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Studies on expression level of genes related to abscisic acid and gibberellic acid
in stratified Paris polyphylla var. yunnanensis seeds
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Abstract: Objective To clarify the expression profile of six related genes (NCED, CYP707A, ABI2, PP2C, GA200x2, and
GA200x3) related to abscisic acid (ABA) and gibberellic acid (GA) during the dormancy of Paris polyphylla var. yunnanensis seeds.
Methods Using qRT-PCR method to clarify the six gene expression levels in seed embryo and endosperm, which were sampled in
different dormancy breaking stages after performing warm (20 ‘C) and 20 ‘C turned to cold (4 C) seed stratification. Results The
CYP707A, NCED, GA200x2, GA200x3, and ABI2 genes had different expression profiles in embryo and endosperm while PP2C
showed no significant difference. The expression level of CYP707A was higher at cold stratification than that at warm stratification
especially in embryo, but the expression levels of NCED, GA200x2, GA200x3, and ABI2 were higher than those at two temperature
stratifications, and with higher expression in embryo than that in endosperm. Conclusion The selected ABA and GA related genes
(CYP707A, NCED, GA200x2, GA200x3, and ABI2) might participate in the seed dormancy breaking and could consider as an
important gene for the future research.
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GAD e Pl ORI B A B o 2 ok SCBREA A
5oL BIURIL. GA e SR TR, 1l ABA
W4 e 137 % B, NCED  (9-cis-epoxycarotendid
dioxygenase) JEELA YT E ABA G R S
B4, CYP707A (8'-hydroxylase) J& ABA 7 fi#f i
(R HEFE B, GA20-oxidases /& GA W4 R
# W), PP2C (Serine/Threonine Protein Phosphatase
Type-2C) s HAZ WA N —RLLEIR/ IR A TR
BN, ABI2 (ABA Inseneitive 2) /& PP2C %
GG, BB 5T ABA 55 AN
Drael% . G5 BAR K SEU0 A AR RIRE SRR IR 4
G AN SEE, R SE 2 E & PCR (real-time
quantitative reverse transcription PCR, gqRT-PCR) 4}
A IS BE DR AE AN ()it S8 A 3 KA1 o FR e s /K
FERIT S S FEE AT S5 M R R R A i R PR 73 L
PR F L 5 o

A TR AN FRLE (20 'CL 20 CHe 4 C)
Wb PR RN T, WD IR RAETHE A 1 rh Rk

FaE 22 L, IR A [ i 52 J2 AR AL PHGS
K Fl ¥ B AR FL NCED . CYP707A .
GA200x2. GA200x3. ABI2. PP2C [#;5/KF,
5 AE 8 735 AN [R5 Wi R A Aol W R FR 1 AL
i, AR E A T ARIB R 8 2 5~ T
AR A ER AR .

1 ##

FAEMM TR A 23, b E B R b
2RI T AR L ZE BIRIE T 03 % 58 A FRE Paris
polyphylla var. yunnanensis (Fr.) Hand. -Mazz. [FJF
15 & RNA $ECRT E 250 4w 285 2 Bk i) s
RNA PRE GRS %HE RrimeScript“RT
reagent Kit With gDNA Eraser (Prfect Real Time) #
YL ARG [ Takara A r]; FOLE RN
15k (Bio-Rad) 2] CFX—96 SEH %) & PCR
A8 AWTFErIE HARFHE DIRYR IR e s 2] 454
e kAT, FAMG R 1, 2T mA AN T
2 CEiE) HIRAF G

£ 1 ABA 1 GA fHXHIER
Table 1 Genes related to ABA and GA

5 K R gt FERRE Gk
CYP707A Contig 123 ABA 8-F2 1L ABAS55732.1
NCED GLRWUMCO02HBZ42 9-cis-epoxycarotendid dioxygenase XP 002511629
ABI2 GLRWUMCO2IPFKS$ ABA Inseneitive 2 NP 200515.1
GA200x2 Contig6246 Gibberllin 20-4 1L 2 NP001149543.1
GA200x3 GLRWUMCO2IWIPH Gibberllin 20-43 4L 3 ACJ76438.1
PP2C Contig1287 protein phosphatase type-2C XP 002520256.1

2 AE

2.1 EEEMFHERLE

B8, BT, &I 12 h, 118~20 C
IR 70 RN, 70k 2 4, — N 4 CIZ
L AR 18~20 CHAF AR, 5 130 RIHAR
P ARAC BE & AN R R B Be 1, W 1. ks
TG, ZEAKMTE, 75%OBEYE, T, AU
¥, B ERIL, HEAEEE, EWE TR H .
22 FHSIEIT

