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The transcriptome information analysis of differentially
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Abstract ; Halostachys caspica is an ideal mode of salt-tolerant plants. The differential expressed transcriptome of
Halostachys caspica under salt stress was analyzed in order to provide theories for its salt-resistance mechanism. The
transcriptome information of differentially expressed genes of Halostachys caspica under salt stress (600 mM NaCl)
was analyzed by bioinformatics methods. 7 metabolic pathways which had the largest number of unigenes and the
response to stimulus pathway were considered as the main research contents. The highest and the lowest unigenes
which had the significant difference in expression were presented. Compared with the related genes of all species on
Blastx of NCBI, the unigenes of 8 metabolic pathways were classified as the actively expressed genes. There are 23
groups of genes such as ERF, WRKY, MYB, bZIP, glucanase, 6-phosphogluconate dehydrogenase, aldehyde
dehydrogenase, citrate synthase, protein kinase and so on, which possibly have the important functions for salt
tolerance of Halostachys caspica.
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Notes: A B and C respectively represent biological process, cellular component and molecular function. The number of percentagefor each metabolic

pathway is shown.

2.3 SERNERPERRILFRNERE LR
XS 8 FACHHE B T A unigene #E1T Blastx
FEXTAIHIT , A 2830 IR AS 3] 23 21 22 5 6 1k 1% BR 11 3
RIZEHE , A04G L e b K- \WRKY %% 5% K \Myb #%
SR bZIP 5 K A R 6B R I A
DT M S | T 00 Sl | R A R £ U L B L
B (F2) , XELIEPRRREEh 258 TAH R 2
RN RN S 5 2 25, WA 3 4% unigene
( Unigene4581 _ He — TA | Unigene2119 _ He — TA yi|
(Unigene120068_Hc—TA ) ¥ J@ MYB %% 5% [ 125 8¢,
T HH Unigene120068_He—-TA X2 5 1 40 403
4y GEA 3 AR RS WRKY #5572l &

4 Z:ANJA] 1Y) unigene, 435124 Unigene45052_He —TA |
Unigene63539 _ He — TA | Unigene33561 _ He — TA |
Unigenel12063_Hc-TA, Hrphay 3 4 unigene Z257T7%
FACNER, UL EEHERY] BRI R 22
ERAEACER g 137 7 4518, 25 S A 2 18] AT REAH LK
Bk AHEAER], 40 ERF \WRKY MYB | ZIP %5 JS i 5t
PR Fxt R 5 AR R A 2 R a0 B RE Y
WM, LT A Bl SUBE AT IR & UG SR IR
i AR 2 SRR, FT S A D e 1 A%
SR ESE A AR DR . 3R 2 ThR 23 FhRE A 2R
M 7 A 5 A R, HE DN AT TP RETE SRR AT SR L
il o A AR AR



%24 B M, F A TERRERAAALRAGHRAELOH

93

€3 |3k Up-regulated
G [ 5235 Down-regulated
FEAETG M (catalytic activity)

%54 (binding)
2B %% (organelle) =
M3 (cell part)

2t (cell )

HlF 1Y (response to stimulus )
AR5 2 (metabolic process)
F

2 fifgad # (cellular process)

0 10 20 30 40 50

Unigene 5 im
Number of unigenes

B2 8FZKEEP LRAMTRAERRIZEER unigene H 2

Fig.2 Number of up-regulated and down-regulateddifferentially expressed unigenes in the 8 metabolic pathways

80 -

=)

Unigene (i
Number of unigenes

RIBEL

Expression multiple

3 8 EZRUNHEHERKIEREZ unigene K157
Fig.3 Distribution of differentially expressed unigenes in the 8 metabolic pathways
T A SR IBAEL, B LR R AR

Notes ; Negative value is down-regulated expression multiple and positive value is up-regulated expression mutiple.



