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2 PR 22 & (Calanthe R. Br.) fiHipg
FHIEHE RGBT

PRASHE R RO R K REF L RER L, R Y R AR
(IR E R PR 5 2R 2 e/ > BRI AR5 701 ) Zpoll R e SR o sk 2362, AR 3500025 2 -V AS 8 KA BETT# B
i 2002405 3 E IR AR AR 2R B AR G VR IR L, BV 2016025 448 EEASHEAOL R AT BRA L AR 350012)

E : S 4 2 /% (Calanthe R. Br) A 5 HHFE A £ LR BRI P oA T MR8 SRR ARE LI, BT A
Wy Wit Stz B A A ARG B E . AR VA ZHH(Orchidaceae Juss.) 6 #3F 4 £ B M VE AP 3T % il GiR ¥ H et
P W An ¥ A TR B ST A 2% AL 04 W Ao | S Btk A 4R AR ST A 2 (Calanthe argenteostriata C. Z. Tang & S. J. Cheng ) #=
PRI Z M A 2 (Ctricarinata Lindl. ) 3E4T 4 200 5, VA i5 i 8 AR 2 R B, F oL Rk 255 B sh 4k, B AR A 5
AR5 R E F PCREAMSM A AR ERRBE THEAEX, o AXAR A X L, EREW . (D6HTAZEHY
B m AP 33 EARHE S SR 2 < IS < AN A Z <0 BT A 2 <P AL ST A <SR IE A 2 (2) fE A R AR BT A
2 Ao AR Z BT A 2 b S B vf o A8 69 IR ) R % .46 HSP \HSF \LEA XTH.TIL. (3) Z Ak SF A £ At Al K K B f ik
89 L FRIEJE A 30 °C, AL IR JE M x; Z A I A 2 ik Al F AR ST A Z 9N R X 09 2 F R R R 40 CTIRARBRFEZ R
RE, TR ELIEAF T AR R G, KBRS T KT LR IFA 28 Lt Z iR e e 5, A I b A A KA
AR B3R A AR 0 B ML R E R Rk TR B AR E A B E 20 48 & U R AL

KR A 2B A Aokt Bohia AR X AR AR G

The Analysis of Expression Patterns of Heat Stress-related
Genes in Two Species of Calanthe R. Br.
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Abstract: The species diversity of Calanthe R. Br. is rich. However, under the influence of global
warming, extreme high temperature weather frequently occurs, which exacerbates the harm of abiotic stress on
the survival and reproduction of Calanthe. In this study, six species of Calanthe were analyzed for heat tolerance
via applying means of high-temperature semi-lethal physiological experiments. Calanthe argenteostriata C. Z.
Tang & S. J. Cheng and C. tricarinata Lindl., which were identified to be heat tolerant or sensitive, respectively,
were used for transcriptome sequencing and identification of differentially-expressed genes (DEGs) under heat
stress treatment conditions. In addition, their transcriptional profiles at different temperatures were detected by
real-time fluorescent quantitative PCR technology. The research results were included: (1) The heat tolerance of

six species of Calanthe is ranked from weak to strong: C. tricarinata Lindl., C. graciliflora Hayata, C. triplicata
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(Willem.) Ames, C. herbacea Lindl., C. sinica Z. H. Tsi, C. argenteostriata C. Z. Tang & S. J. Cheng. (2) Gene
families responsible to heat stress were identified , including HSP, HSF, LEA, XTH, TIL. (3) In
C. tricarinata Lindl., the up-regulated expression threshold of DEGs was 30 °C, and the temperature over 30C

might cause heat damage. In C. argenteostriata C. Z. Tang & S. J. Cheng, nine DEGs were highly expressed at

40 °C , possibly resulting in an improvement of tolerance to heat stress. This study explored the response of

Calanthe to heat stress at the molecular level, provided important clues for identifying key genes of heat

tolerance and cultivating garden heat tolerant plants, which might provide reference in modern garden breeding.

