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Abstract; De novo transcriptome sequencing and analysis were conducted for leaves of diploid and
autotetraploid of Atractylodes lancea ( Thunb.) DC. by using transcriptome sequencing technology, and
high confidence differentially expressed unigenes in leaves were screened on the basis of preliminary
research. The results show that 495 797 unigenes are obtained in total, the GC content is 46.54% , the
average length is 402.8 bp, and the N50 and N90 are 413 and 225 bp, respectively. The comparison
results with GO, NR, String, SwissProt, KEGG, and Pfam databases show that there are 259 841
unigenes annotated in total, accounting for 52.41% of total unigenes. The comparison result in NR
database shows that the unigene sequence homology of A. lancea with the same family species Cynara
cardunculus var. scolymus (Linn.) Fiori and Helianthus annuus Linn. are evidently higher than that with
other species. 923 differentially expressed unigenes are obtained through expression level comparison. GO
functional classification result shows that these differentially expressed unigenes are classified into

fE B 2021-01-16
EETH . WBER AR AR E R Il 5 A R R 535 H (CARS-21)
TEEE N THE(1996—) , & bk O W HWF9E 4, T8 AR 24 FH R AR 5 0P 5

O3 (EVEH E-mail: zxxiang@ njau.edu.cn

SIAMESC: sk g, WG, T Ok, & FEAR AR AN B R A L[ 1] R RIRS IR R SR, 2021, 30(4) : 41-49.



42

N7/ I A SRS TR N

3 categories and 61 subcategories. KEGG enrichment analysis result shows that these differentially
expressed unigenes are annotated to S5 categories, in which, the differentially expressed unigenes
annotated to metabolism is the most (75) and enriched in 8 pathways, including biosynthesis of
secondary metabolites, starch and sucrose metabolism, and faity acid elongation, etc. There are 298
common high confidence differentially expressed genes in leaves and whole plants of diploid and
autotetraploid of A. lancea, in which, the expression levels of heat shock protein gene ( DnaK/Hsp70) ,
ACC oxidase gene (ACO) , fatty acid dehydrogenase gene ( FAD2) , and long chain-3-hydroxyacyl-CoA
dehydratase gene (PHS1/PAS2) are up-regulated in autotetraploid, while those of ethylene receptor gene
(ETR/ERS), allene oxide synthase gene (AOS), lipoxygenase gene ( LOX), and 14-3-3 domain-
containing protein gene ( YWHAE) are down-regulated in autotetraploid. It is suggested that there are
differences in cellular development, metabolism, energy conversion, material accumulation, and signal
transduction of diploid and autotetraploid leaves of A. lancea, the obtained differentially expressed
unigenes may be involved in leaf development regulation of A. lancea, and the obtained high confidence
differentially expressed genes can be served as key candidate genes for polyploid breeding of A. lancea.

Key words: Airactylodes lancea ( Thunb.) DC.; diploid; autotetraploid; differentially expressed
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1.2 Fix 124 RASEBEREZFRAEIEA>N G

1.2.1 ¥ RNA #938B A4 K TRIzol® Reagent
(2 Invitrogen 2 H ) 73 il $2 O 5 AR A% 1A 1 [7)
Y5 PUAE AR 7% 8 RNA 5 {8 NanoDrop 2000 i fil &
ST (32 E Thermo 23 7)) A EL RNA By ¥k 5
MAERE ;K DNase 1 [ RARAEALRHL (JE50) AR
7)) 4lifk 5 RNA , Z2B5R B RNA 3% B AU LI 4H DNA ;
A5 B RNA £8 Agilent 2100 7 91 43 7 A% ( 26 [
Agilent 22w ) K5 4% J5 F T J5 2200 B, eI B
BRI RNA FEGD (BURTE 5 g KDL L, BTt Rk
TE 200 ng + pL™' KL, 0D, /0D, 1.8 ~2.2) 14
# cDNA X,

