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1. BHE T R¥HEMEIESH AN, = B 650500

2. WHIETHRE A X AL/ FfEML Rl = BHE 657000

3. VO % R R R A R AT, PR AR 860300

W E: BR U CKEE Gastrodia elata (19— ANEKEBD FILAE R (ARRS EAREILAERRIRD sk, @i
SRALI PP ) Abs s RS A R R AE AR AE. 53 R Trizol Reagent CInvitrogen) $EHURBRAE M I RNA, #57
W FESCRE I lumina Hiseq™2000 BEATMIE, @it 553 DHHE 8 Lo e it B AN R B 28 S IR KN . 855 Wik SR
FRIE LIRS 72 244 2751, Hohf 26 312 441531, 1E False Discovery Rate (FDR) <<0.05 Fl|log2FC[>1 fii &/, tfH
12 498 4EFE A b 3 22 73Rk, Hirh 9000 463E Kk _F i, 3498 45335 T - st HIIE P AIEE A 41 1 A4 15 (kyoto encyclopedia
of genes and genomes, KEGG) ThfgEEAITRM, ZmieH T & F AL 20 MUsRAT, Kb a2 A0, mARumae e
WA . ZRREIER (differentially expressed genes, DEGs) JTRFIE FAMAIZEHI % (cluster of Orthologous Groups of
proteins, KOG 25 432, Horp 2 i SIS A 5 AR Al I FE AR DG I F2 B & 1 = A= A 4k (energy production and conversion,
C). MK & WtEis 538 (carbohydrate transport and metabolism, G) . AACE = #1)& . #3a F14X 18T (secondary metabolites
biosynthesis, transport and metabolism, Q) 28HI3k73 2218 MERLER . HEFHFALIE, 0 T AEKACEHIFE A S R 2
ARILIKT, RIEF T A ReESEWRIR RINAEABZ S A (glutamine synthetase, GS). KAWL & il (asparagine
synthetase, ASNS). & HEF (sucrose synthase, SuSy). FIVAPEEM & HEE (soluble starch synthase, SSS). ADP-7i %] £x
iRk E (ADP-glucose pyrophosphorylase, AGPase). NEAERIEE (pyruvate kinase, PK). CU#EE (hexokinase, HK). A
MR it &8 (pyruvate dehydrogenase, PDH), 3ERMALEEE (malate dehydrogenase, MDH), RATIFREEE Cisocitrate
dehydrogenase, IDH) F:X 2 LRk, B ATP () ATP i (adenosine-triphosphatase, ATPase) Li4h, 2% B4R
MR E RS (glutamate dehydrogenase, GDH). K& FLHF (arginase, Argase) FERIEF (amylase, AMS) FEHE FFRX.
gRT-PCR Z3 745 SR I ek PRI T8 K - 5 5 i L A B B AR — 300 A BT R, AR R BRAE KA S AR 3R LU HE R
530 AERMEBLHAERNNERE S REIVEFYRAMGERE, BFT R B SERSCE 7 R 3T A K 7R
B, B R RIRAR R E W BARERHE S 2, HON R LI TE
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Abstract: Objective Using mature tuber of Gastrodia elata (A growth stage of G. elata) and symbiotic G elata (immature tuber of G elata
symbiosis with Armillaria mella) as experimental materials, their characteristics of growth and metabolism were preliminarily revealed by
transcriptome sequencing analysis. Methods The RNA of G elata sample was extracted using Trizol Reagent (Invitrogen). The sequencing
library was constructed and sequenced using Illumina Hiseq™2000 and the differentially expressed genes were analyzed by comparison
with the gene database. Results A total of 72244 sequences were obtained from the symbiotic G. elata and the mature tuber of G elata, in
which 26 312 were annotated. Under the screening conditions of FDR<<0.05 and [log2FC|>1, a total of 12498 genes were significantly
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differentially expressed, in which 9000 genes were up-regulated and 3498 genes were down-regulated. KEGG functional enrichment
analysis indicated that differential genes were involved in nitrogen metabolism, carbon metabolism and energy metabolism. DEGs was
annotated in 25 categories of KOG, among which 2218 annotation results were obtained in categories C,G and Q related to differentially
expressed genes in growth and metabolism. Based on transcriptome data, the differential expression levels of related genes in the process of
growth and metabolism were analyzed. We found GS, ASNS, SuSy, SSS, AGPase, PK, HK, PDH, MDH, IDH, which are beneficial to the
accumulation of carbon, nitrogen, energy and other substance were up-regulated. In addition to the up-regulation of ATPase in the
decomposition of ATP, Argase, GDH, AMS in the decomposition of nitrogen and carbon were down-regulated. gRT-PCR analysis showed
that the expression levels of these genes were basically consistent with the transcriptome expression. Compared with the mature tuber of G
elata, the material accumulation in the symbiotic G elata was more vigorous. Conclusion These results indicated that the symbiotic G
elata synthesizes organic nutrients and energy through the digestion of the invaded A. mella, which is conducive to the absorption of
nutrients from A. mella and the surrounding environment for the growth of mature tuber. It lays a foundation for further study of the
metabolic characteristics of different developmental stages of G. elata and provides theoretical guidance for G. elata cultivation.