Key words: species of Calanthe R. Br. ; heat stress ; heat stress-related genes;heat shock protein

B (HS, heat stress ) LAAN 7] 77 2CR2 M 41 A A
A B 15T £ M S R 4 235 ) 1) e 1 5, DT X
AR AR A e IR ) A8 T LA LA A 2
N B PIA s AT . HSAR KRR b 52 A
YAy k" R IEC T HAMEED R RY
sV AR S KB R . ZRHEY T
FEE T A8 AH DG A D, W e B A e U
AL IS ) R AE % (Cymbidium hybridum spp.) 8 4~
an PR R AR A IO L 2 B S EE R T 30°C A, 4
ORI B S BRSO B AR ROK A AE
R 5 24 3 R I 26°C , = U I AR 22 Ak
Odontioda 7E 6 J&| WAL Y M - BLERAES . S 9 1)
i e S A AR A 2% (C otriplicata (Willem.)
Ames) JRZLE A 22 (C. rubens Ridl.) F TEHFE 22
(C. sylvatica (Thou.) Lindl.) /¥ 55 Y& % F 6& 71 B 2
REAE' . AR SR AE 7.5~12 C Y i Lt X 5|
P =R ER A 22T 25~30°C IR = AR O] DUIE &
A B AT RE B TR R I S N BEEE TR 2R A0k,
HORAEATHAET . BT = FHEY R SNTIE A Ot
GAE I FIAEZE AL A R 52 B OC T 22 BHE
R FRAH I R A R b
) FEAS g 3 A0 8 Bk R0 Ui, H T a5 A
A )37 5 R %) 3k DAl /D A5 44 8 1 i R B 1 5
VIHESRE B B IE 5 00 A 3RS sh A0 g A ke vz . B
HIA K B IR I A2 i 55, WG & B 5
& 25 1 (LEA, late embryogenesis abundant) , #4i#
5 1 (HSP, heat stress protein) . A< %] 2 bl P4 % 4 b
JET/ 7K fi# 1 (XTH , xyloglucan endotransglucosylase/
hydrolase) . it & 175 5 # Ig & 11 (TIL, temperature
induced lipocalins ) %5 , 24 i $4 F1 H LR AU A ) 57
S Jpip 30 B ok L DR 22 R AR A, Hi
LEA FITHSP J&iihif 755 (K 73 Fk s B2 56 ) 11
2AFEE N, BA R A ng . Rk
PRI AT A S i 5 i 645 AN T B0 DR AR B A e i, 2
B i HRR el AR A ) %) B BRI IR R 42

R 22 SR AR T iR I 5 D ek e s
Vo ST ) R T A DXy I (A5 32 R T A 10X
T AR AR IS 77 A TR S I, DRI 5 T i 52
PEA G — 8 1Y ORI, S M9 3 I M A AR A1
H R DG T WF A5 22 J A 4 ik PAGAH 2 5 DR A 9 . 5
Do ABIFGE P IBOAS [ R 33 W 19 R 22 R A )
VERIWFFERT G, DA 7 2 Ktk PR i e PRI 38 52 7 1
225 B, SO ) = IR KT R 22 R A
XPRIFFEIZ 8 1Y R 585 I AL R 1) B AR —
MZSZ Ml
1 MRI57AZE
1.1 6FhiNE = EEYF MR A

ABIFELL 6 PR 22 SR AEY) SRR > ( Calanthe
graciliflora Hayata) . — & ¥} 2% (C. tricarinata
Lindl.) . VARG UFA % (C. herbacea Lindl.) . — 4 HF 4
2 HRARERA 22 (C. sinica Z. H. Tsi) FIER AT IFA 24
(C. argenteostriata C. Z. Tang & S. J. Cheng) M5
XA B N T B |, IR AY AR A b 23 531
AR A HR M T 22 X LS (RFK 295 m) (BEPE
DU (IR 1800 m) \ =R AR AL 11159 m) =/
o (K 2377 m) .= SCLL K 1278 m) FlR
BRI T2 X (4K 560 m) .

