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Expression analysis of key genes in terpenoid biosynthesis of Ginkgo biloba under
different growth years based on metabolomics and transcriptome
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Abstract: Objective Ginkgo biloba leaves (G nursery leaves, perennial G biloba leaves) at different development stages and ages
were used as objects to determine the content of flavonoids and terpene lactones in their secondary metabolites, to analyze the pathways
of terpene biosynthesis and the expression of key genes, and to provide molecular biopharmaceutical data for improving the yield of
ginkgo terpenolactone. Methods Based on liquid chromatography-mass spectrometry (LC-MS) metabolomic technology, and
high-throughput transcriptomics sequencing (RNA-seq) to find the related enzymes of secondary metabolite biosynthesis from
differentially expressed genes. Results It was found that the secondary metabolites of G biloba leaves at different ages and
developmental stages were significantly different in metabolomics. Firstly, the content of flavonoids, both in the tree leaves and nursery
leaves, was presented by a decreasing trend from April to July. While at the same developmental stage, the content in nursery leaves was
higher than that in tree leaves. Secondly, the content of terpene lactones in tree leaves was presented by a slightly increasing trend from
April to July, however, a slightly decreasing trend in nursery leaves. While at the same development stage, the content in nursery leaves
was higher than that in tree leaves. Then analyzed in the transcriptome, the growth status of old leaves was similar with the nursery
leaves in germination stage, and there was a relatively large change in the gene expressions of old leaves and nursery leaves in May, June
and July. After screening out 49 candidate genes related to terpenoid synthesis and analyzing them, it was found that the expression of

tree leaves in mevalonate (MVA) pathway pathway was higher than that in nursery leaves; The later was higher than the former in

WS EHEA: 2021-08-06

EeWAB: L EEZSVEARHAGRLRTIHHE (20180100

e )&, B, BLmaL, g AR JE . E-mail: 546895057@qq.com
*BIEEE: & &, 5, WiLARm, #u2, W mAah 2 LAk . E-mail: gaogi@xingling.com.cn



FER 20224FE2F $53% $ 4 Chinese Traditional and Herbal Drugs 2022 February Vol. 53 No. 4

= 1139 -

methylerythritol 4-phosphate (MEP) pathway. Conclusion The nursery leaves have a higher content of medicinal active ingredients

than tree leaves, which are suitable as medicinal materials. The terpenoid synthesis pathway in G biloba leaves may mainly depend on

the MEP pathway, and the expression levels of related genes and metabolic components are mutually proven.
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2.1 LC-MSE

2.1 PRI RRA RRE ST B A S RS AR
EEA IR AR 05 g, BHEROEF, A
50% H 1 10 mL, i ek 1 min, B AR 15 min,
R 1 min, .0 C%E 6000 r/min) 10 min, 4
WEEWT 25 mL &), B8 FREE 1R, &
I 2 R BB FH 50%F EEE A4 25 mL.

212 % KA KW T Waters Acquity
UPLC/Xevo G2-XS Q-TOF i s 0B €t 5 15 1k
BOEATIE, BAFERTAT 340, RIEPATE. B
1 4E N Waters Acquity UPLC BEH Cig /3 (100 mm X
2.1 mm, 1.7 um), i 45 °C, AR & 0.2 mL/min,
HERERRY 1 L. ENHE N 0.2 mol/L BERRER T (&
0.1%F ) (A) -2 (B), BHEWEM: 0~60 min,
98%~2% A; 60~70 min, 2% A; 70~71 min, 2%~
98% A; 71~75 min, 98% A.