Key words: transcriptome analysis; symbiotic Gastrodia elata; mature tuber of Gastrodia elata; Armillaria mellea; gene expression; metabolization
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B A, SRR KRR, RN
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B, WAERIEETY, RRGERER, BFER
BRIEPE R & B U, (HPPEAK, ARE 2
LPRFR, Hi T AL BERERIN K4, KRR
GEEAEENTMAE. B, RIBRIREE N R R ATR
(RIRIEFE A

RRERKAE P JREREE KRR, ERRAIETRR 5
KR BB, Kusano®™ & vakiE 7 Rk S Ak S
S0 IR R B R AFAE BB AR G R . BEJR IR
WY, R BRA Y & 75 S0 K BE a0/ %5 J& - Mycena
dendrobii L. Fan et S. X. Guo R AFIEZIAE, AR MF
T RIEHE T, R R IBRFN 785 R 4/
EERZECL, B REREE A K, HeRTiR R4
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(differentially expressed genes, DEGS) 98.31%%&iA
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WNERIR, BASZRIRBRPHEAER], {E#I R IR
RAET-FLADIRES, WP T RIRS BB AL
il RN R R AR R TR B, KRS
5566 1F - AIHUR B AE O 1) = D A A% IR 45 & AL

(nucleotide-binding site, NBS) KFERHK4A T KEE
5, [EINT IR BRI Sk AL R 2 5K B i
W25 A BESE R PU A W &5 1 (gastrodia antifungal
protein, GAFP) RAHEIGN, HAIRMKE &I
WAL RBE TN EEEFE S Z AN, XL
SRR I T 584 e IR HE A R R 2 dn el d o S )
2R R S HE B O Bk DR 3 R 1) T g
1k 52 B HBRR 1) AR KCRHAE, BEIR — P b R R T
KRS BRI R ORI Mi iof 54 5%
HZEI TR T R IR AR 8 58 BE I R BRR A
R & AR IE S . B H AT AL, RKEE
KRB B AL SR LU RIE#E, &I E R
MNREFEHZEAM S B4, IR
A KN BRI AE AR E AT ANTE 2

AR SEE B IS AT, AR A KT B B A
AR T R AN A R R AR A AR I R A O 2 e A
R IA KA, o P 2 1] ) 22 DR 3 7K~ 1) 22
s DA R i BRI A TR R TR] P AR R ARIHRRALE
it — BT RIRAN A AR KR B B B AR B AR AAR
HRHIE B E A, RIS R R R B 1845
1 MRENEE
1.1 #w

16 U 7 OR RAE R M R, AEH K
€N KR Gastrodia. elata Bl. (F. glauca) S.
Chow. 4% Armillaria. mellea (Vahl) P. Kumm.
PR T3 B B — B IS TR A7 K H 2 PF R T 22 S5 4
T EFREEZEAR, BRI, #i3AH
Kt RR 5 23 A 2 Ak, SERIBONR R 2
JEEAFE N80 CUKAEH T & RNA $2HL.
1.2 1%

Bio-rad CFX96 %< )t i€ f PCR X (SEEIH &
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AW ; DHP-9502 MY HiPEIRFEFRAE (Bifg—1{H
REEACBEH R AT ;. heraeus mutifuge X1R #4526
FEHE O GEERCHRBHEERARD .
2 7k
2.1 RNAREUKRERN

SKH Trizol Reagent CInvitrogen) HHLHTFRAIEAE
RIKH RNA. K2 0.1 g FF SN R T0A IR
o, BEREE NN 1 mL f Trizol $EHGH Tk -p 4k 4t
W ES B ER E AL BE R, TR E 5 min 57
A 15 mL EOEFFMA 0.2 mL & 0iiR%IRS); WG
7E 12 000 r/min, 4 “C&.0» 15 min fEWREL BB ZH
B ZEIIN 0.25 mL S AEER1 0.25 mL &k
METBEIRIEA S, TR2-20 CHE 30 min
JG{E12 000 r/min. 4 ‘CZ&f T &0 30 min, 3£ B,
PUERA 1 mL (=20 °C 1) 1) 75% L REEsE, S
£ 7500 r/min. 4 CZMF NE.C 5 min, FAEE, #HE
B 2 G ANERDTREESEIRFAM T BT, e
F 20 uL £E5RIER — 2.5 (diethyl pyrocarbonate, DEPC)
AEFEKHESR RNAC FHZGEEETHIIERES RNA 28
FERIIREE, il RNA FE L 5B
2.2 EERANMFHmEGIE R ERL

PRI AL RNA J5, R 22 miioin N 217
£ Oligo (dT) HAERE AR FEZAEY mRNA g
FIWER A A Bt BL mRNA AR, F /ST LRI L
SIME R 1 % cDNA %, B SN Z2
RNase H. DNA Z&H | fil dNTPs LL&HCE 2 %
cDNA #f. 7E243d QiaQuick PCR il &atifk 3+ im
EB ZZ Bl < S ORI 2 . n poly (A) I
Bl P4k o B a SR IR ESE IR F ok 4T BoOK
ANERE, FEEAT PCR 934, R LF BT SCE A
llumina HiSeq™2000 17 & 1 & 74347 -
2.3 MFHIELIER S