T 2020 42 10 A 7EAR @R 2 BHE Y AP
55 I MO 0 e i ) R S I R A IORE
TE A AR D B A — S At Bl HL G U A RE AR
B P O3 bR T . FUACD IR U PR ES — it
AL BT AR, LL0.5 em % 0.5 cm K/NE AT EUH
WERFR R 0.2 g, A 75 20 mL 2% & F K 1 B0 H
296120 min. RF B E TR B INE, IR
SR E A 35 °C .40 °C .45 °C .50 °C.55 C .60 C..
65 °C..70 °C, & 7K 20 min, B E T 25 CE T
FARVR N, M HL 3 38(C) . R A 0 S T
100 °C il &6 15 min, HA FR(C,) . IER
TR (Co)VERXT IR BN A H E AT
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3, A EHR=(C~C o)/ (C,=Cre) 1x100% 1,

H) FH Logistic [81J9 7 FE y=k/( 1+ae™) 814, Hip
y ARG R ¢ RS [ R A BRI & R A
R . R A B 5 2R B4k [al
PRI TS a b, RA AKX RN IML D) A T=
Ina/b, TRIEEICUR L (LT,)

1.2 BERABENFE

Tk AT B TR A = N AR R = AR R 22 1Y
PR Sy AR A S BT AR B AT R AT 22 0
PRI = b A 22 B IR E N 25 °C/20 °C 6
W1 12 h G RR/12 h RIS A O BEBS FR A0 P R B R R
7 d, BEASPIFIE3 A P 2E E AR X R R A
W) o AE RIS AL, S g A B bR s
FE, S M SO 2k wdk 3 3, T BRI, FERCA
37 C T G2 h, TN PIFIER ANV 2E B A
TR IR A . 4 50 B BN A 2H A v R a4 i
A AR A TR, B T80 CHE IR K
FANARAE , T THEBCRNA, J5 7E Hlumina I 5 4 1
TP s 3 Al IGE R R S 1
2T — R0 . AR AR L X B AL A R
CARG25 =i 4l i FP oy CARG37, K A AR f8 M

T2 X AR URE 22X B4 W FlA CTRIZS L i
ZH ARk CTRIZT, Sk H BRI
1.3 HRAXERE. NF . BERST

Bt SR LH I ST PEA A 5 DN T < 3% 4 AR iR
TN I R4 BRA R 58 e RGBT

(1) 4 Oligo (dT ) Ay i TR X 7 R A 24 1
SRERE 24 1) mRNA #1754, F DNA #84H 425¢
tRNA, RNaseH i £ 7/ ft. DNA/RNA 2% 52 £ , 5
FH DNasel 71 fk #5 DNA #4455, 4l fb 5 BRI 15 2] fr 75
RNA. ZJ5 /il A buffer # mRNA T W, #8154 T
mRNA % A B,

(2) LIS 2055 7 B, A 7S Bl L BE AL
5149 (random hexamers ) #1752 5% 5%, -6 A6 — 2%
cDNA 55, fil AZZ i . ANTPs #ll DNA B4 1A
AR 25 cDNA i, 3R15 XU cDNA .

(3)1di ] AMPure XP beads Zfifk X% cDNA Ji i
iR B , il poly (A) I+ ¥+ , F AMPure
XP beads B/, i fq 47 PCRY

(4) B IF1Y cDNA SCJ% FH Agilent 2100 % 32 4
AR Bt A7 ik , 5T Sequencing By Synthesis £
AAd FH Ilumina HiSeqTM2000 34T cDNA SCEENF

