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‘ERIHE RN SRS RENFRERA
BT R 53 A
BOW, EFE, A%, B

CRPHIME 2 e BP0 5 i TR B, PUREEh W2 s TRERCARIE Ly, 2R 236037)

# E. MK FH (Toona sinensis ‘Heiyouchun’) ZERE Swi MR, T LA LG4 3,
Hp LA 9,10 - P KIFM B - AT 15 2 Bl sk 4 440.71, 1932.02 11799.89ng- g
KMt B RNA-seq lIFH AR (1llumina HiSeq™4000) S 4 8E4T 7 S AL I R, #1450 0 B A 4
A 470 Gb, 2Lt 86 870 MNFEFEA (Transcript), TIXLEFERAGE—H 413, 135 55 850 AL %K

(Unigene), “F¥JKEEN 1013 bp. JEHI[FEVELLN R H, 39 408 AN EREL A %5 44 e b HoA ) Rl L RLAE
TEAFIFE S DRV, DhRevE R UG B fo s IR B (Citrus sinensis) o 4253 AL R R AT GO 44
PRPELEXS, 19 704 ANFEERIARARAT GO DIREVERE, 2 ARy 4 FOIRERIAE Y # i FE45 3 R BERI
54 AW, b SRR AIMdL oy 25G FOUE A0S P 2 A0 i ok AR DG I SRR R o 4 K 2 5. I
COG HHfs FEFAT LLXS, 14 186 M HLEERIE 4041 T~ 25 AN DB 5. KEGG AUl B 4t 72 Lu xS, 45 28 400
ANAIERFBARAF IO REIRE, 0 6 KIS, 21 MW 135 MR E 32 Wk 3 s 5t — 05y
MR, 25 TR WEE KRR B DS A U S R AR T 467 A, b2 kg 2 b
s FORE AN L AR A B A R SRR 4 0 2264 71, 86 84 AN, X ik
AT bl A0 T A 00 B DR T R T 1 B AR AT JE RO ST T P ) 4 F LRI At T SRRt 2t
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High-throughput Transcriptome Sequencing and Primary Analysis of
Terpenoids Metabolism in Toona sinensis ‘Heiyouchun’ Sprout

ZHAO Hu', TANG Kaijing, FAN Xiaoying, and LU Weijian

(School of Biology and Food Engineering, Fuyang Normal College, Engineering Technology Research Center of
Anti-aging Chinese Herbal Medicine, Fuyang, Anhui?236037, China)

Abstract: Toona sinensis ‘Heiyouchun’ sprouts were rich in terpenoids that were mainly composed
of sesquiterpenoids such as dehydroaromadendrene, 9,10-dehydroisolongifolene, and S-caryophyllene,
their contents were as high as 4 440.71, 1 932.02 and 1 799.89 ng - g, respectively. To understand
terpenoids biosynthetic pathway, high-through RNA-seq technology was used to genernate the
transcriptome of Toona sinensis ‘Heiyouchun’ sprout and high-quality base data of 4.70 Gb and 86 870
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transcripts were acquired. Furthermore, a total of 55 850 unigenes with average length of 1 013 bp was
obtained by de novo assembly. Sequence alignment analysis showed 39 408 unigenes in our transcriptomic
data had sequence homology with those of other species at different degrees and the highest matching ratio
of functional annotation to Citrus sinensis. Gene ontology analysis revealed that annotated 19 704 unigenes
were grouped into 54 different categories in terms of cellular component, molecular function and
biological process. Among them, the unigenes involved in metabolic process, cell composition, binding
and catalytic activity, and cell processes were predominant. Based on the cluster of orthologous groups,
14 186 unigenes were further annotated and grouped into 25 functional categories. Moreover, 28 400 unigenes
were annotated to 135 KEGG pathway and broadly divided into 6 categories of 21 branches. Our data
indicated that 467 unigenes were mined and involved in terpenoids biosynthesis related to flavor formation
of Toona sinensis ‘Heiyouchun’ sprout, including 226 for terpenoid backbone biosynthesis, 71 for
monoterpenoids biosynthesis, 86 for sesquiterpenoids and triterpenoids biosynthesis, and 84 for
diterpenoids biosynthesis, which laid a solid foundation for further study on the function of genes related
to terpenoids biosynthesis and the molecular mechanism of flavor compounds formation.

Keywords: Toona sinensis; transcriptome; gene annotation; terpenoids metabolism

#H (Toona sinensis Roem) WlzF, BIFFE, HFKRM, MIKEE, W AMIEZ. ©Z#
BB IMEG AR X, FralE KRB “ RXFIEH” (LR “DTkE”), TN 2808 (ML 7 5 g™
Mo BRI B MR I 40 T84k B A SRR DR LA B9+ 0 e = o B R IT R (A4 20 et 4%
HF5T 32 B FR AR ML e MR 04 G5 R (K 00 TRl 00T, B S0 FH A M 0 95 XU i SR S 1 23 13t
FEETDT ST, Hoabt e 1 SeRUAH OCHE IS B, 45 7 8 73 U Al TR 11 23— ML 50
KT IR PIBREE (XZE 4%, 2008, 2009; Hsuetal, 2012; FERFW 25, 2015),

AHHFTH KT AL B S Fl < PRy W A AEL, RIAES 2 ACEnl &P EOR Tllumina
HiSeq"™ 4000 X HHEATH 4L, A O HT 7 bR b 2 3 S 4 PR M B SR (R A A R 2 A
HA G B PR SR SE IR e . THRE I RZEAR P B R AR A B R 2 AH D TR (1)
YE R PREEIERE TR, I ACKRAI N TR AL & B A et =%

IR

1.1 RIEarEl

WG EHEAMRL N 3 A ks SRR LT ETIEE, T 2016 4E 4 AW AT K B 28
RKFE AR . EEK L) 10 em B4, WA, JERIEFE R - 80 CIRAF&H .
1.2 EEFEAR MR RN

Z M Arjan 55 (2000) 7595, HU1 g Bz me &, 2T ok i Bl BB 20 mL T3 )
Wi, F R Er, 78 80 C/KM &4t FH SPME A8 1 h J& T4 i< ) GC - MS (HS - GC - MS)
(Agilent HS-7697A/ GC-7890A/MS-5975C, “SAHMAIEAE A DB-5) Zr ATl 2f 4wt R4 i) 7 &=
FEIRPHIFLT : 50 C4efidE 1 ming ARJ5LL 10 °C - min™ B33 AR E] 100 CHAEHE 1 ming )5 LA
4°C - min™ B THE S 200 °CHAR4F 1 min; S FLA3 °C - min™ (38 THEF) 280 C H4445F 7 min.
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JIT Aot P B %L Nist 5T A R AR e B S 3E A7 0] EEBEAT 2 1 0T LASEIR N IR bR, 4%
AR — B S A . ik 3 MEWFEL, SEYPEEA 3 MREL,

1.3 = RNA 12ELFn4E )

MCZF S RNA $ECR ] Trizol Reagent J7i%, Jf I\ DNasel B 27k A1 DNA, Bl o k32 UG
sl RNA 5t 2588 0% . RNA 4% (ODagonso FUAH D, ¢ M) Agilent 2100 Bioanalyzer Fffifdr il RNA
SEHENE . R MEAIRAE RNA JRA 4L 1> RNA L, PR H .

