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[ Abstract] Ophiopogonis Radix, a well-known Chinese herb, is dominantly cultivated in Zhejiang and Sichuan provinces, with the
Zhejiang Ophiopogonis Radix acting as one of the eight Zhejiang-based traditional medical materials. Phytochemical studies have shown
that Ophiopogonis Radix is rich in steroidal saponins, homoisoflavonoids, terpenoids, and polysaccharides, which collectively confer it
with cardiovascular protection, anti-inflammation, anticancer, antioxidation, and immune regulation activities. Studies also show that
Ophiopogonis Radix originated from Zhejiang and Sichuan is discriminated in both chemical components and clinical efficacy, while the
existing reviews of Ophiopogonis Radix appear to pose a particular focus on Sichuan species, but not for Zhejiang origin. This article
systematically summarizes the structures and bioactivities of the compounds sourced from Zhejiang Ophiopogonis Radix as well as its
molecular pharmacognosy and it will set the stage for a comprehensive understanding of geo-authentic Ophiopogonis Radix.
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Table 1 ~ Steroidal saponins from Zhejiang Ophiopogonis Radix

No. L& W R It itk

1 ophiogenin ophiogenin [17]

2 ophiogenin 3-0-B-D-glucopyranoside ophiogenin [18]

3 ophiogenin 3-0-a-L-rhamnopyranosyl-( 1—2) -8-D-glucopyranoside ophiogenin [19]

4 ophiopogonin E [ ophiogenin 3-0-8-D-xylopyranosyl-( 1—4) -B-D-glucopyranoside | ophiogenin [20]

5 cixi-ophiopon A [ ophiogenin 3-0-a-L-thamnopyranosyl-( 1—2) -B-D-xylopyranosyl-( 1—3) -8-D-glucopyranoside ] ophiogenin [21]

6 cixi-ophiopogon C [ ophiogenin 3-0-a-L-thamnopyranosyl-( 1—2) -B-D-glucopyranosyl-( 1—3) -B-D-glucopyranoside |  ophiogenin [22]

7 cixi-ophiopogon B [ ophiogenin 3-0-a-L-rthamnopyranosyl-( 1—2) -B-D-xylopyranosyl-( 1—3) -B-D-glucopyranosyl- ophiogenin [21]
(1—4) -B-D-glucopyranoside ]

8 ophiogenin 3-0-a-L-rhamnopyranosyl-( 1—4 ) -[ B-D-xylopyranosyl-( 1—3) -a-L-arabinopyranosyl-( 1—2) ]-8-D- ophiogenin [23]
glucopyranoside

9 pennogenin 3-0-a-L-thamnopyranosyl-( 1—2) -8-D-xylopyranosyl-( 1—3) -8-D-glucopyranoside pennogenin [21]

10 ophiopojaponin A { pennogenin 3-0-[ 2-0-acetyl-a-L-rhamnopyranosyl-( 1—2) ]-8-D-xylopyranosyl-( 1—3)-8-D- pennogenin [20]
glucopyranoside |

11  pennogenin 3-0-a-L-rhamnopyranosyl-( 1—2) -B8-D-apiofuranosyl-( 1—4) -8-D-glucopyranoside pennogenin [23]

12 pennogenin 3-0-a-L-thamnopyranosyl-( 1—2) -8-D-xylopyranosyl-( 1—3 ) -B-D-glucopyranosyl-( 1—4) -8-D-gluco- pennogenin [23]
pyranoside

13 pennogenin 3-0-a-L-rhamnopyranosyl-( 1—4 ) -[ B-D-xylopyranosyl-( 1—3 ) -a-L-arabinopyranosyl-( 1—2) ]-8-D- pennogenin [23]
glucopyranoside

14 diosgenin 3-0-a-L-rthamnopyranosyl-( 1—2) -8-D-xylopyranosyl-( 1—3) -8-D-glucopyranoside diosgenin [20]

15  diosgenin 3-0-[ 2-acetyl-a-L-thamnopyranosyl-( 1—2) ]-B-D-xylopyranosyl-( 1—3) -B-D-glucopyranoside diosgenin [20]

