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ERE, HOJ, EEE, REF, BEZL, 98K, FIL, FHER
(RWEH - ANRERAERE, BB 650011)

o OE: BB LR R AR — kA kR LR AR AR £ 57, IR E—FP A T PCR Y309 Peik | FHak,
R, 2 EERABBRRIT %, Fik oA AR R L. —F kxR ZREE (Rhizomucor miehei, R.
miehei ) . AL Bk E ( Lichtheimia corymbifera, L. corymbifera ) #» %A% &% ( Mucor circinelloides, M. circinelloides )
3HEFRAZBR, 128 Qbitd A B IR M AU A BKE, AT R KA ZT PCRY W ER, WRAT WEHMA
B (Ct) 2 F R E, R KRwmAME. —F kAR K EIRICR. michei, L. corymbifera = M.
circinelloides 3 %k £ 5B, P —F X RPPTIFHBRORE RS, RRBAMERZ, B ERIK, 2FELA%IT
2% 3L (F=38.803, 2 160.759, 325.175, 34 P<0.05) . AR ERBREEHZHBAAN KL (10.00+ 1.50 min) ,
—FFkz (2500 + 1.50min) , #zkERK (75.00 £ 1.50min) , ZFAHL%TFEL (F=2574.074, P<0.01) . &
HERBEFEWRBAR BRAFRERBERS, ERAE—FTERZ, RRBAMEZTIK, KRBAME, —F %A
FESRERICH 3 MEERABRI YT IR MR E R, A7 R R michei AMAZIRY 38 )6 CtAa5 54 18.72£0.18,
17.42+0.46 #2 18.97 +0.46, £ F A %it3FFE L (F=22.375, P<0.01) , E P& RBEE s RIRIRAG BT 15
Cti£F AL FEL (=1.114, P>0.05) , —F FRRGBMBY /G0 CHALN T R srmAt s ik, 2FA%TFEL
(1=5.852, 5.277, 3 P<0.05) ., #EX L. corymbifera A AZBR ¥ 35 )5 Ct4a 5 %A 1623 + 0.13, 21.23 + 0.25 = 14.53
+0.04, ZFAGITFEL (F=2298.548, P<0.01) , X P& RBAMERROBZBRT G0 AN T—F %, 2%
A Gt FE L (1=40.031, P<0.01) , BRRERIRGZIRY GBS0 CtAL ) T A shdmAr oy ik, 248 %t 5 &L (127953,
60.265, 3 P<0.05) . 42 M. circinelloides B ¥ AZBR ¥ ¥ )6 Ct 455 %) A 16.77+0.28, 15.38+0.88 #= 16.13+£0.20, £
FA G FEL (F=8.152, P<0.01) , PR RBEMERRGBEER T YT )60 CHIEX T HINAMNT %k, £2RFA%
&L (=3.372, 4.106, ¥ P<0.05) , —F FAomiskE R AR = Hy HJat CtAL£F Ryt 5 &L (1=1.866,
P>005) . %8 RRBAME, —FVEREREH TRIVRBEEAERE, L PR BB ERERZ, F0 R,
FA RAFZBARBUE AL, PTIRICE T A AL BRI AL 4% 5 2 2 it 3¢ L £ & PCR ¥ 382K,
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Comparative Experimental Study on the Efficiency of Three Methods for
Extracting Mucor Nucleic Acid
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Abstract: Objective To compare the difference in the extraction efficiency of Mucor Mucleic acid by using improved alkaline
lysis method, one-step method and magnetic beads method, and to explore a rapid, efficient and economical Mucor nucleic acid
extraction method for PCR amplification. Methods The Mucor nucleic acid was extracted from Rhizomucor miehei (R. miehei),
Lichtheimia corymbifera (L. corymbifera) and Mucor circinelides (M. circinelides) by using improved alkaline lysis method,
one-step method and magnetic beads method. The nucleic acid concentration was measured by Qbit4, and fluorescence
quantitative PCR was performed to compare the difference of cycle threshold (Ct) values after amplification and nucleic acid
extraction efficiency. Results The nucleic acid was extracted from R. miehei, L. corymbifera and M. circinelloides by improved
alkaline lysis method, one-step method and magnetic beads method. Among three methods, one-step method gained the highest