1.2.2  cDNA LR Mkt Fomal o R wEER
B 43S A RNA P Y mRNA; 3R A Fragmentation
buffer( ES Invitrogen N W HEFE 1) mRNA FEHL T
FARMAEEZ) 200 bp B9/ B LA mRNA AR, >R A
SuperScript Il Reverse Transcriptase i 7] & ( 3¢
Agilent 23 F)) U5 554 8 cDNA 45 1 &, IF 08 1 10
DNA Polymerase buffer A1 DNA Polymerase [ R (3
[E Promega 2\ Fl) 4 % cDNA 55 2 &%, {6 /] End
Repair Mix( 3¢ [E Enzymatics 23 & ) ¥ cDNA ARG PEA
U AP AR S, BEJS AR 3R I i b 1 A4S A BRI %
FE 423k 5 2R F Mlumina HiSeq 2000 75 18 & )5
£ (L Mumina 23 7)) MW, A6 TP K
1.2.3 M Ap#ETEAE i Cutadapt v1.16
BRI DR IR I PP B R B TS g A N R T 10%
UK 1Y reads , 345 /5 i i 7 B8 ( clean data)
TP E RIS HILHH TS, T H] Trinity v2.6.6 4K
XTI A clean data #E47 k412, KITAR 5 15 5

unigenes,

F1 FERZREEMERRMEGM FERANF ST

BLASTx v2.2.25 #F-#4 45 2 Y unigenes XT3 NR |
String . SwissProt 1 KEGG Eda 14 , 43l 47 I K T g
R ff ] Blast2GO #44: (hitp: // www.blast2go.com )
HAT GO TE B ffi 1] HMMER v3.2.1 # %k # 47 Pfam
R

] edgeR v3.24 FAF 242 AR A5 AR FI R
PUFE R B DR R ik i 25 5 [log,FC[ =1 H
FDR<0.05 1 Ay i i 22 5 IR B I i b ofe , Hor, FC
N2 AR FDR SR AIHE . XL H 1Y unigenes HE
1T GO TIRESI G KEGG & 5401 5 A0 H 41
X S R A A [ U O s A e A bk
ASBIRFE A 25 A AR AR A R 5 DU A A1 A
BEDN 22 SRR O , 8 MO 18 1 v ) g {5 R 22

L= B unigenes,

2 HERFM

2.1 HRANFHBMAREERST

AR AR AR DU A AR S 2 T Y
IMTEE I (2 1) T J5UAR reads 4 448 453 428 7%,
clean reads f3 447 891 390 4%, T A BEA Y Q20 K
T 98% ,Q30 ¥J KT 94% ,GC S HAE 46% LA I,

XF3R1F B clean reads #E4T 20 B FIPF 4z, kA5
750 700 % SEASELE , B IEEL 364 718 682 bp, fix
1+ 39 024 bp, F 5 201 bp, K 485.8 bp, N50 Fl
N9O 435>k 585 #i1 239 bp; £ ITUAIG R4S 495 797 4
unigenes, iX 48 unigenes MY SR EE LR 199 717 026
bp,GC &1t 46.54% ,~F- ¥4 B 402.8 bp,N50 Fl N9O
S35 413 F1225 bp(F£2) .

Table 1 Sequencing analysis on transcriptomes from leaves of diploid and autotetraploid of Atractylodes lancea ( Thunb.) DC.

FeAD JEUf reads %X Clean reads %{ 18 5 LS bp 020/ % 030/% GC &/ %
Samplel) Number of original reads Number of clean reads Base number after filtration ¢ ¢ GC content
S1 91 333 112 91 235 388 13 608 302 939 98.19 94.58 46.21
S2 87 022 318 86 917 894 12 968 986 207 98.22 94.57 46.69
S3 77 160 790 77 095 004 11 489 084 164 98.35 94.96 46.12
S4 77 178 726 77 079 860 11 466 591 535 98.34 95.03 46.59
S5 67 990 854 67 835 418 10 096 882 596 98.01 94.21 46.54
S6 47 767 628 47 727 826 7113 735 712 98.15 94.46 46.79

JTT Total 448 453 428 447 891 390

81,582,983, %KY 3 A M2 B Three biological replicates of diploid; S4,85,96; [RIVR PO 3 44424 5 2 Three biological replicates of

autotetraploid.
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Table 2 Analysis on transcript and unigene from leaves of Atractylodes lancea ( Thunb.) DC.