23 Gt w7 R A R RS RS F 1Y 28.97
Mb #1 67.73 Mb 2% J5 4R 551 (raw reads) o *f
raw reads i JEATTE B AN P51, BkEAN T
K51, 153 clean reads. Xid kb33 clean
reads #EAT Trinity 41345 sl sk A (transcript) FIEL
FEHA % (unigene) o F¥4 Unigene 5 Swiss-Prot (i
- EARTAEEE  ENREAE
(non-redundant protein sequence database, NR). Xt
HRHL R AL PR 2H B #F 445 (kyoto encyclopedia of
genes and genomes, KEGG) % AN 51 T %
(cluster of orthologous groups of proteins, KOG) #§

PEEELLRT, 3K15 Unigene THAEIERE A,
24 RIEERTW

fiif] RPKM {H#7~ Unigene HIZRIAEE. e
false discovery rate (FDR) <<0.05 H. log,|FC|=2 k1
()35 R ol 2 S R IE FE [ (differentially expressed
genes, DEGS) . [ifi iz % 22 R b Jik DRI HUHE DR A4 1
(Gene Ontology, GO) Zht&EH/r#T. KOG yEREA
KEGG iR 5703,
2.5 SERTREZEE PCR (QRT-PCR) 434k

N T B R s A i R DN 2 S R ) TR
I s 2R B R S PR -5 AR AR T R R U AR G
RS % (glutamine synthetase, GS) . K&
MEi A Rl (asparagine synthetase, ASNS) . AR
IR (glutamate dehydrogenase, GDH) . F5% IR
(arginase , Argase) : B A U AH OC I B8 B & Bk B
(sucrose synthase, SuSy) . FIVAHIER: & (soluble
starch synthase, SSS) . ADP-7 %j A £5 ik FR 1k fig
(ADP-glucose pyrophosphorylase, AGPase) . JEk;ii
(amylase, AMS) F15 ge & AU AH G A R R Jei 1y
(pyruvate kinase, PK) . CLFEJAES (hexokinase,
HKD TN & %85 (pyruvate dehydrogenase ,
PDH) . R EEF (malate dehydrogenase ,
MDH) . SAriEIRI NS Cisocitrate dehydrogenase,
IDH) . ATP fif§ (adenosine triphosphatase, ATPase) 14
MEAREEMER, H Primer 6 #it514, LA
S-actin /AN BIEREET QRT-PCR FIX A4,
MRAEH: cDNA FrBiscit e Es (R Do 52 RNA
J&, FH HiScript 11 1% Strand cDNA Synthesis Kit 171 £:
BT SR PR )MRE 10 £, F ChamQTM
Universal SYBR ® qPCR Master Mix i g .
JEEAE 20 pb A REA 10 pb 2 X ChamQTM
Universal SYBR gPCR Master Mix, 2 pL cDNA FA5Fl1
04 pb FFFAEERIR RS I RSIR G T .
JE 4 CFX96™ Real-Time System oAt g &4t
T2 A EE 3R ELE . RNSHCHI5 C.
30s, 3LL95 C. 10's, 58 C. 30 s fEH 40 k. #5
CDNA LS BERHE N S B A p-actin. @it 2744
TNETHE RN A &
3 HERES
3.1 MFBUIEERSLS
311 HlEdiEgitRk WFEE G ARk
5 28.36 Mb (=i clean reads, (4 raw reads (]
97.92%, 1t GA-G FEATH43/15 66.27 Mb KR i &
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f clean reads, 4 raw reads ") 97.84%. 4 MEZA clean
reads Qs KT 92%, “F¥4 GC &EA 47.28% (£
2) o XA BOATHHE 72 244 4> Unigene #4374

312 HEFESE X BOl T HHER R 72 244
A Unigene #5354, H3E45 R E1FA5 7T M Nso 21
{ERVEAY . AT Unigene MWK B HEF, FEMKIX
MK, YR BKEAR G FBRKE (TF

Unigene FIKE) B 50%INF, 5o REARAN F B A B
FEE, BI2N Unigene Nso KA . Unigene
Nso K, it/ b, UL EilRir. fEARS
ihrh, MBS RS NSO KJE N 1733 bp, Hirh
Unigene /541 #c K )y 15 844 bp, #ix4i N 201 bp, P
B E N 916 bp, KJEAE 1000 bp LA Unigene
A 18698 1, (A1) 25.88% (K 3) .