16 prazerigenin A 3-0-a-L-rthamnopyranosyl-( 1 —2 ) -B-D-xylopyranosyl-( 1— 3 ) -3-D-glucopyranosyl-( 1 —4)-B8-D- prazerigenin [23]
glucopyranoside

17 prazerigenin A 3-0-a-L-rhamnopyranosyl-( 1—4) -[ B-D-xylopyranosyl-( 1—3) -a-L-arabinopyranosyl-( 1—2) ]-B- prazerigenin [23]
D-glucopyranoside

18  spirost-5, 14-dien-3b-yl-0-a-L-rhamnopyranosyl- ( 1—2) -8-D-xylopyranosyl-( 1—4) -B-D-glucopyranoside diosgenin [19]

19  25R-ruscogenin ruscogenin [20]

20 25R-ruscogenin 1-0-a-L-thamnopyranosyl-( 1—2) -B-D-xylopyranosyl-( 1—3) -B-D-glucopyranoside ruscogenin [24]

21 ophiopogonin D [ 25R-ruscogenin 1-0-a-L-rthamnopyranosyl-( 1—2) -8-D-xylopyranosyl-( 1—3) -8-D-fucopyranoside ]  ruscogenin [20]

22 25R-ruscogenin 1-O-a-L-rthamnopyranosyl-( 1—2) -B-D-xylopyranosyl-( 1—3 ) -a-L-arabinopyranose ruscogenin [21]

23 25R-ruscogenin 1-0-a-L-rthamnopyranosyl-( 1—2 ) -B-D-xylopyranosyl-( 1— 3 ) -8-D-glucopyranosyl-( 1—4)-B-D- ruscogenin [21]
glucopyranoside

24  25S-ruscogenin 1-0-a-L-rhamnopyranosyl-( 1—2) -8-D-xylopyranosyl-( 1—3) -B-D-fucopyranoside ruscogenin [25]

25  25S-ruscogenin 1-0-a-L-thamnopyranosyl-( 1—2) -B-D-xylopyranosyl-( 1—3 ) -4-0-acetyl-3-D-fucopyranoside ruscogenin [25]

26  25S-ruscogenin 1-0-B-D-xylopyranosyl-( 1—2) -B-D-xylopyranosyl-( 1—3) -B-D-fucopyranoside ruscogenin [25]

27  neoruscogenin 1-0-a-L-rhamnopyranosyl-( 1—3) -a-L-rhamnopyranosyl-( 1—2) 8-D-fucopyranoside neoruscogenin [ 25

B 2 ] 3% 1 U = ks AR B AT 400 , e R A T
WEL LR, I, X MDG-1(65) 2243 7 HEFH 1%
PN AR > T F 2 4 800, TN N 1. 41, FR/Kft Iz
AL B ATAS MDG-1 R B-D-SR M | S 578 25 i L 4]
351 1,0 21 ARG R LR SR 2.8 A
BEFRIE AT 14> Fruf(2—6) Fll Fruf(2—4330) % | #ik &
T BN T2 4, MDG-1(65) 1 POJ-Ula(68) I & 5 45
MG LI 4.

1.5 AW FET, Il 4 h 7 B 2 ) 1 & Wk G0 45 55
Y BA KB (T1) B AT (72) ™ R U4 K
B (73) KEFR (74) 7 BRI E W E HR(75) SHRIER
FIE(76) ¥R S s R (77) L osmanthuside H(78)
AHMIET:ZIR(79) \IE Z+=%elR (80) A#HHAR (81) (KU
W2 (82) 7 KGRI THNEER (83) 1 K)oy
clo-(Phe-Tyr) (84) . cyclo-( Leu-Ile) (85) , Bt & IS Al 43 N-[ 2-
(4-hydroxyphenyl ) -ethyl ] -4-hydroxycinnamide(86) , TLIE 577

