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Abstract: Under 4 °C and -30 “C low temperature conditions, digital gene expression profile of total
RNA from apical buds of one individual of Liriodendron chinense ( Hemsl.) Sarg. introduced from
Dabieshan of Anhui was constructed and differential expression genes were selected, and cold resistance
related genes selected were analyzed by real-time fluorescence quantitative PCR. The results show that
qualities of total RNA samples obtained meet the experimental requirements. Analysis results of digital
gene expression profile show that total length of reads after quality control of each sample is above 0.5
Gbp, error rate of base is 0.01% , Q20 value is more than 99% , Q30 value is 96.99% -97.23% , GC
content is 44.97% —47.06% , and percentage of successfully mapped read number to total read number
after quality control of each sample is above 90% . Selection result of differential expression genes shows
that nine differential expression genes related to cold resistance of L. chinense are founded totally, they
are HSP, MYB, NAC, AP2, Zinc finger, WRKY, FAD, Phospholipase and B-amylase genes,
respectively. Real-time fluorescence quantitative PCR analysis result shows that these nine genes have
three expression modes, in which, relative expressions of HSP and FAD genes both decrease with
decreasing of temperature, appearing gene down-regulated expression; those of AP2, NAC and Zinc
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Jfinger genes increase with decreasing of temperature, appearing gene up-regulated expression; while those
of B-amylase, WRKY , Phospholipase and MYB genes appear increasing at 4 °C and decreasing at =30 °C.
On the view of gene relative expression, genes with maximum relative expression over 5 are NAC and
WRKY, genes with that between 2-5 are AP2, Zinc finger, B-amylase and MYB, and genes with that
under 2 are Phospholipase, HSP and FAD. 1t is suggested that NAC and WRKY genes may play a major

role in the process of cold resistance of L. chinense.

Key words: Liriodendron chinense (Hemsl.) Sarg.; low temperature stress; cold resistance related gene;
digital gene expression profile; differential expression gene; relative expression
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Y, b E R 8 T B IR R JF A
FE SRR RSSO R AT, B — 2 2 AN
{8, 950 b F B Wi fa AR A i ) A 8k oA 1o
FEIR VLS 5t AR it 751 AR B
RE AR PUTEE 2 A B A RE  Ak re AL J HES AARLRY 32
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LA TH R G0 3 B K D) B, 25 IR e e R st A%
AL AR U AR S50 A g T R LA 2 S
PP AR RS2 3 R RS S A 1) PR3t 48 5 R ) B 43
Bt o BRI, 5 S I R © 1R 9 53 AR 4 Bk AT )
REAY B T-B , 9 T2 o TR A0 1) 2 338 7 TR 1k i)
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NanoDrop 2000 # % & 43 Ot Ot £ 3 ( 3¢ [H Thermo
Fisher Scientific 23 7] ) I %E AR5 .5 RNA FEh W11
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PCR 7347,

1.2.2 #HFAREABGME BFENRIIEY
A AR A R BORAE YR BB IR A R SE A,
K H RNA Library Prep Kit for Hlumina 57 & ( 32 [H
NEBNext® Ultra™ /A A ) 44 BB H5AE 8 7 A8 2k 150
J¥ 30 . A Oligo(dT) I/INEEER 43 B 44k 1 A
RNA #£ 5 1 () mRNA; B 5 A Fragmentation buffer
1 mRNA ST L B, I8 R BE DL | 908 7 0 1
mRNA 3455 5 & B BE cDNA 5 JITA 28 1V dNTPs |
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Agencourt AMPure XP #2410 ft 7% & (3 E Backman
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T polyA Ji& EEL AN 42 Sk 45 T AR, X 3R AT 7= )
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A]) IR M Q-PCR J7 B W ARF I e S AT ot 2 4G 0
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1.2.3  Z2FRZAAGHE W ERIWF RS F
%1 5 Nr Nt SwissProt .GO . KOG Fl KEGG %4¥ I 47
Foxd, B A5 BRI 8 iR B 0 3 ARk T
B AT G, HUBCRR IR 1Y 22 5 R bk, 3k
3 AL A, Al CK vs. T1.CK vs. T2 FITI vs.
T2, ARWFFE 0 22 5 N0 BE 25 40 g-value <0. 005
I H.11og2 (foldchange ) | >1, Xf 22 K5 4 p (4T
2o H AR VRS S R TE, I 38 ) 5 A 1R K R (false
discovery rate, FDR) JRHRAE p (H, MR 7 A1)
SRELR B AN IR IN 8, 42 5 R T R X A s 2 4
P i) KEGG R 3 6 1 2 & 52 1 )7 9 i 47 43 2
X 158 36 R 51 7 GenBank H 8 B /£ 47 BLASTx [H]
PV X | DIARIBORE PR R HERA 15 2.