&1 QRT-PCR¥ 45554
Table 1 Specific primers of gRT-PCR amplification
ENHS LT SIFER] (5°-37) B KIREIC
Unigene0037776 GS 1E[: GGTCCTTACTACTGCTCTGTTG 58
2 H: ACCTCTCCATTGATGCCACTA 58
Unigene0048461 ASNS E[f: GCTGTTCTTGGTTGTTCTGATG 58
JIf]: GCCGCTGGTGTGATAGATAG 58
Unigene0042264 GDH 1EM: ACCTGGAAGTCTGCTGTAGC 58
J[f: GCCATTGTCTGTGAGTTTGTTC 58
Unigene0031451 Argase EM: CTTGGCGGACAGATTGACATT 58
J2If): TCTTCCTTGCTCACGACCTT 58
Unigene0052542 SuSy EM: TTGGCTGAGTATGAATCTGTGA 58
J2If]: GCTCCTCCTTGAACTGTAAGT 58
Unigene0040686 SSS 1E[: CGACACTGAGGAATGGAA 58
JIf: CGATGAAGGCAATGATGG 58
Unigene0034050 AGPase 1IEM: ATGTCGGTAGCAGCAGTTG 58
Ia: TGGAAGATGAAGAAGTGGTGAT 58
Unigene0020821 AMS 1E[f: CCTTGAAGAAGGAAGACGAAGA 58
2 H: CAAGTCATCAGCAGCCTCAG 58
Unigene0010004 PK 1EM: GTCGTCATTCCTCGGCTCAA 58
JIa: TTGGTAGCACCTGTGGAGTC 58
Unigene0041256 HK E[M: TGAAGTTGGCTGAGGAGGTT 58
h: TTGAAGGAGGTGCCTGTGAT 58
Unigene0068805 PDH 1EM: TGCGAAGAGTCCTGCCTATT 58
JIf]: GCGAGTGCGATAAGTGCTT 58
Unigene0032967 MDH 1E[: CGCAGCAATCGCCAAGTA 58
2 : GCCGACCACAGGAACATTC 58
Unigene0064474 IDH 1EM: ACAATCCAATGCTTCTCCTCTC 58
J2If]: CAATGCCATCGCCAGGAAT 58
Unigene0000150 ATPase 1E[: CCGTCTCCATCACCATTCGTA 58
J2If]: CAGCATACATACCGTCGTTCAG 58
p-actin EM: GGGGATGAAGCACAGTCCAA 58
2 H: GCCGTGGTTGTGAAGGAGTA 58
F2 BIEHIESITE
Table 2 Data filter statistics table
FF i JR 46 31 IMb HRFEHIMD CHED R e Q30 {H/% GC/%
i FR-1 30.27 29.55 (97.61%) 4.40 92.19 48.30
7 FR-2 27.67 27.17 (98.22%) 4.06 92.78 47.13
e RKR-1 75.41 74.05 (98.19%) 11.06 92.93 47 .44
A K R-2 60.05 58.49 (97.41%) 8.74 92.20 46.24

# 3 Unigene KE DS

Table 3 Length statistics of Unigene distribution

Unigene K /bp o i A B L 5%
200~500 38888 53.83
500~~1000 14 658 20.29
1000~ 3000 14 663 20.30
>3000 4035 5.58

st g 72 244 100.00
BEKE 66 180 806

FHK 916

N50 K JF 1733

313 HFMURIERKLITE AT HRERY
Unigene JPHI{E 2., M4H3E471) 72 244 4 Unigene
4 EE 5] Swissprot. Nr. KEGG £l KOG 4 /M4
YEEd, 4 26 312 4 Unigenes SRAHER(E R, AT
i LLBIA 36.42%. FL Unigenes 1ERE I £ ()
4 Nr 1 Swissprot 24 P2, 737174 26 217 #1117 886
Ao HEREAE KOG 1 KEGG #iiz 1 ] Unigenes 4~
i 16 625 f19712 (K 4) .
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#F 4 Unigene IR EREER Gt
Table 4 Unigene functional annotation statistical results
Bl NR  Swissport KOG KEGG it

¥ H 26217 17886 16625 9712 26312
PFrditb/in  36.29 24.76 23.01 1344 36.42

32 HEERFKILTH

321  FE @ 4 4 #t C principal component
analysis, PCA) 7E RNA 41221 50 HF F| F PCA,

BRI SR EAANEEREE (R
MRIEE) , BFERNBUNEENLGEERR (ER
55, DMETHEATFEARRI A LR AL, RIS ORIIE R 46

#iR-1

0.01-
g
N
S 0
N
(@]
o

e -
-0.01: -2
~0.06 -0.03 0
PCL(95.1%)

s b A s BRI RE 2 R B0, (i RiE
= (http://www.r-project.org/) X A= K BRI i
R E AR i AT PCA, Wl 1 Fros. RIEILAER
JRAN T BRAE 56 1 A (PCLOFNEE 2 3 43 (PC2)
2 NG A KA, AR RRE .
1A PLA AR K RR-1 R AR R RR-2 0 A 6 4
M, FRR-1 AT BR-2 S AR AE /S, Uh B 2 B
HA—EmZESM. PCA 20## PCL (95.1%)

A PC2 (4.2%) XJHf it b B kDR 3Rk & S Ak T
ZETTBR RN 99.3%, K@ L PCA 40 #r v] LR 47
Hbu DX PR AN R A KR

gy

*JLAE RRR-1
LA RIFR-2

A RRR-1

AR RR-2

0.03

1 HEXRFISTREERE PCA
Fig. 1 Principal component analysis of symbiotic G. elata and mature tuber

322 pdHmZERAERKLE  HERHIRKS AR
FRAIIIFEZS 5, LL FDR<<0.05 H|log2FC|>1 Jyrbs
#E, KMFEIEE 12 498 KRR RAERE ERKIE,
Hep FIFRIARNECN 9 000, 5ZERRIEEER M
(1) 72.01%; TSI H )y 3 498 i 22 7 R IA KA
K1) 27.99%. ZFRIEEMERKILEILE 2.