5807



2024 4F 11 H | 5549 B5E 21 )

uuuuuuuuuuuuuu

Vol. 49, No.21 | November, 2024

EEEEEEEEEEEEEEEEEEEE

Bl Wi &b i R 1 b A Y S5k (1~ 27)
Fig. 1

2 ZyHfEH

H BT X T 22 4 25 B M AT Y R B A vh AR I R B
PR b BV AR B2 e IS A L s, o,
kB HRZ BRI OIMAE 3R ) i g
EVEN, i 2R R IR BT AR TEBR B &R DO IR T
i g S5 1 T 22 4% Z2 WS DN ELAT et I 9 s P L
Bl AL R G A YE M A8 SCRE T 2 A SR U K
T PR AR B CRAO M AEFE FH  BT IR i B R i B
BoR SePEIRTT B YA TR AT
2.1 RIPOmEER ZLRT ELSH 85 IR
WS HLA O A AP VR 2, W 5, 224084 D (ophio-
pogonin D) X BT 22175 5 A9 P4 Joit 19X o7 J800H X 8 11 R 400 e 4
S (ROS) & b THA7 5 4f () 300 55 R SR X P4SO il
(CYP213) A FAE L, RESS A3 ™ Wy 31 48 — T ik = R R
TR R] B AT 5 B O AL 2 O ) 405 8 - R, A 30 LR

5808

Structures of steroidal saponins from Zhejiang Ophiopogonis Radix (1-27)
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Table 2 Homoisoflavonoids from Zhejiang Ophiopogonis Radix

No. LA E B S ik
28 ophiopogonanone A [30]
29 5-methoxy-ophiopogonanone A [30]
30 methylophiopogonanone A [31]
31 6-formyl-isoophiopogonanone A [31]
32 5-methoxy-methylophiopogonanone A [30]
33 7-methoxy-methylophiopogonanone A [11]
34 8-methoxy-ophiopogonanone A [11]
35 ophiopogonanone D [11]
36 8-formyl-ophiopogonanone A [32]
37 ophiopogonanone B [11]
38 methylophiopogonanone B [31]
39 6-formyl-isoophiopogonanone B [33]
40 5-methoxy-methylophiopogonanone B [30]
41 5-hydroxy-7,4'-dimethoxy-6 , 8-dimethylhomoisoflavanone [32]
42 5,7,2'-trihydroxy-4'-methoxy-6 , 8-dimethylhomoisoflavanone [32]
43 5,2'-dihydroxy-7,4’'-dimethoxy-6, 8-dimethylhomoisoflavanone [11]
44 5,7-dihydroxy-8 ,4'-dimethoxy-6-methylhomoisoflavanone [11]
45 ophiopogonanone E [11]
46 8-formyl-ophiopogonanone B [32]
47 8-formyl-7-hydroxy-5,4'-dimethoxy-6-methylhomoisoflavanone [32]
48 8-formyl-7-hydroxy-5,4'-dimethoxy-6-methylhomoisoflavone [32]
49 8-formyl-ophiopogonone B [32]
50 6-formyl-8-methylhomoisoflavonoid [32]
51 methylophiopogonone B monomethyl ether [32]
52 methylophiopogonone B [11]
53 6-formyl-isoophiopogonone A [34]
54 ophiopogonone C [11]
R, R, R, R,
R,0 o o R,0 o OMe R,0 o OMe HO o o
CO Ly OO Q) ) O
Ry o Ry Ry Ry 0
OR, O OR, O R; OR, O OH O
R, R, R, R, R, R, R, R, R; R, R, R; R, R, R,

28 H H Me H 37 H H Me H H 48 CHO H Me Me 53 Me CHO

29 H H Me Me 38 Me H Me H H 49 CHO H Me H 54 CHO Me

30 Me H Me H 39 Me H CHO H H 50 Me H CHO H

3 Me H CHO H 40 Me H Me Me H 51 Me Me Me H

32 Me H Me  Me 41 Me Me Me H H 52 Me H Me H

33 Me Me Me H 42 Me H Me H OH

34 OMe H Me H 43 Me Me Me H OH

35 CHO H Me  Me 44 OMe H Me H H

36 CHO H Me H 45 OMe H Me H OH

46 CHO H Me H H
47 CHO H Me Me H

B2 Wik & s s R A S PRI 45 40 (28~ 54)
Fig. 2 Structures of homoisoflavonoids from Zhejiang Ophiopogonis Radix (28-54)
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Table 3  Terpenoids from Zhejiang Ophiopogonis Radix

