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Cloning of Isoamylase Gene in Yam and Its Role in Starch Metabolism
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Abstract: In order to study the role of the isoamylase gene (ISA3) in the metabolism of yam tuber starch,
we used Bikeqi yam and Dahechangyu yam as the measure to determine the starch and its component con-
tent and isoamylase (ISA) activity. The RT-PCR technology has been used to clone the open reading
frame of ISA3. The bioinformatics analysis were performed. Expression of ISA3 gene in different swell-
ing stages tuber and among different tissues of yam was analyzed. The results showed that: (1) the amy-
lose, amylopectin and total starch contents of Dahechangyu yam are significantly higher than Bikeqi yam,
and the starch content of the two varieties showed a trend of first increase and then decrease with the
change of growth and development, it reached the highest level at 120 d after planting. However, the ISA
activity of Bikeqi yam was higher than that of Dahechangyu yam during the whole expansion period. (2)
We successfully isolated an isoamylase gene (ISA3) from yam variety Bikeqi and Dahechangyu. Its se-
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quence length is 1 584 bp and encodes 527 amino acids. ISA3 is a hydrophilic protein and non-transmem-

brane structure. (3) In different periods of yam tuber expansion of 2 varieties with different starch con-

tents, ISA 3 gene expression increases first and then decreases in Bikeqi yam, but gradually decreases in

Dahechangyu yam. It is expressed in the leaves, stem and tuber, and there is obvious tissue specificity.

(4) ISA activity was extremely significantly and significantly positively correlated with yam starch content

and amylose content. Nevertheless, ISA activity was negatively correlated with the expression of ISA3.

This result suggests that ISA is involved in the synthesis of starch in tubers and play a key role in the syn-

thesis of amylose, and ISA 3 expression may play negative regulation of ISA activity and starch synthesis.
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Different capital letters indicate significant differences among different sampling times of the same variety (P<C0.05);

Different normal letters indicate significant differences among different varieties at the same sampling time (P<Z0. 05); The same as Fig. 5

Fig. 1

Changes of starch and component contents and starch debranching enzyme activity during

the expansion stage of yam tubers
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ATGAGTCTCCGCTCAT TCACAGCTGATGAATCAAGTGGATTGGACTCGAGCATT TGTGG TAGCTATCTTGGTGT TATTGAAAAGATCCCA
M S LRSFTADESSSGLDSSTICGSTYULGVY I EIKTITP
CATCTTGTGGAACT TGGGATTAATGCTGTGGAGCTCTTGCCAGT TTT TGAGT TTGATGAGTTGGAAT TCAAGAGG TTTCCAAATCCTAGA
HLVY ELGTINAVELILUPVFETFDETILETFI KT RTFUPNPR
GATCACATGATTAACACATGGGGATATTCCACAATGAATTTT TT TGCTCCTATGAGTOGGTATGCTAGT GCTGG TAGTGGAGCTTTGGGT
D HMTINTUWWGYSTMNTFFAPMSRYASAGSSGALSG
GCTTCTCAGGAGTTCAAGCAGATGG TGAAAGCTT TGCATAACGCTGGAATTGAGGTAATTTTGGATGTTGTTTATAACCATACAAATGAA
A S QEFKQMVIEKALHNAGTIEUVTIULDVYVYYNHTNE
GCTGATGATGAGCACCCCTATACCACT TCTTTTCGTGGCATTGACAATAAGG TTTACTACATGATGAAT TTTGATAACAAAGOGGAATTG
A DDEHPYTTSF FRGIDNIEKTVYYYMMNTFDNIKAEL
CTTAATTTTGCTGGCTGTGGAAACACATT AAACTGCAACCATOCCAT TG TCATGGAACT TGT ACTTGACAGT TTGOGGCATTGGGTTAAG
L NF AGCGNTLNCNMHPTIVMELVILDSILIRHTWYVK
GAATACCATGTGGATGGTT TOCGCTTTGATCT TGCCAGCGTTCT TTGTCGAGGAACTGATGGGACACCTCTTAATGCGCCCCCACTTATT
E YHVYDGFRFDLASV VLCRGTDGTU®PLNAPTPILI
AAGGCAATTGCTAAGGATCCTGCATTGTCAAGATGTAAMATAAT TGCTGAACCATGGGATTG TGCTGGACTT TATCTAGTCGGAAGT TTT
K A I AKDUPALSU RCKTITIAEUPU WDOCAGLYULVSGSTF
CCAAATTGGGACAGGTGGGCTGAATGGAATGGAAAATATCGTGATGATATOCGTCGG TTTAT AAAGGGTGACCCTGG TATGAAGGGCACT
P N¥ DRWWAEUWNGIKYURDDTIRRFTIIKGDPGMKGEGT
TTTGCCACTAGGATCTCTGGATCAGCTGATCTGTATCAGG TGAATAAGAGGAAGCCTTATCATAGCATCAACTT TGTCATTGCACATGAT
F ATRTISGS ADLYQVNI KR RIEKPYHSTINFUVIAHTD
GGTCTTTCCTTGTATGACCT TGTT TACTACAATAACAAGCATAATGAGGCAAATGGAGAAAAAGGCAGGGATGGATGCAATGACAATTTT
G L SLYDIULVYSYNNIKU HNEA A ANGETKGHRDGTCNDNF
AGCTGGAATTGTGGTT TTGAAGGAGAGACAGATGATG TTAATATCAACT CATTACGCGCACGACAAATGAAGAACTT TCAGGTGGCACTA
S W NCGFEGETDDVNTINSILRARUGQGMIEKNTFHYAL
ATGATTTCTCAGGGCACACCAATGATG TTGATGGGAGATGAATATGGOCACACTCGT TACGGGAACAATAATAGCTATGGGCATGATACT
M I S QGTUPMMLMGDEYUGHTRYGNNNSYGHDT
TTCTTAAATCATTTTCAGTGGAAACAGTTGGAAGCTAAAAAGGG TAGCCATT TCAGATT TTTCTCAGAGATGATAAAGT TTCGTCACAAC
F L NHF QW KOQLEAKTI KSGSMHFRFTFSEMIIKTFRHN
CATCCTATACTGAGGCGTGACAGATTTCTTGGCAAAAATGAT AT TACATGGCATGAAGACGACTGGGGTAACCCTGAAAGCAAATTCCTC
HPIULRURDRTFLGIKNDTITUWwWHEUDDTWGNPESTEKTFL
GCATTTAGGCTCCATGATGATAAATTTGGAAA TGACATCTACTTGGCAT TCAACGOGCATGACTACT TTGTCAAGGCTGCAATACCTGTG
A FTLHDDI KT FGNDTIYLAFNAHDYTFVEKAATIWPYVY
CCACCGCATAAAAAGCAATGGCACCGTGTGGTOGATACAAATCTCAAGTCTCCTGATGATTT TGTTAGGGAAGGTGTACCATTCTCTAAA
P PHKIKAO QUW¥WHRYY DTNLIKSUZPDDTFVZREGVYU?PFSK
GATACGTATAGTCTTGCTCCATATTCTTCTGT TCTTATGGAAGCAAAACCATAA