213 JmiGsfE MBS, Sensitivity B (4
HERE N 30 000); BAE HE-2.5kV; FEanHEfLHE
40 V; JEImAEHE 80 Vi YRR 120 C; VAR
450 C; HESLA 50 L/h: Biia il AR E: 800 Lih;

FA T 600 kPa; i B E RS IETE ] m/z 50~1000,
RIEHWCN 0.5 mmol/L HERANIAW, AR 20
uL/min; SERFRZIE lock spray A 1 ng/uL 52U ER Ak
R, miz 554.2615; BARRETT15H MSE,  HidE
2R continuum, BEEVER] 10~40 V, FHHEEN
0.2 s. X Waters UNIFT #4347 AR 43T

214 JiEHES HBSEEIRITES, BURA
A ST RS % AR . IR, 45 RSD
BINT 3%, RIHZ G FFE A 5

2.1.5 HdESAT @ TEE AN A FE CNKI
¥¥E % . PubMed. ScienceDirect. Web of Science
S, DL CARATENR 7 CARAT R CRA” R
A7 ARA AL “ERAT 7 “ Ginkgo biloba extract50”
“Ginkgo biloba extract” “Ginkgo” “Ginkgo biloba”

“Ginkgo biloba flowers” “Ginkgo nut” JAIHE 745
FABSCHR, VR RAT TR T BRI sy, AL
Ry AR PN UNIFL A (Waters 24
A]D GRSLARAY WA A B BE R . KRR 43
M BT/ R UEB0E S N E ) UNTFT AR, , R
PSS B B R, SRBUT A ST, xR
IS FHEBR 4T, BT RS R, 3P R
“W

2.2 RNA RIS EEHE

f# ] TRIZol®AFF (HEHZHZ RNA 4fiAbisk7)
FZIEH1I&E R Ui B (Invitrogen, Carlsbard, CA, 32[H)
MAR A i 2H 2 $2 HU S, RNA, fi Bl DNase 1
(TaKara) R4 DNA. $8J5 F 2100 A4 53Hr
CCRIERR A ], R, £ ED JE & RNA
R e M ZE R, FFAEA] rd-2000 (NanoDrop
Thermo Scientific, Wilmington, DE, £[E) HE4T5E
. A EMEER (Aw/dso=18~2.2,
Azl A230=2.0, RIN=8.0, 28S: 185=>1.0, >2 pg)-
F|F Tllumina TruSeqTM RNA £ i 1] £ 1471 £ ( San
Diego, CA) il &R A5 W RNA-seq FR4HCEA ,
£ Illumina Hiseq xten JM|/7{% (Illumina, San Diego,
CA) BT 2X150 bp MXUHMFF, RAFEA LR
3 AT EE
23 HREAPIBESSEERL RIERAE R

H it ff B SeqPrep ( https://github.com/
jstjohn/SeqPrep) #1 Sickle Chttps:/github.com/najoshi/
sickle) Xf K& raw reads BE4T 1 # BT A5 & 4% il
74 % clean data, F HISAT2 Chttp://ccb.jhu.edu/
software/hisat2/index.shtml ) 5 4R 7 & H
(http://gigadb.org/dataset/100209) HE4T 7 51 LE X171,
733 mapped reads JFHEAT TR IEAG

ET ik ZERNAFH, 1 StringTie
(http://ccb.jhu.edu/software/stringtie/ )14 % Mapped
Reads #A7HMHE, IF5 EA R HA R BT
P, SFHRECRRPEBR R RIX, K ZME
W SACHUET LR, AT R 780 50 35 R AT 7 R R 4H.
RS BB,
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¥R R Unigene 5 NCBI £ H 84
nonredundant (NR) HEATLHEXT, BL E H<1X107°
NBME, J8id BLAST 8Bkt 47 Dhgesd el [Fm,
# Unigene 7£ Swiss-Prot. Pfam.COG.GO Fl KEGG
S REHR FER D REIREEATIC S, 20 B L Dy R
7P RMZ 5D AT .