No. EY A SCHR
55 bornyl 7-0-B-D-glucopyranoside [17]
56 bornyl 7-0-B-D-apiofuranosyl-( 1—6) 8-D-glucopyranoside [17]
57 bornyl 7-0-a-L-arabinofuranosyl-( 1—6) -B-D-glucopyranoside [19]
58 ophiopogonoside A [36]
59 18, 6a-dihydroxyeudesma-4( 15) -ene [37]
60 cyperusol C [37]
61 capillosanane Z [38]
62 cryptomeridiol [38]
63 eudesm-11(13) -en-48,98-diol [38]
64 oleanolic acid [39]

OR

HO ol o
R
55 H

56 p-D-apiofuranose
§7  a-L-arabinofuranose

A

z

62 63
K3 Wik A il S W2 (55~ 64)
Fig. 3 Structures of terpenoids from Zhejiang Ophiopogonis Radix (55-64)
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Table 4  Polysaccharides from Zhejiang Ophiopogonis Radix

No.  ZW BRI, AR 43 ik SEMRRE SCHR
65 MDG-1 Fru-Glu, 35 : 1 4.80x10° (2—6) -branched 8 (2—1) fructosan [43]
66 OJP1 Ara-Gle-Gal, 1: 16 : 8 3.52x10* —6)-Gle-(1—, —4)-Gle-(1—, —4,6) -Gle-(1— [45]
67 0JpP2 Rha-Ara-Xyl-Gle-Gal, 0.5 :5:4:1:10 8.81x10* (1—-3)-linked Xyl, (1—6)-linked Gal [46]
68 POJ-Ula Gle 4.02x10° —6)-Glep-(1—,—3,6) -Glef-(1— [47]
69 POJ-Ulb Gle - —6)-a-D-Glep (1— [48]
70 OPF-1 Fru-Gle, 16 : 1 4.8x10* (2—1)-Fruf, or (2—6)-Fruf [49]
B HOH,C (l) ] B le ]
2 (o]
CH, HO
" ) OH O
MDG-1 HOH,C ) O HO o POJ-Ula
HO &’
i
HOM,C  O—CH, O—CH, Ho 0 OHHO—{ win
HO HO HO (L’
"H,OH H,0H CH, o
— OH OH OH | —n L OH _In

K4 MDG-1(65) 1 POJ-Ula(68) ) & 4544 5T
Fig. 4 Repeating structural unit of MDG-1 (65) and POJ-Ula (68)
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Fig. 5 Other compounds from Zhejiang Ophiopogonis Radix
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Table 5  Cardiovascular protection effects of Zhejiang Ophiopogonis Radix

25y BrarwiE 3 Filfe YL Sk
FRBHD DULARAE HOc2 10 mg-kg™! ROS | ;CYP2J3 1 [52]
Z 4 MDG-1 NS4S N e 4 ik HMEC-1 20~40 mmol - L™ BH R WS 1.S,P, (bFGF T ; Akt [54]
ERK @l 1
F 2 4 S0 S BT A AL LT e IR B BTS2 P/ R 10 mg kg™ W& PI3K/Akt/eNOS 3 #; Bax 15 [55]
B4/ TR HOC2 R LA it caspase-3 |
HEEZAZAmAE B AWKk & 40 (HUVECs) 10~50 wmol-L™' MDA ROS | ;SOD 1 [56]
EX JsNEsc) 23 R0 s K R 100 mg-kg™' TNF-a IL-6 IL-18 | ;p38 MAPK | ; [57]
SOD .CAT ,GSH-Px 1
Z W 0JP1 BENRE RV IR IR RO ES 100~300 mg-kg™'  GPx.CAT.SOD T;NO T;ET-1 | [58]
8-formyl-ophiopogonanone B 3 [L A5 RO IEREER) CSTBL/6] /Ml 20 mg-ke™! ML A AR 1| [59]
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T RER ARG

2.3 R BEIMARVER 22 & 2o Mt o AN i A 35 HAT
VAR, T LA B M5 14 HE B A AR b3 I 25 0 114 2K s
PR, ZZ A MDG-1(65) R By i A MLAE /) BUIE e
FEEACTE LG S5, T RERAA S M 0 , Bt M e 2, DR B
FARL, W) i T AR T A Sk AR A ) T 32 A
(PPAR) @ il y, ##3% PPARe, [F] B PPARy, & ¥4 [ L BE
VR 242205 OJP1 Re 4R IR KBRS Tk B 7k
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Table 6  Antitumor effect of Zhejiang Ophiopogonis Radix