PR AEIE AT 200, BB Ak
i) Reads (B2 k1594 ) , KFRARAHIEN & 1K F 5%

1) Reads FMI% JiT £ Reads (JiT f (ELAIR T 15 A 8803
1% Reads EAIRELE 1Y H AR T 20% 1) Reads S {15t
1= [ Reads) , $75 & i &8 F B (Clean reads) , & F
Trinity Xf Clean reads ( 2<% PCR 5 & DL 5 41 25 534
R)HAT de novo 41255 , SR 5 1 FH Taicl b2 2% i s 3%
AP TR ETOA SR HIER (Unigene) o 3RISFA
AR FNIIE K B B A R 41245 21 %) Unigene, 22
BRIUAX Unigene, #E1 7 9F 42 , i — D15 81 = G 22
FELAHT IR 22 9 All-Unigene.
1.4 FHRABIRINEETRE

F| F Blastn 4 = B 5 FF 22 FR 47 1R 22 19
Unigene J7 51 76 2 S K0 ZE EA T AR DL He A i &R B
XF o FEAITHTEAR TR A B (NR  non-redundant
protein sequence database) | 25 TUAR MY 8 3 51 54
J%£ (Swiss-Prot, swiss-prot protein sequence database) |
FE R DIRE 2B % (GO, gene ontology)  ELAZAE )
M AR 28 1y O B HE T (KOG, clusters of
orthologous groups for eukaryotic complete genomes)
YRR RS WEFE K EGG kyotoencyclopediaof
genes and genomes) Fl Pfam {4 % (Protein family)
R T I RETERE , 3745 Unigene W DIRETE G B o
1.5 HREARNA-seq ERRIEEFESH

R T VAL =R R 2 RN A R S R R A 3
H J& 1 & 4> Unigene 19 3% ik 7K F , 2R F] FPKM
(Fragments Per Kilobase of transcript per Million
fragments mapped) J ¥ %J Unigene 3% i5 47 )0 —
Ak, 1 BR A [F] Unigene K & 5 0 7 1 22 5 018038
T A2, AT VR A s W3 PR ik /KK o 11
153 A L PR R 3K T B4 T LU TR b [ 1)
FERI IR 22 5, SR 22 v] LU o DR R i 45 SRk
G MR He 2 S RIR N R IA RIS 3MEDY)
FEE P R E RS I EE 4, (1] TBRTOOL
BRI BE R e ik i RASHAE S, I edgeR
1722 5 B 3 V3 Fr , F% FDR<0.05, [log2FC|>1 I
N 25 S AR BEIA 0 2 S LR R A T e AR AT AR
A 2 TR A WA 22 W AL BRI S 9 25 S A
1.6 SEREEEPCR

FE25 C (X HRZL) .30 °C .35 ‘CHI40 CF b T
2 h, BRI 22 FARAT IR 22 B, IS 66 ]
RNAprep Pure Z Hl 2 19 A1 9 & RNA 42 B0 &
(RAABHEL (L) B BR AR, i E ) #4715
RNA By #2£ 1L, Ff A PrimerScript RT reagent Kit with
gDNA Eraser (2 & A= W RHE () B A FRA ],
[ ) R4 7 KU 5, e >R 2 TB GreenPremix
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Ex Taq TG (CELE AR () B fn A PR ]
i) (R AT S S E i PCR IR IE, S0 A2 3R
AT AR R U P A T A

2 ZERE5HH

= imAE T 6 FilE = BAEY +BUL SiRHIHE
W 1R AEA R S RAL BT, 6 R 22 &
R 52 20 A 475 3 R R S SR g ST T i £, B

300 -

2.1

250+

(%)

%
Cell injury rates

iR

N -Pg IR B . 7E 40~50 CZ[A], A
FOR M AR R RE s IR E T 2 50 CHE, 6 FP Y
(A 240 B3 36 2R b T X3 60 CET 2 A4 5 %
BB H BT, 26K VEESIRE NI
AL IR 22 AN R AR ) B e TR O T R Y
T 52~56 C2Z[0), H Bk B i 55 Ry . =%
IR 24 < HE IR 22 < =R ITH 2 <PU pg IR 22 <
HRITRAF 2 <P A 2%
—o— PIRIRE 2 C sinica
o WWEIHME 2 C herbacea

