9] RAGG H, KUHN D N, HAHLBROCK K. Coordinated regu-
lation of 4-coumarate; CoA ligase and phenylalanine Ammonia-

lyase mRNAs in cultured plant cells[J]. The Journal of Bio-



4 3

W v AR O A TR IR DN A A W 5 B S E SR K AT

587

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

logical Chemistry, 1981, 256(19): 10 061-10 065.
ZHAO Y, KUNG S D, DUBE S K. Nucleotide sequence of
rice 4-coumarate; CoA ligase gene, 4-CL. 1[J]. Nucleic
Acids Research, 1990, 18(20): 6 144.
UHLMANN A, EBEL J. Molecular cloning and expression
of 4-coumarate; coenzyme A ligase, an enzyme involved in
the resistance response of soybean (Glycine max L.) against
pathogen attack [ J]. Plant Physiology. 1993, 102 (4);
1 147-1 156.
VOO K S, WHETTEN R W, OMALLEY D M, et al. 4-
coumarate; coenzyme A ligase from loblolly pine xylem (iso-
lation, characterization, and complementary DNA cloning)
[J]. Plant Physiology. 1995, 108(1); 85-97.
LEE D, ELLARD M, WANNER L A, etal. The Arabidop-
sis thaliana 4-coumarate; CoA ligase (4CL) gene: stress and
developmentally regulated expression and nucleotide sequence
of its cDNA[J]. Plant Molecular Biology, 1995, 28(5):
871-884.
EHLTING J, BUTTNER D, WANG Q. et al. Three 4-cou-
marate: coenzyme A ligases in Arabidopsis thaliana repre-
sent two evolutionarily divergent classes in angiosperms[ ] ].
The Plant Journal , 1999, 19(1): 9-20.
KAJITA S, KATAYAMA Y, OMORI S. Alterations in the
biosynthesis of lignin in transgenic plants with chimeric genes
for 4-coumarate; coenzyme A ligase [J]. Plant and Cell
Physiology» 1996, 37(7): 957-965.
LEE D, DOUGLAS C J. Two divergent members of a tobac-
co 4-coumarate: coenzyme A ligase (4CL) gene family (cD-
NA structure, gene inheritance and expression, and proper-
ties of recombinant proteins) [ J]. Plant Physiology, 1996,
112(1): 193-205.
WANG C H, YU J, CATY X, et al. Correction: character-
ization and functional analysis of 4-coumarate: CoA ligase
genes in mulberry[J]. PLoS One, 2016, 11(6): 0157414,
DOI:10. 1371 /journal. pone. 0155814,

[18]

[19]

[20]

[21]

[22]

[23]

[24]

LIUTT, YAOR L, ZHAO Y C, etal. Cloning. functional
characterization and site-directed mutagenesis of 4-coumar-
ate: coenzyme A ligase (4CL) involved in coumarin biosyn-
thesis in Peucedanum praeruptorum Dunn[J]. Frontiers in
Plant Science, 2017, 8 4. DOI.10. 3389/fpls. 2017. 00004.
ZHANG C. ZANG Y. LIU P. et al. Characterization, func-
tional analysis and application of 4-coumarate; CoA ligase
genes from Populus trichocarpal]]. Journal of Biotechnolo-
gy, 2019, 302. 92-100.

CHEN X H, WANG H T, LI X Y, etal. Molecular cloning
and functional analysis of 4-coumarate; CoA ligase 4 (4CL-
like 1) from Fraxinus mandshurica and its role in abiotic
stress tolerance and cell wall synthesis[J]. BMC Plant Biol-
gy~ 2019, 19; 231.

B E, AR, W7, L H g R R Uy ik AT
2], B, 2009, 30(24) . 279-282.
XIANG C G, LI W F, XIANG N, et al. Determination of
chlorogenic acid in sweet potato leaves[ J]. Food Science,
2009, 30(24) . 279-282.

XIEEFS, ZME, SRS, F. AREBIROFENHELETE
SIE ML, P ER SR, 2007, 23(4); 91-94.
LIU G L, LI H X, GUO B H, et al. Effects of different ex-
traction methods on anthocyanin content detection in sweet
potato[J]. Chinese Agricultural Science Bulletin, 2007, 23
(4): 91-94.

RAES J, ROHDE A, CHRISTENSEN J H, et al. Genome-
wide characterization of the lignification toolbox in Arabidop-
sisLJ]. Plant Physiology, 2003, 133(3): 1 051-1 071.

LIU H, GUO Z H, GU F W, etal. 4-coumarate-CoA ligase-
like gene OsAAE3 negatively mediates the rice blast resist-
ance, floret development and lignin biosynthesis[ ]J]. Fron-
tiers in Plant Science, 2017, 7. 2 041. DOI: 10. 3389/fpls.
2016.02041.

(B# . REH)