30 N
25
20
15
10
5
0

—log10(FDR)

logFC
2L (SRR A RPRAR G RBZL AT R A & B gt (Rik
BT MALREENEREEAREERR, BROKSRAER
The red (the up-regulation of symbiotic G. elata relative to the mature
tuber) and the green (the down-regulation of the expression) indicate
significant differences in gene expression levels, with no differences
in black spots

2 ERFTIEEENLE
Fig. 2 Differential expressed gene volcanic map

323 ZERRBEHENK GO N MRS R, H
10 473 ) ZERFEHEFBIHAT T GO 703K, fE
GO 7325 3R 4723 Sk =R RIEEN 54
Y REE >, A 45.10%, HdEERZH
AR FE 2, b B0 Th g 28 A e B
23.65%: 17 2508 7% 7Kk K55y T DI REAH
XK, i 23.95%, o E SR R MEEE T
K, LT RZ IR RN S E 46.93%; S5 A
I RN ZE S RILFERA 3242 %%, itk 30.96%,

B Z IR A AN GE B R o TS, S e B
e S 201 46.33%.

324 ERFIEENN KEGG Ihfgmtr #ipkE3k
AR TRAE A [ (1) 22 55 255 (R 3047380 6 ' 4 40 R IR

1 803 N2 FEA LLXT 3] 20 4 KEGG J@ig. i
Z LR IHEN R R A& i (phenylpropanroid
biosynthesis) . V& 5 EERECAS (starch and sucrose
metabolism) . M FEE 5155 (plant hormone
signal transduction) . #fLif (carbon metabolism) .

WEIEE R & FERE R (glycolysis/gluconeogenesis) Al
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*x5 HIRMLERKRERFEERE GO T
Table 5 GO annotation of differentially expressed genes in mature tuber and symbiotic G. elata.

ENN B HH SEHHH
B/ ESVE ] GO: 0044699 LAYt FE (single-organism process) 863
GO: 0065007 A (biological regulation) 362
GO: 0050896 |3 % (response to stimulus) 313
GO: 0051179 EfL (localization) 306
GO: 0023052 fx=4£5 (signaling) 8
GO: 0048511 #5254 (rhythmic process) 5
GO: 0051704 L A:#5d#E (multi-organism process) 41
GO: 0040007 K (growth) 20
GO: 0032501 LA AEYIE R (multicellular organismal process) 108
GO: 0040011 iz%)) (locomotion) 1
GO: 0098754 fmati{E ] (detoxification) 1
GO: 0000003 %4 (reproduction) 69
GO:0022414  29H54 2 (reproductive process) 68
GO: 0022610 A=Wyt & (biological adhesion) 3
G0:0032502 % #idf% (developmental process) 137
GO: 0002376 a3 Z G FE (immune system process) 8
GO: 0071840 2 Jf 4 43 #H 93 5 #7 A Ceellular component organization or 184
biogenesis)
GO: 0008152 fxigfid#% (metabolic process) 1117
GO: 0009987 #jit 2 Ccellular process) 1039
PRl GO:0001071  fgjig 4 4 # s (A F# 1 (nucleic acid binding transcription 29
factor activity)
GO: 0003824 fi:4y% 1 (catalytic activity) 1186
GO: 0005215 IEHIETE (transporter activity) 125
GO: 0016209 %A fkiE it (antioxidant activity) 25
GO: 0009055 HLF Rk RIS Celectron carrier activity) 6
GO: 0060089 47 G 3EM: (molecular transducer activity) 10
GO: 0004871 S 5L (signal transducer activity) 8

GO: 0000988 kR FiE e, A4 A (transcription factor activity,

protein binding) 2
GO: 0098772 y-Frhfigi #HLM (molecular function regulator) 7
GO: 0005488 4t4 (pinding) 1050
GO: 0005198 SERI4>THEPE Cstructural molecule activity) 17
O] GO: 0016020 i (membrane) 502
GO: 0044425 R4 (membrane part) 283
GO: 0005576 p4h[X (extracellular region) 36
GO: 0019012  Ji# (virion)
GO: 0044423 RS> Cvirion part)
GO: 0030054 4ffiH45 Ccell junction) 27
GO: 0031974 ff Al (membrane-enclosed lumen) 9
GO: 0044422 g sk 4y (organelle part) 161
GO: 0043226 #fa% (organelle) 623
GO: 0032991 KoTE4EY (macromolecular complex) 87
GO: 0005623 Y Ccell) 751

GO: 0044464  4nffuksy Ccell part) 751
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AL (nitrogen metabolism) X J1 28 HH I ER 2
L, A TAERKSREFEAAE. AR AR
B IR g, HERERARKS R

RAEA A I RIS AR T, AR 5 IR AR R R R A
I R A oG Ml R DR 2 ROk, B A 5 59
ARKZERMN (E6) -

*k6 BIRMLERKREREENBZSEMRBIRE
Table 6 Significant enrichment pathway of differentially expressed genes in mature tuber and symbiotic G. elata.