1.4 FFRENF

FEaAT IS S, AT Oligo (dT) MIMAEK & AR IAZAEY) mRNA, IG5 TE il VA A
TEHLRF mRNA Wi 5 Br. A5 11 mRNA ARG —#E cDNA, RJEECHIZE 2 856
AR ZR A 2 B cDNA, JHT & aife e, R IE 5 . cDNA 1) 3" A EacE “A”
IR, ARG T i B/ NGRS, B e b T PCR 9784 . A 47 (1) SC%E ] Agilent 2100 Bioanalyzer
H1 ABI StepOnePlus Real-Time PCR System Jiifer, 4% 548 /| Tllumina HiSeq™ 4000 ~F- & 3472 .

1.5 FoIHtEfER

e p S an e e A S AR T . SRV B LASOREIBEE N &l s fe, SR e ks L
JURERSRSEIET G, AT EdE, g0 T idos. B, Q20 f1 GC &
Lo AT Trinity AP T-#37 (2R PCR A DUR mARER0R) BT PCRA BRI A, R
JEAEHT Tgicl BAR AR 3 SR AT IR L TCAR, 13 BIRE M BB DR A%, 20 M S AR B B PR 7
RIS S Lo At
1.6 [FIERFINEED 2

W BBz 5 B B v T 1A SR AR S 4108 . BLASTX 55 Wil A A7 1 2 JL 8 (1 3l R kAT Lot
SrHT, BE E-value < 107 2 [T B (SR EX AL R AR Th e Re . A JL 4R (VU AL 5 NCBI AR TU A%
FRAL Y 72 (N1 , Swiss-Prot &5 [ 53 411504 2, GO(Gene Ontology » & K AN AR 54 2 ), COG( Cluster
of Orthologous Groups, &5 15t B & [R5 24 2 ) Fl KEGG(Kyoto Encyclopedia of Genes and Genomes,
IR FE G AT R 1) o P SUARBIE B die e O S A8 T PRI B2 S RE DR AR D REVE RS
b5 Nr B8l 1 Foon) Ja SRAGVERE I AL IR %, 18 Blast2GO 3t — L #k47 GO vER, 2 WEGO
AT GO Lhfigsr2Kgiih, RN AR S COG Bt FEREAT HLxT, X JLnT e Dy REREAT 432
geik. XFRILFRIEAT KEGG BB /- Hr, HE—0 T B ORI 1R A2 7 D Re Sk )
AERIAEAEH o« B Eeh bEx 21258 A1 8k 21 CDS (Coding DNA Sequence ) [ 53 PRI 5 R 3 1ot
ESTScan #AFHI CDS (¥ CHda PEAR Hext b BRI RS IFREA T R 4K B o i it

2 HiIR 50

21 REE WFEAMESHOIRESE

RIS EAHAC O VE IR G 10 < BRI mP RGN 81 (R 4 e P A PR B 2 A T
FRUWEY) o - IRIGA D - A7 PR SV EZAT - TR o - ARG . REEEM.
9,10 - BASF KM M a - MEIARNM . o - Fr PRI D SFRE. B LAY S (R D. N
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R s A S S R R E R, A5 i A G PRI 28 20 i A A P RS D UK I3
PR T A AR D, o - IRIAT D - K (S A N 255.77 RN 106.14 ng - g7's £
Kb Wb UL AT S s, N 444071 ng- gy 9,10 - A KGR g - A& &b
B 1932.02 F11799.89 ng - gy AR LM o - ALOIAM S5l 129552 Fl 1286.76 ng - g
B S i s w3 = T a2 o A N TR R ARt 7/ A S B L 0= P (N i o Ak el [ T E R 2 R A
TE AN [l i 4 ) &R i S R R 20, SR E. WEREND & B ER. SMEE K,
B R MR SR AR bt o =, e LA A RSIA I S s, 9,10 - EUSw KGR g - A
VG IS IS IR » X5 3CHRIRIE (XH 4 5, 2013) WA AN, AR5 7505 0 SR 22 S i)
R ITIEARA K.

R1 BaE FERFEXESUSVRASE

Table 1 Abundance of volatile terpenoid compounds in Toona sinensis ‘Heiyouchun’ sprouts

DEA MR T

Molecular  Relative molecular

B i

i (ng- g

No. Compound formula weight Content

HAil 2% Monoterpenoids 1 o - &M% a-Pinene CioHis 136.24 255.77 +27.80
2 D - #7845 D-Limonene CioH6 136.24 106.14 + 6.50

52152 Sesquiterpenoids 3 a - }F T a-selinene CisHag 204.35 402.68 £47.32
4 B - I ¥Hi p-selinene CisHag 204.35 404.22 £ 40.68
5 o - A a-Copaene CisHy, 204.35 15327+ 13.10
6 B~ Fifrii p-Caryophyllene CisHay 204.35 1799.89 + 83.74
7 a - fit1#% a-Caryophyllene CisHa 204.35 221.925 +38.60
8 BV %ALY Caryophyllene oxide C15sH40 220.39 259.42 + 18.65
9 i, - g - % JeMs Cis-p-Farnesene CisHag 204.35 54.84 +4.73
10 (Z,Z) - o - J:Bf% (Z,2)-a-Farnesene CysHy, 204.35 233.95 + 10.68
11 K24 Ylangene CisHy, 204.35 1295.52 + 66.60
12 a- K= a-Muurolene CisHyg 204.35 104.02 +7.08
13 Jz 3\-E iJi Trans-Calamenene CsHa, 202.34 404.22 +37.22
14 oa- HE*%Hi a-Calacorene CsHas 204.35 365.64 +12.01
15 (-)-B-BiFM (-)-p-Elemene CysHas 204.35 144.14 + 12.36
16  ZE ARG Aromadendrene, dehydro- CsHy 202.34 4.440.71 + 396.76
17 9,10 - & KM% Tsolongifolene,9,10-dehydro- CjsHa, 202.34 1932.02 + 194.25
18 a- WEIANM a-Guaiene CisHyg 204.35 1286.76 + 141.48
19  y- EF% y-Himachalene CysHos 204.35 122.05+ 16.88
20  REBEIHENY Isoaromadendrene epoxide C15sH40 220.39 383.28 +31.09
21 A ALY) Alloaromadendrene oxide- Ci5H»40 220.39 120.82 +7.32

