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Abstract: 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 syn-
thesis-related enzymes in the process of bulblet swelling development were analyzed using fluorescence quantitative
PCR. The results were as follows: (1) AGPase had PLN02241 protein domain belonging to GlgC family protein and ADP
_Glucose_PP and NTP_transferase domain belonging to ¢111394 family protein. The accession number of AGPase gene
was KP751443. GBSS and SSS had Glyco_transf_ 5, GT1_Glycogen_synthase_ DULL1_like conserved domain belonging
to ¢110013 family protein. The accession numbers of GBSS and SSS genes were 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. There was a positive correla-
tion between the starch synthesis-related gene expression and the content of starch and bulblet swelling. The finding pro-
vides a reference for propagation production of lily bulblet, by which the expression of key synthesis-related genes can be

regulated to promote the swelling development of lily bulblet.

Key words: Lilium, starch synthesis, bulblet swelling, AGPase, fluorescence quantitative PCR
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IR IR L ( AGPase ) 2 TE MY & B 12 19 PR 2
fitf, 2 5 VEM G B 5 — 2 R, T AU 245 6 E A
A (GBSS) AR HEIE R &/ (SSS) /il 5 |
k5 SCBEE R I A B TAE S, 2017 % RS,
2018) , s MAVEY A BT, X = 28 0E M A B X T U
WG A EEAEM, 3 AT KT AGPase
GBSS F1 SSS H A 1) o B Bz 3% 3K 43 Hr 0F 5% v oK DL
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B AR RNA $2 UK Trizol W9 T In-
vitrogen ; 10 % 5% i 5l RevertAid First Strand ¢cDNA
Synthesis Kit ] T Fermentas; T 2 {& pGEM-T Ilg T
Promega; DNA #E i [7] i i 5] & AP-GX-50 4 T
Axygen; i K7 ih $2 0 ] & AP-MN-P-50 Wy F
Axygen; M13 F 5| 9. TGTAAAACGACGGCCAGT,
M13 R 5|4 . CAGGAAACAGCTATGACC , 7 &t &
B A i, 1 SRR & PrimeScript RT Master Mix
( Perfect Real Time ) )T TAKARA ; %¢ Jt: & &= PCR
1% : Bio-Rad Q5
1.2 ik
L2.1 &l 2 U AT B BeepE il , 2
X FERAE (2013 ) PO EHEATINE o
1.2.2 RVR IFER AR LB R cDNA 53] R

39 &
x1 It PCRIIMEERFT
Table 1  Primer sequences for PCR
5 N 5 e
IIETR g pea ekl
rimer . Primer
Primer sequence S
name function
AGP F 5-GAKAAYCCHRAYTGGTTYCAGGG-3'  fiif5|#)
Degenerate
AGP R 5'- TCHGTYTCYCTDGCHGCTTCTTG-3' primer
GBSS F  5'-AGATTYGARCCDTGYGGTCTYATYC-3'
GBSS R 5'-GGDAGRAAAATYAAYTGGATGAA-3’
SSSF  5'-AARGTBGGDGGYCTDGSTGATGTK-3’
SSSR  5'- RTTCCADGACCARTCYTGYTSCAT-3’
18s F 5'-TTCATATCACGTGCTGCATGG -3’ e E TS

Reference gene
18s R 5'-AGACGACTTCGGTGAGACG-3’
AGP F1  5'-GAGAACCCCAACTGGTTTCAG -3'  #)E & PCR
Fluorescent
quantitative

AGP R1  5'-GGTATCAACCTTCATTGCCTT -3’

PCR
. " . . GBSS F1 5'-GGGAGGAAAATCAATTGGATG-3’
FH TRV S R 9 7 3 AR A 2 28 i i HA ) AG-
. GBSS R1  5'-TGGAATGTCTGGGTCAACAGG-3’
Pase (GBSS 1 SSS FEH <DNA JF 51, & 5643 5l - 4%
- . . ot . SSS F1  5'-GCGGCTCTTCAGTTTCTCCTC-3’
X AL A B 3 2 ) ol 8 B T R A, AR ) AR
o s e 5 SSS R1  5'-ATCAATCCCATTTATAATGCC-3’
Blastn [ R 415 16 TF 3 158 52 4 1 47 Lo %), 4 B A7 AH
S ) T I 5 R AE R A SR MegAlign A4
2 BEBEEALAELEDENIETL
Table 2 Changes of starch content during the development process of Lilium
KB B A C D
Development stage
VER) it 17.34 + 0.31d 30.86+ 0.45 ¢ 40.23+ 0.26 b 44.52+ 0.68 a

Starch content (% )

T B PR E bRt . BUE G HR /NG 7 BEROR A 2 35 22 57K P (P<0.05) .

Note: Values are x+s_. Values followed by different letters are significantly difference ( P<0.05).
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R &Y cDNA Ry & H S A B Rl 18s
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W, BRI RER, IFES S H R
RN Z 89 A Ct, IR 272299 ( Rajeevan et al. |
2001) TS FE S H SR R E O

1.2. 4% F 54 RASPSS17.08 4175811
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TE: AL IAZERTE; B 82500 0BT B C. SRR KB BL; D. 8525 KR 25470k Be, T,
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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Differentiation and growth of Lilium bulblet in different development stages
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Fig. 2 PCR detection of starch synthesis-related gene fragment
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Note: Values with different letters show significant

differences in the same item(P<0.05) , the same below.
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Fig. 6 Relative expression of starch synthese-related genes

in different development stages of Lilium bulblets
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Fig. 7 Relative expression of starch synthesis-related genes

in different development stages of Lilium leaves
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