HAFEFE 22 C argenteosiriata

—8— —HEIFYF 22 C argenteostriata

—8— AR Cotriplicata
—o— WIS 2 C graciliflora

iMEE(C)
Temperature

60 65 70

E1 eMiTE=EEYNARGEESAEEEEANXER

Fig. 1 Relationships between cell injured rates and treatment temperatures in six species of Calanthe

x1 oMIME=BENHFNEEXLBILBE
Table 1 LT,,in leaf of six species of Calanthe

PRI AR Yrkh WE I WENE  FBFEEC)
The ranking of L7 50 Species Logistic regression equation R? LT,
6 CRRARE 1/(1+141000.3696565343 x 0.7980207651328805) 0.966 52.55
5 AT N e 1/ (1+43405204.75575818 x 0.7187973424541392) 0.975 53.26
4 —AYURE 22 1/ (1+62446.29407705086 x 0.8159509727357598) 0.966 54.29
3 PR HRA 2 1/(1+1265806.297312976 x 0.7739439690629499) 0.978 54.83
2 ERRIEI 6 1/(1+5783869.219598142 x 0.7539797508609049 ) 0.967 55.14
1 RIS 22 1/(1+552163.749038476 x 0.7882123099069534) 0.969 55.56

22 HEMET2HNEZEEYMERANEN
BERARER
M2 F A IR 22 %) B4 (CARG25) 1Y
W43 3 72 A2 T 6.41%107,6.41x107 Fl 6.39x107 />
Reads, = i 41 (CARG37) 43 3l 7= 4 6.39x107, 6.39x
107 F1 6.41x107 4~ Reads; — #& HF & > Xf B 44
(CTRI25) B 7 4390 7 A2 T 6.40%107,6.38x107 il
6.40x10" 1~ Reads, = 41 (CTRI37) 43 1] 7= A 6.35x%
107.6.40x10"F16.39x107/ Reads .,
2.3 2FINE ZEEYME RABERINEEFREM
LT IR 24 00 7 45 21 A9 B L R (Unigene) He
XT3 GO £ dis 1% (] 2) , 3576 153,404 4~ Unigene

R GO TR 2 o AR W) id #E (Biological
process ) B R T BE 2 1) Unigene B¢ 22 , HH 41 fifg
AR (Cellular process) i 5 (13.62%) 5 53+
it (Molecular function) 1t #1455 41 52 (Binding)
i H R i (16.02% ) 5 41 i 41 43 (Cellular component)
5B 20 it £ 5 B2 4K (Cellular anatomical entity) /5
et (17.21%)

W =B AR 220 745 31 ) Unigene X 3] GO
Bods b (FE 3) , 345 179, 527 4~ Unigene #f 73 BE 2|
GO Mg sr2Erh o AW B P rp g 1 B 3 1Y
Unigene fix 2 , H:AP 2o A= #R AR 5 e desn (13.7%) 5
I3 FIRER H 455 40E o et (15.3%) 5 41 i
2 43RS o 2N R AR ) SR o LR (17.22%)
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Table 2 Quality sequencing assessment statistics of the C. argenteostriata and C. tricarinata
EETE RS B S FPA S (bp) SR (bp) SFEIICE (bp) NSO
Samples ID Clean reads Total number Total length Mean length
CARG25-01 6.41x107 38,941 38,952,215 1,000 1,546
CARG25-02 6.41x107 37,885 38,802,465 1,024 1,570
CARG25-03 6.39%107 39,435 40,083,628 1,016 1,574
CARG37-01 6.39x107 34,925 33,151,051 949 1,440
CARG37-02 6.39x107 35,847 35,123,325 979 1,498
CARG37-03 6.41x107 34,783 34,687,345 997 1,522
PABLIR AL All-Unigene / 63,736 71,658,251 1,124 1,753
CTRI25-01 6.40x107 37,409 37,361,153 998 1,548
CTRI25-02 6.38%107 41,482 35,790,967 862 1,328
CTRI25-03 6.40%107 36,604 37,312,025 1,019 1,561
CTRI37-01 6.35%107 35,977 36,396,237 1,011 1,538
CTRI37-02 6.40%107 35,650 36,646,585 1,027 1,570
CTRI37-03 6.39x107 33,872 33,109,270 977 1,456
PABLIR AL All-Unigene / 76,176 77,818,498 1,021 1,637