22 ‘BB WEHREANFRALE
CTRHE R S AN R AT SR AR BRIk 42.46 Mb, LRI R TUA TR TR
WG, 92T P88 36.16 Mb, B & IR IE s o4 4.70 Gb, BEdk Q20 Gl
PR RNT 1%) 4 97.85%. IFFEES: 540, A Tlumina HiSeq™ 4000 V- & 34550305 (1 %k
B MTEBR S, R A A R n R SR A e . IS, A Trinity AT T
HEAT IS 4122, JLTH3R1T 86 870 AN AS, SEEHCN 80 453 929, RN sk A KK BE A 926 bp,
NSO CHIWr < uhks FERHPr s BB M) 1649 bp, GC & MBRFEE 41.16% (& 2).
B SR E A 3 iR, 2o 200 ~ 1000 bp J7471 7 65.61%, 1 000 ~ 2 000 bp J¥51] (1 22.15%,
2000 ~ 3 000 bp /741 7 8.63%, KT 3000 bp J¥H1 Y 3.61%. WX LLH AR — LA AL, 193] 55 850
ANBIEIRAR, BRI NPy s — i R SRR, it 20 037 A, [l — AR A A TN,
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fEwm CRT 70%) HEF (BLCL 3k, CL Ja it KM 5 ) HAR M & A BRI 2 m) 5 —3%
J¥ (LA Unigene JT3k), ARRBMMKILR, Feithy 25813 Ao Adf s IL N RMARIEHC Y 56 626 762,
FEAPAL PRI AP B0 1 013 bp, N50 24 1 680 bp, GC & 7 ML EL 40.96% (£ 2), Hk:
DRI FE A3 A ik 3 BTz 300 ~ 1 000 bp /741 i1 61.74%, 1000 ~ 2 000 bp /3741 5 24.59%, 2 000 ~ 3
000 bp JEH1 15 9.48%, KT 3000 bp JEHI 5 4.19%. 30 id X b 23 55 A< R R DRI AR 8 23 A o B
YA IR B W, BRI, W — 2P I e Ja SR AR s R i

F2 CEME TEHFIEFL Transcript #1 Unigene HIELA R REIGHR

Table 2 Quality metrics of data assembly for transcript and Unigene in the transcriptome of Toona sinensis ‘Heiyouchun’ sprout

#5352 Transcriptome $it Number 585 Bases number P E Mean length NS0 GC % 5#/% GC content
LA Transcript 86 870 80 453 929 926 1649 41.16
i LR % Unigene 55 850 56 626 762 1013 1680 40.96

F3 HERFMEERBHFTIAN

Table 3 Sequence size (bp) of Transcripts and Unigenes

K YE il /bp 5 A Transcript FAELIA #% Unigene

Length range % #8 Number 1 53 Lh/%Percentage # = Number T %3 /% Percentage
200 ~ 300 28 449 32.75 14 178 25.39

300~ 1000 28 548 32.86 34 484 61.74

1 000 ~2 000 19239 22.15 13 732 24.59

2 000 ~ 3 000 7 496 8.63 5296 9.48

= 3000 3138 3.61 2338 7.79

Z [ Audic fl Claverie (1997) ] FPKM J7yA 1T SH- 007 Ji5 41 28645 21 i SR BE R R Rk Ko 48
TR W], B L R %1 FPKM ~FXME 0 13.89, it KAE A 5 056.6(CL6299.Contig2 All) . FPKM
fHRT 500 )47 87 ANFRILI %, XUSLN 2 2 5k G A . FPKM (1K T 0.2 14 224 4
SILPH A%, LW Tllumina HiSeq''4000 AEA I SIMAR AT I HE B RIE, Rl i RSB o
2.3 RME WEFREFEKR Nr EEER

e YT, NPT AT 3 B DR 5 HEAT N M SwissProt 2048 ZEVE R (E-value < 107). VERE4E
RARW], LEXTE] Nr A1 SwissProt £odfs 4 (K117 51) 7353 4 39 408 ANF1 24 356 A, 735l bl PR DA 5 4
1] 70.56%F1 43.61% 0 A\ Nr R 5 DA DT C PRI b 23 A 1% DU KA, W 0 DR 7% 55 RS ( Citruss sinensis)
VCHCRE B iy, M 54.32%, JEREBI O3 Il (Citrus clementina) W34 23.81%, A A] (Theobroma
cacao) H 4.07%, % (Vitis vinifera) 1 1.86%, 4 15.94%75)0 A TH e EAWFp . TR
W& 7E NCBI ' Nr 3 EVCBC B e, nT RS Nr Bods E A F5 A e 445 B 2 B % (Xuet al.,
2013), HlI T FHER LR BB, 70 eSS P A R LR 41 o
24 EmE WHFRERER GO hEES %

N TR0 B L T TRahAE WCFIERIDIBE AR AL, 3R 4 %) CTRUbEET MRk
PIRREAT GO B FE LU 0 R, 47 19 704 AL RV RE 3 GO Hdls FErr, o il B L PR 7
K 35.28%. 4% GO DJREF R RGE, (EHe i B PRg, DhReIA S A1) 1 1 i) Fr ik A 7%
A 57787 4, it 44.36%: HRE BN e sV B IE KRR AT 44 588 A, 7 34.22%; JHZRR S T IR
279024, i 21.42%. PL L 3 KRIDAESFRIATHE— B0 T 54 NS, f— D) REREH A5 (1
RN 220 17 M 150 A8 22 WARHI B AV HERRIX — R, DLAniabre . ARt —A
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F4 ‘B FHEMIF Unigene GO 533