1.2.4 SAFRHEZE PCR 547 M-80 CHEfKIRVK
FETPIBCH S RNA #2500 N R 5 0 1 00 2 o
MAAZ 2355 RNA 0.5 pg .50 pmol « L™ Oligo(dT)

0.5 wL.100 pmol - L™
PrimeScript buffer 2. 0 wL F1 PrimeScript RT Enzyme
Mix T 0.5 ML,#JEH Nuclease—free H,0 P AR & 5
PRBANE 2 10 pL, K bR RORL IR & 8T 9700 1Y
PCR X (3£ E ABI 24 H]) HF 37 CARYE 15 min 58 AL
WSROV, T 85 CARIR 5 s 28 ka0 i 5% S5 i
A 90 pL Nuclease—free H,0, & T =20 C VKA HE-AT
.

K Roche LCPDS2 R R4 U7 1 1) 119 22 53 3%
RFER SIS 19, OF i BT e AR ) TR FR A
HG I, AT VW9 Y B A KRB AR 1, 1k
FERGE R IB M) 18S rRNA 1E N A S HE N AT PCR 47
B4 7 LightCycler® 480 I %17%¢ 3¢ % & PCR X (#+:
Roche 23 7)) i i LightCycler® 480 SYBR Green |
Master 57 & ( Fii 1 Roche 23 /] ) #£47 PCR § 44 & b/
TP R ER 3 W, MR SEBN 10 pL,
14 2 xLightCycler® 480 SYBR Green | Master 5 pL.
10 pwmol - L™ IEM 5[4 0.2 wL .10 pmol - L' M 5]
¥ 0.2 pL.cDNA #if 1.0 pL Fl Nuclease —free H, O
3.6 pL, ¥4 £ F 495 CHIAEME 10 min;95 CAF
PE 10 5,60 CIRKMIEME 30 s, 340 DMEFH, ¥
JS2 7 235 oA A1) P it o e A 000 7 e e R B
TRZ M 60 CEMTHEZE 97 C, BT 1 CRES K
PET

SR 274k i AT B PR X ek BT THA
AR FER A R R =274 Hop AACH TR
KR AAC =ACH(FHH) -ACt( X BREAL) | S92
R AC AKXy ACt=Ct(HRIEER) - Ct
(NSHH)

random 6mers 0. 5 plL. 5 x

x1 ATREMERRIZEFELMTALTES PCR JEHHERSIMF IR EEFTKE

Table 1 Sequence and amplified band length of special primers used for real-time fluorescence quantitative PCR amplification of differential

expression gene of Liriodendron chinense ( Hemsl.) Sarg.

SIHFEF(5'—3")

Primer sequence (5'—3")

PGSR BE/bp

1314 Reverse primer Length of amplified band

Fr8 s

No. of sequence EM 5% Forward primer
compl44834_cl CATTCTTATGCTCGGTTCTTT
comp118790_c0 CTCCAAGGGCCTTTGATT
compl33557_c0 TTCTCTCCAAATAATCGGCG
comp138270_c0 CCCTCCAATTCGATGACC
comp143973_c0 TATGGTCACCCACAACCG
comp132916_c0 CAAACCTGCCCTTAATCTAGT