HiH FER SHAEE bp GC 2rit /% BRRKEDbp REKEDp  FEKE/bp

; Total Total base il The longest The shortest Average N50/bp ~ N90/bp
Item GC content
number number length length length
i SR Transeript 750 700 364 718 682 44.84 39 024 201 485.8 585 239
Unigene 495 797 199 717 026 46.54 39 024 201 402.8 413 225

22 EFEDEERSN

BB AR 2 2 TUAR G AR AH B9 unigenes 43 7)
5 GO NR . String . SwissProt \ KEGG #l Pfam B 2 3t
FTEHERS, &5 2R (3 3) Won.: 3L R # 259 841 4
unigenes, (i unigenes S AL 52.41% , Ho FEREE]
String % FE 1Y unigenes ¥ fx Z (1180 360),
unigenes &\ %) 36. 38% ; {1 B 3] Pfam £ 45 J& 1)
unigenes K/ (66 311) , i unigenes S AL 13.37%

R3 FEAREEZRAE unigenes 5 6 MEIEEMNEMER

Table 3 Comparison results of unigenes in transcriptomes of
Atractylodes lancea ( Thunb.) DC. with 6 databases

5 unigenes JSEHY

TR unigenes %(

B e Lt/ %
Number of annotated
Database . Percentage of
umgenes total unigenes
GO 153 547 30.97
NR 137 750 27.78
String 180 360 36.38
SwissProt 155 290 31.32
KEGG 80 662 16.27
Pfam 66 311 13.37
3T Total 259 841 52.41

NR Hlig Pe 2P AR 5 HAUAE Y % 5% 2H unigenes
A B X 45 R (K 1) R FEAR T Cynara
cardunculus var. scolymus (Linn.) Fiori B9 unigenes /¥
S R e, 25 28 614 unigenes AL,
R PE 7 E B unigenes B 20. 77%; 5 In] H %
( Helianthus annuus Linn.) %) unigenes J¥ %1 [/ P PE 4%
&L, 21 191 41 unigenes J?ﬁ'”‘ﬁfu, 2B R R
unigenes # B 15. 38%; 5 K Z ( Hordeum wvulgare
subsp. vulgare Linn.) | 5& B ¥ ( Klebsormidium nitens
(Kiitzing ) Lokhorst) | ¥ £1 f§ ( Dendrobium catenatum
Lindl.) . i€ 3 & & [ Boea hygrometrica ( Bunge) R.
Br.) . &K % ( Chlamydomonas eustigma ) . /|N 3. Wi #¥
( Physcomitrella patens (Hedw.) Bruch et Schimp.) (B
K ( Ricinus communis Linn.) Al B BR 3% C - 169
( Coccomyxa subellipsoidea C-169) B unigenes ¥ 51| [F]

PRSI A 2 012 ~5 475 4 unigenes JF 5 AHALL, 15
B R EBE unigenes BT 4% VLR, A, B
A5 H AL ( Pyrus bretschneideri Rehd.) | it 2% ( Beta
vulgaris subsp. wulgaris Linn.) Fl £ % ( Ostreococcus
taurt) SEAHPI Y unigenes J7 51 [A] YA BEARG, 2 (5 92080
P& ZETERE unigenes 20AY 1.8% VAT,

iz Bk C-169 Coccomyxa subellipsoidea C-169[H2 012
BERR Ricinus communis 2 380
INSTREE Physcomitrella patens [0 2 446
AW Chlamydomonas eustigma [l 2 556
e EE Boea hygrometrica[l]2 700
B A Dendrobium catenatum ]2 962
TELEE Klebsormidium nitens [l 3 312
K3 Hordeum vulgare subsp. vulgare ] 5 475

[7) H¥% Helianthus annuus 21191

Cynara cardunculus var. scolymus 28 614
1 1 J

0 10 000 20 000 30 000
Unigenes%{
Number of unigenes

E1 NREBEHRFERSEHSEDE RA unigenes FF 51 Y bE 3F
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Fig. 1 Comparison results of unigene sequences in transcriptomes of
Atractylodes lancea ( Thunb.) DC. and some plants in NR database

2.3 ERFKIX unigenes S 1T

FLHR A8 AR A A A ] U5 A% Ak unigenes
E‘J?’%lﬁ%,ﬁﬁ%lﬁtﬂ 923 MEFEIA unigenes,, 54
PRAR L, R PO A% 1A rh ik it B R Y unigenes 47 317
/I\,%%ljji?ﬁ]ﬁﬁ unigenes A 606 -,
23.1 GO Fea k4R GO R/ HRLER (E4)
P L 20 45 R AT AR ] U AR R 22 e R A
unigenes [ DI RERE 7 BUAE Pk A2 20 B 4H 0 53 2
AE 3 R 61 /N, TR R TER N
MM FE 1 22 55 38 unigenes X 2, A5 342 N 1
R AR WS BE A 0 VR A e R A
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)22 55 223K unigenes £, 73 1A 307,249 219 I £ 43514 362,362,337 .232 1 231 4>, =S FIIiE
201 A, TEAIMIL Y RS TEREON AN ARGy . RS R A & R TR PR ) 22 5 R 3K unigenes
A 0 2SS A0 5 Y 2% F 223K unigenes B0 B Z, 4004 291 #1210 4,

