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E: [ B9 ] 76 DR B P i e ARSI S0 B & UL 3R YA R (abscisic acid, ABA) FIRENE AL H{A
o [ 78] FIAARFERERAME, D E M ZEITT ABA . BRI ABA+RENEOBE; SR A SERE1
FE i PCR G Ab BB 25 B 55 38 Ky & i 5C 8L R (granule-bound starch synthase [, GBSSI) 3EX | ZHEEH &
I G HE R (starch branching enzyme T, SBE3) 3[R FIYE ¥y & bk PR Ul /S IV 3 (ADP-glucose pyrophosphorylase
large subunit 3, APL3) JEHGFE, e bR RAERIASIMEL; FEhBAR)E, JE—HRmHAL 9 4
TEM A R FRS . [ 450 ] L9 06 i PCR AR MR & A 55 . BRI AE R
S, H DR T A AW P 28 °C BN 36 h i), SXFHEALL, ABA sl BEMAL 3 A B 5Ty
GBSSI 1 APL3 B3Rk o XF At 9 A~ T8 By G WA 5C B 3R 3K A A I 25 2R W7 - R 435 1k T A 1) i )i
ABA SRR RE [ 4518 ] AR S48 S B EER 2 T RENS IR S M A UL N ek A9 ABA TR b FH {4
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Expression Analysis of Starch Synthesis-related Genes Induced by
Abscisic Acid and Sucrose in Potato Tubers

LI Chenxiao, AlJu, YANG Meihong, GAO Dongli

(Key Laboratory of Yunnan Province for Biomass Energy and Environmental Biotechnology,

Yunnan Normal University, Kunming 650500, China)

Abstract: [ Purpose] To define the effective abscisic acid (ABA) and sucrose treatments that could
induce the expression of starch synthesis-related genes in potato tubers. [ Methods] Young tubers
were subjected to ABA, sucrose, and ABA-+sucrose treatments using different solutions and condi-
tions, and the expression levels of three genes including granule-bound starch synthase 1 (GBSSI),
starch branching enzyme I (SBE3) and ADP-glucose pyrophosphorylase large subunit 3 (4PL3)
were examined by quantitative reverse transcription PCR (RT-qPCR). After defining the effec-
tive treatment, the expression levels of other nine starch synthesis-related genes were examined.

[ Results ]| RT-qPCR result showed that when the treatment solutions contained CaCl,, sodium suc-
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cinate, chloramphenicol and other agents, and young tubers were inoculated at 28 °C in the dark for

36 hours, the expression levels of GBSSI and APL3 were obviously induced under ABA or sucrose

treatments compared with their expression for the control. Further examination of the expression of

nine starch synthesis-related genes found that most of them were positively responsive to the treat-

ments. [ Conclusion] Effective ABA and sucrose treatments that induce the expression of starch

synthesis-related genes are defined. The results can lay a foundation for exploring the transcriptional

regulation mechanism of starch synthesis in potato tuber.

Keywords: potato; starch synthesis-related genes; abscisic acid; sucrose; expression

LA BE (Solanum tuberosum L.) HAG | IZ ) Fp
P T AR R = & B TE Ry BE U . T B B D~ 2 4 [
RYIFG L, T8 M RE e BAETE S A5
FLREVE RS 43l LR VE R A S EEE A . SRR
BEEHMMR RN FESE, &Rz
R S EYCEEN, TERME G EE (sucrose syntha-
se, SuSy) % Z iR T Az 1 49 4 -6 1R
(glucose 6-phosphate, G6P), 7] % -6~ IR/ iR
%32 25 11 (glucose-6-phosphate translocator, GPT)
iz GOP HE AYRZETEMIRG e . TR
W) J5 R R I % B (ADPG-glucose, ADPG)
I B TE R & U OCEE AL R, ADPG F- % HH iRt
U R ) 2 W £ 0 R LT (ADP-glucose pyro-
phosphorylase, AGPase) k1] 25 B -1-BE 2 (glu-
cose 1-phosphate, G1P) JE i, ADPG £ ik 4%
A VEVE W & B (granule-bound starch synthase [ ,
GBSSI) B AIE BB A ek, 382 AT i PR vE #
4 T (soluble starch synthase, SS). €14 % i
(starch branching enzyme, SBE) F1¥E ¥} 2< 43 2 fiff
(debranching enzyme, DBE) 251 A1 & P 1E
WEALTE WS 5 K™, ATP/ADP #4532 8 [ (ATP-
ADP translocator, NTT) 8 & 4 %5 & B A /E H ,
NTT ¥ ATP AN %18 B B, ik &
PEfit ATPY,

