PERES: EHRlE 2021 % % 51% 5 2H: 151 ~ 166

SCIENTIA SINICA Vitae
W i

ChERE ) Atk
SCIENCE CHINAPRESS

CrossMark
& click for updates

lifecn.scichina.com

BT 2 H AR A TR BB B B B
G 7L IR

- 1 12 g T 12,3
s, RER S, AAER, RET T

L. A B Rk 2 e & AL i B AN B 2 e 245 FAELAD AT S i, BB 5K o [ 2 % B8 Jg v 24 5 VR R T T 90 2, A3 100193;
2. R BHRHE H LR 0, 65T 100193;

3.t [ B 2R e & AL WM B 22 5 24 P AR MBI L T 5 B 23, 33k 666100

* L& N, E-mail: jysong@implad.ac.cn

WekE F93: 2020-06-11; 252 HH: 2020-07-31; MR KL % H B 2020-09-21
FE 5% ST A R E 5 2019YFC 17111001 r [ 125 252 Fl 272 5t A% % 32 R 4 W ) €035 [T A 350 I (L7 52 2016-12M-3-016) % Bl

WE EXEIARZTEATY, BAFENRE. BXBESFEDR, O F K03 A 7R % & F X (coronavirus
disease 2019, COVID-19) &7 ¥ AL &, EX T EEU RS A —RBHRNETR K6, E5EE 0
PP EN, EMERERBERESERENFHAREERAERE. PHESXEFAMGETAREEHR. AT
FEMFEMA. REFREFE A SUFRANNA L E, A0 FEEERS RN R GG R R IEERS
A RFEENE, EHPERFARPILBENA. AXRAARETESEFA., #F4H. EaRH. RHE%E%
A¥WARHAR, FIHT EZEFRR) EMA KRB R BB EE., HFHTFTHRAERRRESTEMEIHN
MAERESEF, HFREARRBFEMANBFEA, wXFHABHEH. 5 EKLET RIEE RS A K FREN
#l. EERSEISEREERNE, WEBRBERESRRH R RENETRREAAEE T £,

XgE  EX, BWRLEY, WS K, B REWF

TR, WEA L ER YLK EE KT, T
(B 297 T ZORATHE L)Y (PB4 78

BRI S B Y 55 (Scutellaria baicalensis
Georgi), UMRAZ), HAFERGE. 5XERE. wil

IR I . BRACERRRI TR, B TR RIS . 15
R TR WRZN . R, RS AN g
S IR 75 4 (coronavirus disease 2019, COVID-
19)IEERE AR, R ATEF 1270 7 H R AR AE
H, BV EA—BESZRE. ERPEHEHE
JR R AT i BL et R B 21297 T RGAAT R L
RR)Y , EH B2 LR b 25 R 2H i) I it HE 2337 ]

e ) HEFF IR YT B AL e R 1 T 28 A A I T R ),
W > F X VEGFRFIFGFR¥E 25, i ik H ¥ 72 B
CF UG P A i R 30% B B 2, Hp DS
B2 B EAT R, SR A A
1760999 B (syndrome  coronavirus 2, SAR-CoV-2)ifif4,
T2 R MR AT AR HISARS-CoV-2 3CLEH
B B R HOE R Y 6P SARS, HINTZE 24y A

IR A, (R, AR, & BT ZHANEEEER EME RS R . T E R B AR, 2021, 510 151-166
GaoRR, XuZC, PuXD,etal. Research progress in biosynthesis and synthetic biology of active ingredients of Scutellaria baicalensis Georgi based on
multi-omics approach (in Chinese). Sci Sin Vitae, 2021, 51: 151-166, doi: 10.1360/SSV-2020-0185

©2020 (HEMFE) FiEH

www.scichina.com


https://doi.org/10.1360/SSV-2020-0185
http://www.scichina.com
http://lifecn.scichina.com
http://crossmark.crossref.org/dialog/?doi=10.1360/SSV-2020-0185&amp;domain=pdf&amp;date_stamp=2020-09-01

e A T B A A BT TR R A R AR S TR

B E PR, DB R T R R B T
R 5 IR b 2 I R T TR ETia™. B
PURBEETESL, K H FE N IE B 2 MW AYE
1, Chens NPV7E BloodZk 76k SCHR 7~ U 259 ] 1 58
T ig I€ 47 B 1 (phospholipid scramblase 1, PLSCR1)#% 5%
FAR I NG AZ, T 5 4 ) A REL s A i ik
M Ak, RCORIRIT SRR &R B I AR 2,
Tsous N"EJournal of the American Chemical So-
ciety 3 SCUFSE T X R IHTENE M, Daits N"7EProc
Natl Acad Sci USAKR R W B2 H 7] B E SRR
JIES Jo R0 T O 0 AR s b A, AT A SR B X LR
U Ak SR Btk kY
TRBCEYENG 5 (1 LR 9 5 8.