F4 FEARZEEMERNEEEEREAZE RRIE unigenes B GO IhEEH 2
Table 4 GO functional classification of differentially expressed unigenes in transcriptomes of diploid and autotetraploid of Atractylodes lancea
( Thunb.) DC.

22 533K unigenes %L

R4 Number of differentially expressed unigenes
Functional classification i T it
Up-regulated Down-regulated Total

W3 2 Biological process

it 2 Cellular process 189 153 342
{2 Metabolic process 170 137 307
MUY Response to stimulus 139 110 249
H WY Biological regulation 124 95 219
AW BRI Y Regulation of biological process 115 86 201
& H 1372 Developmental process 107 75 182
Z Y0 AR R Multicellular organismal process 107 72 179
2Bt R 2H 2R kA2 1) B Cellular component organization or biogenesis 81 72 153
Z )3 2 Multi-organism process 75 59 134
H:38 Reproduction 75 46 121
HETH L FE Reproductive process 73 46 119
H W) FEIE P45 Positive regulation of biological process 67 47 114
5E I Localization 52 59 111
5% Signaling 62 49 111
H W) FE FUJH . Negative regulation of biological process 54 40 94
H K Growth 35 33 68
e R G 2 Immune system process 28 28 56
YR HIBEFE Cell proliferation 13 16 29
2 Rhythmic process 11 9 20
iz3] Locomotion 10 9 19
174 Behavior 1 7 8
Y Biological adhesion 4 2 6
YA 15 Cell killing 4 | 5
SR Nitrogen utilization 2 1 3
{6, Z 3¢ N Pigmentation 2 1 3
S 5402 58 fi A% 15 1) 28 il AT 3 B2 Presynaptic process involved in chemical synaptic transmission 2 1 3
AR 4E Cell aggregation 2 0 2
i E:VEH Detoxification 2 0 2
HEISHIF Carbohydrate utilization 1 0 1
A Carbon utilization 0 1 1
NI 4> Cellular component
4iH Cell 192 170 362
AMMIERS> Cell part 192 170 362
IS Organelle 177 160 337
ANHE AR 5Y Organelle part 119 113 232
Z AL Cytomembrane 119 112 231
AL 73 Cytomembrane part 68 72 140
GEHRE S Protein-containing complex 54 46 100
JiEE 4148 . Membrane-enclosed lumen 49 40 89
2N A A1 X 3, Extracellular region 39 36 75

I35 4% Cell junction 34 37 71
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£i3R4 Table 4 ( Continued)

TIRe 2k

Functional classification

LRFIK unigenes e
Number of differentially expressed unigenes
i T Bt

Up-regulated Down-regulated Total

F A Symplast 32 34 66
ARSI X 4> Extracellular region part 19 20 39
#B5> T2 AW Supramolecular complex 6 1 7
Zfiih Synapse 3 4 7
il 43 Synapse part 3 3 6
#% Nucleoid 1 2 3

HAbA LA Other organism 0 2 2
,':L fl A5 BB 4 Other organism part 0 2 2
R T Virion 0 1 1
75 B BL T8 4) Virion part 0 1 1

4+ FIIHE Molecular function

P Blndlng 154 137 291
{EALTE P Catalytic activity 110 100 210
e SR 715 M Transcription regulator activity 27 20 47
(G5 AL R AR T TR Signal transducer activity 16 11 27
2R F 15 PE Structural molecular activity 15 9 24
BTGP Transporter activity 8 15 23
A FIIRER T Molecular function regulator 11 5 16
ST ARG P Molecular carrier activity 1 2 3
PUAALTEPE Antioxidant activity 1 0 1
B IRIETEPE Nutrient reservoir activity 1 0 1
Eh¥%>F TIEE Hijacked molecular function 0 1 1