N1 R 2 A [RIRE A 8] ) 22 S 3 0k i A
(differential expression genes, DEGs), f#H TPM 7%
i A A RIE K. A5 RSEM (Chttp://
deweylab.biostat.wisc.edu/rsem/) X FE KT T E &
gt MA R St 36 EdgeR Chttp:/www.
bioconductor.org/packages/2.12/bioc/html/edgeR .html )
AT ZE 5 RIE T
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41, DL Bonferroni A2 BEIIEE, DL PEHS
0.01 N B 1E, H Goatools C https:/github.com/
tanghaibao/Goatools )l KOBAS (http://kobas.cbi.pku.
edu.cn/home.do) #1717 GO WRE'E HEM KEGG il
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Q-TOF/MS Zr g2 Ay it S B 1R (TIC), ULA

B4y pri2-130, 1o A S TR B TR 2L S YRS AR X 1
3 @R5SH B AR, SRS S h A
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Fig. 1 Total ion flow diagram of G biloba leaves
Fx2 REMULEYRIEER
Table 2 Mass spectrum information of G biloba leaves compounds
5 WEMBH Nk AT mM-H]” RZE(X10°) #/min =
I TR AR CHipOs 1910550 -2.8 1.25 173.05
2 JE LR Epiles CHeOs 1530185 2.1 4.97 135.03, 109.03
3 BEFIEER ESirEA CisHiO7 305.0652 2.0 7.96 24303, 17702, 13702, 12502, 10903
4 JLEE HhiRER Ci5H1406 289.070 7 20 8.25 137.02, 125.02
5 3-0-B-D-ME M E R Al % %k CoHn011 449.107 8 0 8.73 287.06,259.06
6 SR P 2L CisHisOs 325.0918  —0.6 11.36 237.11,193.12, 163.11
T RIKE TR CisHuOs 289.0706  —0.4 11.80 273.08, 137.02, 123.04
8 3-O-[p-D-M A & (1"-2")-o-L-MW R IR C3Hu021 7711965 —0.6 14.43 609.14,462.08,301.03
(1"—6")]-B-D-H I o8 2 L 7
9" AR MWEABEE  CaHu010423.1281 06 14.81 379.14,367.14, 349.09
10° WANEE C WABEE  CoHu01439.0234 01 15.58 411.13,383.13, 321.13
11 3-O-[p-D-ME W & HE(1"—2"))-[o-L-REE MBHE SERR C3Hu0207552023  —0.6 16.03 593.15, 463.09, 301.03
(1"—6")]-B-D-ME It o 2 A L 2%
12 3-0-p-D-HE e 5 2 W Wty B %k CuHy013479.0825  -1.1 16.09 316.02,287.02, 271.02
13" 3-O-{o-L-MEMG R (1" —6")]-B-D-Mt I A p by Sk Co7H30017 625.140 3 14 16.22 316.02
gl
14 3-O-[p-D-ML M & BE(1"—2"){o-L-MEm AR SR CuHaOn 7552019 —03 16.99 593.15,463.09, 301.03
(1"—6")]-B-D-Ht I 3 A W 6 L) 2550 ) e A 1
15 30w0§9%ﬂﬁpwmﬁﬁﬁﬁwgﬂﬂufﬁm% CoHi039172333  -13 17.94 755.18, 609.14, 300.03
W3 R - 7-O-B-D- ML R AT A B R
16" 3-0-B-D-WH I SE 1 i 2 GBS CuHx012463.0873 04 18.86 300.03,271.02, 255.03
17 3-0-p-D- M5 B 25 W et ¢ GBS CuHx011447.0920 04 18.86 285.04,271.09, 151.00
18" 3-O-0-L- MR R 2R (1" —2" - lo-L- WM R 2SR Sk C33Ha0019 739207 2 0.3 18.88 447.09,284.03
(1"—6") 1-B-D-Mt Wi 4 fi B L &5
19° BT % CxH30016 609.145 8 0 19.18 463.09,300.03, 271.02
20° BENDE A AR CaHuO 407.1333  —0.6 19.27 379.14,351.15, 319.16
21" 3-O-[o-L-MH i 55 21— 2" -~ LML T B 2 % CuHn007692181  —0.5 19.30 447.11,284.05

(1">6")]-B-D- WA FE AL 7 M &
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5 EM AR GBS TR miM-H] %% (X109 tg/min ZREE R