T2 5y S FARN 7 YEFARLHI SCHR
A REAY REE B/ NN AS49 41 7.9 mg-mL™"; 12.2 mg- LC3-IVLC3-1, Atg-3, Atg-7, Beclin-1 T; [60]
L] PI3K Akt mTOR |
HZL4BI B BT A375 4 5~60 wmol -L”! PI3K/Akt f§ 5 i@ B | ; Bax, cleaved [61]
caspase-3 T ;Bel-2 | BHUF 4R E ) G,/
G, ¥
LA BRI B IR 143B 41y - cleaved caspase-3 Bax T ;Bel-2 | ;#i%& [62]
p38 {5 id %
DT-13 FE/NanAEiE /NN 9 A 1.25 mg-kg”'DT-13 551 BURHEEF FOXML SUZHE M D A [63]
NCI-H46 F# U7 mg * kg71 vinorelbine Bt & 42|
Mz
HATHRY eI AS49 4l 50~400 mg-ml.™" GSH | ; FHC Z 1,COX2 mRNA 1; [64]

Keapl Nif2 |

RGO A I RE | ) i 7 B IR S 10 B I /N
BURSEAEY b JHC T B S e 0 /D B Py AL AR 7K S R I 37 JBR B 3R K

FT WA A L A IR e o B A

S, B UBE AR A T %08 R ZH = FBUK, X e & B 4L HL A 1
PRI 224 MG R ORI MR AR 3% 7.,

Table 7 Hypoglycemic and hypolipidemic effects of Zhejiang Ophiopogonis Radix

(=3 ZX 5 Frilks YEFIBLE SCHiR
Z ¥k 0JP1 STZ FESFHIBEIRER . 60 mg kg™ s | E T [45]
ZHE 0JP1 S PNTS 100~300 mg-kg™' MDA | ;GPx CAT SOD 1 ;ET-1 mRNA | ;eNOS [58]

mRNA 1
£ MDG-1  C57BL/6 /N HFD+MDG-1(0. 5%MDG-1) PPARa 1 ;PPARy | [67]
PRS2 BRI RS B4 2.4 mg-kg™' NF«B | ;CJik?T [68]
FAKIEY 2 BUREIRE R R 50~200 mg-kg ™" PRk EE N T HHIREA L =R | [69]

2.4 BURAEM  BFIE R, L B R RRIE P9 K 40 i
T, 3 U N R 40 G B B T (CD31) Rk i O =R B4t
REWERT Sl B oo T8 v B s K REBLE T
BAFIIRTT SR, VAR — R E T LS Bz TR 25
—B I LY IS AT AR T AT A 40 T TNF-
o 15 FRYZ2BE A MR HL-60 4005 A B K N K2 ECV304 41
Ja 2 1) BB R, A 4 i v

2.5 GEIEHTER  ZAZHENEL RN RGN
AL, 4 2R RS — S A (NO) iR —4H 1L
AATH(INOS) 4T K-6 (1L-6) F (4 I/ Z-12 (1L-
12) (5300 , B2 =5 Ik L 41 i i) 354 237 CD8O T CD86 1 3%
T, P T I I 20T M % 7 U R 43 0, B 1 K 5L 40 L ) 48 3 R B
TR BE T X 8 AR GE e SR VR A7 2R g R
G¥ 3 4 RN S T U 25K R S e T e A Ak BE T i
FEMR R IR 27 A 2o M T B v B B fer U R K B R g T R
A AL B RO R RS, B R AR R T

2.6 iEE BUEMAMEH FLAZHRRDERINEE /R
B JHR AR 2R AL P A ) R  —  i E B
G2 R AR, R A AT (5 R bk 4 2 v 52 i AR o i
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il