nucleic acid concentration, followed by improved alkaline lysis method, while magnetic beads method obtained the lowest
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concentration, and the differences were statistically significant (F=38.803, 2 160.759, 325.175, all P<0.05). The time of Mucor
nucleic acid extraction was shortest by improved alkaline lysis method (10.00 = 1.50 min), followed by the one-step method
(25.00 £ 1.50 min), and the time of Mucor nucleic acid extracted was longest by magnetic beads method (75.00 £ 1.50 min),
the difference was statistically significant (/=2 574.074, P<0.01). The cost and equipment dependency of Mucor nucleic acid
extracted was highest by magnetic beads method, followed by the one-step method, and the cost and equipment dependency of
Mucor nucleic acid extracted was lowest by improved alkaline lysis method. The Mucor nucleic acid extracted by improved
alkaline lysis method, one-step method and magnetic beads method could amplify positive results. The Ct values of nucleic acid
amplification extracted from R. miehei by improved alkaline lysis method, one-step method and magnetic beads method were
18.72 + 0.18,17.42 + 0.46 and 18.97 *+ 0.46, respectively, and there were significant differences (/=22.375, P<0.01). Among
them, there was no significant difference between Ct value of nucleic acid amplification extracted by improved alkaline lysis
method and magnetic beads method (=1.114, P>0.05), the Ct value of nucleic acid amplification extracted by one-step method
was lower than that by improved alkaline lysis method and magnetic beads method, and there were significant differences
(t=5.852, 5.277, all P<0.05). The Ct values of nucleic acid amplification extracted from L. corymbifera by improved alkaline lysis
method, one-step method and magnetic beads method were 16.23 + 0.13,21.23 £ 0.25 and 14.53 £ 0.04, respectively, and
there were significant differences (F=2 298.548, P<0.01). The Ct value of nucleic acid amplification extracted by improved
alkaline lysis method was lower than that by one-step method, and there were also significant differences (+=40.031, P<0.01). The
Ct value of nucleic acid amplification extracted by magnetic beads method was lower than that by improved alkaline lysis method
and one-step method, and there were also significant differences (#=27.953, 60.265, all P<0.05). The Ct values of nucleic acid
amplification extracted from M. circinelloides by improved alkaline lysis method, one-step method and magnetic beads method
were 16.77 £ 0.28, 15.38 + 0.88 and 16.13 + 0.20, respectively, and the difference was statistically significant (#=8.152,
P<0.01). The Ct value of nucleic acid amplification extracted by improved alkaline lysis method was higher than that by one-step
method and magnetic beads method, and the differences were also statistically significant (+=3.372, 4.106, all P<0.05). However,
there was no significant difference between Ct value of nucleic acid amplification extracted by one-step method and magnetic
beads method (=1.866, P>0.05). Conclusion The improved alkaline lysis method, one-step method and magnetic beads
method could be used for Mucor nucleic acid extraction, which is sufficient for real-time fluorescence quantitative PCR
amplification. Among three method, the improved alkaline lysis method may be easy and simple to perform.

Keywords: Mucor; nucleic acid extraction; real-time fluorescence quantitative PCR
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FENRENC T R H BRI L R m Y, B
WAMRALE M, FEUNMRIE R AMALURSE, H
HEHL 5 TORE R IR L I R RAE AR R A
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1.1 MR % EFAKEREE (Rhizomucor mie-
hei, R. miehei) . 4% A3k 5 ( Lichtheimia corymbi-
fera, L. corymbifera) F¥:#; B2 ( Mucor circinelloi-
des, M. circinelloides ) 3 ¥fT25 W bR e E AR M AT X
%, DL ARvERE RS ) i S A 4 R O
EHPG (CGMCC) o AWFFEC il i BT 5 —
NREE BE B AR B 51 2 dF A i