232 KEGG & & 4R AR AANE IE 105
RILH 155 P22 7 3K unigenes {1 B2 KEGG 3 1%
I AT KEGG 202 i i w5 42 70 #r , 45 5
AL s fik e, m%ﬁﬂ‘ XL 2= 57 IR unigenes
PR R A R G s E B AR EE IRE(E B A
PNt B 5 AR DA RE R v i 22 57 3%
A unigenes ?%(75) A BER] KEGG 18 #1225 5+
3K unigenes A B MY 48.39%, X Lt 25 R F ik
unigenes & HETE 8 S CHE I, AR AR AR A=
Y1 L (koO1110) | JE A AN EAE 1L 18T ( ko00500) | A5 B
iR 4E 1 (k000062 ) A7 F - K2 8 1 (ko00196)
NF-«B 1 5 i % (ko04064) FHY M Z G S H S
(ko04075) 4 MAPK 15538 [ (ko04016 ) FIAX M
14 (ko03010) ,
2.4 HAEEZERKIX unigenes 5317

17 356 18 248 AR AR AN [ 5 0O A5 AR i A A
PRI = T 5 B 25 5% 2 3K unigenes A 298 4, H
W, 156 A S A5 B 22 55 3R 5K unigenes A DI HETE
BeAF i B h 58 /N 7E KEGG fUilh& 12 h A
BAE B M 5K ( DnaK/ Hsp70) (ACC Ak

il (ACO) | 2 Z RS (ETR/ERS) g i 1R it
ARG (FAD2) (N M8 ALY & LA (A0S) IR
AATIH (LOX) KAk -3 - R WS- CoA MK il 3L
[ ( PHSI/PAS2) 1 14 - 3 - 3 4% ¥y 3 & 11 %
(YWHAE) , 28R A5 AN R PO F5 1A i 7 4
)3k B AT 5 T B 22 55 38 unigenes 3R 1K 73 HT
WL 7, 45 F K W, DnaK/Hsp70, ACO . FAD2 Fi
PHS1/PAS2 5 R 1% 3¢ 35 2 7 [l I DU A% AR b B30 i

xRS FBEARZEGEANEPIEMEEFERAZERRKIX unigenes
KEGG 4%

Table 5 KEGG classification of differentially expressed unigenes in
transcriptomes of diploid and autotetraploid of Atractylodes lancea
( Thunb.) DC.

22 534%3K unigenes
Differentially

ES expressed unigenes
Classification —

Bt el %

Number Percentage D

R Metabolism 75 48.39
MW R SE Organismal system 50 32.26
L5 M AL HE Genetic information processing 42 27.10
P55 (55 B AL P Environmental information processing 24 15.48
AL AR Cellular process 16 10.32

DGR R KEGG B A9 22 53 %35 unigenes SALAT LL B Percentage
of total differentially expressed unigenes annotated to KEGG pathway.
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Table 6 KEGG pathway enrichment of differentially expressed unigenes in transcriptomes of diploid and autotetraploid of Atractylodes lancea

( Thunb.) DC.
45D EEEE ﬁﬁf | %—E%:& unigenes Differentially expressed unigenes
pathway K Number L/ %" Percentage!
koO1110 WA 9 & i Biosynthesis of secondary metabolites 34 45.33
ko00500 TERY FRERHC I Starch and sucrose metabolism 9 12.00
ko00062 NG R IEfH Fatty acid elongation 4 5.33
ko00196 YeBVEH-REER Photosynthesis-antenna proteins 3 4.00
ko04064 NF-«B {5 % % NF-kB signaling pathway 9 37.50
ko04075 T E (S5 5 S Plant hormone signal transduction 7 29.17
ko04016 %) MAPK {5518 % MAPK signaling pathway-plant 6 25.00
ko03010 HBEIR Ribosome 18 36.00

Db FE RS v 22 B 2R5K unigenes B LL B Percentage of total differentially expressed unigenes annotated to metabolism.

K7 FERZEEMERERMNGEEMFMEKBOHEES TS EZERKRIE unigenes FRIES

Table 7 Analysis on expression of some common differentially expressed unigenes with high confidence in leaves and whole plants of diploid and

autotetraploid of Atractylodes lancea ( Thunb.) DC.

