! ST R E R (ML), 2016 4E, 55 14 %, 55 1087-1094 7
/ Fenzi Zhiwu Yuzhong (Online), 2016, Vol.14, 1087-1094
http://biopublisher.cn/index.php/mpb

Civikiea

Research Report

R PR JAT ST B 153 1002 B e L B 19 e S SRaB 0

T, R R, 2 B KT BB, e T R T, R
BRI R 2 E AL 228, BT RIS R R AP 5 IR A 2 50 =, & RS, 830054
2 Qe RUMVE R A dr b A, U BV 5 207 R B AL E SRS %, b, 100875
= @ E, zhaohuixin101@sina.com; hpzhao@bnu.edu.cn; I
ST EF, 2016 4, 2 14 &, 2813 5 doi: 10.5376/mpb.cn.2016.14.0013

1% /2% R Creative Commons Attribution License #E4T#Z A IFF AL 3. REEXR AR 1A U151 A, BBITE N vr R RS =75 ok
GRIIE RS

SR (H30):

AP, 2016, i BRIRAT SR TR IR B R 5 A AR B R R AR O Ok Je Rk 4r A, 4> T AR & F (online), 14(13): 1087-1094 (doi:
10.5376/mpb.cn.2016.14.0013)

51 & 3 (EE0):

Li et al., 2016, Screening and Expression Analysis of Temperature-responding Proteins that can Remove Low Temperature Stagnancy of Germination in
Lepidium Seeds Fenzi Zhiwu Yuzhong (online) (Molecular Plant Breeding), 14(13): 1087-1094 (doi: 10.5376/mpb.cn.2016.14.0013)

W OB sl B AT E (Lepidium apetalum Willd.) b5 S o i B mi Sy . R I 2 AR AT DA Al (R 1 %
HEEWIMEFTE, (B 4CHEM FEERRH RIEWILS, T4 25°CAH 45~55 min KB KR f5, 5 00n) DL 4°C 4%
PETFHA R o IR T 1) R L 5 S AR BRI IR A A AT R AL M ANTE 4 o AT ST A TR EARRT . W RIS APIRAS & 25°C il
Aok B AR R ARG L A5 JS R AT B IR 22 AT, Ot AR B AT SRR TR R A R R Y R, SRR E
QRT-PCR Hi AR X HHR SR M FRIE AT T HAE. &5 1R REEMA. FMTRMTZREREAANES; 25CHiRE
45 min fRBIREHEEHOM TS5 -8R rEAZEREE. Nhimed 37 M ERER, P 14401, 2340 T &
PRE LRM 6 NMEAIT LC/IMS-MS %%, HIEAEMIE RS b, St—DiEBFH ) Cdcd8E. Hspl7.6 Fl Perl2
HE4T qRT-PCR HAIE, £5 SRR M. 1X =ANER 1A 10 22 R 76 A B AR IR B R 15 i (0 b - P 3R TA B S 25 10 05 T 25°C Ab B m] 141
ZANRRFRIAY 2 BHES, HANEELE 45~55 min B _FIHFRIAIA B RS, 2 G 4RI —KEERIA, IX 54 25°C 4b 2 30~60 min
05 7 I (TR P 15 I 3R AT 1 % P P b 3R B 2 8 A P A — 3. DA 45 RS RH Cdc48E. Hspl7.6 A1 Perl2 nJ g 5 i bk
TR TIGE A RS A BYIER, Has RONEYIEEE 50 R ET R IR4t THiME R,

REEIE  MATIE, FhTEER, KR, MR A

Screening and Expression Analysis of Temperature-responding
Proteins that can Remove Low Temperature Stagnancy of
Germination in Lepidium Seeds

Li PingEJinglp, Zeng Weijun™, Zhou Xi*™*, Li Yanhong™, Ge Fengweil™, Zhu Changging™™, Zhao Junjie'™,
Lu Han*=, Zhao Huixin®=, Zhao Heping®™

1 Xinjiang Key Laboratory of Special Species Conservation and Regulatory Biology, College of Life Science, Xinjiang Normal University, Urumgi, 830054
2 Beijing Key Laboratory of Gene Resource and Molecular Development, College of Life Science, Beijing Normal University, Beijing, 100875