Table 4 GO functional categories of Toona sinensis ‘Heiyouchun’ sprout unigenes

GO 7K

GO functional ik FIOPIE% LK i A /%
categories Number Percentage Subgroups Number  Percentage
ERt/ESuwi 57787 44.36 AHFi Biological adhesion 15 0.03
Biological process LA Biological phase 12 0.02
=Y Biological regulation 3250 5.62
L4338 43 5 A4 & 1% Cellular component organization or biogenesis 1798 3.11
ANMIEFE Celluar process 12145  21.02
{H I Developmental process 1632 2.82
A& Growth 305 0.53
G Z SRR Tmmune system process 257 0.44
JEAL Localization 2745 4.75
M3 Locomotion 16 0.03
R EERE Metabolic process 13352 23.11
Z 4 fui 2 Multi-cellular organism process 1524 2.64
A HLAAEFE Multi-organism process 714 1.24
EWERERE AT Negative regulation of biological process 450 0.78
EYEREFEIE T Positive regulation of biological process 521 0.90
W2 ERE AT Regulation of biological process 3089 5.35
ZIH Reproduction 246 0.43
LhEEFE Reproductive process 879 1.52
M@ % Response to stimulus 3521 6.09
FiHEEFE Rhythmic process 58 0.10
55143 Signaling 1274 2.20
B HANFE Single-organism process 9984  17.28
LA 44588 3422 i Cell 10587  23.74
Cellular component 4%+ Cell junction 154 0.35
YA &5 Cell part 10587  23.74
Ma#hIE T Extracellular matrix 10 0.02
Ma4hIE R 4 Extracellular matrix part 3 0.0067
flu4hX 4k Extracellular region 547 1.22
Mu4h X 45536 53 Extracellular region part 5 0.01
Koy FHE A Macromolecular complex 2501 5.61
JiKi45#) Membrane 5741 12.88
JIE A1 )1 Membrane-enclosed lumen 608 1.36
Ji5i3% 4 Membrane part 2789 6.26
UK Nucleoid 38 0.09
40 fi%% Organelle 7852 1761
AN ARH 4> Organelle part 2987 6.70
LA Symplast 163 0.37
JAEEAA Virion 8 0018
JRATFATS> Virion part 8 0018
ool 27902 21.42 YA IEE Antioxidant activity 130 0.47
Molecular function 454575 Binding 11478  41.14
HEALIE T Catalytic activity 12847  46.04
ARG Electron carrier activity 258 0.92
BEA T35 Enzyme regulation activity 204 0.73
1WA A% IR A 0 IR T35 Guanyl-nucleotide exchange factor activity 30 0.11
4B AR E 1T E Metallochaperone activity 3 0.01
1S Molecular transducer activity 371 1.33
KR 45 A (PG 55 X715 % Nucleic acid binding transcription factor activity 409 1.47
EFRWAFRGTE Nutrient reservoir activity 18 0.06
B A S A 15 % T35 % Protein binding transcription factor activity 57 0.20
HAFR%E Protein tag 7 0.03
SZARTEPE Receptor activity 107 0.38
ZER5> 1M Structural molecule activity 594 213

#3275 Transporter activity 1389 498
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HUABERE LB, 230k 21.02%, 23.11%K1 17.28%, i LAEWIMEE . A=A gl i i sh ol g
T (R B E R A5 kg DB, AN AT 154 12 K1 16 Ao 4 AL J Th B A B o L4 R0 40 B 5843 o B
BRI 23.74%, H OGR4 M ds FE Sk A — 2 I Eel, 2300 17.61%H1 12.88%, Ji gl
WEHAA e, AE 8 MNIERRIER . 7R T DhRe Bt DLGE G E PR A v P i o A T o
RIELLBI A S, 23000 41.14%F1 46.04%, 15 48 fEAR AL IS PR RN B bR 28 T oy Ll e b, AN )
A 3R T ALK . B IR EE BT &5 T UG Y JEahAs SR SR PR R A KT LS AR
WL REAR G LR R IA SR 2, RPILAERE A KR WA 2 500 DG Th e 2L R £ 5 S s 4R
HHE ) AHIE Y .

2.5 ‘EHE WHBREEER COG S

5T A EIL P RS COG $udli FELLXT, 15 21 14 186 AN HLILPH B 2 COG Kl
AR R SE DR AR B 25.40%, JLIRTT 35 415 AN HUIERR, /AT 25 ThREX IR, AR DhREX 8
A R B R A AN AR R, JLrb DL A E FVE B BE 2 0 — M Th e L U 2, 18.12%, #e%
(9.50%) 75 5 FHLH (7.10%) B HIFEHAFE L (8.52%) B LRSI ED K (6.31%)
BIPE R B . TSR PR (7.08%) BIEMIhEEIER R, MoKk & E A s &
RIEREZ, 5 5.67%. J1H 1 694 A FIRRFEDIREAR A, (AT M2 H 957 M HREERR S I AE
RPA G @i AR ARG, XL s IR e et — D H 5T  BEuhids W S, ik
FUIE AT B3 85 I A AR P BROAF OGS R AL T SE Al 44l

*5 ‘EBME BIEEZF Unigene COG 2

Table 5 COG functional categories of Toona sinensis ‘Heiyouchun’ sprout unigenes

COG Hhfigsr 26 Kt A5/ %
COG functional categories Number Percentage
BHVE WAL K RIZEY) K 2L Translation, ribosomal structure and biogenesis 2236 6.31
#:3% Transcription 3365 9.50
55 P HLH Signal transduction mechanism 2513 7.10
WEAW A ik BRI Secondary metabolites biosynthesis, transport and catabolism 957 2.70
RNA i T-F{&Hi RNA processing and modification 347 0.98
52, HEAIMESE Replication, recombination and repair 3018 8.52
BB S AT S M F 18 Posttranslational modification, protein turnover and chaperones 2 506 7.08
BH Iz A Nucleotide 336 0.95
1458 Nuclear structure 8 0.02
MBS A4 Lipid transport and metabolism 795 2.24
N FIE . /NS Intracellular trafficking, secretion and vesicular transport 875 247
THLE iz A Inorganic ion transport and metabolism 865 2.44
—MEINfE T General function prediction only 6417 18.12
A AT AE Function unknown 1 694 478
Musk 45 Extracellular structures 12 0.03
fig ML Energy production and conversion 954 2.69
5 BALHI Defense mechanisms 327 0.92
I E 3 Cytoskeleton 568 1.60
SHEHZ f A0 Coenzyme transport and metabolism 673 1.90
Pt 45 R RS J) Chromatin structure and dynamics 458 1.29
A BE A=) & 4= Cell wall membrane biogenesis 1417 4.00
4ILIZ5) Cell motility 354 1.00
4 fo s A sy, Qe iksrIX Cell cycle control, cell division, chromosome partitioning 1482 4.18
WK Y S Carbohydrate transport and metabolism 2007 5.67

RWHRRIZH MR Amino acid transport and metabolism 1231 3.48
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2.6 ‘BHE WHFREEEKMN KEGG RiTEH I