A Leaf 2Ry

P Whole plant" KEGG il %

Gene B D log, FC? %2 ID log, FC? KEGG pathway

DnaK/Hsp70 ~ TRINITY_DN240443_c1_g3 6.5 CL16556.Contigl 1.4 DnaK ££18/#44 H 70 Chaperone DnaK/heat shock protein 70

ACO TRINITY_DN253517_c0_gl 4.1 Unigene26829 1.5 1- B IR HE - 1-RBREALER 1-aminocyclopropane-1-carboxylate oxidase
ETR/ERS TRINITY_DN248948_c2_g6 -7 CL12271.Contigl -13.1 253 AR Ethylene receptor

FAD2 TRINITY_DN239013_c2_g4 4.9 C1.895.Contigd 1.4 A12 515 R I 0B A12 fatty acid dehydrogenase

FAD2 TRINITY_DN252202_c0_gl 2.4 CL7290.Contig9 1.3 A12 JIR I AR AU A12 fatty acid dehydrogenase

FAD2 TRINITY_DN253467_c1_gl 2.3 CL5079. Contig8 1.7 A12 R BR IR S A12 fatty acid dehydrogenase

FAD2 TRINITY_DN240260_c2_gl 2.5 €1.9030.Contig2 1.4 A12 G5 FR I U8 A12 fatty acid dehydrogenase

FAD2 TRINITY_DN252202_c0_g3 2.5 CL7290.Contig6 1.3 A12 JIR I AR AU A12 fatty acid dehydrogenase

FAD2 TRINITY_DN253467_c1_g6 2.4 CL5079. Contig7 1.4 A12 R BR IR S A12 fatty acid dehydrogenase

A0S TRINITY_DN249223 _c1_gl -2.7 CL8770.Contigl -3.5 NI %A ALY 5 B Allene oxide synthase

LOX1_5 TRINITY_DN253747_c1_g3 -3.6  CL6551.Contigh -2.9 AR 13S-N55 A 2-1 Linoleate 13S-lipoxygenase 2-1

LOX2S TRINITY_DN253747 _c1_gl -3.2 CL6551.Contigh -2.9 IR 13S-HR% A il 2—1 Linoleate 13S-lipoxygenase 2-1

LOX2S TRINITY_DN250560_c1_g2 -2.6 CL6551.Contig9 -2.7 WIS 13S-HR4% 7 2-1 Linoleate 13S-lipoxygenase 2-1

LOX2S TRINITY_DN254019_c3_g3 -5.5 CL16911.Contigl -7.7 AR 13S-NE% A 2- 1 Linoleate 13S-lipoxygenase 2-1

PHS1/PAS2 TRINITY_DN244034_c1_g3 6.1 CL11187.Contigl 2.9 Kk -3-FR k3 - CoA MK Long chain-3-hydroxyacyl-CoA dehydratase
YWHAE TRINITY_DN237061_c3_g2 -2.0 CL5058. Contig2 -7.6 14-3-3 45453 4 14-3-3 domain-containing protein

D #edE kK [ SCHR[10] The datums from reference [ 10].
DFC. 22555 Fold change.

ETR/ERS A0S .LOX F YWHAE H£ X i) 234 f £ [] 5
PUfFE AR A

3 Wb e

ZN L S o N NI 1 N B I QU R N
unigenes £ GO . NR. String , SwissProt , KEGG FI Pfam
R R XS 25 S R AR T A unigenes AR AE 7
R 2R Ho ZhRE X — &5 RS H R P v 2
TP RIAR GRS SE SRARFF 1 X RN 248
A AR ) ¥ R 50 2 B R L A | Bfdinr 24
Y B ALAF DA 4 N AT R Ao H0dis 122 Lo xos 4 0 il

A unigenes FIIIHE, (EAEFEAE, 5 NR 546 F
XaER BN, FERSFE AR C. cardunculus var.
scolymus F1[w) H 3% 1 [5] J5 M ¢ =, Ui B [6) B 9 1Y
unigenes J3 41 [F) Y514 B 5