VER AR R 51 U ARG, TTER
G UL R ) FR ik S RERE R Y R R R
It . FE/NZZRFRi, BEV& R (abscisic acid,
ABA) i STER SR IEMAXY, ABA AT LI
Mg AFRr P A A I R R 3R, 28 T 52 M 3 9 1)
VG ZHU SFPREGERIT . oKFS A/ MErp
) ABA & & T R A/ME, H A/ NEDTER
A SR Rk m T N A/ME, INE IR
Firh ABA 1845 SuSy2. AGPLI. AGPSla. GBSSI

I SBE SEHEIL ek, 1T 5 M) 1% D 43 A1
SCEEVE R A RS, RERE R MY AE KR ok
IR, R G ST BERNTER A BT
BT, E 2T 2 rp A1t R TR v S A 3 TR
Feak, HWOMPEH ST, GEIGER Z5SR HmK 14 78
SR ARBESE T IR INGR 14-REBE AR 14-H 45 HEX) T
B R YRR I RE e, & PR T (i i 2 A
SRR ZE e R B B, T A A T R
YEF o REREFN ABA PIb IRV B X AT HE 3 FI0E #y
A HEAA EE N, AN ABA, TR EK
FEORPRLIVENS & it TERY A IR GG 1 S A
ik, (R REAEAE UEFFRLAESR . 3 m = 5™
LI Z508F 58 % 0. ABA B B Bph b 390 85 1k
KIERFL, XFHER & & . AGPase i i 4 M 3 A
FRHAMRIAER, AL IR AT ABA
FREREIL R AL 2

M AERANTFEZMESS, mHWZ
SRR o TENE L FORFUKRESEY
O HIE T 2R st IR se b i & e 78
ey, JER A R H DI REE B IZ o,
SRIMTVE R A 13 R 3 SR P AL i ARV 4 . DA
THES YR, B0E RENS AL I VE A & UL A
FIRMN ABA FIREREIR Z , 2 1T 3 ok 5 S AL
2R RB RN T, 0T DA e
B B e SRR ALEI B2 % . VISSER 481
ThEATE GBSSI 1W)Ja sl T 3 B- A A 1 Tl 5
(B-glucuronidase, GUS), BALHACIEAT T 5%
LR, R PR RE R A B AR T v T
WA B GUS 6 PE Wi, Uil GBSSI
(IFIRZ ERHA S o LA IR0 R I i 2 A A 3
TR R ER A R EERRE, (E AT D4
HRZE ABA FIBEREAC AR R 04 IRGE, TEMmA
G DR AN i 37 ABA TR Ab B A, 0 2 D
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AHIEFE LA S A B HZE O RERE AR SCHRR AR IE (1Y
3 AR AT ABA FIREMEAL TR, Fe 205 RERS 7
VRS A AR CHE N FRIR RO AL PRIA 2R, FSEES
AR — PR R e T T B9 ABA SURERE
PR CH A B TER 5 L B FEA

1 RS

1.1 5k

B 1 A AR S8 Ok CIP1S]
MG T = F I R A PR 2 N . MR AR
K234 AR, Wk ERZ 0.5 om B4R L,
B HREYI N 4~5 R4
1.2 R
1.2.1 Ve & Rk R i i ik

VAN HARSSELAAR 251305 Eh 44 B3¢ M3 4 i
BT TR A0, R T ek A
H%i5 . M Spud DB Potato Genomics Resource
(http://spuddb.uga.edu/) T £ DM §4 sk 2 &8s, If
##| VAN HARSSELAAR 2533 ATk A il ik
PRI 7E 45 L BURE T B 27 Sk g 0 7 S 2 B Py e
J 1 (fragments per kilobase of exon model per mil-
lion mapped fragments, FPKM). R4j& FPKM {H, i
Ve TEHEE S IR L, BTS2k RT-qPCR
30T o
1.2.2 ABA FIJEREAbHE