B CTRUMME WCF RN RS KEGG Bl FELEXS, KBIILA 28 400 HIEFRIRAF IR,
A H LAY 50.85% . X ILREATHE M, PR KEGG A AR 5C K SR A% 0 6 KK
21 NMESRAT 135 AMCBFIE S o (1 6 AT LUA H 3k IR AEAC AR DG % 0 BT o LR D dieim, 14 58.43
Yo: Tl AE B AL ARG IR R B IR L, 15 24.34%: 5 NN AH DG SRR R R B, AN/
0.79%. & TACHHIE BRI I N AR I 2, Bt DRI R R AT 70 A, R
1511 AR, OREIERAU . e ARG R B SPAR, Re AR, )RR
VS . A S A MR B A BO D AN AR B A R IR A L AN R A L
EURU . TR

EASRE BRI WEFR R NG R, SR EE SRR, WEIE R g RS,
B, BRI, Wi, fEE R B OCRIEE BUBAERIIBE ST, S SRR
HAEKPTH E R RN, I RPT BRI 8 K5 IR S A DR e 20 7
PR AR EATIR R R ARE S RE A2

F6 ‘BimHE FRHMIF Unigene KEGG 933

Table 6 KEGG categories of Toona sinensis (Heiyouchun) sprout unigenes

KEGG Hfitsr3 Kt [ER L7 S i Hor /%
KEGG categories Number  Percentage  Subgroups Number Percentage
LRSS 1721 5.35 IREE&E Y, Environment adaptation 1721 5.35
Organismal systems
R 18810 5843 AR Nucleotide metabolism 884 2.75
Metabolism T AR WAL 5 ¥4 Metabolism of terpenoids and polyketides 780 2.42
He g LRI Metabolism of other amino acid 628 1.95
A B Rl A i 22 254 Metabolism of cofactors and vitamins 907 2.82
HE TR Lipid metabolism 1485 4.61
B4 A Glycan biosynthesis and metabolism 678 2.11
4 JR4% Global map 7244 22.50
fit 0 Energy metabolism 1082 3.36
KA YR Carbohydrate metabolism 2561 7.96
He AR % 1043 3.24
Biosynthesis of other secondary metabolites
FIER AR Amino acid metabolism 1518 4.72
NP 253 0.79 WM Endocrine and metabolic diseases 241 0.75
Human discases 2Pt Drug resistance 12 0.04
LR AL B 7836 24.34 #1% Translation 3289 10.22
Genetic information # 3% Transcription 1554 4.83
processing HHIFMEE Replication and repair 667 2.07
Y&, 4 FFEf# Folding, sorting and degradation 2326 7.23
WEEfE BAb B 1617 5.02 5'5#:'% Signal transduction 1372 426
Environmental 512 %5 Membrane transport 245 0.76

information processing

il obew 1953 6.07 ¥4 Transport and catabolism 1953 6.07
Cellular processes

CRMHE WEE 135 A KEGG AQHIEE, $ R MUSHE S 5 2 PRI 2h REHRE 1R B0 DA
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ORI AR CHE P Q3 7 Frs o i3 7 7 LU Y ARE@ AR 10 IR AR B D 58—, 1 4 15.83%.
FLOE AR & A SR IR HAE, 2350t 8.84%F1 3.10%. Xit— 3R] “TRuhkE WEF/E
FRSE AR RKOR W B ATV BRI AR SO, RIS R T 2 5 X SO RN AR I | N, 045
71N T P O FR) XU it SO B L ) L AT T

F7 BE BEHEF unigene BHCBHERE ST

Table 7 Analysis of metabolic pathways of Toona sinensis (Heiyouchun) sprout unigenes

P Rigigst BERHE At i
No. Pathway Number Percentage 1D

1 &R Metabolic pathways 6 805 15.83 ko01100
2 WKAEAR Y 2E W) £5 B Biosynthesis of secondary metabolites 3799 8.84 koO1110
3 R J5 WA HLAE ] Plant-pathogen interaction 1332 3.10 k004626
4 RNA iZ#i RNA transport 1255 2.92 k003013
5 B4k Spliceosome 1185 2.76 k003040
6 W% 5% S Plant hormone signal transduction 1140 2.65 k004075
7 WEAE Endocytosis 1129 2.63 ko04144
8 HBiA Ribosome 902 2.10 k003010
9 AR Carbon metabolism 872 2.03 k001200
10 RIER W) Er i Biosynthesis of amino acids 866 2.01 ko01230
11 JERFIEEREAR Starch and sucrose metabolism 848 1.97 k000500
12 B EFEN M T Protein processing in endoplasmic reticulum 846 1.97 ko04141
13 mRNA WM&/ mRNA surveillance pathway 833 1.94 k003015
14 #0441 Purine metabolism 675 1.57 k000230
15 RNA P#f## RNA degradation 613 1.43 ko03018
16 WENEAR Pyrimidine metabolism 590 1.37 k000240
17 ZENFHEAM Ubiquitin mediated proteolysis 580 1.35 ko04120
18 PET# AR/ BE S 4 Glycolysis / Gluconeogenesis 477 1.11 k000010
19 HKH R AW 1 Phenylpropanoid biosynthesis 476 1.11 k000940
20 SIEFERZF IR FEACH Amino sugar and nucleotide sugar metabolism 465 1.08 k000520
21 H B A4 1 Ribosome biogenesis in eukaryotes 455 1.06 ko03008
22 H il BEAC I Glycerophospholipid metabolism 417 0.97 ko00564
23 PR AT Circadian rhythm - plant 407 0.95 k004712
24 - e 2B A 2R 2R 1R Cysteine and methionine metabolism 360 0.84 k000270
25 ALk Oxidative phosphorylation 339 0.79 ko00190
26 H i EEARE Glycerolipid metabolism 336 0.78 k000561
27 AR Pyruvate metabolism 335 0.78 k000620
28 JHE IR R 54 4% Pentose and glucuronate interconversions 314 0.73 ko00040
29 M IEA Peroxisome 303 0.70 k004146
30 & EHIBE 52 Carbon fixation in photosynthetic organisms 299 0.70 ko00710
31 I BT RR 4172 Pentose phosphate pathway 286 0.67 k000030
32 FrWEAk Phagosome 282 0.66 ko04145
33 FWEIR T Regulation of autophagy 282 0.66 ko04140
34 FUHERIS Galactose metabolism 275 0.64 k000052
35 ZMWE - t(RNA A5l Aminoacyl-tRNA biosynthesis 272 0.63 k000970
36 HER . 2% R Glycine, serine and threonine metabolism 255 0.29 k000260
37 AR VBRI R Nucleotide excision repair 254 0.29 k003420
38 HEWi R Fatty acid metabolism 252 0.28 ko01212
39 ABC #2411 ABC transporters 250 0.27 k002010
40 2 - FAVRERAR M 2-Oxocarboxylic acid metabolism 248 0.27 ko01210