1.2 MEAXA  FEAURREARS: 2 A am L
1% ( GeneRotex 96, PU& KRERHEARAR) , #%
PR e P I 2 A ( Qbitd, FEER RH/RBHEABRA A ) ,
FHOGE B PCR 4714 (SLAN-96P, I A7
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EITRHEAIRA R ) o FEIRF . — A 5]
( Lysis buffer for microorganism to direct PCR 9164,
Takara Bio A F] ) 5 BEBRIER IR (P42 K pEFR
HAWAR) ; SEEmAK, WEH. &0
. TR AN BRAE (B A R A BR A
A 3 A& LEN (NaOH) | Tris-HCI[ £ TA9 T
e C i) A PR F] ] 2 x PCR TR [SGExcel
GoldStar TagMan Master, {1, 7 GoldStar Tag DNA
Polymerase, PCR Buffer, dNTPs il Mg*", 4= T.%4:
YT (L) BhaRRAH ],

1.3 Fik

131 B %5 A 1 DA bR 8% 95 R U A K R
miehei F L. corymbifera T M5 Fh T Th 4% 25 75 &) bl
BEHE 5 (PDA 55758 ) H55% 48h ( Hp R,
miehei B T 45°C T ¥5i3%, L. corymbifera & T 25°C
TH:FR) . ¥ M circinelloides T Fh 4% Fh T % 112
R R AR R 5 (YPD 5555 ) | 25C G g
48h. A HIPREC R R FR R %, A B FRE &
3ml K 5B @A GRS, PR R
BE T BERE 150mg, GRG0 0 158 (5
FREREGMIEROTEL SE) , BESEHERY
10mg, 13 000r/min B5.0> Smin & Fi5H, #H.
1.3.2 BCRAR L Y 1n LR HE A 80wl
1 0.5mol/L NaOH, ek~ Imin, JIA 1601
0.1 mol/L Tris-HCI i1, FRRIENRZIRS] Imin, 4°C
13 000r/min #.0> Smin, BT 20°CAAA7E# .
133 —k: £ ERGEHETIA 50wl FEAR
WA, IRERETH RS Imin, 85°CHVIEM: 20min, 4°C
13 000r/min Z5.L» Smin, B E3ET -20°CARF4 .
1.3.4  WEERME: T LR HBETPIA 180 w1 %
VEWOR 20 1 RS K AW, IWER%IR )G 50°C
T 30min, A 200 w1 B A TE AL, i HE 4R
WIRA), ¥ LRI ABAF Srb,  EALERE,
40min J5 ARG AL IRAEI) .

1.3.5 BE W FERZIREENE: H Qbitd Rk
JEE I S 7 b AR AN R O YA SR IR R VA 3
LR A AL IR E DA 7

1.3.6  SIYAHEE R MRS MILLON 45 7 jRiE &
B R. miehei, L. corymbifera 1 M. circinelloides ¥}
S AERER RM-F: 5°-CACCGCCCGTCGCTAC-3,