L RIS BB 5 B RS R AR A
(LS PU =R o & O C SN E B Y IR E S =R A B
H & TS B A (methylophiopogonanone A) i i 1 15 F-E -
P43 K Bl ) B8 2 2 e P, D Mk 5 I ) B /D
A MEISORE AR 1 A A R R, AT R B T S8 A R b
Wb
2.7 HAAVER] WFFERWIZEZ A 28 MDG-1(65) il T T &
P IERE D B S 45 2R TR 2R e — R B3 T
gt A RE AR | U BRUFLAT R 2 v FLAT T TR) AT g
HEWAIE 35 E TR G TE 7 £ T AT S A T AT eI e URE
Wi 5 1 4 /N BT T R i 2 B 2 77
3 GTHEAEEIR

O3 FHEZG R — T DRSS, i ] o BE AR 27
BRRIBE LT 1995 448 i, i B LA r 7 AR W) o Al b 2524
SHFER, B AERIESE 24 04 03 5 S TN s A AR E T 25 1
TR 73 FHLE 25 AR O A AR 1 155 18 4 ) 2% 25
WA, BRTE X & F A 228 T E A X I
TR SR 2R D A AR S I
3.1 S rhmicEoR FARCEAR 245 DNA 2 hRid, B



TR I 5 W7 A2 AR o) 2 B T o T A 2 e W i

3L FACAI 4L AR T B, B WA A s RE U4 A 4 1) DNA 33t f%
ZASPER TSR B A RRE 22 5 )2 TR AL 2k
{67 N REZY v IRy L S el = I L B O S O it 7
PCH AR LTS ISSR (inter-simple sequence repeats) \RAPD ( ran-
dom amplified polymorphic DNA) | SRAP ( sequence-related am-
plified polymorphisms) | AFLP ( amplified fragment length poly-
morphisms) \DNA ZIEAS25 A 4 SCZE™ F ] ISSR H32 A X
LG WA K AE NI 6 22 4 JmBEEA T 8L Z2 REPE Ay BT, 38
HEYEFT 10 581 Wy 3RS 115 54 P 89 LAA £
PECHT G 77.39%) , HLAR IR 388 4% FH A 2R B0 TE 9 A3 7 1)
MR IT SR O RART . A BEEE S SR ] SRAP il ISSR 43
FARICH AN W7 42 21| 22 4 B b5 10/ 85 A U R A7 38 AL 22
FEVEDE 58 R 5 28 40 BT, 45 R B L Z A8 M R A i o
76.06% \76. 87% ,FEAK 1] 35t 1% Z £ (H,) 435124 0.306 6,
0. 316 7, [F] I AR 4 33t 1 4H G 2R BT A A5 1R B9 A4 1) 0 22 4 S5 AR
BN LA EILMRE R, ZHAO LY 55V JET ISSR 43
MR E R 2R - Wi 22 & 5 =T 1= Wi 2 & 0y IR 3
T cpDNA JEAI I R G0k B W 45 R R AR 5 i
A B 5 NN A5 SR R W S, UE IS [+ 7= b 27 4 o) A7 7 3
k.
3.2 NGRS AERE A AR Y R B K
R 3 DR R R AR 2R P R TR 2B A, 0 R A O Tl 2
AR R B IHRIE . i T4 DNA( chloroplast DNA,
cpDNA) FEAEY h 2 8 B R el 7R KRS L ORFE T 9
ol S A g A e R e 0 I S s AL AR R BT N T
FiGESIERIZEATE D7 s 3B 9, YUAN € %512 il T 22 & iyt
SRR FESI N 156 679 bp, GC Bt 435N 37. 7% , 045
131 AL FEFE AN 37 5555 RNA L, R4 3 B 41 7k
PSR4 GINE AR % R, ZHAO LY 45
T4 %t cpDNA 5145, %t 22 4 (W 4H 5 43 A1 S 7 B0 728 5 3o i 2k
T THRE G5 Rl 28 4 5B A 1 22 447 25 B 0 SR 2% 0K
F,iE— AR S o3 A DX T RN R A AR 2 B 2 4 1L S
FEA YR VKI 5 St F DU N J 7 480t POl B < L, 7
VU5 T 00 H B0 T 22 Ok B b B 1