FRRRSCIRARIE , X SR R T
AT AR B, DI i 20k h BR S AE HE v A
ARG FRE AR

51 UL B IR HUANG 25 R94RE , g
Heksh, ek A 10 mmol/L MGk 2, itk
FRIEIE (pH 6.5) TRALFE 10~20 min, [FIFHES LT
ACHEATR (1) XTRALHEE. 1/2 MS #7+200 mmol/L
HEEEE (BB AT IR); (2) REMEALEE: 172
MS ¥ +200 mmol/L FEME ; (3) ABA ZLFE: 1/2
MS % # +200 mmol/L H #& % +100 pmol/L ABA;
(4) REFE+ABA ALFH . 1/2 MS A +200 mmol/L jE
HE+100 pmol/L ABA, KA B 45 1L 5 mL JiC'E:
F 100 mL =N, BN A AL BLS B2
R 6~9 F, ¥ —MAETHIK (28 C, 60 r/min)
AL 24 h, BRI E 3 AN EE

5 2 WO MR GEIGER %5418 . & %6
HeZ53 B 7E 10 mmol/L MMk Z B ik 5 7 (pH 6.5)
HH AL B 10~20 min, 7] B o 45 DA A RV 9 -

(1) XFHEAbF . N bk £, fif 2 %5 7K +200 mmol/L 1
B (2) FEBHALEE . 10 mmol/L Ntk 2, fiff R %5
W +200 mmol/L FEKH; (3) ABA AbFH . Nutk 2 fitf
IR % W +200 mmol/L H #& ¥ +100 pmol/L ABA;
(4) HEWE+ABA ZEFH . 10 mmol/L M Mk 2, fiffi B2 V%5
¥ +200 mmol/L £ K¥#+100 pumol/L ABA., ¥ 4b B
VWA UL 5 mL FCE T 100 mL =i, i
AT B I E 53 A 6~9 A, W =ME T
JR (22 °C, 90 r/min) REEALEE 30 min, FEA- 0B
PE 3 AER,

55 3 WALHLR IR HU 1 HGE . HERLUT
AEEEEW: (1) XFRE . FEREA W (20 mmol/L & fL
£5-+20 mmol/L B F1FR 41 +10 umol/L A& E, pH
5.0)+200 mmol/L H & %+5 mmol/L #iZH; (2) i
WEALFE . FERINA+200 mmol/L HEWE; (3) ABA 4b
. FEREAE I +200 mmol/L H &8 lE+5 mmol/L 4
ZHE+100 pmol/L ABA; (4) FEREATE+200 mmol/L
JHEFE+100 pmol/L ABA, FFAb RIS ASHL S mL Ji
BT 100 mL =AM, R IATIAL B ) B
KR 69 F, B = AIE THEIK (28 °C) B
FrE 36 h, AACHINE 3 NEE .

1.2.3 RT-gPCR

J T T ABA FIREREAL BRAGSR, R
FH RT-qPCR £ AR K I BE R i SR ik i o B A 358
P BZEH R BN R T /K 2, $2ILE RNA,
SN cDNA; UL Actin NS EMH, 124
I FT qRT-PCR, 45 3EH 5975 L& 1,
qRT-PCR JZWj{& %~ 2xTB Green Premix Ex Tag™
I 10.0 pL, FFEF] 1000 pmol/L AY¥EF: PCR I,
TE5I ¥4 0.8 uL, 50xROX Reference Dye Il
0.4 uL, Fikes £ cDNA 2.0 uL, fill RNase ddH,O
ERARFR 20.0 uL, R FEFF R : 95 C 30 s,
40 MEH; 95°C 5s, 60 °C30s, KT PCR ™
VIR R 2R, TR RN 25 R, #% 95 °C 15 85
60 °C 605595 °C 15s; I 60 C ZETHEE] 95 C.
BN 3 RAEYFEL, 3REARERL, R
2 YRR X ek

2 HBRESH

2.1 kAR R A LN
MRIRTER & LA ) FPKM {8, ik 12 4

TEPRZE R B R IEH (6 2), IXEBILH Ak

FREAFTES, 0 SuSy4. GPT2.1. NTT2, APL3.
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Tab. 1 Primers used for RT-qPCR
FE[R 4K gene name 5P %1 (5'— 3') primer sequence