T8 BUE s N ERRAL S . BRI, 1R
B O AR A — R I B A B ) ——4 -
SR, SRR DURE R MR RS Y4,
ZRWEME RS B M FIFEN, Science Ad-
vances I TIHRIE 1 %28 B HR T o A 48 S oS B
'Y BEAE 2 AUEROR KRR, 24 R AL R 41 2
Mo, BB A 55 2 A e i SIS
PR FE, 9 B R 2 Va5 1 2 LRI SR it 1 4R
5‘ D 25 AR A KR B L SO PR B ARk

RBUE T AL, R AR E R b2k, HI
.éﬂ*ﬂ%i?ﬂa%ﬁﬁﬂﬁ, BT A1 BV A S
18R E AEYFI FRBUS R et e, Ak,
HLRR N FE 2 IGE TR B RE R Im R

SETFTEC Y, BRSO AL R T IR K SR, X
SIS MR R A B BB AR AT K AR A T R
AERIESER]. A3 A o4l &
JRAH A S AR T, WS A R B
FRADN AW TR FEEAT B 4G, DU B0t oA
DREINGEE St S

1 B R RH PR B 0 A

RIEBAR B % R R E oy, Bl PR AR
BRSPS AN AT, SRR R R RN B A
TERIR 25, A B A o I S o B 1 R,
H R AR A 3 S 2 AL, AR R &4 - A B S,
FEAFEHF R, ERDOEE R DO R L
KA EME, RN EEHT BV R AL, |
X8 2 AMUAE KRR M (Oroxylum  indicum)
A Hy AR R IR 3 R A ke — Y,
B IR S AR R HES R,
AR Y B8 S et/ R IR L Y NERD TN s
Ry 2 HEANEAEL R #AT T Ratt R, K
W =ANEBOLI8 T SR Sy, A R A
[F: R os, 22 A LUAR R AR T, s
Bridos, £t SHREEX S EENEESE. h
TN [FFAL 150 32 EE R R S R o AT B R E,
B DOEEH . IIER. mER. JUEE R,
TERFRAEMRI S &R & T B3, RaesR-

HO (¢] GIuAO HO GIuAO
e H;mp;gr" :1pg;r" w(i;g)" \lﬁ;;H" @;1pgg)"
@ ©
BESR

:FEE?A

OH O

AEER

HO OH GluAO GIUAO GluAO
o 12153

OH O

RAR-T-0--D-BEBEERE LI FH-7-0-B-D- @@E&&ﬁ/

B 1 B0 b S g B Rk 4 2 4 RORE )

Figure 1 Main flavonoids identified in the root and aerial parts of Scutellaria baicalensis'”’
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Table 1 Characteristics of Scutellaria baicalensis genome
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barbata) AT HEF AN, HEEJEH5FKHAKNDA
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AL FE K RI2833 M neRNA,  55.2% 15 %5 KL K 41
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Fiff A TZEFE B (4-coumarate CoA ligase, 4CL)4af53E R i
TH R TR 5K, P o g A TR R A

Zhao% \PY Xufg AP
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HAETVE FALCON CANU+SMARTdenovo
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Ns50 scaffold N50: 1338244 bp contig N50: 2102880 bp
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Figure 2 Analysis of the chromosome collinearity and estimated time of species differentiation of Scutellaria baicalensis and S. barbata™. A:
Morphology of the root and aerial part of S. baicalensis; B: collinearity detected between the genomes of S. baicalensis and S. barbata; C: phylogenetic
tree featuring whole genome duplication (WGD) and whole genome triplication (WGT) events in the genomes of S. baicalensis and other angiosperm
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PEF AR FRIA ZE R, RIS R A T R AH DG 1) ik
BRI, 0 o Jen 3k R i 4 i 2 191 R RO T Ag. Bt N
FRMIEIE, 43825 SR TR 46 4 400 (0 e 45
HLZR2). Park NPRASE % B AE KIS A REAR,
FI I Z K454 F1T1lumina/Solexa HiSeq 2000 =8 & il
PG EAT IR, HRGE B 40 P A A SR AU,
AL H96663 M A, Hd 51188 M KZ AT
500 bp, 31050/ E KT 1000 bp; FEFRERERY, =
120498 B SEARTE B A K FUHARIE, 1264 Sk
AR KR B R A8 S5 A O H S R 4290, BRI R A
SRR, 718N mERIEEF T H NS HHEKNEE
F. Liu% AP%%F)FSolexa/Illumina Hiseq 20005 %5
PIARS Z5. R4 AN R LG8 B AT e, e 23
495074 2 TUR G G AR, Horh 544 e oA Y i o