WS %H FENEH (%) P 1A
ko00940 FENRAEYA R (phenylpropanoid biosynthesis) 67 (8.34) 0.00
ko04075 WY RES1ES (plant hormone signal transduction) 56 (6.97) 0.00
ko00500 JER SHERER (starch and sucrose metabolism) 61 (7.6) 0.00
ko00941 A4 & (flavonoid biosynthesis) 18 (2.24) 0.00
ko00460 SR FFB (cyanoamino acid metabolism) 17 (2.12) 0.00
ko00062 e WiER it (fatty acid elongation) 14 (1.74) 0.00
k001200 A1 (carbon metabolism) 36 (4.48) 0.00
ko00904 ZHEAEY A R (diterpenoid biosynthesis) 9 (112 0.00
ko00908 FREEWE K (zeatin biosynthesis) 9 (112 0.00
ko00360 FKNE B/ (phenylalanine metabolis) 16 (1.99) 0.00
ko04145 AR (phagosome) 22 (274 0.00
k000270 LR B M E R BRI (cysteine and methionine metabolism) 24 (2.99) 0.01
ko00910 %A%# (nitrogen metabolism) 7 (0.87) 0.01
ko04070 WENEBEILEE (55 R 40 (phosphatidylinositol signaling system) 17 (2.12) 0.02
k001220 F7E AL E IR (degradation of aromatic compounds) 5 (0.62) 0.02
ko00010 W I £ 7551 %) W 8% 2 (glycolysis/gluconeogenesis) 26 (3.24) 0.03
ko00052 A B0 (galactose metabolism) 14 (1.74) 0.03
ko00905 THSEFRE REAEY) 4 Ak (brassinosteroid biosynthesis) 7 (0.87) 0.04
ko04712 BRI Y (circadian rhythm-plant) 12 (1.49) 0.04
ko00350 % 2 B (tyrosine metabolism) 10 (1.25) 0.04

325 ZEFRAEFNN KOG hEEHR /A5
Ft4 26 980 1> DEGs VEFEF] KOG 1 25 732Ky,

HoHr 7796 > Unigenes 73 B A — AL D RE TN ( general
functional predictio only, R) , 5Lk 28.90%; 2782
A~ Unigenes V1R ARG 1B, & E B o il S fFE
g 7+ F ( posttranslational modification, protein
turnover, chaperenes, O) , Lt 10.31%; 2295 4~
Unigenes £ B N 15 5 # T (signal transduction
mechanism, T) , [tk 851%; 1519 4~ Unigenes
HERBN RNA BN TAMEM (RNA processing and
modification, A) , 4Lk 5.63%; 774 /> Unigenes
RN RER KIS AE ML (energy production and
conversion, C) , ikt 2.87%; 816 4~ Unigenes /I
BB B2 50 (carbohydrate transport
and metabolism, G), 5tk 3.02%, 628 4> Unigenes
RN AR > E & K. s A
(secondary metabolites biosynthesis, transport and
catabolism, Q) , It 2.32% (K 7) .

3.2.6 i R A R JRR AR AR O B 2 e R
Faotr RAEERIEE GO 7K. KEGG UiResr
Pl KOG ZhfevERe, xf & RN A R R A= KA

F7 ERFRIEEFEN KOG LT
Table 7 DEGs KOG annotation

KOG VIS KOG [T 74
A RNA IR 1519
B RORGHRIZIAT 449
C  BEERIPH AL 774
D UM, AR, Yetfkai 609
E  ZEREEARH 702
F o BHREEIRY 205
G WK EWEE SR 816
H Sz 5K 212
I e SR 796
b B RS MAAEIA R 1106
K B3 1457
L g, ZEHMBE 806
M SRR AR A 263
N 4ifRias) 3
0 GBI, ZAFERE, A 2782
P EHETHESRE 503
Q  KAERWFIEWR. HiZRKH 628
R —Mhseni 7796
S KEThag 1221
T EEESHH 2295
U RSk, M eiss 172
Vo Bt 141
W sy 76
Y  HEH 90
7 HEE 559
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AR AR G R AT I e o 75 A7 R AN 3 AR R R A%
SR ZHL N P s R ) 5 R b i ok B 5 AR, Bk
AR AT RE B AR A B AL R 7 51 7R AR T IS
e, T ERREHEKE GS. ASNS.
GDH. Argase; TEMAREIHIEI T 2 53R IA M
SuSy. SSS. AGPase. AMS; 7EfEmARMHRE T2
FRIEFFERF PK. HK. PDH. MDH. IDH.
ATPase (£ 8) . MIXULHFFIREGEKRE, 5
A A, ORI RE R B RO 4> 2 A, BRar
fl e BRI RSN, MR, BRI R R 2
TN T E I AR R RS RO IE A I R AR R
PR AL B, A RSP A ML FIRE R -

3.2.7 RIS AE KRR R 5 AR A DG 2 R A

X RIS/ qRT-PCR 70 B 2 AT 14 S5 AEKAR
I AR AH 5 G 72 R iy R TR O A G € B qRT-PCR
SHTEER I 3. B 27 A TR BRI SL A R R
HEHN R, GEih o A A R B OR E RRA L AR
KRR ) 3 6 5 K] 3 ik K 5 B s o i A R —
B BISETRRAEEL, FEAERERT & AR &, #e
BV ZE L R 2 BRRRIL, BROTiE ATP
(1) ATPase JE[X 2 b LIESN, 70 fiE . BRIV
GDH. Argase fl AMS ZE[R 2 FIERIE. Kk, &
PR H N NER A M H RPKM (Reads Per
Kilobase per Million mapped reads, 4 /j reads #
kB TR A T EAC ) reads 20 iEHEWTH
BRI R IR AT SR

#8 FIMMLERMPSEKRGPEXXBERERNREER

Table 8 Expression of key differentially expressed genes in growth and metabolism of mature tuber and symbiotic G. elata.