SuSy4 TGAGTGGTACGCCAAAAATCCAC/CTCACCATTCCTCACTCGGT

GPT2.1 CAATTGGTCATGTGGCTGCA/TGAAGTTGAGTTCAGTAATAGCAGCA

NTT2 TTTGACCCCTGCAAAGAAATGG/CTCCCAACCATGCAAGAACAA

APL3 CCCACTTCTAATGATTTTGGCTCTG/TCCACAGAACAATCTCGCAAG

AGPS1.1 CTCACTTTTGATGGGGGCAGAT/ATCCATCTGTTTCCCTAGCCG

GBSSI GCAGACTTGAGGAGCAGAAAGG/GATCATGTGAGCCAAAGGGAC

SBE3 CGAACATGTGTGGCTTATTACAGAGT/ACATGCGTTCATCAACTCTGTAAT

SS2 GGCAATTTGAGTGTCAACACAATG/TGAGTCCTCCTACTGCATGAAC

SS3 ATGGACTCACTTACAGTTCTGCG/CTATTCTAACTTTCTAGCAGCATGG

SS5 CCCGGATGTGCTTCATATACACA/GATTTGTTGTTATCTTGCAGACGGT

ISAI.1 AGTATATATTGCCTTTAACGCCAGC/TGGATGAATAACTGAGCATCGGAT

1842 ATATCGTAGGTGACCTGTTTGTTG/AGTCTCTGAGCTTCAAACAGCA

Actin GGGATGGAGAAGTTTGGTGGTGG/CTTCGACCAAGGGATGGTGTAGC

®2 EMAMEER FPKM &
Tab.2 FPKM value of starch synthesis-related genes
FEH ETRE) P W2 mEE 1t e eSS piz ;3 A AR
gene ID tuber 1 tuber 2 stolon flower  sepal stamen  petal carpel leaf petiole

SuSy4 PGSC0003DMT400007506 812 1522 15 259 68 126 294 84 1 2
GPT2.1 PGSC0003DMT400013500 317 426 4 0 0 0 0 1 0 0
NTT2 PGSC0003DMT400073724 1292 974 139 129 123 62 67 124 217 73
APL3 PGSC0003DMT400001935 359 182 13 26 24 7 19 47 15 52
AGPS1.1 PGSC0003DMT400079823 447 193 13 83 66 4 27 37 301 184
GBSSI PGSC0003DMT400031568 498 703 131 44 63 4 7 84 238 60
SBE3 PGSC0003DMT400025846 173 247 18 17 21 14 29 18 14 14
S§S2 PGSC0003DMT400003356 53 55 24 19 39 9 25 18 28 26
SS3 PGSC0003DMT400042496 24 24 6 13 7 10 10 6 17 6
SS5 PGSC0003DMT400078688 14 17 1 2 1 1 1 3 0 1
ISAL.1 PGSC0003DMT400053345 63 27 16 16 14 9 6 29 46 25
1842 PGSC0003DMT400002502 23 19 6 27 13 10 16 9 23 14

AGPSI1.1 F1 GBSSI ) FiEFFE SR L& T SBE3.
SS2. SS3. SS5. ISAI.1FN ISA2, H. ixX L&A
ESZER R B EY m THELMAL N REE,
2.2 ABA FIREREACER{A R HLER

551 AL PRI IE R AR Z5 IR (K] 1a~c) R
W. APL3 f31K% ABA FIEERHAS:, B GBSSI
221552 ABA FIRERERTING], S Tixgs R 53X
BRACE AT, WO EREZEY) AT T AR 2 Ak
P, qRT-PCR 5% (K 1d~) M. 55 2 Aab B
Xf SBE3 F1 GBSST WA E/N, 5 1. 21K
Wb PRHERA REA AR G LR 58, Moo HezE
Y 947 T3 3 WAbHE, qRT-PCR Z524: (%] 1g~i)