2 3-0-{6-0-[p-D-MRIAIEE1 "> 0" & TR - TR CoHiOn  901.238 8 —0.7 19.58 739.19, 593.15, 284.03
FIIRE(" 2"} -0-L AR L

23" WANEB ik R CoHaOn  423.1283 —02 19.89 395.13,367.14,349.13

24 7-O-B-D-MME R A AR & HR CoHO10  431.0969 —0.2 2122 285.04,255.03,227.03

25 3-%{%&&%%%%*%%(1"HZ")]-a—L-ﬂktﬂﬁﬁﬂE-fﬁ% HE CoH3O16  609.1453 0.5 21.31 447.09,300.03

26" 3-0-B-D-MEI A HE L 4 P ES CoHaOn  447.0919 03 21.53 255.032,27.03

27 3-2;[a-L-ﬂkkﬂr‘ﬂ“uﬁ%*E(l”—w”)]-B-D-ﬂktﬂﬁ%SEJ*E%[JJ HE CyH30015  593.150 7 0.9 21.85 447.09, 285.04,255.03
AN

28" 3-0.?-1%%ﬁé*&(l”—>6”)]-B-D-uttﬂrﬁ%ﬁ*f§%$sﬁ P ES CysHnO1s  623.1607 0.7 22.56 315.05,271.02
L3

29" 3-O-[o-L-ME R LM (1" —6"))-B-D-ME MR &1 A T 2R CH3017  653.1709 0.5 2298 345.06
5T

30 3-O-p-D-HEHEAREER S CauHxOn  447.0919 -38 23.50 285.04,256.03, 133.03

31" 3-0-[6-0-F 5Bt A-B-D-ME W 4 AL (1" -2 oL B CsHiO1s  755.1812 36 23.60 609.15, 447.09, 300.03
ML B - B

32" 3-O-[B-D-M Mo & HH L (1" —2")]-0-L- ML SR ZE -1l 35K CyHy01s  593.150 8 -29 23.84 284.03
s
AN

33 3-O-[B-D-M M R HEIE(1"—2")]-0-L- M SR 20 E- T 2 CH301  653.1711 —4.0 23.90 345.06
5T

34 3-0--L-WEWR R 22 - 1L 45 EES CoHuOn  431.0970 -2.1 2439 268.04

35 3-0-[[5-[%—%“%%%*@%(1”—>2”)]-a-L-l1£t”Fﬁsﬁ§*)§-§ P ES CxsHnO16  623.1603 -2.6 2441 314.04

36 3-0-[6-0-7 5Bk A-B-D-ME W] 4 H AL (1" -2 -0-L- B CxHiO15  755.1811 =37 2443 609.15,447.09, 300.03
R B2 M- S 3 ) 20 S £ 3

37 M A ES CisHio07  301.0344 -2.1 248 271.02,227.03, 151.00

38 3-O0-[6-0-F G BEA-B-D-ME W] 4 AL (1" >2")-0-L- B CxHiO1s  755.183 4 0.1 2545 609.15,447.09, 300.03
ML B M-t R Ty £ 1

39" 3-0-[6-0-75 5 ok J:-p-D-WL WA 41 B He (172" oL BE2K CyHO17  739.1853 -53 25.84 593.15,284.03,255.03
ML B - L 25T

40" RREZK HER CisHioOs  285.0392 —0.1 26,05 133.03

41 3-0-[6-0-F GEHE-B-D-M M AT iR (1752") J-o-L- FEER CyHisO1s  769.1962 32 2632 623.16,314.04
IR B 22 - R

4 3-0-6-0-F 5 B F-p-D- ML AR (12" 0L R CiHiOis  755.1829 —438 26,46 609.15,447.09, 300.03
ML B2 - B 2 T 20 S 2

43 3-0-[6-0-F 5 B F-p-D-IL I AR (1" —2" 0L FRK CiHiO17  739.1887 0.5 27.19 593.15,284.03,255.03
R B 2 - L 2 R - e D £ 1

44 3-0-[6-0-75 SIEHE--D- ML Mo 3 27 B B (172" 0L 3R CxHeOr  739.1876 -1.6 28.02 593.15, 284.03, 255.03
ML B HE- L 2R TR L 23 S b s 2