compl142526_c0
compl41644_c0
compl37127_c0
18S rRNA

CATAACAGTATCTGGCAAGGTC
ATCAATGGATGGGTTAATGCAA
AGCTTGTTAGCGGTTCTAT
CGGCTACCACATCCAAGGAA

TCTCGACTCGAACCATACT 114
TCTGCTCCCATCTCCTCTA 113
AGTCAAGCCGTTCGTTCA 109
ACACCTGTTTCCTTTCTTCATA 113
ACTAAAGTTCACACATGGCTA 109
GTTGTGGTTCCCTTCGTAT 123
TCTGTGTGCTGTGTTGTAGT 100
AATTCTCCTTCGACGAGAC 107
CCATTACATTGAGAATCGCC 112
GCTGGAATTACCGCGGCT 187
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R 45 R (35 2) o SR IBOGRAT 093G S A 025
RNA BESWATRY 0D,/ ODye T 1.8 ~2. 1 Z 0], it
BHHR RS 1Y 5. RNA FF 5 0 2 B 55 v, 2% i e i
JERE/IN ARATF I B RNA A & A T 5 B 18 1l 2 )5 2252
I RYEOR RIS A AE ) M RNA FESH RS BN 34 ~ 117
pe, AT LU R 2 el 2 KPS S 1Y T
TR 3 IRE R LR,

LTI 25 R (1 1) /R RAS A B RNA BE
[ 18S 11285 RNA Z&afy i B |52 B /&1, OF HLJS & 4%l
SERE R TR, DA ARAS ) A RNA KE 5 T B SE
PWIEE # PCR 44T,

CK-1 CK-2

CK-3 T1-1

x2 REMNE TREEMITIZ E RNA RENKNER
Table 2 Detection result of quality of total RNA from apical buds of
Liriodendron chinense (Hemsl.) Sarg. under low temperature stress

TRl W/ pg - w7t BB/l EE pg 0D /OD
Number!’ Concentration Volume Total 260 280
CK-1 2.09 35 73 2.06
CK-2 0.37 100 37 2.03
CK-3 0.99 45 45 2.03
T1-1 0.63 100 63 2.07
T1-2 0.42 135 57 2.06
T1-3 0.97 35 34 2.04
T2-1 0.37 100 37 2.08
T2-2 0.63 185 117 2.01
T2-3 0.57 69 39 2.03

DCK-1,CK-2,CK-3; /X (W) Y 3 ©HE L Representing
three replications of the control ( normal temperature) ; T1-1,T1-2,
T1-3. Fn4 CARAL R 3 A~ Representing three replications
of 4 °C low temperature treatment; T2—1,T2-2,T2-3; £/~-30 C1i&
IRALFRAY 3 A~ EHE Representing three replications of =30 °C low

temperature treatment.

T1-3 T2-1 T2-2 T2-3

CK-1,CK-2,CK-3 . F/RXF I8 (H ) A3 4~ EE Representing three replications of the control ( normal temperature) ; TI-1,T1-2,T1-3; Fmx~4 CAK
IRALFRRY 3 ~HE Representing three replications of 4 °C low temperature treatment; T2—1,T2-2,T2-3 . F/R-30 CARIRALFEH 3 T L Representing

three replications of =30 °C low temperature treatment.

E1 {REME TIBEMTIZFE RNA il #9 Bk E i

Fig. 1 Electrophoretogram of detection of total RNA from apical buds of Liriodendron chinense (Hemsl.) Sarg. under low temperature stress

2.2 HFERRTEFEHNFERSH

X9 (R REE IR ZF A RNA BE 5 10 507 3k R £k
TEEATIN Y, 45 R (3% 3) R B d A FE 5 % Jor o 42
J& 7 50 ) K BE 3 7E 0.5 Gbp DAL, Bl BE 45 1R R 3
40.01% ; Q20 {E T 99% , Q30 fHTE 96.99% ~
97.23% Z[a],GC N 44.97% ~47.06% , Bk
sits LU BT B4 P 90 25 850 5 2R o Jo i 4 1 S 47 L
BHA R 90% L) |
2.3 ERRZEAMNGEERIH

5 F log2 ( foldchange ) F2 7~ HL R 2 A Bt — L A
TE2 MRS RIE 225, % log2 (foldchange ) {H.
9, WIRESD A KT EEFE & B 1R IAF5EL (fold change)

2, AHRE G 1Y p (H R IEE K A 5 20y
GiiteE W ERRE K IEJS 1) p (HB/N, ~logl0 (R 1E )5
B p {E) B, B 25 Sl i 3% 7RSI 1Y 3 AN L
HAAT,CK vs. T2 HAEMER RN L, It
£ 3485 N RIBFEN A HE 2 272 4~ LR A
1213 N REER ; CK vs. T1 A 22 SRR A
1 687 />, f04% 1 126 4~ L EFEE KR 561 4~ T IR A,
T1 vs. T2 G2 7R IBE N E b , UF 152 1,
L4528 A~ L IRSEI A 124 A R IERA