RM-R: 5’-GTAGTTTGCCATAGTTCGGCTA-3" I
RM-P: 5-TTGAATGGCTATAGTGAGCATATGGG
AGGCT-3’; LC-F: 5’-CACCGCCCGTCGCTAC-3’,
LC-R: 5’-GCAAAGCGTTCCGAAGGACA-3"
LC-P: 5’-ATGGCACGAGCAAGCATTAGGGACG-
3’; MC-F: 5°-CACCGCCCGTCGCTAC-3",
MC-R: 5’-CCTAGTTTGCCATAGTTCTCAGCAG-3’
M MC-P: 5°-CCGATTGAATGGTTATAGTGAGCA
TATGGGATC-3’. R. miehei ¥4t 1 57 ¥ L HEX i
EYEIEHRRIC, 3 WA BHQI WK KM bric; L.
corymbifera ¥4 ) 5° %t LA ROX A5 9O AR,
3’ wild BHQI1 WK IELFFRE; M. circinelloides 1%t
1) 5 5 DL CYS & 2 e A bR, 37 ok BHQI
VERFEARIC . VA L5 W FAIRE Z4 04 T A T2
( i) Bedn A BRAFIA .
1.3.7  SEBF286 5% i PCR 4738 5256 7F PCR 45
AR 251 2 x PCR TRIR M, 4% 51 ) A% 4T
Tl (&HRE R 02umol/L ) , Bt Spl, LA
RNase-Free ddH,0 #ME A 5 % 50 1. PCR S 551
95°C 10min, fE¥ 1 ¥, 95°CAEME: 155, 60°CiE &
/ FEAH 60s, TEER 40 K. ZOGIF SRR 60°C.
Ct {5 <38 H.lh£k 2 S BUHW A FHYE
1.4 %t F 54 K SPSS22.0 4i il 4 w17
B, ORI M IES 3 SR HIE +
PRUEZE (X+s) Fon, PRI HLECRH ¢ K%,
Z 0] LRk RN 2R 7 2081 (ANOVA) . DU
P<0.05 hESAGI¥E X
2 H#R
2.1 =PRI EPTARALBR R R A s SR T
1o B RIRSL R . — 1k M ERE A BRI R.
miehei, L. corymbifera Fl M. circinelloides —FkT:5
IR, A0 B IR 25 P A VR B Pl =y 2R3
A —20k > M RIS > #EEREE (P<0.05)
— VA RS R Rk 2 R A Gt
¥ X (=4.876, 15.884, 17.213, ¥J P<0.05) .
ol [ 2 A e B A TR A R T T B ) B e, —
R 2, WK, ZRA%IT¥ENL (F=
2574.074, P<0.001) . &Fr kR EHEWZR
FAAE B A T 28 M B P v (IR Ry - WK
> — 7k > i RS

x1 =MIRENT EIRE 3 MREBREZBRE RILR (x£5, n=5)
% ot R BB — 4k [ld735R F P
FEFH (min) 10.00 £ 1.50 25.00 +1.50 75.00 + 1.50 2574074 <0.001
R. miehei 0.58 £ 0.06 1202028 0.25+0.09 38.803 <0.001
DNA $BIUKFE (ng/pl) L. corymbifera 592029 8.1720.13 0.76 +0.02 2160759 <0.001
M. circinelloides 1.180.16 5.82£0.58 0.65+0.10 325175 <0.001
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22 SAMREUT R R B R AL IR ) LR SO
JEH PCR SLIGEE R R 2, =Rk ER
PRIAZ R 7 ) S s 98 5 5 1 PCR 9748 5 B REY 14 1
PHEZE . XT R, miehei IARFEAS, oA I 24 i v
G BR A O AZ TR 7 4 38 J 1) Ce {25 55 e 4
e X (=1.114, P=0.298) , — Lk EMZ%
R =y s 0 CeE/N TR 2 Rrik, Z25H
it X (1=5.852, 5.277, ¥ P<0.05) . Xf L.
corymbifera FRRFEA, A R AS S L SR IU A2 R 7

YWY S CeEH/NT—2 1k, 22 5.00+0.125,
%54 43 % = X (=40.031, P<0.001) , %
BRIEAR IR T ) ¥ 5 1) CH{E/NT 53 4h 2 B
Tk, ERAIEE L (=27.953, 60.265,
P<0.05) . X M. circinelloides W R FEA, X K
LR BAL TR P S5 W CeE R T 54 2
POk, ZRA%FE L (23372, 4.106, ¥
P<0.05) , —APMBERERBEIR WY 5
i Ct {225 TR+ X (=1.866, P=0.099) .

&2 3 MR ERMESE LM YOLEE PCR ANE Cr EIER (x5, n=5)
PR b R — ik Rk F P
R. michei 18.72+0.18 1742046 1897+ 046 22375 <0.001
L. corymbifera 1623+0.13 21.23+£0.5 1453 +0.04 2298.548 <0.001
M. circinelloides 16.77+0.28 15.38£0.88 16.13£0.20 8.152 <0.006
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WHPRIE S A A REARZS TR P Y BRE W, A e —
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