45 3-0-[6-0-% 5 B H-p-D-IL I AR (17" —2" 0L R CiHiO17  739.1882 1.0 28.59 593.15,284.03,255.03
M B 2 - L 22 T ] 73S D 14 3

46" FRE HR CisHiOs ~ 269.044 5 -23 28.86 117.03

47 3-0-[6-0-7 I 2:-B-D- ML MRy 3 4 B 2 (172" oL BETR CxHiO17  739.188 1 29 29.12° 593.15, 284.03,255.03
R B 2 - L 2 ) - e D £ 4

48 FEIEAZRUH T X3 Il CyHisOn ~ 537.081 6 0.1 3492 417.06, 375.05, 331.06

49" AEE T C3Hu0i0  551.0978 -39 37.10 519.10

50 LM W C3HuOn  551.0972 -39 41.26 431.08,389.07

51" REAR X3 I CpHnOp  565.1137 —4.0 4243 533.09,389.07, 629.21

52" SRR X3 Il CxuHuOn  579.1289 -1.7 46.90 547.10,415.05

53" AR (C13: 0) etk 2 CuHn0;  319.2263 -28 56.80 275.24

54" RER (C15: D VS EN CpHuO3 3452419 35 5735 301.25

55" &R (C17: D SIS CuHi03 3732729 93 59.22 329.28

* L R L

*identified by comparison with the reference
312 ZGitoath N T i iRA A RK E B
BT &, XSIAFAEKFERAF LK E
B B P R A P AT S M B A8 =GR ) 1 32 o3 40 i
(principal component analysis, PCA) & 2 7357 A2 4F
WS A s ZHEEZM AR KB

AR FEAE KB PCA HTBUs e, & 2-A
BN 2R R A AE PCL 54, i)
WM ARLEIE 5, & 2-B. C RHI AL 5
LHH 4~7 HZET W PC #2422 PC1 IE 240
SERRY, TOR RIS R A K BO TR AR
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A M1 (PCA-X)
104
" 8yl
51 48‘3 L2 atY2
— SLi 213 oyl
S 0 SIS sy 92
oL oy 6Y3 6¥2 e6Yl
s 713 7 T H
7v3 TY2 @1yl
_10,
15 : : : :
215 -10 s 0 5 10

t[1]
Rx[1]=0.491 R?x[2]=0.259 Ellipse: Hotelling's T? (95%)

B M1 (PCA-X)
101 -
@yl y
= 0 o5Y2 gy
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component analysis
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Table 3 Transcriptome sequencing data quality analysis
%5 cleanreads cleanbases RZEE/% Qu/% Qu/% GC/% i mapped £ (/%)  multiple mapped 80 (/5Lk/%)  Uniquely mapped 4 (i Ht/%)

L4 58897500
L5 52760088
L6 57113338
L7 42519962
Y4 50156736
Y5 46774336
Y6 58486076
Y7 47434370

8829161903
7845051890
8544294953
6281708055
7503478159
6991040465
8720165448
6959127445

0.0234
0.0234
0.0234
0.0245
0.0233
0.0231
0.0233
0.0242

98.67
98.65
98.68
98.23
98.74
98.79
98.71
98.34

95.74
95.76
95.79
94.67
95.90
96.05
95.84
94.98

46.26
46.84
46.98
45.10
46.00
45.90
46.69
46.24

57040427 (96.85)
50411574 (95.55)
54453219 (95.34)
40438 620 (95.11)
48 811805 (97.32)
45382803 (97.03)
56448 409 (96.52)
45389 674 (95.69)

5151043 (8.75)
8014104 (15.19)
7026826 (12.30)
3486004 (8.20)
3122339 (6.23)
3295340 (7.05)
4790414 (8.19)
3925925 (8.28)

51889384 (88.10)
42397470 (80.36)
47426393 (83.04)
36952616 (86.91)
45689 466 (91.09)
42087463 (89.983)
51657995 (88.33)
41463 749 (87.41)

