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Eutrophication of reservoir water often results in proliferation of algae and cyanobacteria, causing the
increase of cyanobacteria associated odorants and toxins in source water and thus affecting the quality
of drinking water. To ensure the beneficial use of source water, detection of the toxin and odorant-
producing cyanobacteria is therefore very important. A quick, accurate, and practical molecular biology
technique to detect the gene sequences responsible for the production of targeted toxins and odorants
may greatly improve the estimation of the formation potential of toxins and odorants in the source water.
In this study, a multiplex high resolution melting analysis (HRMA) method is developed and applied in
monitoring the functional gene sequences responsible for the production of common toxins and odorants
present in Taiwan’s drinking water sources. Primers are first to be designed to detect the functional genes
in toxin- and odorant-producing cyanobacteria present in Taiwan’s fresh water bodies. The primer sets
have be tested and verified individually with cultured strains isolated in Taiwan. Then, the primer sets
will be examined in a multiplex system to obtain the optimal parameters for the amplification and
denaturation of target gene sequences. Six major functional gene segments commonly observed in
Taiwan’s reservoirs is also analyzed with ARB software for cyanobacterial database. The DNA and
cDNA sequences database of the six major functional gene segments have be integrated with the HRMA
technique for creating comprehensive gene fingerprint database. Finally, the two systems also have be
integrated and applied to the on-site monitoring of toxigenic and odourous cyanobacteria in several

eutrophic reservoirs of Kinman Island and Matsu Islandin in Taiwan.