P51k N 2 3L AR H 25 R 41 Hh A S 56 =5
T AR R e S A P 34T, il Primer 5.0 %R
e, WAk 2.
2.3 5 RNA REUSREWKN

&L RNA $EHU%Z I Bioteke 23 w] 224 22 Ty ) 6
RNA P FEHOAF G20 Bt 4T, Nanodrop #4177
BT ORI L RNA PRI JE R ali 57, MR 90 i 5 4% 1

S1 S2 S3

S-HEMRGSREA B S2-MAMER IR B G IR K S3-HUBMG T I
S1-stage of radicals breaking through seed coat S2-stage of embryo
enlarged after radicals breaking through seed coat S3-stage of root

formed, same as below

1
Fig. 1

HE#MN TR EERETRLZEN K
Different developmental stages of P.
polyphylla var. yunnanensis seeds

stratified in high temperature
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Table 2 Primer sequences
2 P RN SIS (5°-37) K /bp
ACT-2 Eln]  CTCTCTCAGCACCTTCCAGCAG <]  TAACAACCCAAACAAACAATCC 160
ACT-7 1EM  CTCGTCGGTGGAGAAGAGCT &I TCCAGGGAACGATGGTTGAT 227
HSPL 1El TTACGGTTCGTCGAGGGAACATC I GCCTCAGGCGTCTCCTTCCAGT 152
HSP90-1 1El GTAGTCCTTGAGGCTCGTCATC 11 AAGTGCATCGACTCTTCTTTGA 188
CAPDH-1 1Eln GCCTTCCGAGTTCCAACAGCAA <) CACTCAAACCCCATACCAGCCT 218
CAPDH-3 1IEM TTGTAGGTCGGTTAATCGTGG I TTTGATTTGGCACAGGGTCT 216
CYP707A 1IEH GGGGAAACTCTTCAGCTCTACTCCA X[l TCCGGGCTCGACACCATCACA 126
NCED 1Ei  CGCGATATGCAATGGATGACC i AGGCGACAAGTGACTAGAACAAC 122
ABI2 1IFm ACCCAAACTGCTCCTTTCC i ATGACCAATCAAGAGGTGTGT 235
GA200x2 IF TAACCACTACCCACCATGCCCTTCC  Jxli TCTCCGAGTTCACCGCCACCCT 251
GA200x3 1ER]  TACTACCCTCCGTGCCAGAAGC K n  CTGAAGGCCGCCAACATCGTC 105
PP2C ER  AATGGTAACAGAGCGGCA i) TGTGTCCCAAATAGCAAGC 268

(A2601280722.0~2.1, A20230~=2.0 ) IEFEEHE 1) 5L RNA,
1.2%B5 IR BRI KA UL RNA (1) 58484k
2.4 cDNA F 1 #E&mK

% RrimeScript® RT reagent Kit With gDNA
Eraser (Perfect Real Time) iA7l& (TAKARA) &
BRIEAT, 0.2 mL Eppendorf & FH AL 20 L ) J5 )3 44¢
%: M RNA 1.0 pg, 5XPrimeScript” 221 2 (for
Real Time) 4 pL, Primescript” RT Enzyme Mix 1 pL,
RT Primer Mix 1 pL, }Il RNase Free dH,0 % % 20
ul, N4 37 “C, 15 min; 85 C, 55, =20 C
TRA728 o
2.5 qRT-PCR

S NAE CFX—96 #4551 i€ it PCR X |- (Bio-Rad)
IZ4T, %M SYBR premix Ex TaqTM I XA £rii W] A4
BRYK RGN AA % : SYBR Premix EX TagTM (2X)
12.5uL, PCR IE[ 54 (10 umol/L) 0.5 pL, PCR %
[[514) (10 pmol/L) 0.5 pL, DNA ##% 2 pL, K
PRARKANE 28 25 uL, B ENR MR EXT LR T PCR,
BT E VA E R 95 CHIARME 305,95 ‘CARME 10
s, 60 ‘CiEKIE(H 40s, 40 MEFF, TR BOCESS
T, 60 CE| 95 C, WA 0.5 C, Fisk
0.05 s FRFFAREEIRLSE, RAERLAR hZTOHE .
3 HR5%4
3.1 2 RNA [REHMK cDNA 5 15

HUE RNA FEfL 1 ul #F Nanodrop %2 73 HT A%
PR RNA (MR BERIE SRS, sk as B, Phik
A260280°=2.0~2.1, Azs030~=2.0 [IFENL, HL 3 pl F