41 WENEBELEE (5 R 40 Phosphatidylinositol signaling system 247 0.27 k004070
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iy R A% B "% gD
No. Pathway Number Percentage 1D

42 R ZE PPk Insulin resistance 247 0.26 ko04931
43 N - Z R4 K N-Glycan biosynthesis 238 0.26 k000510
44 TR — R AR Glyoxylate and dicarboxylate metabolism 233 0.26 k000630
45 HIRNLUEZACE Inositol phosphate metabolism 230 0.25 k000562
46 ik AN-£¢ 2481 Porphyrin and chlorophyll metabolism 229 0.25 k000860
47 [A]Y5FE 4 Homologous recombination 227 0.25 k003440
48 HE R BEA MR Other glycan degradation 227 0.24 ko00511
49 Wi E S AWM A Terpenoid backbone biosynthesis 226 0.24 k000900
50 R H Z2 P50 Fructose and mannose metabolism 226 0.24 ko00051
51 FIHLMACH Cyanoamino acid metabolism 219 0.23 k000460
52 AV 15 Base excision repair 218 0.22 k003410
53 DNA & #| DNA replication 218 0.20 k003030
54 PURIMERAR M Ascorbate and aldarate metabolism 217 0.20 k000053
55 RNA 48§ RNA polymerase 208 0.20 k003020
56 A WE AR Glutathione metabolism 205 0.20 k000480
57 HER, AR AR MF Valine, leucine and isoleucine degradation 186 0.19 k000280
58 Ffih 5 H ¥ Basal transcription factors 183 0.18 k003022
59 A4 4 Flavonoid biosynthesis 181 0.18 k000941
60 T, TIREEPIE A LW AW 8 Stilbenoid, diarylheptanoid and gingerol biosynthesis 180 0.17 k000945
61 BB RE A5 . Sphingolipid metabolism 179 0.17 k000600
62 Ho& 1 H Photosynthesis 177 0.17 ko00195
63 % 2 MR Tyrosine metabolism 169 0.16 k000350
64 ZIRIRAEIN Citrate cycle (TCA cycle) 169 0.15 k000020
65 WRIR. KRERBRMBZIRICH Alanine, aspartate and glutamate metabolism 166 0.14 k000250
66 FE LR 2 R0 Arginine and proline metabolism 165 0.14 k000330
67 a - WKL alpha-Linolenic acid metabolism 162 0.13 k000592
68 T % B f# Lysine degradation 161 0.13 k000310
69 HifidfEE Mismatch repair 156 0.13 k003430
70 HiARi Sulfur metabolism 147 0.12 k000920
71 RN B RO R AP B Phenylalanine, tyrosine and tryptophan biosynthesis 144 0.12 ko00400
72 RRIREY A K Arginine biosynthesis 143 0.12 k000220
73 B - WAL beta-Alanine metabolism 143 0.12 k000410
74 RKNZEACH Phenylalanine metabolism 143 0.11 k000360
75 12 BEFN LB G A2 9065 B Ubiquinone and other terpenoid-quinone biosynthesis 142 0.11 ko00130
76 H A Proteasome 142 0.10 k003050
77 ZIREAT CoA “EWf K Pantothenate and CoA biosynthesis 135 0.10 k000770
78 K8 N ZAEWA K Carotenoid biosynthesis 133 0.10 k000906
79 HAFUHH Protein export 131 0.09 k003060
80 [ W AE M) A5 H Steroid biosynthesis 124 0.09 k000100
81 IR ZIEARH Propanoate metabolism 123 0.08 k000640
82 PHILBEAREENLEY (GPD 4444 1 Glycosylphosphatidylinositol(GPI)-anchor biosynthesis 121 0.08 k000563
83 B AP T AEH SNARE interactions in vesicular transport 117 0.07 ko04130
84 ¥ MYR M Limonene and pinene degradation 116 0.07 k000903
85 AEWIBRAE M Fatty acid elongation 114 0.07 k000062
86 6% B2 fCH Tryptophan metabolism 113 0.05 k000380
87 fik /5 {5 Ether lipid metabolism 112 0.05 k000565
88 AL Nitrogen metabolism 111 0.03 k000910

89 WER FRIRA T E R YA Valine, leucine and isoleucine biosynthesis 109 0.03 k000290
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iy R A% B "% gD
No. Pathway Number Percentage 1D

90 MW EREM & . Fatty acid biosynthesis 106 0.03 k000061
91 ANHUFING TR E P45 B Biosynthesis of unsaturated fatty acids 106 0.00 ko01040
92 e Wi R B fi# Fatty acid degradation 105 0.29 k000071
93 A AR RS A4 8 Cutin,  suberine and wax biosynthesis 103 0.29 k000073
94 TR URE AL 2R ALY % Tropane, piperidine and pyridine alkaloid biosynthesis 102 0.28 k000960
95 ZHiE%f# Glycosaminoglycan degradation 97 0.27 ko00531
96 TMRZEEALH Butanoate metabolism 93 0.27 k000650
97 SR AE IR AE Y 5 % Tsoquinoline alkaloid biosynthesis 88 0.27 k000950
98 fi5 25 A =6 A5 K Sesquiterpenoid and triterpenoid biosynthesis 86 0.26 k000909
99 BRI HE 5 - AR5 R 51 Glycosphingolipid biosynthesis - ganglio series 84 0.26 ko00604
100 44 I Diterpenoid biosynthesis 84 0.26 k000904
101 TKFEEWA K Zeatin biosynthesis 83 0.25 k000908
102 HHER AR LN 1R Nicotinate and nicotinamide metabolism 79 0.25 ko00760
103 SR B4 45 B Tsoflavonoid biosynthesis 77 0.25 k000943
104 HHLIL AP Selenocompound metabolism 72 0.24 k000450
105 Lk 42475 ) Monoterpenoid biosynthesis 71 0.24 k000902
106 HERE%ZE One carbon pool by folate 71 0.24 ko00670
107 e VYR Arachidonic acid metabolism 70 0.23 k000590
108 M PRI Histidine metabolism 65 0.22 ko00340
109 %35 A% Riboflavin metabolism 61 0.20 ko00740
110 BB AW A B Lysine biosynthesis 60 0.20 k000300
111 e AR Biotin metabolism 57 0.20 ko00780
112 W PR Linoleic acid metabolism 56 0.20 k000591
113 A 0 S W A AE 45 ) Flavone and flavonol biosynthesis 56 0.19 k000944
114 A AEY B 1 Glucosinolate biosynthesis 53 0.18 k000966
115 C5 X HERR A C5-Branched dibasic acid metabolism 51 0.18 ko00660
116 HIR B - Wt B Monobactam biosynthesis 50 0.17 k000261
117 4i/E 3 B6 fRilf Vitamin B6 metabolism 50 0.17 k000750
118 HAMZETL O - A A4 1k Other types of O-glycan biosynthesis 48 0.17 ko00514
119 R A4 1 Folate biosynthesis 46 0.16 k000790
120 FAAEH - RS 2K Photosynthesis - antenna proteins 44 0.15 k000196
121 i 4k 245 Sulfur relay system 41 0.14 ko04122
122 JERYR A %% Non-homologous end-joining 41 0.14 k003450
123 SR 2 N R ALY E i Brassinosteroid biosynthesis 39 0.13 ko00905
124 BB A6 % Glycosphingolipid biosynthesis - globo series 38 0.13 k000603
125 %% Thiamine metabolism 36 0.13 k000730
126 77 4% B4 1% Degradation of aromatic compounds 33 0.12 k001220
127 TR FA /-1 R AA 1 Taurine and hypotaurine metabolism 32 0.12 ko00430
128 e FZAEWH . Anthocyanin biosynthesis 31 0.12 k000942
129 NEIWEAE MBI A0 5 1% Indole alkaloid biosynthesis 29 0.12 k000901
130 HIHERR A4 £ I Benzoxazinoid biosynthesis 20 0.11 k000402
131 B A (1) 25 1 55 B A% - Synthesis and degradation of ketone bodies 20 0.11 ko00072
132 WAERR AT Lipoic acid metabolism 15 0.10 k000785
133 IIHERR AR Caffeine metabolism 12 0.10 k000232
134 J7 i 5 # Pk Vancomycin resistance 12 0.10 ko01502
135 TSR Z A A X Betalain biosynthesis 1 0.01 k000965