T Z A5 A5 PR 22 S 3 Bl B R Rk 22 Ak
g, HAEPR Rk HOR AR R W n] B [ R LR
ST R, FE R 22 5 A RO SR A R TR VR DU A% 4
FE MR ARAS S A il AR5 A B0, VR hy 4 ot 2
A AR L R A AR 4 A0 20 A 8
TRV ZAH LR ) 248 AR A AR ] I D A% A4 - e 1 2 S
FIK unigenes B Z | BLHIZH G AR BYAE A b 25 52 e HL
A% B AU 87 584> 22 7 3K unigenes TE A
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F T AR S RAE T, UL R [RI IR U AE A i
TEAR S5 I 5 A R WA 22 7. fEHABAY)
Z A5 KB 5% P, BR & ( Ziziphus jujuba var. spinosa
(Bunge) Hu ex H. F. Chow. ) PUf5 A fif) 22 57 36 3k FE R
W ARTEESE A IR A (5 1518 LK RE AR Ty
T, I L3 PR 174 3R 3K B 70 Ve A R RE A I M AT )
BMEML w5 FIAY B (Populus spp.) =
R A 2 SRS A I A0 e 2E 1) 22 S AR B R 1Y
Fikg LYY ARPSER KEGG &AL R R,
FEAR AFAR RN PR YRS IR B 22 7 3K unigenes &
BETENR TR AE Ve A RERE A Qi B AR A A= )
B  TER RIS 107 35 kA AN L T S
HERE s, I H, TERE 1A Y, SE R A RERARIE i 107 1R
TEAR Rz AR AR A W i A 24 R B BB 5 1L
MY R, AR 22 R RBFE R ] 2 S A P 1
MR ALY B R e, S MR B R A 1
A FHEURL AR DGR S 1 X AT BB RSP AR AR TR
PEPUAE AR R A AR AR BB — A A
L7/ RS TANEZS IS ERUR ol ShTER s 25 7/ DTN
S Y (S I 2ot B2 80 STELE SR 7/ S
SRR R G, 5 TR AR A AR
DA R A 238 1 W I L0 A PN 8 T AR 254G
SRR iR o R 3 A . FEAS ISR
1) GO ZIREST v, R 3 A= Wit R 28 1Y 40 et 2
AR IR N A= W 5 AR e R Y A )
I 25 57 R 3K unigenes £, HTE KEGG & £ 45
iR 25 73R IK unigenes & E T Y EGE 5
T A MAPK {5530 BRI NF-«B {5558 H 3L 3 4
SR E P, P YY) MAPK {5 50 %
JeR A SR TE S T 1 BN A A, AT 5 [
AN N e s AR KR A5 S ik icz —, 5
YA K E TP E S SAEA R R, ¥
GAR R PRSI R 7E RE F e A W) SRR R AN 5 5
SITTHER S AR AETE 2R S 3K 22 SRR AE S
PR KT P58 722 A P i 7, 90 L 5 4 R [ 98 D %
FACTE IV X 30 53 Jih 38 Fof T R A7 B 35 107 B T, AR
TERE AR R AL A5 2 IR AR ZE R E W AR K. e
SEWFFE IR AN [ A5 1 550 4 AR 24 TP AR 25 47 5 s
HACHHIR S 70T, Uds s —F e SPMEAR AR K
KB KAL) 53R 2E 25 L], i —
LSS AR 2 0 IO B PR % e 5 ik A
TAREFB AT AR T P A5 2 Bl

B o o7 N 1 N L R N T e Rl 8
255 323K unigenes FE1T Hugs, JLii ik ) 298 >3t
A e A A B 22 5% 383K unigenes , HoH M R i nl A B
7255 K 35X unigenes (15 DnaK/Hsp70 . ACO . ETR/
ERS . FAD2 _AOS . LOX . PHS1/PAS2 I YWHAE 45 3t
PR) W] RE 5 [R5 PO A5 A s A R AR TR I, TR
LIRS R A AL IR MR DL PEAR 560 AR
55, DnaK/Hsp70 ACO FAD2 Fl PHS1/PAS2 [ ()
Eeony vai xR/ R U RSV N e 1 e od 7 G R ol o I 1]
ETR/ERS A0S .LOX Fl YWHAE R Kk BAEF &
AR USRI Ak 2 T | X AT RE R E AR
[ DU AR RE R BT Mo T AR RN, 546, 5
B AR AR RV DU A A R A iR A3 i 22
SRR unigenes WABASAFST | X eI X ] BE A 5 HoAE
PRI Fr AT 38 CInRIRZE) fAE KRR .

AL R IR 25 A R PO A5 A B 7 4
KB R et YRR R LGS RS S
AR AFAE 22 57, 22 57 %58 unigenes M RES 5T R &
B, w5 R 2 5 R L DnaK/Hsp70 (ACO |
FAD2 F1 PHS1/PAS2 )33k it 78 25 4 A [al I 1O 4 4
M A F 4 Bk ¥y 3, i ETR/ERS AOS , LOX Fil
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