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Abstract: Starch synthesis-related enzymes are the key enzymes in the pathway of starch
synthesis and metabolism, which plays an important role in the accumulation of starch in lily
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bulblet and the swelling development of bulblet. It is of great significance to study the genes and
explore the regulation of expression pattern for the production of lily bulblet. The key enzyme
genes of lily starch synthesis, ADP glucose pyrophosphorylase (AGPase), granule binding starch
synthase (GBSS) and soluble starch synthase (SSS), were cloned by homologous cloning, and the
bioinformatics analysis was performed. The bulblets and leaves of lily during the four stages of
bulblet swelling development were used to determine the starch content in bulblets at different
stages, and the expression of the key genes encoding starch synthesis-related enzymes in the
process of bulblet swelling development were analyzed using fluorescence quantitative PCR. The
results were as follows: (1) AGPase has PLN02241 protein domain belonging to GIgC family
protein and ADP_Glucose_PP and NTP_transferase domain belonging to cl11394 family protein.
The accession number of AGPase gene was KP751443. GBSS and SSS has Glyco_transf 5,
GT1_Glycogen_synthase DULL1 like conserved domain belonging to cl10013 family protein.
The accession number of GBSS and SSS genes was KP751445 and KP751444, respectively. (2)
The starch content showed an increasing trend in the process of the formation and development of
lily bulblet swelling. The starch content was up to 44.52% at the stem differentiation stage after
bulblet swelling, which was the highest. The three starch synthesis-related genes were
up-regulated gradually in bulblets and leaves. The expression of these three starch
synthesis-related genes were up to the peak at the stem differentiation stage after bulblet swelling.
The expression of AGPase, GBSS and SSS were 10.79, 6.92 and 5.12 in bulblet, and were 6.79,
5.22 and 4.41 in leaves, respectively. The genes expression were much higher in bulblets than in
leaves. The results showed that there is a positive correlation between the starch synthesis-related
gene expression and the content of starch and bulblet swelling. The finding provides a reference
for propagation production of lily bulblet, by which regulates the expression of key
synthesis-related genes to promote the swelling development of lily bulblet.
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1.1 #%k

HYARE: 22 M A (Lilium davidii var. unicolon) 2155 1 . R HE LB I FE Hp i 25 % & RS
W Fom N INAEZE B, BEZETE R B, W25 B, BRI K S AT L B, 3 ilsid
A, By C. D UUFTEBt. FrlUZHZUR RN & I Bt =2 i S odbklk (B D, BB A
% 25 APRHEI B B RS 25 B (B AL H 2, B J5 R U R B T -80 CUKAR (R A7 . T
BT PU LMV R B A DB AR 7T BT 4t

FERFIF R RNA FEEGRF) Trizol 19T Invitrogen; %% 517 RevertAid First Strand
cDNA Synthesis Kit i T- Fermentas; T #4& pGEM-T 14T Promega; DNA ##jiz FIi iR 71 &
AP-GX-50 T Axygen; JFikifi#2ikifl & AP-MN-P-50 4T Axygen; M13 F 5[4):
TGTAAAACGACGGCCAGT, M13R 5|#): CAGGAAACAGCTATGACC, 14 i A ik
14 3R 57 A PrimeScript RT Master Mix (Perfect Real Time) T TAKARA; )¢ 5E & PCR
{%: Bio-Rad iQ5.

Ee A NAEZEH B B BRI B C BRI RBN G D. BRI RS AL B L.
Note: A. Cluster bud stage; B. Bulblet differentiation stage; C. Bulblet swelling stage; D. Stem differentiation
stage after bulblet swelling. The same below.
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Fig. 1 Differentiation and growth of Lilium bulblet in different development stages
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BEAE AT LT, 4 B AH AR B T TR AR P B3 N, S MegAlign B3k 7 38 44 b
Xof, PR A S e X S B T8 9 514, e T LAy & AGPase. GBSS Al
SSS R ME LI (R .

K H Trizol EH2E & 44211 RNA, FH DNase I, RNase-free 2% RNA H1[ DNA, K%
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Table 1 Primers sequence for PCR

ElEZE2XiN ElEZE 2] ElEZINi
Primer name Primer sequence Primer function

AGPF 5’- GAKAAYCCHRAYTGGTTYCAGGG-3’ fE 519




AGPR 5’- TCHGTYTCYCTDGCHGCTTCTTG-3’ Degenerate primer

GBSS F 5’-AGATTYGARCCDTGYGGTCTYATYC-3’
GBSSR 5’-GGDAGRAAAATYAAYTGGATGAA-3’
SSSF 5’-AARGTBGGDGGYCTDGSTGATGTK-3’
SSSR 5’- RTTCCADGACCARTCYTGYTSCAT-3’
18sF 5’-TTCATATCACGTGCTGCATGG -3’ WA
18s R 5’-AGACGACTTCGGTGAGACG-3’ Reference gene
AGP F1 5’-GAGAACCCCAACTGGTTTCAG -3’
AGP R1 5’-GGTATCAACCTTCATTGCCTT -3’ o
PG E R PCR
GBSS F1 5’-GGGAGGAAAATCAATTGGATG-3’ L
Fluorescent quantitative
GBSSR1 5’-TGGAATGTCTGGGTCAACAGG-3’ PCR
SSSF1 5’-GCGGCTCTTCAGTTTCTCCTC-3’
SSSR1 5’-ATCAATCCCATTTATAATGCC-3’