T SR 2l 2 R ) REBE R A1 2E WY 1 SR B A R o, v R
AN ) A BAR S SO [R] ZH 23007 P 6 R ik 25 5, LIU
H J %558 i 0 2RIR P W 42 4 3 A A I A 5 SR A 2 F
G, RGE T I TE AR B 22 A 2 FH L F U DG B PR 6k 78
fb. FEF Hlumina HiSeq )77 5152 16. 4 Gb H¥f , 241
1331 96 738 4% Unigenes, ¥4 £l 605. 7 bp, N50 K i 859
bp, BEARAFIY Unigenes 573 FF R R 1047 HO X B AR 15 4 %
S0, A 65 536 2 REE] NR BE R, [FHS 3£ T DEGseq #X
PREAT 22 5 R0 HT , O e HR AR TR AR 003 22 4 28 S ek B R 3t
5388 >, ZHAO Q % LT Tlumina NovaSeq 6000 F- 5 M
9 AT L RN SRR 212 557 374 1 7K (clean reads)
202495 183 939 4% Unigenes, NR $5# 2 1 B DU IR 2] 68 148

5% GO MG I BB Ay = RS A i R
AHSEHE IR AN A 2EL AR 56 3 X AN Zh g 2 [N, e b A 5 AR A
SREERIZE S oy 325 Y 0288 4 501 Ay 240 i ok R (26 640 5%) #H
CHE R B ACHAH G HE [N (23 932 4%)
3.3 IEMERT A A AL M SR R AR
FE IR AR R GR = A AN RN AR =, A s 4%
B RN TR R 2R EA R, H B2 4 T
B B LI ST AR A R, B B L S A
AL A M T Bo) 26 i 28 1) 1 329 1 o A% 188
WM IEN . LIU H J % T Swiss-Prot 545 4
Yo W7 4 FS AR T | BT RN 25 A DG JE R AT A2 0, RIS
BATE A RIE R 135 4%, BN UM DG RE 254 4%, 20
ARSI 236 4%, FiE— R A FPKM (B 45 1 A R4
RS R B KR AR RS ZHAO Q %S Lr Ak St
LRI 5307 %) Wi 22 4 S8 17 AR 06 BUPL ) 2 % 1 2 4
TR AAIUG 1E T TIR R, SRR EZ L BT R
HYiEALEE S, WIS S 0 ROS AU, HAEA [k B4R
Bl WA RS R ASA TN, W A R A
TR YA BRI R RE R, FERE L 105 M35
it MVA \MEP 1 AE 46 R DG BE 1] 5 #F— 20 4 e 4
PRAT G P ST BUE T AT & U DR IE I ds 1 4
PR IGIAEALEE , 2 A EG SRR 6 1~ CYP450 FE[ i g
B eI E T Fis B RS R REHER P2 R RSB
IR S IEAEDE,
4 sHB5REE

YR S AR E R T 258 20 A FE W
Do 25 A R A3, T B e 24 () S0 0 B A AL P DA S - s
SR RAZ, VER“WAR” Z— Wi & BAa W B 25
WA TR, 2 W25 B 5 i S b2 il i &
FEPER G, AR SO & rh ik B3 201 86 M HAAL & Wi 4T
TGN A 4E 27 SRR 2E 27 AR R E S 10 4
iz 6 NEWEI LT 16 N IHAMERLS , b kB &5
B AR Ay . W AR U B RO
MR PO R [ As Piag iy s,
PUAAL VR, Forho i 8 PR 4P VR F DL 22 4 1T D RT3
Z YU Ve H 22 Bl SealE /NN dis AS49 SRyt G2 T & | B 1
W 8 MR 1 2 150 R 22 4 2 TR AIE B 0 o8 5 I 2
BAYUMRE R E L E T, DNA 2> ThRiCH R F WA >
i A A (B A7 AE 18 AL Ak, LM e 30T 25 2% 56 ZBGIT | [ i 7]
HR 4G DNA STE PRI XT T 22 2 R 7™ X 22 &3 47 o3 7 45
FE . DRk T 2B B AR S TR A W e 2
S TE MRS A B T A X 2 A RS W A AR AR
Sy RANZGERAE F T T HUS T I EE R (E T 22 & F AR 2 2R T
FE AL TR B, ARG 2 A8 JE 2 4k . (DWi 22 & 1) a5
A5 B AR, T MRS 2RI 7 R0 S 40 R g e g o 2 1)
LI P A G, 2R G AR BT L8 % 3 5 @ AHE 8 3 2 1
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