D Corresponding authors, zhaohuixin101@sina.com; hpzhao@bnu.edu.cn; B Authors

Abstract Asakind of ephemeral plant, Lepidium apetalum Willd. in northern XinJiang shows special responsible characteristics
to temperature during the germination: low temperature stratification could improve germination rate and homogeneity of Lepidium
seeds. But it could not germinate and be at stagnation stage under 4°C, while this phenomenon could be removed by the treatment
with 25°C for 45 minutes or longer time. The mechanism why the treatment by higher temperature for a short time could remove
germination stagnation under low temperature is not clear yet. In this study the total proteins difference of seeds with three treatments
were analyzed by 2D, which the seeds were without stratification, stayed at germination stagnation stage under low temperature and
removed stagnation with 25°C treatment. Screened proteins responding to temperature which were related to remove germination
stagnation under low temperature, and the corresponding genes expression were confirmed by qRT-PCR. The result showed that
there was no obvious difference between the seeds without stratification and the seeds at germination stagnation stage by low
temperature. But the proteins expression was quite different between the seeds treated with 25°C for 45 minutes to remove the
germination stagnation and the other two treated samples. 37 distinct protein spots were found in the 2-DE map with 14 up-regulated
spots, 23 down-regulated spots. Among them, 6 up-regulated proteins of 14 spots were identified by LC-MS/MS, CDC48E, HSP17.6
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and PER12 were further chosen to be confirmed expression analysis by qRT-PCR. The result showed that their relative expression
levels were significantly higher in seeds removed stagnation than in seeds before breaking stagnation. In addition, their expression
levels were obviously increased with the time prolonging treated by 25°C with the highest level with the dealt for 45~55 min and
then maintaining this level of expression. The result showed that the genes expression levels were positively correlated to the
germination percentage treated with 25°C from 30~60 minutes. All the above suggested that Cdc48E, Hspl7.6, and Per12 induced
by 25°C might be related to the germination stagnation removing of the seeds of Lepidium apetalum. This conclusion provides a new

clue for the study on the signal response to temperature in plants.
Lepidium apetalum Willd., Germination, Germination Stagnation by low temperature, Response protein

Keywords

Wefs H B . 2016 4F 04 A 22 H
B2 HE: 2016 4 05 H 25 H
KFEHW: 2016 4£ 05 H 29 H
HEWH: AW HEXK B AR F 4 (31460041) . Hr

B E R B R X HOE T 5 5 51 H (XITSWZ-

2015-01), FLHEFRWE TR EIL LT E S LEE
TF AR @ (2015GDO3) 35 48 Uil Yo K =2 4 )5 Bh 2 4
H (XINUBS1416) 3t [F % B .

HAER

P47 3% (Lepidium apetalum Willd.), &+ 1%}
MAT KR — AR AR A A, HAR, 25, i
A KA REAN (T2 R X B, 1997), H4EE R
BRI R, BAEREE, B C4 M
YI(ZEF5H, 2009) . JATRFNF 2R IPAR, ERLLE,
B lRh, |ap, B, rrE, B, T
Wi, FREIVER . SHIZEMATEM KB, iR
THFRNEA R MA, EKEEHZAR
) AR RS, EEL R N2 BE(S NI S, 2008), fEil
AU M ] g R SR o R TR A, ARSI
A KA FH O= w155, 2006). AEVE7E#ERL
R MAT R, EHEAX RPN B (S
&5, 2014), HAHEZNAESEN, BEAAMPNER
FLAT TR i, BB 52 R AR IR AT #A A S 40
WK, XK cDNA-AFLP AR MIRAT 2%
G R iR IR T VA R IARIE N 18 ANFE [ (Zhao et
al., 2012), AW FEARAT SR T N SZ AR IR B 1 23
SRRl T — LR,

PAT SRR~ B 50 L P AT R R e e 1, S35 B
ZMF, TEIGE FOC~4C)ARK, 7E10C~25C
REf A K (T 4, 2008). T EFANEM R, FEEEEdL
TSR IRAN 2 C~3 CIRIR FREMSHA &, R
HEOGHERIEL Bl 3 AT e ()N 52 1 . AT SR AT R T
I IR JE AT Wi AT L S 56 S AR 2% AF A Re i
K, RAEGHEE(2010)fEWT FE R R, AR IAT SR

Copyright © 2016 BioPublisher

TAREAE 4CIRRIT R, ERFiiR 25 AL
—ANSCHEAE BRI B, 7R BLZ iR S5 Y RE
AR AT SR AE R AR R OK S AT A R AT
BB, 0 SRR A s 7E — N RE 2 (W B R B
— HAF e I T LR T, A R PR 5 i ol
FIR . IX 555000 55& MW CIEZ R e B 3R | AT
KRTFHIBIR S 4CF, MATER T AR A,
{HEF110 d FiZ 25°CAbFE 1 h (AT SEA TR RELE
ACIRIR N R SR 4E R—8. A4, MATER
AR IR A 3 1 H e AN F B R I A A5 5
AbEE, Xf-5°C,-10°C e B B 52 M (5 R 55
2008), v T WA= 37 I BT AT S 97 R AR IR
ZYERINLE], i (2015) W ALY T AT S %2
R L A I 2 R I IR T R SE A ) S AL (SOD) 3
AR (CAT) IS M2 R K. i #545(2016) X 4t
A7 SRARIR A R A i At Bk T S5 1) o 2 S 4L 347 DU
JF, RIL 159 NRIXBAFAE R E 2T IER, Hop
RiEEDE LFANERS 54 4. HMNEAKT
AT AT SE Tl i} A2 AR R 3047 9 & 040 43— W IS AL 1)
EEATHROE . AT A TSR0 T B R AR 15
T FE AR (A DG B B AT IR, R R E
ZEREABTYEE, TR ETI IR & AE R KI5
BRI P R RIA B, ST HRE RS K
S SRR, O ] AT SRl B R AR 15
MU BE 8 — 2 (1) Al o