NP Swiss-Prot
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Fig. 4 Functional annotation statistical diagram
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Table 4 Correlation between different genes and pathways

Myl EEAEMEEGEE WA Y g

L4 vs L7DOWN

L4 vs L7 UP

Y4 vs Y5 UP

Y4vsYS5 0.640 0.230
L4vsL7 0.330 0.036"
Y4 vs Y5 DOWN L7vsY7 0.025* 0.021*

F PR R 2 R R RIS i 3R R AR & BOSAR IR G,
P<0.05 BIZEREZE, “P<0.01 BIZRMRLE

In the table represents the difference between genes and flavonoid and
terpene biosynthesis of skeleton relationship between the way, “P < 0.05
says significant difference, P < 0.01 says that the difference is
significant
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Fig. 6 Venn diagram of differentially expressed gene Z R HRIED), X B2 R A RS A A A A
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Fig. 7 Statistical map of enrichment analysis of different genes KEGG
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Table 5 Comments on genes related to biosynthesis of terpenoids and flavonoids
Bk SR A L&A 55 HREEIRT Unigene 31
i MVA I acetyl-CoA C-acetyltransferase LT CoA BRI HFSRY AACT 5
hydroxymethylglutaryl-CoA reductase FRIEFIRETN —Bi-CoA 10 HMGCR 25
mevalonate kinase LA MK 1
phosphomevalonate kinase AR R 42 T R g PMVK 4
diphosphomevalonate decarboxylase ZHR PRI AN MVD 2
# MEP 1027  1-deoxy-D-xylulose-5-phosphate synthase 1-JiA-D- A BE- - R 5 i DXS 6
1-deoxy-D-xylulose-5-phosphate reductoisomerase 1M 8-D- AR E-5- BRI 2 e H) DXR 1
2-C-methyl-D-erythritol 4-phosphate cytidylyltransferase ~ 2-C-FiE-D- /R BERERE 4- WA EBERAORE  CMS 1
4-diphosphocytidyl-2-C-methyl-D-erythritol kinase 4-ZTHRRE-2-C-FEE-D-RBEREESE  CMK 2
2-C-methyl-D-erythritol 2,4-cyclodiphosphate synthase ~ 2-C-FiJE-D-7BENERE 2,4-FF TR AR MCS 2
EERGRIBE  chalcone synthase B E & R CHS 17
flavonol synthase HHEE S FLS 19
flavanone 3-dioxygenase HE 3-F2 AL RE F3H 8
chalcone isomerase A H A CHI 3
flavonoid 3',5"-hydroxylase RHH 35 - AL F3'5'H 8
flavonoid 3"-hydroxylase R 32 F3H 5
dihydroflavonol 4-reductase T AR 405 DFR 19
anthocyanidin synthase Te 54 s ANS 7
anthocyanidin reductase ORI R ANR 11
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il 8 & BE B 22558 MVA & MEP, @it
XoT T 2AS Er BSCE B B DR AT AR, RBIAEIX 2
Sk bR OCHE LN e R, HAFER E M E
o REFHFWFONFERGEREPEN, HNT
TR AT R A A, AR SR X A [R) A 1S
ANFAEKE B A EIX 2 S8 % F ) 2 AN 0
HER RIS AT LR b RILIXELIE R EBAR K £
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Fig. 8 Functional gene expression analysis of terpenes biosynthesis pathway



FER 20224FE2F $53% $ 4 Chinese Traditional and Herbal Drugs 2022 February Vol. 53 No. 4

* 1147

4 Ve
4.1 A EIMEETELE M ERE I E MR K5
=5

XA RIS, ASFAACH T B A iR 2
REPIHEAT PCA 0 #7, KBLTCIE R #E 2 Fib 2 4
KB R A = B B 20 . ARA R H)
1) 245 T 1 1 0 T A S T S ARAS IR 2 KR
DAEARURY), i i R (W = AR
R MRAENEREZNE, KWt 2 2k
BT R S T A B, XA T IR EUR AT %)
P NZE R, BT R 5 R AR K AR
WA RS KRR, b Es R 280E, T
7 AR AR A et — DA
42 REGEREVERBRBEEERIX