GG N OC T HE W B0 FE M A OC i A 1 AT 9 45
ST G 3 9 AN R R PTIE A DG 22 7 R
IRFEH(F 4) . 5 GenBank U4 FE H 1 HH 15 B iF
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FrIRIIRLERT , o 6 A 22 S5 3k B A ()3 37 i o5 433
bl comp144834 _cl . compl118790_cO0 , comp133557 _c0
comp138270_c0 , comp143973 _c0 yi| compl132916_c0)
BN N R AE R s ] 4RI L2350 S HSP MYB |
NAC AP2 . Zinc finger F1 WRKY J [H ; 4 I 1% 51) 4% 5
compl41644_cO 114 22 57 3 35 HE [H O I U7 2 2 10 0 7t

£3 REME FTHEMMEE RNA HEFERRXIENHSFTLERY

(fatty acid desaturase, FAD) F& [ ; #E 0 5 31 45 =
comp142526_c0 125 55 KK HEH Jy 55 B-TE Ml & B
MR B A, Bl B — amylase F [R5 #E M 7 31 2% =
compl37127 _ 0 B 22 5 K ik B N BE IR B
( Phospholipase ) %Al

Table 3 Analysis result of digital gene expression profile of total RNA from apical buds of Liriodendron chinense ( Hemsl.) Sarg. under low

temperature stress'!

%>

GC &H/%

Nomper?) Nr Nq Lg/Gbp  Re/% 020/% 030/% Py P/%
CK-1 11 560 846 11 125 313 0.56 0.01 99.09 97.06 47.06 93.21
CK-2 11 597 108 11 158 384 0.56 0.01 99.10 97.10 46.27 92.89
CK-3 10 706 615 10 242 343 0.51 0.01 99.12 97.21 46.96 93.73
T1-1 11 323 359 10 870 470 0.54 0.01 99.05 96.99 46. 60 92.61
TI-2 10 882 719 10 473 402 0.52 0.01 99.09 97.11 45.65 92.60
T1-3 10 787 546 10 308 974 0.52 0.01 99.09 97.10 46.26 91.65
T2-1 10 508 686 10 130 883 0.51 0.01 99.02 97.04 44.97 92.52
T2-2 10 383 784 10 010 891 0.50 0.01 99.11 97.23 45.74 92.47
T2-3 11 677 850 11 240 380 0.56 0.01 99.07 97.13 45.96 92.12

D Nr; JFURFF 1 548 Total number of raw reads; Nq: B2 H]J5 09551 5 45 Total number of reads after quality control; Lq: JFiH-15 5 51 1
BKEE Total length of reads after quality control; Re: BfIFEAER® Error rate of base; P FUXT LIl A9 751 S 8505 i 3 5 1 5 BB ' 40 3%
Percentage of successfully mapped read number to total read number after quality control.

2 CK-1,CK-2,CK-3; F/RN () 13 N HEE Representing three replications of the control (normal temperature) ; TI-1, T1-2, TI-3; £/~
4 CAKIRALPERY 3 A~HF &2 Representing three replications of 4 °C low temperature treatment; T2—1,T2-2,T2-3: £/~-30 CALMEALEER 3 NEHE

Representing three replications of =30 “C low temperature treatment.

F4 REMETREMERRZERNFEER

Table 4 Selection result of differential expression gene of Liriodendron chinense (Hemsl.) Sarg. under low temperature stresses

2 lETR= GenBank FAH BT 51 ) 25 111 44 K FEH £ Fx JF B/ bp
No. of sequence Name of protein with similar sequence in GenBank Gene name Length of sequence
compl44834 _cl HSF30 (#i%] Vitis vinifera) HSP 2 668
compl18790_c0 MYB124 ( KE Glycine max) MYB 866
comp133557_c0 NAC (3ES Malus domestica) NAC 1141
comp138270_c0 AP2/ERF (predicted) (Tl Theobroma cacao) AP2 1491
compl43973_c0 Zinc finger protein ({LlE§IF Arabidopsis thaliana) Zinc finger 3633
comp132916_c0 WRKY 6 (¥ K5 Glycine soja) WRKY 2116
compl142526_c0 B-amylase 9 (predicted) (% Vitis vinifera) B-amylase 2 176
compl41644_c0 Uncharacterized protein LOC100245192 ( predicted) (#i% Vitis vinifera) FAD 753
compl137127_c0 Hypothetical protein VITISV_043921 (%§i%j Vitis vinifera) Phospholipase 1232