94 £ #H £ & % 12 4
®1 SERBERPRAZEREZEZN LRAERMNTHER
Table 1 The highest differentially expressed genes in the 8 metabolic pathways
SRR AR REhE R BYI IR 1B FIGE EH MRUE KR e KA (bp)
B iE e 1|
PREDICTED ; aspartate aminotransferas
Unigenel25607_He-TA A cU: aspartale aminolransierase, g g1 op_68 750 XP_004245266.1 521
chloroplastic-like [ Solanum lycopersicum |
PREDICTED; aspartate aminotransferas
Unigenel25607_He-TA B cD: aspartale aminolransierase, g 51 op_68 750 XP_004245266.1 521
chloroplastic-like [ Solanum lycopersicum |
P 1 P .'d ac ati
Unigene33431_He-TA C amino acic permease, putative 8.84  2E-57 55% XP_002517413.1 523
[ Ricinus communis |
3~-hydroxyacyl-CoA dehydratas
Unigenel 15681_He—-TA D ycroxyacyl-Loa dehycratase 6.91  S5E-28 64%  BAN15749.1 343
[ Dianthus caryophyllus |
PREDICTED; probable serine/threonine-
Unigenel16859_Hc-TA D protein kinase drkB-like isoform 2 6.91 3E-59 78% XP_004293645.1 355
[ Fragaria vesca subsp. vesca ]
3-hydroxyacyl-CoA dehydratase
Unigenel 15681_He-TA E yeroxyacyl-LoA dehydratase 6.91  SE-28 64%  BAN15749.1 343
[ Dianthus caryophyllus |
PREDICTED ; probable serine/threonine
Unigenel16859_Hc-TA E -protein kinase drkB-like isoform 2 6.91 3E-59 78% XP_004293645.1 355
[ Fragaria vescasubsp. vesca |
lass 111 HD-Zi in HDZ32A
Unigenel19429_He—TA F cass ip protein HDZ3 8.57  4E-83 92%  ABG73256.1 384
[ Austrobaileya scandens |
Unigene26323_Hc-TA G transposase [ Amaranthus palmeri ] 7.49 TE-14  65% AGH20188.1 263
. putative protein phosphatase
Unigene88685_Hc—TA H 7.32 SE-31 70% NP_001077980.1 224
feene - 2C 26 [ Arabidopsis thaliana ] ; -
ERLESTe 20
hypothetical sin PRUPE
Unigene28877_He-TA A ypothetical protein PRUPE _ -8.38  4E-63 83%  EMJI5746.1 365
ppa001057mg [ Prunus persica |
NA pol se IV ial
Unigene68199_He—-TA B RNA polymerase 1V, partia -638  4E-29 90%  ACQ99757.1 186
[ Heliosperma tommasinii ]
Unigene54351_Hce-TA B predicted protein [ Populus trichocarpa ] -6.38 3E-27 94% XP_002297746.1 165
Unigene45052_Hce-TA B WRKY49 [ Glycine max ] -6.38 3E-25 98% ABS18445.1 154
Unigene25862_Hc-TA B predicted protein [ Populus trichocarpa ] -6.38 4E-32  83% XP_002308538.1 590
hypothetical protein PRUPE
Unigene1829_He-TA B ypomerieat protein - -6.38 2E-58 87%  EMJ27396.1 932
ppa016153mg [ Prunus persica ]
Unigenel19862_He-TA B unnamed protein product [ Vitis vinifera | -6.38 SE-60 83% CBI27880.3 390
hypothetical sin PRUPE
Unigene119194_He—TA B ypothetical protein PRUPE _ ~6.38  4E-28 86%  EMJ28723.1 381
ppa012064mg [ Prunus persica |
roxidas 12 prec :
Unigene61359_He—TA C peroxidase prxl2 precursor -7.18  2E-26 78%  AAF63024.1 175
[ Spinacia oleracea |
ytosolic fructose—1,6—bisph
Unigene61088_He—-TA D cytosolic fructosem 2, bb1sphos -7.96  2E-31 95%  AAA32915.1 175
-phatase [ Beta vulgaris |
ytosolic fructose—1,6—bisphos-
Unigene61088_He—-TA E eylosolie fructosem 2, bhIsphos -7.96 1E-31 95%  AAA32915.1 175
phatase [ Beta vulgaris |
PREDICTED: threonine-tRNA
Unigenel16246_Hce-TA F ligase , mitochondrial -7.84 TE-63 84% XP_004296467.1 348
-like[ Fragaria vesca subsp. vesca ]
. hypothetical protein VITISV
Unigene2373_Hc—TA G -8.08 1E-22  62% CAN78224.1 338
fgenessfo_te 006255 [ Vitis vinifera] ¢
Py > dehydrogenase kinase
Unigenel19818_He—TA H yruvate dehydrogenase kinase -7.96 3E-49 87%  EOY06908.1 390

isoform 2 [ Theobroma cacao ]

¥:A B.C.D.E.F.G Hsr5ICE A 2 AW m R 00 200055 A A5G AL TETE 8 S ARiE i
Notes: A, B, C, D, E, F, G and H respectively represent cellular process, metabolic process, response to stimulus, cell, cell part, organelle, binding

and catalytic activity among 8 metabolic pathways.
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Table 2 The 23 groups of actively differentially expressed genes in 8 metabolic pathways