AR WD 445 By e RPKM% T 100:Fold change(J 2 KI/ii) FDR
ZACH GS EC2.7.7.42 413.24 924.37 1.16 0.001
ASNS EC6.3.5.4 39.27 114.90 1.55 0.027
GDH EC14.12 28.00 9.63 -1.54 0.031
Argase EC35.3.1 10.48 462 -1.18 0.025
TRACHY SuSy EC24.1.13 467.40 189.00 -1.31 0.005
SSS EC24.1.21 0.69 5.77 3.06 0.009
AGPase = EC2.7.7.27 314.03 99.49 -1.66 0.002
AMS EC 3.2.1.1/3.2.1.2 357.83 40.44 -3.15 0.043
feEfEt  PK EC 2.7.1.40 81.10 162.32 1.00 0.021
HK EC2.7.11 57.54 115.91 1.01 0.007
PDH EC1.2.151 37.65 77.71 1.05 0.014
MDH EC 1.1.1.299 36.00 8351 1.21 0.003
IDH EC1.1.141 16.19 34.40 1.09 0.048
ATPase EC3.6.1.3 43.02 398.24 321 0.023

i35 2 Rk AW kRiE Ny FDR<<0.05 H|log2FC|>1. Fold change (FC) [ B2 FEA A Fik ) 2 7455, log2 fold change 173 21X log2,
TXRE R LAY BALEZ2 S0 00 R AR RN 22 53 LU BN A BUBL A /D 2 IO Z2BE e [log2FCl>1 FRomkEAR (] 272 53R 1A A58 2 £ LA b

The standard of significant differential expression was FDR < 0.05 and |log2FC|>1. Fold change (FC) refers to the multiple of the expression amount
difference between samples, and log2. Fold change refers to taking log2, which can narrow the gap between extremely large and relatively small
differences . log2FC[>1 means that the differential expression ratio between samples is more than 2 times

5 -

4

FHXT FRIEAEEL

SuSy pe—

SSS m—
AGPase f—
AMS [—
PK_
HK_

pPDH F—
MDH
|DH f—

ASNS

GDH —
Argase F——
ATPase

PPN

B3 BiAFIFEE R A KRG X ERE BT RIEKE S
Fig. 3 Analysis of relative expression level of related genes in
growth and metabolism in symbiotic G elata and mature tuber

4 g
4.1 HHE RFRANETRRAVEE RN F 7347
AWFFHFIAH umina Hiseq™2000 747 A #i
JRRAN LA KRR HEAT I, 57 DR AN 3 A= KRR 433l 3R
73 4.23 Gb F119.90 Gb A #%. it HmH B3RS
72 244 % Unigenes, Nso KN 1773 bp, “PIJKE
N 916 bp KIFIETU4 Unigene, H Qg HII KT
92%, Ui BHIE RIF A5, RN AR 1 72
244 A~ Unigene J7 41 EL XT3 Swissprot. Nr. KEGG
KOG 4 Nd e R4 26 312 4N Unigene 38737E
BAER, b 36.42%. 587 BRANIE A KRR
HE4T PCA, RIUETRRAIILAE RBRTE —EfEE L
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FrzESe, JmiE PCA AT DUR GHh X 73 6 RN AR R
k. £ FDR<<0.05 Fl|log2FC|>1 HI41E R, LM
HFFEHE S, KI 12 498 % DEGs, L%
i59000%%, FiHFEIX3498%%. GO %i¥EFE ¥ 10 473
K RRILFER 5 NEYELRE . T Ihae fal
MR 3 K2, AP ARUHT R i PR A s 1
FEURPREERZ . iR IAERKEATE
803 /| DEGs Lbx} #] 20 > KEGG il i, 5 H5iprAl
FL AR R PR 1 AR A AR I R AR DG B UE B SR RE AR
W BRARE . PEBEARE AT R SR B
. ¥ DEGs R3] KOG 1) 25 Ny, &AfE
B, BOKNE Y2 50k AE
R F=W & & i AR ThRE 2> 25 . iR 48
DEGs ] GO 432%, KEGG R4 #TF1 KOG IhfgE
PR I8 HH AT RRR A R PR A AR CEAREE . AR
A e B A TR R ) O E R R A .
QRT-PCR 43 b4 B 55 i S B0 45 R I AR — 3, 75
ZRRISWHERE S, kB HRKE. KA
PRUFAHSCIE R, A BRI E F= 90 5 1) 22 S 2L TR
Rk B, SEERE TRV ESERRET
W, ReEAMXHZERERKZHRIE L. 5§
JFRAR B8, SEAERBRA R TR BB TR AR
YA R
42 HEXKRMETHRPEKRGTIEEXKEE
SERSH