F 2 EHXde novo S H N T EHE

Table 2 De novo sequencing of Scutellaria baicalensis transcriptome

2R R B A R 1 2R OGBS, QICHS. A /K
S (chalcone isomerase, CHI)A % i 8% & Rl (fla-
vonol synthase, FLS)&%; & [K 2 7 KA 44T K TN, 4691
BEPRIERR R 2E B, NS RO A A G, £
g4 \PUSE FTlumina Hiseq 25005 7 45 A= 5 %5 (1)
M. 2. MRITERAT B S I T A A, SIS 3RS
1075334 Fe AN FI53353 N 5 TUAR G Ik, N504)
51491257.69 bpF1797.64 bp. F bk TTllumina 4000
W60 T B Pa F O IR B, hEEFE )
Z MR AT e SR AT, W FE T 5 0 3 5 1 52
BL, PR RS RI57307 N L TUR I A, K
Fesk - MYBAMWRKY A He x5 il R 3 25 15
REAHEEHEER.

TR 11 9 55 e S 2R 3 44 SR ) AR F AR, i
TP K S B ARG M AL gwtid I R ERE
ANTEEELE A . A PR AR B KK B L,
A7 SN SRAR, RRME R S gL LR ) K
KA J AT AR B F A (alternative splicing, AS). BEA —
AR AR K S I LA 5 1 N T B TR
MRS, 238 EBRERATT Y, Gaote NP3k T4
Ay =, K = ARPacBiolll [ 7-F & KK A AR II-
luminaill 551 & MR B S LA S &, R8T |5
ML ZEAI 388 B e o A K A s 2
H:3K15338136 2% 4= K IEHk A (full-length nonchimeric,
FLNC)BE K ANT75785 M ETUARMIFE A, 97.27% K144
KAKE R T 1000 bp, &7 2K sl 7 ) 4n
#y, FEPERRE 11135 K8 JE 4 fSRNA(long  non-
coding RNA, IncRNA)M64650 M mRNA; 7% 5 £k 4y
WS, MRANIAE 4932 72 S IR B K], AR 247 4

REFA PR TP RIS KRR IR AL Hds
[29] Roche/454 GS_FLX+HTlu- [ — 96663 contigs
2014 mina/Solexa HiSeq 2000 R =i a 20498 transcripts
N — e .
20151 Ilumina/Solexa HiSeq 2000 e L’;E;” N S MR KL 49507 unigenes
EEZN/ER7S
[31] . . I 250 = 107533 transcripts
2016 Ilumina HiSeq 2500 SR PR R 2L fE 53353 unigenes
75785 transcripts
201982 PacBiofllllumina AR 7 S0 Ak =tk NN 11135 IncRNA

64650 mRNA
44071 AS events
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GOV AT R 2 BB AR 4, T4
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=REEEFSILITTCMTCT N, W EWE
iR TN A A A EESSRs. F ey 2 AP
T B R HEE, FIFAMISARAEIRS 756584
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BEFCN 0232 3 50 B W P IE D7 A Vs 1 R
I € B A0S 8 R S0 TSR s B, R 2
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PRI SSRR Y, 5 —J7 T, I R 2 AN [ A R R
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M S SIEPE R YDA ORI B I 3Rk K, A
B T8 s AR 5 38 T 24 FH AR A8 9 I AR AR = )
A AEAL IR 53 WL

R 2 B EERH S P b T B, 2R
P E PR BE B4 BT 25N o AR, AT 9T
AT BB 558 08 A 4 A 420 1) S Wi B4 7S 24 D AE LA N
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B N R E RO VR T AU 5 AR AR Ak, 245 FH
Y8 ST AR E B>, 3B R ) v
VEA 7. Ped g4 A i UHPLC-MS/MS (ultra-
high performance liquid chromatography/mass spectro-
metry) X A [F] SRS A 1) 28 25 3E AT A0 5 oy PSS AN &
BB, T 22 AR I o A L B A
b, NIRZRES RARBORR AL T IR S HF. Kangs§
VR F 649 (nuclear magnetic resonance, NMR)
gE 4 Fa AR & 1E A $ 5 (orthogonal projections to latent
structure-discriminant analysis, OPLS-DA)f] /7 7%l i€
BN AR, DL ) o ] B A e [ B
Qiao % N ] P v 28 WBURH £ru il -3 A5 DU A B30 5 3 Tk
AR, BERPHYER SR kg RoR, HlE%
PR ) iR . bl . BEHO-/C-1 3K
KT IRy, FERTE) 13280 B, Horh SO
ARIE.