LSR5
L1 ANFBEAR N AT S T R EE S B HARL
K TCA/BHYTUE S, HR BRI B A 45 i gt
BRATE AT A B R A, W =R SR AR
FERMEEREY, - HREMEER)M T
MEAS R, A3 3.46%, FIRESAH KEME
fFEH. HHRRZEM 10 d Jakk TR KR
R SR A S B K 8 2.91%, ATRER
FESRAIEA R, KRR A D AR T K
SROLRER, BRI A 8T AL R 1 i R 5 2 A 3

1088



Fenzi Zhiwu Yuzhong (Online), 2016, Vol.14, 1087-1094

! ST R E R (ML), 2016 4E, 55 14 %, 55 1087-1094 7
/ http://biopublisher.cn/index.php/mpb

AR AR . 25 =40 (25°C b FE 50 min fF R IE
{523 ) M1 (R B 1 S R IR T R S &
BETE, IEF] 3.19%, 1B AT A A 45 2 AR
BrRg R RE T, AHIEA S, WRES M
AR B R T VARG

1.2 BAT M1 85 R ARIRAE S N2 B i s

2-DE ElEH TR, =R TR REA I 2 )
600 NMEASE M. 5. AT, MR
ST (BRI I KA R ) 2D Bl
i 25 25 e AR TR, SRS 3 37 M(E 1), H
H 14 A ERIE, 23 AT IR IEIGERIA R E
I 6 AN A 24, 27, 28, 29, 31. 32)fiit
LC/IMS-MS Jfiit% . SwEsi A MASCOT 7&
Swissprot. NCBI 4 F it AT LLxf 04, 1X 6 Mk
a2 1A FRAEEE Cpn60, 2 MABE A
Hspl17.61. Hsp70B, 1 /M7 245 8 1 48 Kk
E(Cdc48E), 1 2 ANMAAbIE G L S8 i 51 i Ak
VIl 12(Per12). ALY 28(Per28). 4> TIfk
HH Cpn60 1A T8, S H5EAMNTE, )
FHREE ARIEANAEA: 28, BIEERT
SR AR, Hspl7.61 TEREYFhT Kk B A Kl s
iRk, e T4IE R, WA R T HE RIE
(Sunetal., 2001). &G, MATHFIF &AL
PEEA, DRI, A2l R 48
Kk E R4 B EHEAXKEN— R, S5
YRS FR, FTReS SR AOS AR T 40 o
ZURIBEEY . i EALYIEF(POD) SIFIRAEH], otk
R AEKRMENERA R, HAEIEHEREEY
AR E B SRRBATTARAR L, AIES 5T
FhFRIRHT RN %2 . (EJGSLiseierh, A ST
FEABVERE Hspl7.6. i 5 ALY Perl2, 2oy
P 1 Cdc48E #HT R IA AL

1.3 MATRMFHRIKBMXMNEHIREES
fRIRHE R R R
1.3.1 CDCA48E, PER12 1 HSP17.6 &R 7EMATR
7 R IR RAE T ARRR B 5 R A B 7T

KT B DR O i SR AT 1 22 i KA SR E X
AT SRR B A F BRI, AR RS T
CDCA48E, PER12 11 HSP17.6 =/M%:(H, i 7
HES—. 8 . BE=HM rhRkEn. 458
T, =FIERES AL 5 AL RIS
(P F-Hr RIA R IIBRA, T R ARG 1 A 1 ¥ AR ok f
CDC48E, PER12 11 HSP17.6 R:[Rl & ik B B 3%
e T R B TR v e R AT {2/ CDC48E,
PER12 1 HSP17.6 2[RI 3R1A, iXHeRE R R1Am]
e 5 AT T A R AL A R v B DA 2R () 2).

Copyright © 2016 BioPublisher

Bl 1 AR AOIRASMAT M T 15 2-DE EIHE UL
AL ARG ACIURERF T B Wi ARIRASHH I T C:
W R AR 152 i AR Bk ) b 7
Figure 1 Comparision of 2-DE maps of total seed protein
before and after gemination stagnation under low temperature
Note: A: unstratification seeds; B: seeds in germination
stagnation; C: seeds lifted germination stagnation
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Figure 2 The genes expression analysis of Lepidium
apetalum Willd before and after gemination stagnation
under low temperature
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Figure 3 Germination rate of the Lepidium seeds under low
temperature after dealing with 25°C for different time
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Figure 4 The genes expression analysis at the different germination stage of Lepidium apetalum Willd.
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