2.4 EBREREE PCR EMER ST

XT3 H 1Y 9 G 2 Bk BT € MR DG B PR AT 52
Bt & PCR Kz, 25 5 (&1 2) R B L i th i
9 ARG M BTIE AR X IL PR A 3 Fheak i, o,
HSP F1 FAD SR AR X 2 35 o Y47t 2 T80 B 1) B3 A1
B>, R R EL R R W R GK AP2 . NAC I Zine
Sfinger F& R 1 FH X} 2% 35 8 Bl 2 T B 114 e AV 1T 20 7 14
Z T R H N L KK ; B-amylase ., WRKY . MYB Fl

Phospholipase & R B FH X 28 35 0 D) Fifi 57 11 35 A (1R 22 B
N4 CHHZ =30 CHD,

HIPE 2 b ] DU Y A A R IR 38 25 4R, 7
9 NG FEATIEPEAR SCHE PR T, e B DA A X e 3k
3 5 BRI FAASE R S NAC Fl WRKY ; Je K FE AR RS
FIREAE 2 ~5 WIEEB N AP2 | Zinc finger . B-amylase
I MYB ; F REE AN FB AR T 2 ARRIB LN
HSP .FAD F1 Phospholipase ,
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CK: XJHE (%) The control (normal temperature) ; T1; fRH#RALEE(4 °C) Low temperature treatment (4 °C) ;
T2 fILIRALHE(-30 °C) Low temperature treatment (-30 °C).

A HSP &K HSP gene; B: FAD 3N FAD gene; C. AP2 3[Rl AP2 gene; D: NAC JE[H NAC gene; E: Zinic finger 3EH Zinic finger gene; F. B-
amylase 3EH B-amylase gene; G: WRKY 3K WRKY gene; H: Phospholipase 3£ Phospholipase gene; 1. MYB %5 MYB gene.

2 RIRAME TESEM 9 MR MEXERBEMRIEENEL
Fig. 2 Change in relative expression of nine cold resistance related genes of Liriodendron chinense ( Hemsl.) Sarg. under
low temperature stress

I, BRI ZR3A BIRAY 3 SR AP2 \NAC I Zine finger

3 ‘L{]L W Pt s 28386 ], o AP2 F1 Zine finger FER

FAXH Rk AR AL IR EEAE 25 C RS 4 °C Yt AR v i

¥ 5% ¥ (transcription factor) BEEAHYIN R A S Tl NAC JEPH 0 A% 38 i 5t A8 A B I 7E 4 °C R I
FRVER R TT O, SURMF SRR G . BIR 230 C Rl B iR I HL, NAC 5 PR 55 KA
IR SN T AR AT REAEAR P B G AN R o 1) Skl 5. BRBT " RFTEAs SRR  NAC FE M g
FEAE L ARBESE D, BEE AR R R G G5 AR YR T Y e R, O 9 4 A 4 O AR
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B2, HASRERSIA S SNAC2 S5 3L N R 3k, 1 S 4
X FIER U380 B AP . 0 I HE I G2 PR T BB S G 2
PRI PTIR B VIAROC

T IRBNE 7 V-, AR ] B R A AT
W BERE A 2015 A B W TE 8 1) SBTAE by 102 %o ¥4 ity
AR R S, B, 25 1R Y AR S8 Bk
AR %) 35 A1 [ A 2 A 0 % TG O 30 1% i 7 o 7R
RAFRB AL, B-VER B AT LUK E by B fift by ml
PR, RS FEARA) B-VE R RIE N 7E 25 C i 4 C
AR PRI B RIR  MITE 4 CRER 2 -30 CHY
AR RN IR ARAE R4S PR RS
SERAEWT RN BRI Ve Ry BTG M S R, n VA MR
T B2 T 2 R I Sl 1 AR AT 2 1 98 2 AR
PIBTIENE s (ER IR BE RS T B 2 o IR, Y
BRI M 52 230, T VAP G sz B A i S
VSEE NI IR G HE AR VN /s I i BB R
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