1.2%Z5 M HHE A I FL KA I o 5 TR S /s BT A 3
SEHE S S, 18 S, 28 S 4%, H 28 S F 18 S 4%
WiaEEZ ek 2, WL 2. FRVKANSE B4 A 45 J A
AR S R A B, DR R, BB AL i s
BRI EESK . FESD cDNA 25 1 854S R REd 19 1
ZHRIE, UEW S s

1 2 3 4 5 6 7 8 9

10 11 12

28 S
18 S

58

1-83-20 CHEFL 2-S2-20 CHEFL 3-S1-20 CHEFL 4-S3-20 CHE
5-82-20 CJk  6-S1-20 CJik  7-S3-4 CJE¥L 8-S2-4 CHE3L
9-S1-4 CMEFL 10-S3-4 CHiE 11-S2-4 CIE 12-S1-4TC &

1-S3-20 C endosperm 2-S2-20 C endosperm 3-S1-20 ‘C endosperm
4-S3-20 ‘C embryo 5-S2-20 ‘C embryo 6-S1-20 ‘C embryo 7-S3—4
‘C endosperm 8-S2—4 °C endosperm 9-S1—4 C endosperm 10-S3—4
‘C embryo 11-S2—4 °C embryo 12-S1-4 ‘C embryo

2 CEE#MMAESMEFE RNA BiKE
Fig. 2 Electrophoresis of total RNA from embryo and

endosperm of P. pllyphylla var. yunnanensis seeds

RS ERH HiE

A RNA SR 4 A5 BEMRE cDNA, R 1,
1/4. 1/16+ 1/64. 1/256, Xt 6 AMikik NS FIfigd
WaeR gk, WIEHRIE NSRS, 6 MK
WS IR BRI o 90%~110% 42
RIS W%, WK 3.

3.2
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Table 3 Amplification efficiencies of reference genes

S PR 1% r s
ACT-2 107.5 0.995  3.154
GAPDH-3 109.5 0.996  3.113
HSPL 89.5 0.999  3.601
HSP90-1 94.9 0.998  3.451
ACT-7 100.4 0.996  3.312
CAPDH-1 99.7 0.970  3.328

AN ERRE AN RV A i B R R R A IR L3
12 i cDNA, #-HUHIA 70 A1 5 S8 30%
FEMIRIEAN S LN, 13K Ct {HAE genorm A
HREAT 0T, MOEDRDN, RIS DA AN [ 5 Ak

1.5 NCED 16
m20 CJEm20 CRFL
E20 CH 4 CIE 12L
020 ‘C# 4 CIFL

LERUE SN

GA200x3

= =
X %
g B
2 Z

=

H

CYP707A

PRJS B AR AR AL RIS AR e, IR IETR
EMS I, GAPDH-3 JEASSZEGI0AIE i LL A &
1& 1) 2 JE I
3.3 ABA 1 GA tHXERFBIFE KK

LI GAPDH-3 AZFH I, DL 20 CAEHFH
TR R IR A0 IR, SR A € 7 PCR AU &
#J BioRad CFX Manager #4347 B ) AL #4347,
R 2 IRV RN 3 IREEARE S, JEA
FIEH R 2722 Uk, 2 B NCED.
CYP707A. GA200x2. GA200x3. ABI2. PP2C ft
AN [ il B2 J 2 R AR B AN [ 1 B B B e R N IR 7L
Ik ZE e, ALK 3.

20F GA200x2

LEROESE

AHR F5 B

3 NCED. CYP707A. GA200x2. GA200X3. PP2C. ABI2 4 FE /KT
Fig. 3 Transcription levels of NCED, CYP707A, GA200x2, GA200X3, PP2C, and ABI2

b ] 3 AT RNAE AN [R] 2 AR LB FAS R R BB B
NCED i R0k /K 8 2w Tl (Rl a]
DLA R 2R ST B, NCED RIAK V-5,
A7 % 5 (S2.S3), NCED £ik[#L. CYP707A
RIEACPAEAGR (4 °C) ERBEERm, HAE
I RA B S T I XU, (REER
FIFHER ABA (PR, 11 ABA B BRI K]
NCED 1£ S2. S3 i #IA & WEK T S1 ], 1l
ABA 6 AR JZ R BRI

PP2C (fu#5 ABI2) & ABA 554> 1, &5
TR MG . FERFRIE TR, BEERT
TERIRARER BT (S1), PP2C F1 ABI2 {EJRFL
AR SRy, T B A PR HIR A B FH AR A2 K (S2.S3 1D,

ABI2 7R ik W R T IR FL b Rk .