D TY SLAPYSSVLMEA BAWTIKTP®=

3 ISA3 1y CDS Jy 41 o Hoafe S 1) & AL R )y 97
Fig. 3 CDS and its deduced amino acid sequences of ISA3
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Fig. 4 Evolutionary tree analysis of the amino acid sequence of yam ISA3 and homologous sequences of other species
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Table 2 Correlation between key enzyme activities of starch synthesis and gene expression and starch content
in yam tuber expansion stage
i 7 44 EELD ELHEVER & A SCHEVE R VE M P ISA M ISA Fikht
Variety name Index Amylose content  Amylopectin content  Starch content  ISA activity = ISA3 expression
HLHETE R & & Amylose content 1
Y BEVE N & & Amylopectin content 0.907 " 1
5 5% Bl JEM & I Starch content 0.921" 0.999 1
ISA T 4 ISA activity 0.457 0.565 0.560 1
ISA F ki ISA3 expression —0.427 —0. 346 —0. 356 —0.002 1
T E K f i Amylose content 1
YEETE R O Amylopectin content 0.676" 1
)\[)}lﬂ{{f\?": JEM % & Starch content 0.724™ 0.999 ™ 1
ISA 1% ISA activity 0.485 0.7817 0.775 ™ 1
ISA #ih#E ISA3 expression —0.717" —0.550 —0.580 —0.6727 1
TE . x il xx SPHIFERTE 0. 05 F 0. 01 K E WFE AL
Note: * and *% indicate significant correlation at 0. 05 and 0. 01 levels, respectively
12r Aa .
KRB N S
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Mo SRR ISAS W RA MG OE A G 56 R ELTE Ve R A Bt 5 19
Fig.5 Changes of ISA3 expression during the tuber DHCY i A 56 M 2508 T 3E 1 & 5t % 1 5 i
expansion of yam e et 2 e 1 s o D .
B, TE/KFE 0 G e vh AR AR o Tl 55005 e b A S 3
35 o s 19 L R R ) R 52 96
= a N NSNS (=3 (TN S
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= luber g e [ - SO S N
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031 HBEJE A A Rt g /b 90 %67 15 A S 0 0 il 35
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Fig. 6 Expression of ISA3 in different tissues of yam
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