1.2.3 #JtE = PCR

&A% primer premier 5.0 (Premier Biosoft Interpairs, Palo Alto, CA) i1 R4 145
v, BTSSR 1. BURFRR BB B (AL B C A1 D) [ 5 2048, i Trizol
R S L4 RNA. {1 H PrimeScript RT Master Mix (Perfect Real Time) Kf mRNA %%
3K CDNA, & %) cDNA HI-T H B2k R IL 704, BL 18s rRNA /E 382, Al SYBR Green
FIGE B PCR A& 1S cDNA )4 H 2 R v BOMT 18s rRNA, N AR 73 E N: 95 °C
Ak 7 min, 95 °CAEME 30's, 57 °CiE-k 30's, 72 °CHEfHfi 30's, 40 MEH. FAFEMBE 3 X
A, EAEAMES H RN ZHACH FERA 2449 (Rajeevan et al, 2001) 5
S H S R AR
1.2.4 Gt ot

KA SPSS17.0 A AT Geit 24 b BT TR R KM tie%, 4 P<0.05 WA EA &
EHER.
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A, 2016) HRiE—E.
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Table 2 Changes of starch content during the development process of Lilium
KEWTB

Development stage

A B o D

G R
Starch content (%)
H: BUE P bR . BUE S AR NG FRERORE R R 2 22 7 /KF (P<0.05).

17.34 +0.31d 30.86 +0.45¢ 40.23 +£0.26 b 4452 +0.68 a

Note: Values are x 4_-?5. Values followed by different letters are significantly difference (P<0.05).
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14 AGPase. SSS 1 GBSS H & e & AH R B ZE A 1] cDNA 741 (& 2), 7351l 7453 21 918
bp. 567 bp 1 1257 bp MIFEH B . & P50 Hr S Lexs, =257 8150 3l 5 Ve & ok
HEfIE R AGP small subunit. SSS//I. GBSSIFEEM: i, 4 7lik %] 100%, 99%F1 99%. F
PLE e R EAL NCBI SRR B 55 KP751443. KP751445. KP751444, BA% BT
VIR A FEIR T HIEAT Blast LU/ fRsp2imik, M 3 a7 ). AGPase Hf cl28238

(GIgC) HH G PLN02241 < ik B 1 S5 /MR AIE 22 ¢111394 K Jik 25 1 ADP_Glucose_PP 5
NTP_transferase 25 #4/45; B P 4. /& 5 7] L, GBSS 5 SSS A ¢110013 5 J 2K 19 Glyco_transf 5,
GT1_Glycogen_synthase DULL1 like 453k .
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Fig. 2 PCR detection of starch synthase gene fragment
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Fig. 5 Conserved domain of SSS

2.3 WA RERBERETABHENARFHBRHIRE

Bl 6 NE A5 ZEMMETE R B KR B R ek A& iR R R IA S I, BB A |
AGPase. SSS #/ GBSS =A~H & ek & Mt Rl RE N Rk E K, FEEBEZEME KT,
BV kA L R R BRI N, AT KB D 83l m. HIE=ERENNKE
W B Il ik B 2 R IIE BB KT (P<0.05), Rk B AMI AN B D sh gl ik & R
TR AGPase J:[H, HERIAEN 10.79; #hlAKTEL AL B, C 1) 10.75. 6.95. 2.69 fi;
GBSS 7EWTEL D [MERIAE N 6.92, 75N E: AL By C 1) 6.81. 4.03. 175 f%; D MBI
SSS FXikE N 5.12, HIAME: A, B. C ) 5.09. 151, 1.09 f. =K KRILEZIY
B PO B 22 MR T B 22 . SER S IR I 1 R BUA 5%

Bl 7 Rt 2R R KRk Bl R, i S SE R S O R ) R IA I O . R = E R
G B R A B B R B AR B 0, JF TR BB D BBl E . —REEENA K
BBz Al ik B 2 R IE B KT (P<0.05), FKisERAKINKE D | AGPase %4,
HEIEE N 6.79; [FI, BB D 1 GBSS #/SSS ik & 73 Jllik £ 5.23 F1 4.41. [ Bt D ' AGPase
KRB NMEB C. B, A 218, 3.10. 6.73 f%; GBSS FitE NME C. B. A ] 1.97.
245, 5.21 f; SSS XIEEAMEL C. By A 1.74. 2.77. 4.40 %, XFRHIH FhiEk &
Bl L PR 0k 5 i 25 i R TA AR — B
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Fig. 6 Relative expression of starch synthase genes in different development stages of Lilium
bulblets
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Fig. 7 Relative expression of starch synthase genes in different development stages of Lilium leaf
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FHABOKAE, 1998), AW I IR FH BIAFR G W B B A 7 A FR B RERE . AH
WA TR SEANIR R TG TR BT, e ik 6 251 Kk & 1 25 AGPase ik i i 8 fkh —
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