FEH A fRBHE S Rk EE ARRUE i35 R/ (bp) Uinetiig
gy R
. Ethylene response factor ERF4
Unigene88662_Hc-TA B.F -5.95 6E-23 88% AEM63545.1 224 )
[ Solanum tuberosum |
WRKY #5%HF
Unigene45052_He-TA B.F -6.38 3E-25 98% ABS18445.1 154 WRKY49 [ Glycine max ]
Unigene63539_He-TA ADEG 210 4E-31 95% ABS18445.1 178 WRKY49 [ Glycine max |
PREDICTED . bable WRKY transcripti
Unigene12063_Hc—-TA G -539 6E-53 66% XP_002279385.1 632 ¢ probae TAS T Hansenphion
factor 48 [ Vitis vinifera
PREDICTED; WRKY transcripti
Unigene33561_He—TA AE.C 532 S5E-62 76% XP_002276925.1 448 s WAL transcription
factor 22 [ Vitis vinifera ]
Myb T 1
. . Transcription factor Mybl
Unigene4581_Hc—TA G 6.64 4E-49 85% ABI84253.1 419 .
[ Arachis hypogaea |
Unigene2119_Hc-TA E =595 8E-85 94% XP_002532327.1 399 Myb3r3, putative [ Ricinus communis |
Putative R2R3-Myb transcripti
Unigene120068_Hc-TA D.E.G 591 2E-72 92% ABQ10816.1 393 utative ' y ' Yan%'(’np ion
factor [ Citrus sinensis |
bZIP % R 1
Basic leucine zi otel
Unigene22742_He-TA AF 532 2E-41 77%  CAAL1499.1 346 asio feneine zpper protein
[ Spinacia oleracea |
bZIP family transcription fac
Unigene35126_Hc—TA AE =539 9E-41 81%  AATO8717.1 577 P41 tamily transcription factor
[ Hyacinthus orientalis ]
TR
. Endo—1,4~-beta—glucanase
Unigenel19165_Hc-TA B.F -5.39 2E-64 80% AE097197.1 381 .
[ Populus trichocarpa ]
MM TR -1,6 - —BEIRNE
Cytosolicfructose—1,6=bisphosphatase
Unigene61088_Hc—-TA E.G  -7.96 1E-31 95%  AAA32915.1 175 yiosouetueiosem 2, b hisphosphatase
[ Beta vulgaris |
DNA F8 519 RNA R4 H 11 17
DNA-directed RNA polymerase Il subunit
Unigene57651_He-TA AD.E.G -539 7E-26 84% XP_002518700.1 170 trecied AL pofymerase 1 Subtiit,
putative [ Ricinus communis |
DNA %5 1
DNA pol ase | ati
Unigenel27481_Ho-TA A -539 1E-91 75% XP_002522980.1 618 polymerase 1, putative
[ Ricinus communis |
. 3 PREDICTED : DNA polymerase theta-like
Unigenel13614_Hc-TA G -6.38 6E-99 73% XP_004292864.1 1013 .
[ Fragaria vesca subsp. vesca ]
PREDICTED: DNA pol
Unigene4492_He-TA B -539 7TE-64 70% XP_002263595.1 884 s DA polymerase
V-like [ Vitis vinifera ]
6~ BB AL
6-phosphogluconate dehyd as
Unigenel13948_He-TA A B.C.D.E -5.39 2E-69 94% XP_002509902.1 329 phosphogluconate dehycrogenase,
putative [ Ricinus communis
SR ER M AR A
. Malate dehydrogenase precursor
Unigene47066_Hce-TA A.B -5.95 1E-22 87% AAB99755.1 156 . .
[ Medicago sativa ]
SR BRI S
. Cytosolic malate dehydrogenase
Unigene83267_Hce-TA D.E -6.38 1E-35 94% ABB36659.1 212 .
[ Malusx domestica ]
EE 0 St
Aldehyde dehydrogenas tati
Unigene63148_He-TA AB  -539 8E-30 88% XP_002536473.1 178 chyde defiydlogenase, puiative
[ Ricinus communis |
LRALIR ATP A1
ATP thase alpha subunit mitochondrial
Unigene2501_He~-TA B.E  -539 3E-68 89% XP_002519372.1 593 symase alp i SUbLL miochondiial,
putative [ Ricinus communis |
LRLAFTAGEIR G G
Mitochondrial citrate synthas
Unigene68174_Hc-TA AB 532 2E-35 95%  ABBS36IL1 186 Hochondrial citrate synfhase