Key words: multiplex HRMA, multiplex RT-HRMA, toxin-producing genes, odorant-producing genes
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144§%4%@ié@ﬁ5—@$&i9%ﬁbwgﬂgw&,wﬂiwwﬁ& Cig
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RBE IR Iy WRFE R TR TR LB HEH T L2 FRIBN(4e - multiplex
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HRMA 2_ 313 &8 7 & — [P “TEER P o A FF K F D mey ~ 16s1RNA ~ cyr ~ rpo ~ pks ~
geosmin synthetase gene 2 2-MIB synthetase gene © 2 » > mcy 2L F1 5 £Bl3E 7T meyB 2 meyJ &
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tk2. DNA % cDNA/?‘JFiEk HPHRT A EATIZ R - o B (S E AT 30 $51 F $iE 7 multiplex
HRMA 2 multlplex RT-HRMA #jiFeind ¥ (40 2) o 7 iP5 multiplex HRMA 2 & F acf228
FIPESIF 42 B - MHRRE GBS F iR RN 33 FE - 25013 A6 Imey]
%ﬂ%‘ﬁi3§éﬁl—?“ﬁ‘mcyB ATFIFE L4313 %~ 16sTRNA A FF 1 #3133 %~ orA £ 7]
PESHIFHEH s rpoC AFIFESHIFH v po AFIFER3IEIFH phs AT FE T 313
¥t ~ geosmin synthetase gene & F] # £ 10 431 3 ¥+ % 2-MIB synthetase gene & F] % £ 4 151 3+ ¥
EoRIBEFAE 3T Tmey ] AFIRERY 3HIFHY 0 BRI BRI X Bl L & -
MERE s mey) AFIFE? 3HIINFIHEE moyBAFIFIHE BREE-MHEF R 282 ogrA A
FIR RS 51+ 5 F R Y ) - R M(primerdimen) & H v A4 > 2 2 & - M imey] AT
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Z5FHF R A EE - M WHRELIEHExx I FHE RE L - 4@ A 2-MIB synthetase
gene A F|FEzZ 33 g4 ApiEa, 0 WL 1 B %Y xxxiil 31 FHEF REE - BT
geosmin synthetase gene # %] # £ ~ 2-MIB synthetase gene £ F] # £ 51 F 22 mey] P E51 3 H &
PCR F &% » 2% - MF R R¥EHMERS > 2 2513 89F RU2Z KFBFEAEM AL
BB 5 2B 6 o omey) AFIREKRE 532 BB G2ER S 77.60CH 2-MIB
synthetase gene A F] 5 ELSh5h Xxxiii 313 ¥z B3 %3 28 A P 5 86.37C > &%"Eﬁ’%’iﬁ’_}iﬁi”
8.77C » # % HJp W4l mey A F]% 2 2-MIB synthetase gene 2 F] % £ > R 231+ H#H 5 5
iE o
mcyB A F]H B35 448 16sTRNA R FIF ER5IFHE R - HF B2 orA AF| P RS 31F %
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BBloxvil 313 EH - R R HARFE R EE - ¥ phs ATFIRERIFHEL - B
J& 5 meyB £ F]# EO51 3 422 geosmin synthetase gene £k F] * £ ~ 2-MIB synthetase gene 7 F] 7 £
313 % - M F RIS 24pF 0 o geosmin synthetase gene # F] % 51 F H ¥ MhE xx 315 H2
B3 &- M55 ¢ R @ & 2-MIB synthetase gene f 7] * .51 5§74 § B - 125 Ji o 16s
RNA A F]H E5IF 2 oprA AFIF B S$3513 87 > % xi i3+ $2 %Hiixii s+ e 2 5
BEE - et HpslFam b - Mk i 16s IRNA R F]F 513 427 ppo A FIF B33 ¥ F
o WHE xvislFHF BES - Bt BRI HELE - BERorA AF PRI FHER
- AFREIFHERG & - F 82 rpoC AFIRESIFHFE K Sl vi 31 F #H2 %I x 5
FHEF FEESRE X5 FHEE - BF R 5 vil 33 P8 % xil 35 R el xiil 3]
FHEEL - MHFE R B ovill 31 F HE SR X 3 FHFHRE S Xl 51 F HE B xiv 513 ¥
BBl xv 3l FHE R - HE R orA RFI PRI FHE ppo AT R HE R B v
513 27 B xvill 51 F ¥ E ShBvill 31 3 HE B xvisI FHE L - M r R B E S or
A AFRESI S8 phs AF)IFE S xix 51 F¥F R 0 PS5 vi 513 ¥~ %5 viii 51 3 2
HELix I FHE L - BFE R oprA 2 F) 8 K515 4487 geosmin synthetase gene f F) & F5 1+ ¥
FR > & - F 2503 @aess @ S5 viil 51+ 58 %5 xx ~ xxi ~ xxii 51+ ¥~ H¥Lix
X 5l F HEHE xx 313 H 5 or A A F] P 513 #22 2-MIB synthetase gene & F] ¥ B3l 3 &
o B & - MR 23l F YT DS vi o F HE R xxx 51 F H ~ L vill 515 HE WL
xxi 31+ ¥~ Bl x 51 F HE HE xxxil il F ¥ o A rpoC A FFE IS HPES & 0 & rpoAna
AFFEGF E- R RS HERET SR xil 3 HREL xvi 3 F B E R~ SE xiil 51+
Bl xvi 51 F HE R~ B xiv il F H%AE xvi B E R~ S xiv il F L xvil 51 3 HF
B~ B xv il F B xvill 31 F 55 B E phs AT G B - R Bl 3 HEET R
Xi 31 F $¥HE xix 31 F HEA R ~ HE xiil 31 F HiEhE xix 31 FHF B~ HE xiv 31 F HEE xix
Sl F EZE b xv 3l F 5L xix 313 & 5 £ geosmin synthetase gene A F] 7 L F & - 2
F el 3 e e xi s HRE xxil 31 F #F B~ i xi 313 HiREL xxvil 313 &
&~ $HmE xill 31 F ¥ HE xxix 5 FHE B HE XV FHESE xxix 5! F ¥5HE B~ B xvilF
HHE xx 3 FHEF R HE VI FHEE xxI I FHE RE B xvilF HHE xxil 3l F $#F
J& ; 22 2-MIB synthetase gene & F] # x5 & - {5 el 3 Hpes S xv 31+ #5550 xxxi
3 HE R S i xi 3 F ¥ xxxil 3 F ¥HHE R >~ HE il 5 F HE xxxil sl FHE R~
XI5 F ik xxxiil 51 F ¥ 5 B E E xiv 31 F H¥hEL xxxiil 51+ ¥ 5 & o & rpoAna £ F)
PRI HPREED B & phs AT T - BF B3l F s © Sixix 31+ #HR50 xxv
5l 3 ¥ FR >~ %% xix 51 F ¥ %5 xxxi 51 F ¥ K5 B % %5 xix 31 F ¥ %5 xxxiil 3! 3 $F
oo & phs AFIFE G B - BF Bl 3 HEET B xix 5 F HRTL xxv i3 HE R SR
Xix 71+ $H5%E xxxi 31+ HF B E Filxix 71 F H5 xxxiil 51 3 #F & o & geosmin synthetase
gene 7 F] % EL3l 3 $pE S 6 > & 2-MIB synthetase gene & ] F i F & - L F 5] 3 Hae
F oL L xx G HMELxxx 3 F HF R~ il xxi 51 F HHRE0 xxxill 31+ #HF R E Sl xxv 5l
F ¥ xxxi 3 FHE R -