o it 5 iy 4 LI R T4 ¥ P R R R AL B B+ A 2 T

The sample number consists of Latin initials of species, processing temperature, and biological repeat number
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Fig. 2 The category result of GO annotation of C. argenteostriata
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Fig. 3 The category result of GO annotation of C. tricarinata

£ KEGG #¥s e b, B IR F 242 19 19, 1354 PN 5 ) H B 1N T (Protein processing in endoplasmic
Unigene F1 = & HFE % 14 40, 807 4~ Unigene 737 #%  reticulum) | BY 524K (Spliceosome ) | #8 # - i 44 5.
TR 135 g, B A 2 WHT 5 S5 %500 1F(Plant-pathogen interaction ) i&1% (23 ) .
5 RNA %% iz (RNA transport) . /% B {4 (Ribosome ) .

£3 RHEEZFN =12 E = Unigene 1 KEGG T 5%
Table 3 KEGG annotation of Unigene in C. argenteostriata and C. tricarinata

Sl PR AR BRI == P H SRIRE =T EH

Pathway ID Pathway name Count in C. argenteostriata Count in C. tricarinata

k003013 RNA #%iz 1,534 1,593

k003010 LN 1,135 1,562

ko04141 AT I 2 T 1,125 1,434

k003040 BB A 1,098 1,392

k004626 TR A T A 1,066 1,137

24 2FIMEZEEMEBGEERFERRIEE  NAC . WRKY PR G2 2N F—¥F . nE
R 4 It T PR ER A R 22 9 Bt DR 5 Ll B ke

P L 5K 7 (HSF, heat stress factor) | i 7K [/ R =R A 22 R A s A0 N, HOHSF 7E 2 4>
G 4 45 4 # 11 (DREB, dehydration-responsive ¥ i BCE Y I B 25 5+
element-binding protein) & it 4 e B 5% 45 2 (1) 5 A WK 5 i sy Rl 114) 22 S R AL A 7 2 1 I 4%
Y IR A B S A SRR Rl — 28 VRS (B15) BTSSR Rl SR 22 1 2 #l
KEEEFH 50 (WRKY MYB .NACH) Z 58 ARSI =R AR F 225 2% TR 22
Wm0 WAL P A ZE SRR LN S E FHSF. HSF(Unigene9645_All, 744 4 CARGHSF-1) 5 At
AP2-EREBP (—ZE /KN & uF45 58 M) MYB, 4 i Si TR - A7 AE 28 AR IR 4%, — R IR 22
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HSF (CL8463.Contig8_All, fiv4% }y CTRIHSF-1){1 55
AP2-EREBP fE1E M 4555 6 & o
AR AR 25 R R A7 B TR A

2SN KEGG B E45 R —8 B R, WM
SN 38 B2 ) 5K, HLSE 0 BN Fh o R A
HMEANESEREETZ @RS, WE 6w,

WRKY
NAC

Ij&!l“’#“‘ ’ SR C.tricarinata IR 22
Ctricarinata C.targentrostriata C.argenteostriata
E4 FERTSHERATFEFERSIT Bs5 #EEFEAMSEE

Fig. 4 Statistics of DEGs of 5 transcription factors under

high temperature
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Fig. 5 Analysis of protein interactions of

transcription factors
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