[ Brassica oleracea |
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g(*x2)
HE PR fRsHE R R EE ARUE S M (bp) ThREfiik
il A T
3-hydroxyacyl-CoA dehydratase
Unigenel15681_Hc—-TA C.D.EH 691 5E-28 64% BAN15749.1 343
[ Dianthus caryophyllus |
HH
Protein kinase MK6
Unigenel19978_Hce-TA D.E -6.38 1E-83 95% CAB82852.1 392
[ Mesembryanthemum crystallinum |
PREDICTED: probable LRR receptor-like
Unigene30683_Hc—TA F -5.39 1E-81 65% XP_002267672.2 853 serine/threonine-protein kinase
At1g56130-like [ Vitis vinifera ]
PREDICTED; probable serine/threonine
Unigenel16859_Hc-TA E 6.91 3E-59 78% XP_004293645.1 355 -protein kinase drkB-like isoform 2
[ Fragaria vesca subsp. vesca ]
PUEER A7)
Peroxidase prx12 precursor
Unigene61359_Hc-TA C -7.18 2E-26 8% AAF63024.1 175
[ Spinacia oleracea |
Secretory peroxidase
Unigene94868_Hc—TA C -5.39 3E-42 87% AAY26520.1 241
[ Catharanthus roseus |
Unigene35271_Hc-TA C -2.38 1E-32 76% XP_003602463.1 405 Peroxidase [ Medicago truncatula ]
Unigenel16346_Hce-TA C -2.05 1E-32 76% XP_003602463.1 349 Peroxidase [ Medicago truncatula |
ViR HE A
Disease resistance protein
Unigene26407_Hce—-TA B.F 532 2E-55 84% ACP30609.1 435
[ Brassica rapa subsp. pekinensis ]
POL-ZREM
Putative gag-pol polyprotein,
Unigene23865_Hc-TA G -5.39 8E-132 70% AAT38758.1 821
identical [ Solanum demissum )
Unigene27241_Hc-TA A 532 1E-37 64% AAY99339.1 413 Pol-polyprotein [ Silene latifolia ]
Unigenel10326_Hc—TA A -5.95 0.00002 53% AAR13317.1 248 Gag-pol polyprotein [ Phaseolus vulgaris |
DNA 4558 H
DNA binding protein, putative
Unigene80980_Hc—-TA AG 6.64 2E-17 63% XP_002514309.1 208
[ Ricinus communis |
DNA binding protein, putative
Unigene22461_Hc-TA E -5.95 5E-14 52% XP_002515900.1 388
[ Ricinus communis |
AERERE H H i AP3
Flower buds specific protein
Unigene49458_Hce-TA B -5.39 6E-18 72% ADM33820.1 159
AP3 [ Silene vulgaris]
Flower buds specific protein
Unigene88451_Hc-TA D.E 6.32 3E-27 70% ADM33820.1 223
AP3 [ Silene vulgaris ]
e EER A
Unigenel13042_Hc—-TA B 591 2E-35 92% ACY01932.1 217 Phytochrome A [ Beta vulgaris |
Unigenel21837_Hc—TA ABC 2.05 1E-79 87% ACY01932.1 422 Phytochrome A [ Beta vulgaris ]
e R A G
0.000 Farnesyl diphosphate synthase
Unigenel19501_He-TA D.E -7.70 71% AFW98438.1 385
000 01 [ Taraxacum mongolicum |

TE:A B.C.D.E.F.G H MU A A AU RIS i 00 AR o A s (2 a AT P 8 A Uiim i

Notes: A, B, C, D, E, F, G and H respectively represent cellular process, metabolic process, response to stimulus, cell, cell part, organelle, binding

and catalytic activity among 8 metabolic pathways.
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FE A5 P TR S PR 9 2508 2 B3 32 B SRk OT- 1
PR, R S AR R A B R A A S R
TSI 2 S T 4 SN SR 0 20 v R
KlF \WRKY %% 5% K+ MYB %% 5 K | bZIP #% 5%
R 7EER B a T YA e 1, b Z e 1 R 5
R IR TS A, 5 AP2 £54 % AP2/ERF



%2 #

B O, E EMEATERRKERARLRGEZAGEL># 97

GEREL, R E R, RGPS
ZAEY e R L RE T R TR B s T
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