AR Bt S) DN ) B A FE R 3L 39 137 A4, H
IR 33 663 AN, BRI 5474 A RIKHEFR
AL 59312 4y, HA ORI SRA 31 947 A, Bk
A 27 365 Ao HREHE PR FIE 2 A R BB AR - B 22
AU SE N RE RS, SRS H B R B R R IA # R
REMEESR, EWMHEN 4 N ARNERKEASRIH
BARFERRIE E R &0t KEGG BHE T RIS E
KB BOX— R AL, WS R 2 7 3 SR AT B 2R
FE I 22 e O BH R, X A0 5 A Rl 2 0 ) 45
RAW)E . Wi KEGG @R, ikt 49 %5
WAV E IR, FEE—B 0 T
BEREIRI B RIIR L . S5 R ER T, AR & o]
RE AR HT MEP JB#%, MEP b [ 45 k3L Rl ik i
XGRS BB, Frlie DXS HIFRIERE
LT HERA AL —3. DXS 1] G284 A i
WG ) B IR R . R TR, $2
= DXS BRIk, M RA NI ELBA —
SEMIRAT M, XA —2 TAE.

FBAR PIAHEHFNRELEAZ TR
SE LK
(1] ZERE, Bkese, okbh, S 445 25 30 R 503 FE

[7]. 25PN 5T, 2017, 40(6): 731-741.
[2] Z&FE, ik 44 MHERBCA R B 2 4F

(3]

— =
wn
[l B

(6]

[10]

(1]

[12]

[13]

[14]

o A6 o BN EI DI BE R B AT (0], b E AR 2 2
&, 2015, 35(8): 107-109.

SRS C, BENAE, EEN. WA R TS R 2
Pl A R B A B Fe Bk Jg (0], b I B A,
2017, 20(15): 1906-1910.

HEZG 8 [S]. PUHER. 2015: 1491-1493.

KR, EREE, 2, 5. T RSN MR R
M £ R B B R R B (0], TR 2h, 2018,
49(23): 5633-5639.

TS, FLAT, SME, 5. RAMIEEW HPLC f54L
B 5L I H &R LC-MS %58 [J]. Ziabide s,
2017, 37(6): 1107-1112.

Grabherr M G, Haas B J, Yassour M, et al. Full-length
transcriptome assembly from RNA-Seq data without a
reference genome [J]. Nat Biotechnol, 2011, 29(7):
644-652.

BOGRE, Zig, s, B RAARE B RN O R
fivi B B GR 7 AE IO BE T (0], 299 VR AR WE T, 2020,
43(4): 765-772.

Conesa A, Gotz S, Garcia-Gomez J M, et al. Blast2GO: A
universal tool for annotation, visualization and analysis in
functional genomics research [J]. Bioinformatics, 2005,
21(18): 3674-3676.

Kanehisa M, Goto S. KEGG: Kyoto encyclopedia of
genes and genomes [J]. Nucleic Acids Res, 2000, 28(1):
27-30.

Li B, Dewey C N. RSEM:
quantification from RNA-Seq data with or without a
reference genome [J]. BMC Bioinformatics, 2011, 12:
323.

Robinson M D, McCarthy D J, Smyth G K. edgeR: A

bioconductor package for differential expression analysis

accurate transcript

of digital gene expression data [J]. Bioinformatics, 2010,
26(1): 139-140.
Xie C, Mao X Z, Huang J J, et al. KOBAS 2.0: A web
server for annotation and
pathways and diseases [J]. Nucleic Acids Res, 2011, 39:
W316-W322.
ZAhw, {6, FIEL, 55, UPLC-Q-TOF-MS #5&4X
WA T A& U ORI A A 22 e (0], v SR
TR E, 2018, 24(21): 69-76.

[Jr1E% 48

identification of enriched

i E A