TEAN R FEJZ AR, M 72 R E A R B B
(S1. S2. S3), GA200x2 7 EFNIEF, A ik /K7 5
AR S TR Be O, 7 W rh 08 KPR R A
S1<<S2<<S3, MMfEMFLHERIMA S1>82>83, [A
ATLLE 2], GA200x2 FRIA/KF-H ST BT
WFL, 2 S3 WARHIRH R IA K O 2 B 8 T
FLH . GA200x3 TERHRIL KA ST By, S2
W2, S3 A%, IMAER (20 C) ERMEILH
ZIERIU AR, ARIR (4 C) EBULFMHIILE
k. GA200x2 F1 GA200x3 & GA & o< Hfy,
5 il 2 RS AR P AR A R Rk &, RAEIREL
HERILZE RN, ULHIX PR GA & RO BRI R
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ABA HI GA &2 mifh—F ORI 5 ik 1 = 2 A
#. ABA SFFRIRADE, 7ERUARI T ABA 5
ARG FFARIRERARDE, H M5 ABA A RUAHXK
PIIERIRIE BN s mdt 1 ABA &, A
JARR RIS, SRR T RO AR HR
WEEH, CYP707A kR FET Bl b K& A ik
ABA, Okamoto 25! RNA J5U 2448 B ARG s
T CYP707A {EFNF g B FE hAE A IR I 346
Fik, AL T CYPT07A 5 mikh 1 MAKIRE. )
W A [ R SE N . CYPT07A (EJH RS F AR L o
B #RIK, X5 Okamoto ZE ST 45 FANRF . MR
2t UUST L dege 7 223 305 AN A Y ) L R B o T R R B
M, 2554 18 CIEBUG T 0~10 CARHRAbEE
WS T S, ARSEE T NCED MR £
R AR T IR FL AR 2 UG A Bl
NCED Fik L &M, (HiF5S T CYP707A EIE
HpRIEACT R E R, BRI R ABA ()4
FRARH, X HE RS T A P AL R
MHEZERE, MFELERKE CYPT0TA KES R
B ABA, 1ff Bt R, R SCHE R . Kuhn
SR T R ZERIGIE ) T AtPP2CA LRI B
KA R TR 2F LA R RALG I ABA AN
Uk, AR, IZFER R R I AT ABA ¥
WU, 2] PP2C X ABA 15 55 34t A 7
PR IIRE. AR ThE R IR FIRFL PP2C A
ZMTREM B AR, W] PP2C A
SEEER R T R FE R AR T
UEB T ABI2 ZERIZRIA =X ABA /1 3 5 5% 3
WA HA AR, B MR TR IR K B
RIE R B ABLR2 fEME R Rk s FIRFLH, &
i ABI2 %} ABA {55 5 4% 5 1) Soi 45 /e 32 B AR A
R

WISTIEW], GA2ox. GA3ox. GA200ox # GA
Z 5 {7 kb B AT EEAE . GA3ox A
GA200x Z45 GA W WG, 1 GA20x NZY
GA I3fif e AT P15 2010 51 )oK e sl 9™
4 GA3ox Ml GA20x FEPH, (HAHT T A GA200x
SEIH . F LA T EAR TR B R A
BRI GA; B 5 IR IEAH G . AT
Wi, GA200x2 SR E BB, BEE IRRLT
i, Mrh kKT, X5 BRI RS,

M GA200x3 KL S T &S, 5 FRg R, X
HESE T GA200x2 s ph ¥k & I EEELA, JLR
% FVRGEHEIR I AR K . Pipinis 252 B T R H A
FEL A b A 3 0 A8 i Ak B R W R O ) 2
5t 45 KR A P i EAT IR AL BEAA ) TR R,
AR IGR AL T GA200x2 Fil GA200x3
LB GA, X5 FRg5ieHtE. At T
JEFIRFL T GA200x2 F1 GA200x3 K F, H
IR Hp B SR AR ST R I — 5 (R B B, 3 i BH IR 7L
H GA200x2 [ARAL 2 SR 1- R B 3, 75
NS

ARSZIGTRE T HEAA AR T RIAF 2 M S
ZIEN, FEN T ABA (14 A <3 K NCED,
ABA JIEARIAH R EL R CYPT07A, GA 4 Bk 3k
Xl GA200x2. GA200X3, #3k[HF ABI2 1 PP2C
(VG SR AT T 208, 20 A Ul BE R X U PR ) 3
IR FEA, B IR IR e DRI R R0 R FL e s oK
DUIIER R R IR SR FLM 7 R & BE L], R
B R A — AN IERE, TR ARIRAR G
Rk — P
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