R AR E I R A KR B H
B, PRUGIEE T AR, BRI R AR FE
BB IE N . BR R AERKAR &
A EE AR YNSRI TS
HUERZS AN S AL A6 R N B A 4 R
SLHENA R E R . F R R R B R A%
B A KR, ETE ATP RS T AL
NH, RN EBEG, ARG ERERRATER T
HEE RS TR . 2R IEH &4 T s
TR Z R & BB AR R A 2 & i A 4 2R
SEFH R ITER R PR, sEmhEAlS 5
A TR 53 RN oA 1% — R ANtz 35 1 B L3l e b7 &
PR SR ) T I RO o R A& T T R RG 2R S HEL )
RPN NIC ELAE B M M Z SR, A R AR G i FE
A VLRSI G710 =B 0. ki — St
TR, P SR R A B ) A P mT s R A R
HARERT, AR EWRS, XU
SR () R E R R A ) S DORS R AU

277, qRT-PCR 43 H13# W14 Kbk GDH 1 ASNS
BRI R B, AR GDH EE AR
FEIRM Argase JERFAE T, XEFLIAFER
RIS T A R R 8 T 7EAE Y 4k 9 f A7
IS ARG, BER. RATREAR AR,
SR A R TR R 55 BR F 32 At A IR A KA 1T R AL R
REI

VR R EEMALEK. RE MBI
H BB EYE R R Y, I B D
AR EES SR E0E 8. EYERE
AU R OGRS & 1, B R &
FRRH 23 M, AELRIT 0 3 W e 2 A A 188 0 0 i D T
B T 5 08 AR AERS R B g R
BB B4R R BRI B /e B F R ik &
N L ER AL AT AR T R PR AZ L R & BE Curidine
diphosphate glucose, UDPG) 24, Th4ssduid &%
15 1% B AT 5] R — W BR MR H H %) B (adenosine
diphosphate glucose, ADPG) F1 UDPG [f]# &1
I, ek RN T 1Ay, RN SR E T RER
HF A R A TN, WA R TE R S — AN IR
H 2 AGPase, BRI AGPase J&iEk: EVIA L
SRR OCEERE, R EN A R B A,
ADP-] %] i B R A BEE T 2 30 2 B A 44 b
T A RREOZ AT R A Bt S A
FE R SCHERE . e DA R R A 4 W O e A b
IR, 0T RS R KL o U A i A2 R U A
a3 )RR R K AR R A A R AN S SR A
— 2Ry AT QRT-PCR 45 SR8 S n A
T/, FEERKBRT SuSy. AGPase Fl SSS % [A#
i, AMS R T E, XS 1) 22 5 R IE A
T AR ROBRVE R 1 A RN BB, it A KRR RN
BRI AR R B TR

R 7 i R Ay A TR A0 BA 2 77 AR RE B ) 3 R
2o TR IR T V5 il R L BT 2 W T Ak A ) R ok
BRI, — > T A PR R AR R R 2 4
TNEAER AT A=Az 2 40T ATP. 35 JR i S g A
SR TR U A A PR A o O Rk g 2.
— 43 ¥ VA B PR 3 e A A BRI 34 W LA AR 12,5 41
ATP. i 08 I A AT R BRI 0 0 fife — 20 T i
WA AR 32 431 ATP. ATP BEREMEIL ATP /K%
4 ADP FIBERRARES F, FRMAREE R, 2
T e B PG A1 QRT-PCR 23 #r, 3L X R Bk
HK. PDH. IDH. MDH X [H#RIA L, UiH
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A= DX IR TR 22 AR R A6 R 0 A 8 Ak - bR A g

AR R ATP A RE R . AN ATP JE A 52 b

WAL, TR ATP 3 K 7 R U 2 1 g A

T A2 3 AR KR B R 3R AR BT A A B A R

AR T E R REE

5 £5R
AT AR IG5 T 7K R RBR B R R 5 B

AT 2, ORI ST O N A SRR

TR B R LR Ok R LR LR . HE R

JBR CERRD 5 B3R B LA Jm gk — A K OB R BRR (7

R A AERACEHRHEE NS . AW Ui sk 2

EC 5 23 T 4] 2 18] 3k 36 A IR RR M #5 BR A A A Ry

fibe skt ], ILAERBRT 5% AR

B AC A O 22 3 3k TR 5 o JRR A LR 2 B A

A BABEREYTIRIE B, SMAaEBRANEE

T2 P A R M 2 Tl RVAS 2 ity A B AR T D

WlERIE M, AT IAX KK ERZ R

AR E TR A PR 2 1) se B s i HL ik — 2D

AR IHET R TR RS B A S AR A2

T RAF 0T B R AE 75 #E — 0 AR G HY i RR A AR KR

Wi o A AR Rk 2 3R PR B PR R S AR I I

B AE IR EE JE E R AT RARE — 25 AR A Dy i R R 5K

H, XERBRRFLEDFHETEERRNFEI. R

T, R JFR 830 A 3 A2 I 0 il B A 5 475 7 AT

NIRRT . SRR, 5 RRRT AR R RR S Bk

R BACH L REEABAH SRR, A — 3

PRI % 1 R R 3 BRI 2 3B AN — B, A J5 R F

2 5 IR 5 R P DR A T JRR RV A R JRR w1 IV 44 i

LA S ik mi ik, DR SRR, AAL

BRI A — P IR S
HAAR HAEEAFPARELEANEZY R

SE K
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