% multiplex RT-HRMA 2. & F it A FI PR3 2 & - HRIES 6 o %%' 4 multiplex
HRMA 15 fis2 513 % » i& {71528 itk cDNA & — {Hp3% » S % B ycd 4907 » FREEE
DNA F acfE A F]F 513 #REEAR R (& 3)F L3757 o 975 BIREF B#(528 X F )2
3.60%(19 = F i) > 2 @ 22 DNA F v AT R B3 HRIEZSF 9k DNAE - 1) {38
cDNA(ZEE - H)]1k 1.719%(9 < & &) % [/ DNA(Z-% - 1£) > {& cDNA(Z — )]k 1.899%(10 =
FRe) 27 cDNA F oA TR E51F PR R @2 & - BF Bl 3473 %Hiisl 3
L v i FHFE R %El il 3 F e vill 31 F K R~ %t vill 31 F ¥ xiv 51 F $ K
s dmi vill 3! F H B xv I FHE B S % xi 3 F ¥ m5 xvi 31 F 85 E B > Wi xil 513 %
Bl xix 3 F ¥ F R HEoxill 3 F BT xxx 51 F ¥ F R~ $th xiil 5] F $ 5 xxxi 5 F ¥ F
&~ Sl xvi 31 F ¥l xxi 3l F HE B~ il xvi 31 F il xxxil 31+ 5 % 5 ¥ cDNA F
R AT PR S HPRRS RS L - BF a3 HT D KRS vil 3 H R x5 3
FOB ~ Sl ovill 51 3 #3550 X1l 51 3 5 8 ~ Sl vill 31 F H%BE xxi 51 F HF R~ Bl viil 5]
FHET x5 FHEEF RSB Vil FHHRE xxxi 3 F¥FE B % x5 F ¥ xxxil 31 F
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HE S % xxv 3l F ¥ %5 xxxi 31 F 4 F B o 25T > AT RIS AT R 5 3]
FHAAF R Y DNA P8R 238272 23 P 27 0 Bl ¢ 23 multiplex HRMA % multiplex RT-
HRMA & Ji ¢ #7iE * 5"*%? %— foo Bt o EATEEE PART AT KB H kgt 25l
'*éf WARAMTRF2ZAFNRTFET P 2 F L3 FHEHAPAAAFRT T P 77 il >