AR R R TE R DG s S8 G IR R R A, I B B R ) v B
LA L R % 226 /) (Terpenoid backbone biosynthesis), i 2E4) & B B EE R % 71 A4, fi5F
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i R A R IE R R 86 A, Tl A R R AR 84 AN il AL S YT AR A B HE A T4
JHUI) FOR R RIS AR RO T AR T R 5 - BRI AR B /2C - H L 4 - BRI - 4D - R EEREREIR AT
(Vranova et al., 2013). 75 IR AR AR T A I 5 8 Il C2E XGRS FA DR A5 > s G i 28
(% 8), I LBHINE A BN . HMG-CoA &8l . HMG-CoA it J5ifll . HF8 [ R il o
IR Y2 LG IR A AR P2 IR ORI S G AR R e e . IR RO . f il R
B . 7E 5 - BERR AR EME/2C - HIAE 4 - IR - 4D - FReEpiBR At RILE R WEEX

&8 ‘RME FEBFERETSSEES NG

Table 8 The enzymes involving in terpenoids biosynthesis of transcriptome for Toona sinensis (Heiyouchun) sprout

EC 5 e gijir:e iﬁfﬁﬂ g
EC No. Enzyme definition abbreviatio number Entry
EC2.3.1.9 CELAHEE A B4 HE Heetyl-CoA C-acetyltransferase AACT 7 K00626
EC 2.3.3.10 FEHHE R it - CoA A Hydroxymethylglutaryl-CoA synthase HMGS 8 K01597
EC 1.1.1.34 FE IR B - CoA iBJ5 Hydroxymethylglutaryl-CoA reductase ~ HMGR 17 K00938
EC2.7.1.36 2 IR ER B4R Mevalonate kinase MK 2 K12742
EC2.74.2 IR T ¥2 )RR Phosphomevalonate kinase PMK 4 K13273
EC 4.1.1.33 FEWEIR FH F2 IR IR L2 Diphosphomevalonate decarboxylase MPDC 4 K01597
EC22.1.7 5 - WERR M EUAS R B & pf DXS 14 K00021
1-Deoxy-D-xylulose-5-phosphate synthase
EC 1.1.1.267 5 = IR M A DRSS S5 A DXR 1 K00099
1-deoxy-D-xylulose-5-phosphate reductoisomerase
EC 2.7.7.60 4 - MR - 2C - FIEEREENINY - 4 - Ju T AEmETR 5 i MCT 4 K00991
2-C-methyl-D-erythritol 4-phosphate cytidylyltransferase
EC2.7.1.148 2C - FILREENERE - 4 - M A i ks CMK 3 K00919
4-Diphosphocytidyl-2-C-methyl-D-erythritol kinase
EC 4.6.1.12 2C - HIFLFREFHERE - 2,4 - FEWRIR & il MDS 1 K03526
2-C-methyl-D-erythritol 2, 4-cyclodiphosphate synthase
EC 1.17.7.1 4-FH -2 - WML -2 - E - TMdE - 4 - R O HDS 4 K03526
(E)-4-hydroxy-3-methylbut-2-enyl-diphosphate synthase
EC1.17.7.2 4- 33 -2 - FE -2 - B - TR - 4 - ARSI HDR 9 K03527
(E)-4-hydroxy-3-methylbut-2-enyl-diphosphate reductase
EC5332 S A R IR 57 MU I8 Tsopentenyl-diphosphate Delta-isomerase IPPI 4 K01823
EC 4.2.3.27 52 )R Bl Isoprene synthase 1PS 8 K12742
EC 2.5.1.12.5.1.10 WM IR & K Farnesyl diphosphate synthase FDPS/GGPPS 19 K00787
EC 4.2.3.25 (3S) - JHEEES A (3S)-linalool synthase LIS 10 K15086
EC 4.23.15 AR 8145 4 W Myrcene/Ocimene synthase MYS/OCS 2 K 12467
EC 4.2.3.20 (R) - Fri#/& 4%/  (R)-Limonene synthase LS 6 K15096
EC 4.2.3.108 1,8 = ¥ ilBE2r i 1,8-Cineole synthase CINS 1 K07385
EC 4.23.111 o - FAMEE S 1H (-)-alpha-Terpineol synthase TES 7 K18108
EC 4.2.3.46 a - 1EJe MG i a-Farnese e synthase AFS 3 K14173
EC 4.2.3.224.2.3.75 KAA % D &l (-)-Germacrene D synthase GDS 20 K15803
EC 4.2.3.734.2.3.86 IR 5 1 Selinene synthase SES 10 K14181
EC 4.2.3.57 B - Fi¥T k{5 )1%8E p-Caryophyllene synthase QHS 1 K14184
EC2.5.1.21 B BE TR IRVE Je WAL L AL g FDFT 3 K00801
Farnesyl-diphosphate farnesyltransferase
EC 1.14.14.17 ENG N4 Squalene monooxygenase SQLE 11 K00511
EC5.5.1.13 ent - ] [ IE A= R 4 Ent-Copalyl diphosphate synthase CPS 6 K04120
EC4.23.19 N FeA2 I 4 W Ent-Kaurene synthase KS 16 K04121