AR A 208 2 B S P A SRR AT A
PERCIT AR & B A AR N2 S f bl 5. AR
W A B B S AE TR BL A () S AN,
Wang 5 N\ A 2R 115 412 S5 AR A 2 M 45 4 (0 5
T 78 R A s2 i H 5 (Glyeyrrhiza uralensis)is 14 %53 AR
FERNUEIRBL, EHpE ™ HEh iR &Y &
CEEBF(PAL, C4H, 4CL CHS, CHIFIFLS)M H R
B ICEEBF(bAS, CYPSSD6AICYP72A154) 4 i 2% Ffd,
B RERR AR = R R RS B 2 P T T R A 1)
orEAESRMNE T W n, XN R R
FATH BERRAW B 4 T HLHI B T A MER E A A
AE . BRI TSRS F 14875 K S.(Glycine max)iif
EHLHIL B Lithospermum  erythrorhizon) 4585 %
fa BaE R MeAYE S Hi(Physalis angulata) B4R
WA G AR R s LT, R, AR
2 5 AR 2H KA T 8 B B SR T MR R
BCEAE KA, 1575 5 E N M 1 ST

4 BEEEHEET YA R R ET A
4.1 BEEMRR S B RO AR

AN TR B BRI B B 2R A A ) R A A i B
Wetr R e &V A R KL S 5
2 EMPi£ 1% (Embden-Meyerhof-Parnas pathway)flIPPP
i&4% (pentose phosphate pathway)JE i FE HIR; 7 H IR
HWNENER, ANRAREHAEANARFEAN. W
FERR-4-¥2 AL Bf¥ (cinnamate-4-hydroxylase, C4H)F14-7
T A il A 5 il ) K R A A A ) R A R A
SN T ORIET SHRIRAE I (7T R AT R — 4y
TN B LT A G A TE B R G G I AL T 3RA A R
RARE;, BERNERA LT CAHRIMEN PR, &
R4 -t S A JB 2R AR, AR &4t — 2
BT IR P S ) T A A A 2B S AR T T B A SO AR R TR e
P 2 B SR —— o JB A R 2R, BRI S m] A B S
li§(flavone synthase, FNS)PJEM T A= Bl B2, 75—
S ¥ B IE 5 ¥ (dihydroflavonol 4-reductase, DFR)F17E
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H Bl & BOS R I BN, BTSN s A A4 T
SbTATI, SbTAT2FISPHPPREEIN, KKILEA I IL 51k
EEMIH R 5>,
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MUDP-7] % b B 1% i . N UDP-H6 % B . SR & g
A o A S B R A 2 7 AL ORI, Rk — b
WHoT.

4.2 EXRIEEE A BRE S

T I SRR R A R B A 59 3 R R T R
IR AR B R R Rk AL H . EROE T Y
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IR AV E RN G —2, Hid KAk
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Scutellaria baicalensis Georgi is a common kind of traditional Chinese medicine; it promotes heat-clearing and detoxification and has
been used to treat coronavirus disease 2019. Scutellaria baicalensis contains a unique group of flavonoids that are largely distributed
within the Scutellaria species. As such, there is significant interest in research focused on the metabolic pathways that promote
endogenous flavonoid production and methods that might be used for their in vitro biosynthesis. However, as is the case with various
Chinese medicinal herbs, there are still many challenges to overcome including shortage of wild resources, degradation associated
with the cultivated germplasm, and instability leading to uneven product quality. The use of a multiomics approach will provide
genetic information as well as insights into the endogenous mechanisms of flavonoid biosynthesis and their regulation, thus
promoting frontier research and practical application of traditional Chinese medicine. In this study, we presented a systematic review
of genomics, transcriptomics, proteomics, and metabolomics associated with S. baicalensis; our current understanding of the
functional genes that promote biosynthesis in vivo as well as the methods that facilitate the in vitro biosynthesis of active compounds
are summarized. We also discussed the critical factors associated with further development of S. baicalensis including the cultivation
of enriched varieties through genome-assisted breeding, regulatory mechanisms associated with plant growth and development, and
optimization of conditions that promote biosynthesis of active compounds both in vivo and in vitro. This review provides a foundation
for determining effective solutions for issues associated with the cultivation of S. baicalensis and for the production of high quality
products.
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