FEREIELA4GPIRERES  EN BT PRI RFTAMEATIERZIH A5 ImoB &
“’] 2 B iv 31 ¥~ 16s IRNA A F1 8 K2 %% v 513 % ~ rpoC £ 715 B2 %% xiil 31+
¥~ rpoAna FR F) R B2 MaE xvi 313 4 s phs A F) R B2 B xix 313 % ~ 2-MIB synthetase gene
AT R EZ Syl xxxill 31 F HERFT - 4= £351F %2 multiplex HRMA % multiplex RT-
HRMA Rl381 0% o LA iR AR Y cnfl R & B pmld > 424 w5l 5 1% LR Rtk
DNA % cDNA % # if 2. multlplex HRMA % multlplex RT-HRMA F & %8c > L7 & 9315 %
H- HRMA 2 BI3E1 > Ao RIHPE SRR 7 F NFR 2513852 58528
(Tm)[® 7 (a)]~ %] 5 : 75.70°C (mcyB) ~ 85.86 C(16s rRNA) ~ 77.21°C (rpoC) ~ 77.12°C (rpoAna) ~
82.29°C (pks)% 86.38°C (2-MIB synthetase gene) » ¥ %3 f&if B & SAp & T F o @ g u]5] 3 $H -
RT-HRMA 2 B35 % = 5 [B 7(0)] > = 251 F %2 53 % f2:8 & (Tm)A 9 5 : 75.80°C (meyB) ~
85.80°C(16s rRNA) ~ 77.20°C (rpoC) ~ 76.82°C (rpoAna) ~ 82.50°C (pks) % 86. 31 C(2—MIB synthetase
gene) ° +° & HRMA # RT-HRMA 5. % 3 j# g A& (Tm)# > A H &= 03 j2g A (Tm)Z £ 5 2 2
TR rpoAna A FIF B S H (LR E A5 039%) 0 B s ER phs AR &m51+§1’ F
(2P~ 5 020%)% E Bl meyB A %5 ¥Am5]+ﬁF(? BE A 013%) F2 5 ER
2-MIB synthetase gene & F| * fxerisl F (L B 7 A v 5 0.08%)% % iB| 16s rRNA £ 7] 7 £ e
Sl HP(ZREF AL 007%) £ BB T TR poC AFFEGGIFIHI(ZBF A S
0.01%)  &r E R 3 e @ FT(DNA & cDNA) > FIFPEI R 2 RP 3 R 50 238 F &
REAFEFRIFHFEFNZ T EEFPRAFIFTEBBFERLALAE > LR P HF 2 05%2
poFEEREZE -

B AriE P20 3l 3 ¥ (7 multiplex HRMA 2 multiplex RT-HRMA 2. = & F s A 7] 7

ﬁi%l—?% 2. B - MRRE S BRI Acd 5 At 0 2 £ S HEEH AR A BEATFE L

S }@'rﬁﬁ” GRS SR NG mcyB~pks~2 -MIB synthetase gene (% iv 51+ ¥~¥a 5L
Xix 31 F ¥~¥hE xxxiil 31+ ¥) > % = 25 1 16sIRNA~rpoC~rpoAna (5L v 51 + ¥~%hm5L xiii 51
F¥~SBxvi i F ) BB ﬁ’¢,3_)§;A\+%§]1 BFE RS SREFEIZAR 8- § 8(a)2 K 8(b)~
4] % multiplex HRMA % - %22 % - 251 F @2 F B2~ B B8 ()2 B 8 (A4 %W 2
BRERERY AL TR 0 @ B 8 (e)2 B 8 (f) 5 multiplex RT-HRMA % - 22 % = &5l 3 etz
F R~ 17 R# > Bl 8(g)% B 8(h)y~ B & H gz }u_}idf %ﬁlé\%‘r@ v 2. F Ji 4 17 BlR# o e multiplex
HRMA Bl &7 > % — | E’al—kﬁﬁoﬁt‘ S % }u.)ii(Tm)(%\ 6) E 4F 5 =X P &K
7T w5 1 75.70°C(meyB) ~ 82.30 C(pks)ﬁ 86.37 C(2 MIB)» & & w2z &8 X % A1 g 0.05
OCE’%?%]?]P\ SR R D TR =i O < NS “—Jliﬁs%‘{’ﬁﬁ’ir’iu_)i(Tm)Ffi EEAF S X PR HRKTT
s8] %5 1 85.87°C(16srRNA) ~77.20°C (rpoC) 3 77.10°C(rpoAna) > * & wjz & ik X % 4 § 0.05