EC 1.14.13.78 W24 %E ALl Ent-Kaurene oxidase KO 1 K04123
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WRTE BAH OG5 2, LT 5 - BRI EUR RS 5 il 5 - BRI SR MBI [ S A g . 4 - %
% - 2C - WL REERINT 4 - MOFFAEREIR &)l . 2C - WL RBERINT 4 - M0 FE IR IS . 2C -
FEOREERERE - 2,4 - EEEIR G, 1 - B3k -2 - L -2 - T - 4 - AERRRR A . A IR A
P2 S AR L S B A5
2.7 C‘EhiE IR REREREER CDS

B CHEHE B4R 55 850 4 Unigene 5 Nr. Swiss-Prot. KEGG Fl COG il 4 4% AR o6
ZUFHEAT BLASTx (E-value < 107°) Lbxt, LU 3L R CDS KF4, FH45 CDS X F3I#

PSR A, AT R L J5 B SRR R 1) CDS X HE IR PP S AL IR 41 o X T J0vE Lxs 2]
TR PR (0 L AR T ESTScan 70

M543 CDS X &R TV A RIT . R ‘B BEBEFERE Unigene B
A AT 55850 ™ UL DRI 15 85 11 AR P ok C0S FIIKEA T
. N pe s N = Table 9 CDS length distribution of transcriptome for
Jei s JCIRAT 46 204 AR5 DA 1 Ty LUK R S Toona sinensis ‘Heiyouchun’ sprout
ESTScan BTN T 628 AN HLIEA %, HLmll K- Fe s il /bp e A%
T 46 832 /I\ﬁg ﬁ%, /ﬂ;{{fgﬁj\?ﬁﬁnﬁ 9 ﬁﬁ‘%o Length range Number Percentage
}‘Ai% 9 Eljﬁ,ruﬁtlj , 200 ~ 1 000 bp E(J CDS }—‘%—‘ 200 ~ 1000 31 849 68.01
1000 ~2 000 10 508 22.44
51 68.01%, 1000 ~2 000 bp [ 22.44%,
2000 ~ 3 000 3130 6.69
2000 ~ 3 000 bp ] 6.69 %, 3000bp BLEM 00 sl 25
i 2.86%
3 i

AREEA R EARMETRER, FHMITEE LRSS I7 a7t 252 212 0
(BENI 4%, 2013; Wuetal., 2014; M1l 2%, 2014), W7 XE G RO 6B RE R (9T K A AA
T IR IR ) G 1o AU A2 17 Ji 9 2 s 4 I AR AG 35 73 A8 (Hsu et al., 2012; Zhang
etal., 2016, {HAS[FIHIEARRSS K B b Sl R B % 1 70 S AR A R 2 S AR K, 3 BH LA ot PR a4 1 55t L
ArafEMZRErE (ZRIE 45, 20115 X% 4 55, 2013). B EHERME . FRIRAR. &
FEMME R, 2 CRREWE” R SF AR, ARG Eahts BHEMEEL GC - MS 20 ik
M7 2R RAEY), Hh U weEWRn &2, SR EEAERE, & 4 440.71
ng - gty HIKHK 9,10 - BEF KM B - 1. X4 1LY SaliE (1 RERIE K5 IX 3 Fi
i ) T G s DA G

AHEFTH R Tllumina HiSeq™ 4000 I3 V& %F “SEMME " B HERMCEEE AL 2 04T, Q20
G ES /N T 1% ) FTNSO CHIWT PR hbE " A b I 2 56 R L D 25 SR 5 BRI D 2331k 97.85%
FI 1649 bp, FHHMF 0 &, BEMEIH AL 5 B2 50 BT (175 22 7 45 AT PF e 4 2% Je 23k A5 55 850
FAIEIRAR, 425 5 RIS PR E R 5 2 KB 1 013 bp, NSO 24 1680 bp, T4 K . #F41%% 5 43
(R P EL A % 55 NCBI /) Nr 203l FELL XS, 39 408 DMIRTEIhAE IR . AWISTIRAN Bl &
WRICF (R s AR A P SR . Q20 AR/ AT N AR AT 23 St i 1 508l 2 0 UG T < 35 D77 T
Eb L 2R (0 b e e L8000 7 (Zhang et al., 2016), AT BEJE RS B FAS A0 1 65 B 24 FC) i ol
AN T R o K D7 202 5 3R E T 55 850 AN UL IR f% ) NCBI H Nr & (A 40 2 HEAT LU 23 i
WA 39 408 NIAILNFEIRAFERE, S EREH 70.56%, WA T 30% ) R DR 5 R IRAGFAT S VT B A
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B IX—INGAEVF Z YR B s AL P 53 M R A AR (Shi etal., 20115 B8P %%, 2014; Sunetal.,
2015), FUHJEIR T Re @& 2 7 ), Qs v B DA% o gl aed ey B Re oy LT R 40its 26 v D T )
PR G AR RERA T REFERE, WAHERR i hAEER DI RE R F M v B8 . KEGG DhReiER
28 400 M HILNHES 5 135 MU E, ZLRERAEAERE KL S, AL
BRAEE Y AR A, B B NS RS R XU T B S IR A R
ORI e AR ) T s 5 L R 2L el 2 s 2 DA O, AR A IO = S A4 S kg S R 5 =il S . ()
WA AR, 2013). NUEAWISCHE— DA TEIhART BRSSP T AR ) BSOS AR A DG
B, SRR, BT 250628 i 2k R £ e S A B v 3 R, 3 R T A s XUR A T F )
I3 LI AR OCIE PR e TA R I B8 7 IS Al o 256 R 02 rhoRSn Il P il S0 JB (1) ok
Gy R BRI, JEN SRR S H A B AR B M IEAHCE, %1 ms G B B i DR A4
Wom TG . TR R R A A DG A i G A AR A D G e
WEIRIE G G o - VR)R GG AR B — PTG B, TR A R (3S) - D5 ARG . A
5/ D IR A IR (R - FriGedis O i,  AF oI e QB I I R 110 3 28 TR 2 R N S 5 s XU T i
(193 F LI R A

AW YR el e e S P BOR @ NT T B R0 R SRR I (0 e S A B
AT T KA BT T OReERe, M T BRI WCF RS AL B R RIA R E, )G
GEIT SR A AR R AL FEDR D BRI S 23 T i il Bh st A% B R I S B e T A
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