FH] . 3 IRALFEXT SBE3 fZE A, B
b B S BRI 2 %, AR AT
GBSSI Fl APL3 )33k, JUHZSXT AL, T
WAL T APL3 () FRIREE S T2 8 4% . fit GBSSI
MFIREE R T4 9f%, UL IIR AL B RE A 1 5 U
WA B R R 35
2.3 ABA FIREREACHE T UER & LR 3R A
e 55 3 WAL BE AT AT AL A R, i —
AT SuSy4. GPT2.1, NTT2, AGPSI.1, SS2.
SS3. SS5. ISAI.1 1 ISA2 FENFESE 3 IRALFE T /Y
RKiLEOL . 4R (K 2) RI] . SXTIRAHLL, ABA
LE PR S SS5. ISAI.1. AGPSI.1. GPT2.1 Fil
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£ 2 L5¢
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=5 1.0}
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Lol Jom
or 0.8
6 L
4L 0.6 |
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Note: CK. control, SUC. sucrose, ABA. abscisic acid; the same as below.

b3

treatments

1 21X (a~c). 52X (d~) FI5E 3 )R (g~i) IEHY GBSSI « SBE3 F1 APL3 BEEFRILE

Fig. 1

NTT2 FEH ik T, Horb S5 B3 3R
KRR, RIS 3.5 4% RERE AL BT %S
SS3. SuSy4. ISAI1.1. AGPS1.1. GPT2.1 f1 NTT2
FREFRESE, Hh GPr2.1 N FFRILE
B, AXTIRAY 38 £, L& SRR R T
WA LI () 154K 52 ABA RIBERHA S, (HiF
SRBIBEABRRES.
3 it

AR 55 3 AL F 7 TR 25 A
RENSIAS GBSSI Fll APL3 33k i— 45 SuSy4
9N RIERI: FHRoA BLIE AR IE 7]
i 17 REBH B ABA A0 BE, 3X 5 SCRkiRaE " — 2K
CHEN 25U &I H AR REME sl b PR AR 15

Expression levels of GBSSI , SBE3 and APL3 under the 1st (a-c), the 2nd (d-f), and the 3rd (g-i) treatment

FORMRFLVE By A L G ik, (HERE A ABA
LRI H AR B A AU s I R Gk . WA IE K6
MTER & LR, ABA FIEERHSL R AL H
ST ORI TE R A I R, HBR SuSy4
Hb, WL FE B E FRCRIEAE T ABA B}
FEWEER AR B 7 S KT 1) 2 S 1T BRI
FHAH LR AL PR A A A TR TS

Th g S ep Y T U M E A A R A 4
SSI . SSII Al SSIT, SST EFAEM ik, 7
BT R R SE R ) A Y, SST & B2k rp 2 2L
P AT PETE R & B, TEHEE R TER SSITF B0t
TR T 80% MTEHE, MMIFEAR T S BEVEM &
B, R TR R R [RIHTCER SSIT
AU SSHT, € oy J5URE T R 11 5 5 B B 92
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Fig. 2 Expression levels of starch synthesis-related genes under different treatments
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6 R S T 1) s B 1 LA B S A5 AR R T ol 5 o
TEN A RCEA AR, R, HORSZ AIE
P B R e SR e A ) A A B E R,
HUANG Z5"95%F EoR IR FLUEFT T ABA ., JEBE A
ABA+ERIAL L, X A B S A AE S I A T R S 2L
FFRB: A 57 D EERINF1E 3 A b #L5 L H
PSR, HA w47 M ERFL R RIA R R X
HF Y 14~ AP2/ERF F % 5N ZmEREB156
IPRT R B R A AT LA A A R B R sh .
HU 20 ERFPRIIEA TR A S . EbE . REE R

LT PR AL 2, & 3 H A i 7% R Ak B g 08 15 =
SSI Fik; #—L5E &I SSI A3+ CAC-
CG M) ABA i FH%.O45H5, AP2/ERF %K
WL S A T ABI4 REfS 454 CACCG, M T 47
VEM B Lo RAZVER 2200 L IGSEIR 1SA1 )5 3l
T AW R TCLE SURE, H ISAI W33k 32 b
P2, LIH B d4s S SURE JoFi % 5t 1 [H)
VRPN ERET , fERKE IR cDNA SO i e
1 I~ WRKY FJEEH SUSIBA2, BREMSLE G 1SAIT
JA 8% SURE o, MR KEZAFRLTER &
Mo UL EBFSE R B ABA FIEEREE FETE R A& K
AL THISKIE . HAT, DREPEEEmR A
SRR JCHRAE , 0 A 0 v TR AR S
VR Z A5 ) T 308 e 2 SR AL P 42 9 2 5 3 3K 1) 7 o
P, AT R AT Eh 8 S UE K LI A SiE IR L
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