Cerge R 5 7 multiplex RFTHRMA Bl3# ¢ &m0 % - 2353 ey » ul2 g3 28R
(Tm)(3 6) £ 4 5 = 2% 3 + 4 5 5 75.83°C (meyB) - 8248 (phs) * 86 30°C(2 MIB) »
PAN ERRLY AL P OOSCm#@p\’m ENSR TR i Ok S L S % iR & (Tm)

Bk g4 b e sk T o 4w 5 1 85.78°C(16srRNA) ~ 77.23°C (rpoC) % 76 75 ‘C(rpoAna) -
L gjxﬂ_g,g;,; &t f 0.05Cenfe Bl p o ¥ & multiplex HRMA % multiplex RT-HRMA + ]
FJ&F'“ ARV UFR AR PRI FIHRERFRPIFRZAFIFERRRF 2 rﬂilﬁjf"?ﬁ
#+eh73 b (DNA » cDNA) > k#5475 awH BBGRERGNLIE R AP RER LR
rpoAna £ 7] 3 s xvi 31 F $1(0.469) - 2 =t 5 pks A F] 5 BB xix 313 £4(0.229) % mcyB
AT R E v i+ (0.17%) » HAA FIF B3 2 £ B ¥ Mt & 530 0.10%][rpoC A 71 8
B S Xiii 315 $(0.0499) ~ 2-MIB £ ] 7 £ S E xxxiii 513 $(0.0899) ~ 16s rRNA £ 7] & £ Sh%h
vil3 $0.10%)] > ¢ ** HRMA 33 2R R B A7 i 0.1CHERF > s b P AT 8 KPP
ARl B TR - BRSRENEY 2 - BELE KT -
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AERZFPTHERTFERZ FETEZE S EF EETERATR R RS ELS TR
(multiplex HRMA -~ multiplex R-HRMA) 2 ¥ = 7 3 i % 5053 @RIk Y - ESFZ M A3
FALTRBATNE jEd LA 2 ALARBAREOTHREZE S > ¢ SHRBTHE
PFL O I R 1S S TR SRR A 2 S e TR
* m51—+ ¥ 7 & iF 1 multiplex HRMA % multiplex RT-HRMA & % % i pF 2L 5] 2 £ & B (qPCR)
2 17 e 0 1 e 195 3% o P”ﬁ’%ﬁﬁmb¢%%u@wj®#?HWA£RMM&ﬁ
BB Pt s el 5 £ T 5 £ F WeRE pF AL F] 2 F $F(multiplex gPCR % multiplex RT-
QPCR):e 7 49 B HRMA $tfrenme 28 22 0 ok B ST B B %4000 £ 2 5 n 138 8 2 40

BT > AMA RS PR AMATIEEATERL G ARM L SWP T AT TH B h
ﬁﬁmfpm%@%m%Jod”*Pﬂﬁﬁm féﬂﬁwkﬁfﬁ%ﬁﬁﬁﬁﬂ“ﬂ 7|
7 iﬁﬁﬂf“fé MArE 2l F H N A M g EE n*%%f"" ERATA 2R 7 e i

MR REET T P o BAFEFH LA FITARE S > A 1 % 2? (multiplex HRMA ~ multiplex gPCR %
g multiplex RT-HRMA -~ multiplex RT—qPCR ) RB TR RS o BT R & - 5l
HE2HES  SIRFL A INZEE B B0 EEFAFIEAEALT AT P RS EREAT
A2 ORHP T EL TR SRR TS F"*»’fﬁﬁa? e a#ﬁfag”gii"_ﬁ R R R E ik K
1o i—\j\rﬂ ;;12::})%
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